SPECI FI CATI ON Brushless D.C. Motor Driving And Controlling Method And
Appar atus Therefor And El ectrical Equi pment 5 Technical Field The present

i nvention re a brushless D.C. nmotor driving and contro E% od
and appar at u@%&&or and el ectric device. Mre particul arIy? ﬁgs‘{f)ﬁ‘raé ent
invention relates to a brushless D.C. notog driving and controlling nethod
and apparatus therefor which drive a brushless D.C. notor using voltage-fed

inverters, and to an electrical equi pnent which enpl oys 15 a brushl ess
D.C. notor as a driving source which is- 8 - |
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driven and controlled by the brushless D.C. notor driving and controlling
appar atus. Background Art 20 A brushless D.C. notor is known as a notor

havi ng hi gher efficiency in conparison to an A .C. not d;gﬁlp ushless
RERAFS

- D. CWRPSE7328npl oys per manent magnets instead of rotor i ch
magnet s are equi pped 25 W t h—aprot or. And; secondary copper | osses
caused by -2-
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currents flowing in the rotor windings is made zero. It is known that a
brushless D.C. notor has a remarkable efficiency inproving effect in
conpari son ﬁg) a0.fsC motor when the brushless D.C. notor hasPGT/FRIGIONIP 5
or small caPRe) Which is equal or less _than several tens kW In a
brushless D.C. notor driving system havTr?g“such capacity, voltage-fed:
inverters or.current control type.inverters are enployed as inverters for
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desired value. 15 A system whi ch drives a brushless D.C. notor
u5| ng the voltage-fed inverters, is mainly equi pped with a device which is
Ol &fh7848Pr ovenent in saving t he power consunption pripeREAEINt N
eff|C| ency and is manufactured in |arge quantities, such as air 20
condltloners vacuum cl eaners, wldctric washers and others. Therefore, a
wavef or m of conducti ng int erval which is 120[err] by electrical angle, is
enpl oyed as a waveformcontrol iin inverters fromthe point of view of '
easiness in controlling. “‘And, a systemis enpl oyed 25 whi ch has a

si npl e arrangenent and whi ch 'S%W&H‘ﬁa‘
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3- (refer to "M croconputer-Control |l ed Brushl ess Motor Wthout a
Shi ft-Munted Position Sensor", T.Endo et. al.,

| PEC- Tokyo' S8gudpésiabdrs’- 1488, 1983: "Control | i ng Apparatus of a Bposhbesneeds. C.
Mot or ", hbgata et. al., 5 Japanese Patent Laid Open Gazett Tokuganhei

5-72197: "P.M Brushless Motor. Drjves: A seﬁi‘fbnnutatlng System wi t hout
Rot or- Posi tion Sensors", P.Ferraris et. al. , Ni nt h Annual
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of a notor, or a magnetic pole position detection sensor having a sinple
arrangenent and enploying Hall elenents and the like is enployed as an

arran for detecting magnetic pole position of a D.C. notor.
A 15V 9gﬁpﬁfat|onal position sensor which is expenS|vép&§®@%$§%9a rotary

encoder and the like, is not enploged fromthe point of view of cost _
~reduction. A systemwhich drives a brushless D.C. notor using the current
control type inverters, is applied to 20 a machine tool, a servo-notor
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rapid torque response and the | ow torque. ripple as required perfornances '
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In this system a closed | oop arrangenent is 25 enpl oyed in which a
control circuitry determ nes -4- (operates) output voltages of inverters
so that cur vemps/2va2sef or ns becone desired waveforns, by giving PCTIRINGOES? ¢ o
that currents and a torque of a brushless-D.C. notor are functions of
rotational position and are in 5 prop rtional rel ati onship. Therefore,
t he system has an expensi ve system arrangenment which enpl oys a precision
sensor for det dBHIRgT DALY AN DpOSEH SO B AW B 3 = ENTE. X Dicy 7
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current detectors for accurately controlling notor currents and a

control |l er which can perform hi gh-speed 10 processi ng. Further, output

vol t agees/aB2g nverters continuously vary because the i nPeTIIRS0063%

control |l ed instantaneously in correspondence to.a condition of a motor. In
the systemin which a br ushl ess DBC- ‘notor is .15 driven using a

conventional voltage-fed inverters,
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non-controlled condition. Consequently, inverters cannot output desired
vol tages during the termof non-controlled condition so that available rate

of d.c. volt sg®eé/w3dde i nverters is 25 |l ow. And, term nal p¢glipeRg3f
a brushless D.C. notor ~becone small and an operating range becones
narrower (a maxi mum number of revol uti o Tones smaller) due to the | ow
available rate of d.c. voltage. Further, notor currents should be increased
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whi ch has supplied not-lowered terninal voltages, because the terninal
vol tages are lowered. As a result, joule | osses which are caused by

r esi @igyapesgof notor w ndi ngs, increase so that effici gbr ushl ess
10 D.C. notor cannot be inproved to an expected deggggpﬂﬁmé%ough,

pernanent magnets are installed-td @-—rotor of a brushless D.C. notor so
t hat each permanent nmagnet corresponds to the electrical angle of 180[err],
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avail able rate of magnetic flux. As a result, joule 20 | osses which are
caused by resistances of notor w ndings, increase so that efficiency of a

brushl ess D. cannot be inproved to an expected degree. Disclosure
of The Inventgf%ﬂg?%gis -6- The present invention was made in vFERIBISA0

above-nmentioned problems. It is an object pfi +the present invention to
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supply a brushless D.C. notor driving and controlling 5 met hod and
apparatus therefor which inprove available rates of voltage of voltage-fed -

invemeyssmargl notor flux using sinple and cheap controlperipdsgdsseh achi eve
hi gher- ef fi ci ency and enl argement of op)eratl ng range of a brushless D.C
notor. 10 It is another c;orect of the present invention to
supply an el ectrical equipment which enploys a brushless D.C notor as a
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a conducting interval of voltage-fed inverters to.,be a predeterm ned
interval which is nore than 120[err] and equal or less than 180[err] by

el ectrical anghesn273ts : A brushl ess D.C. notor drivin®CEFBI500639
controlling nmethod according to claim2 is a nmethod which nodul ates out puts
of voltage-fed inverters so as to output” buiS'e si gnal s, each pul se signal
havi ng constant pulse width within an entire conducti ng-i nterval . 25
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met hod according to claim3 is a nethod which enploys a rotor which
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br usé esx7388 C. not or.

udes permanent magnets in the interior of the rotor, as ar

otor of a

A brushless D.C. notor driving aor/pesnessd|ing 5

met hod according to claim4 is 3%g$thod whi ch controls vol tage-fed

‘inverters so that a phase of in
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phase of the inverter output voltage with respect-to an i-nduced voltage of
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met hod according to claim5 is a nethod. which determ nes 15 a
conducting interval -of voltage-fed inverters to be 180[err] by electrical
angle. - A bw@sts28328 D. C. notor driving and controlling nmet hodPGLIRASHPGIY t o
claim6 is a nethod which obtains a first ypiq?ge at a neutral point by
connecti ng one ends 20 of resistors, the dther end of each resistor is
connected to each output termnal of voltage-fed inverters, obtains a
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-8- difference between the first voltage and the second vol tage. A
brushless D.C. notor driving and controlling nmethod according to claim?7 is

e L 2 Ol ot er mined frterval which is more FRARPBERL T and
| ess than 180[err] by electricat hgte. A brushless D.C nDtor driving and
controlling nmethod according to claim8 is a nethod which determ nes 10 '
a conducting.interval .of voltage-fed inverters to be a
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predeterm ned interval which is equal or nore than 140[err] and equal or

| ess than 170[err] by electrical angle. A brushless D.C. notor driving and
control i ng syapes/EBaes according to claim9 includes a conduct i par/iP95/00639

i nterval determ ning neans for determni ngha conducting interval of
voltage-fed inverters to be a predeterm |nterval ‘which is nore than
120[ err] and equal or less than 180[err] by electri cal angl e. A brushl ess
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conducting interval. 25 A brushless D.C. notor driving and
controlling appar at us accordlng to claim 11l enploys a rotor which

i ncl_ud manent nmagnets in the interior of the rotog tor of a
brus‘NPZ’E’é‘?%gc nmotor. A brushless D.C. notor driving an{c:i ,g%n{br% ling 5
apparatus according to claim 12 ijngludes a phase controlling neans for
controlling voltage-fed inverters So that a phase of inverter output

vol tage is advanced from a phase of the inverter out put voltage with
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to an induced voltage of a brushless D.C. notor, the 10 | atter phase
bei ng a phase which makes a brushless D.C. notor current and the induced

vol tage of tygobhsshl ess D.C. notor to be the sanme phase to ongTPotbussy A
brushless D.C. notor driving and controlling apparatus according to claim

13 includes a conducting interval determl® g neans for deternining a
conducting interval of voltage-fed inverters to be 180[err] by electrical
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connecting one ends of resistors,

the other end of each resistor is

connected to each output term nal of voltage- fed inverters, for receiving

- a segp

one en
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of - stator wi ndings of a brushless D.C. not

jage at a 25 neutral point which is obt gwﬁﬂ’ﬁ%% nnect i ng

out puti ng

a difference voltage between the-f2pst vol tage and the second vol tage, and
a rotor p05|t|on detecting neans for detecting a magnetic pole position of

a rotor
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A brushless D.C. notor driving and controlling apparatus according to claim
15 enpl oys a conducting interval determ ning neans for determning a
conducti ng 1l@woosimierval of voltage-fed inverters to be a pregeirapidjpesh
interval which is nore than 120[err] and | ess than 180[err] by electrical
angle. A brushless D.C. notor .driving arrdzdo‘nt rol.ling apparatus according
to claim 16 enploys a conducting 15 I nterval determ ning neans for
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20 enpl oys a brushless D.C. notor as a driving source which notor is
driven and controlled by one of the brushless D.C. notor driving and
contyel dsiangpgappar at us according to clains 9 through 16pchapdsebdse brushl ess
D.C. nmotor driving and 25 controlling nethod according to claim1l, the
met hod determ nes a conductlrr92|21'rerval of voltage-fed inverters to be a
predeterm ned interval which is m)re than 120[err] and equal or |ess than

1801 Sgréu%é SEd 5% <209 e Pﬁé‘ihﬁeo%%ﬁ%%m AT 1 or et
—9KWMLK%%KH»E13@T&KmT¥ﬁ&Eﬁ@bﬂ%o@
L. ®133EEEE, 2858 r. p. m. . AWML 27#20kg
cem, T-yBENSY. 6V, T—yBikA6. 9 2ADBLTH
Bo TLT. Ay — g, BEAM200V/div. . BHKAN10A/
div.‘EMﬁzmsec/div.vaﬁom;m13miau%
JEBHTH 5o | |
R12&K1 3 &4 LKTFRE. QWA 55 ROPBRITE > T
 BREESFERICERHIES B 2TOB I END B, LTy b
10 A2 Y ZAERHRE X UARELYRNE biclkT 5, £/, BE
BREED B LItk D MARERED 7S5 Y LAD CE— 5 DRI
%ﬁraaru779/xr»71ar%wmm%%J%ﬁ%uﬂmt
BECLMTE Do
K14i3180° BBEFLbEBEBDOTS YLD CE—5BH
15 ﬂ@ﬁuwﬁ&%ﬁwﬂmﬁ¢M\E15m%14®v47n7ntv
¥180HNBHMKLRTRCTHY. ERER] 1 ORMFUIc 34D R4
wFUI/EIUYRF12ul, 12u2, 12v1, 12v2, 12
wil, 12w25EnThEMERLTS /=5 1 25BRL. B
DAL v FU 7 b RIALOBREBEE TS LADCE-S
20 130, YEHSN-SHOBEFERL13u, 13v, 13wic®h
ERAMLTVS. LT BHORSL v FL 7 b5 L IR SALOR
SEBELYERSAAER14u, 14v, 14wicbzhEhmim
LTV, M. A4 v FY 759251 2ul, 12u2, 12V
1, 12v2, 12wl, 12w203Ls4-x3 v lFilicen
25  EnREMOS4F—F12uld, 12u2d, 12v1d, 12v
2d, 12wld, 12w2d2ERIATVS, . 13 e75%



5 fed inverters. Therefore, the nethod determ nes non- control termto
be | ess than 60[err] by electrical angle. As a result, the nethod increases
notor term g/g; Leges and expands an operating range. Furthqxc'r/mqmmity
. . 95/273

i n increase notor current is suppressed so 10 that an increase of
joule | osses due to notor w ndings are-s@ppressed and efficiency of the
brushless D.C. notor is |rrproved because the m)tor term nal vol tages can
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| owering of available rate of magnetic flux is suppressed and efficiency of
the brushless D.C. notor is 20 I nproved. As to the brushless D.C. notor
dri vimagesarraescont rol | i ng net hod according to claim2, trermesdmndsnodul ates
out puts of voltage-fed inverterg_zp as to output pul'se signals, each pul se
si gnal having constant 25 pul s QWdth within an e tire conducting
~interval. -12- Therefore, magnetic pole position detection with high
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accuracy is not needed; and controlling is sinplified. A so, the nethod

I nproves efficiency and increases an anplitude of a fundanental wave in
conpari son WO B7Re i n which variable pul se wi dth nodul ati onpé-fy®sibesmed.
The vari abl e puf se wi dth nodul ati on varies pul se wi dthes of the pul se
signal. Consequently, a maxi-mum nunber -0 §evol uti on of the brushless D.C
notor i's increased. As to the brushless D.C. notor driving and 10 '
controlling nmethod according to claim 3, the nmethod enploys a rotor which

i ncl udes perna‘(?efﬁrt“rragnets in the interior of the rotor, as a rotor of a
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15 ‘reluctance so that generated torque as a whole is increased w thout
I ncreasing notor currents. Further, inductance of notor wndings is -

- extWerasl2g3a8ncr eased in conparison to that of a brushl pepyhdsfeog3sot or i n
on a surface of a rotor, 20 . SO

whi ch.'per manent magnets are install %d%_
that operating with higher speed caff be achieved in conparison to that of
the brushless D.C. notor in which permanent nagnets are installed on the
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-13- great. Therefore, the nethod decreases a torque ripple. As. to the
brushless D.C. notor driving and controlling nmethod according to claim4,
the nethod controls voltage-fed inverters so that a phase of 5 i Ve ter
out put vol taé%o?%”a%ﬂlanced froma phase of the inverter output PGW%%D@ ith
respect to an induced voltage of a brushlgsg-D.C. notor, the latter phase
bei ng a phase whi ch .-nakes a briushless D.C. notor current and the induced
vol tage of the brushless D.C. notor to 10 be the sane phase to one
anot her. Ther dizdkes \d T hUEdl €€ of i wdD St ahedffi B AEIL eckidr vhEch 23T B

shifted by 90[err
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electrically froma direction of magnetic flux generated by a pernanent

magnet, is efficiently and practically used. As a result; a current

wav efyey g¥phsegappoxi mated to 15 be a sine wave. Conspgwgpgs}m“gt or que

ripple is

Furt her nore,
and practically utilized.

further reduced and notor efficiency is further inproved.

reluctance torque and -+i28a& weakening effect are efficiently
As to the brushless D.C. notor driving and 20

controllln nethod according to claim5, the nethod determnes a conducting |

i nterval
Therefore
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25 extent which is smaller than 60[err], is not necessary, -14-
because the conducting interval is 180[err]. Therefore, when the control is
performed usweopsa7sascr oconputer, a nunber of timers i s decreaspgr/mosbossad
interrupt handlings are reduced by 1 i n—c®Mparison to a case in 5 whi ch
the conducting interval is determined to be greater than 120[err] and | ess
than 180[err]. Consequently, the control and arrangenent is sinplified.
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I's decreased by 1 in conparison to a case in which the 10 conducting
interval is determined to be greater than 120[err] and | ess than 180[err].

Cons the control and arrangenent is sinplifie shogedone
brusﬁgg’ggt’#c nmotor driving and controlling nethod acg%r Ing to claim®6,

t he met hod 15 obtains a first3@0ottage at a neutral point by connecting
one ends of resistors, the other end of each resistor is connected to each
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di fference between the first voltage and the second vol tage. Therefore,

t he

magneti c pole position of the rotor is detected in spite of the revol ution

speed, 25

wi t hout esp@¥Q852%32%r ovi di ng a sensor for detecting magnetic po

of the rotor.

conducting angle, and anplitude of notor current

PCT/ /JP95/00839

e positi
As to the brushless D C. _mgtpr driving and controlling net

according to claim?7, the nethod 5 determ nes a conducting interval of

vol t age-f ed
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I nverters to be a predetermned interval which is nore than 120[err] and
| ess than 180[err] by electrical angle. Therefore, the difference signal

betWQS%ﬁ% vol tages or an integrated signal which si gggiyprosoessssed to :
det ec { magnetyi c pole position of a notor rotor, is stabilized so that

reliability is inproved. As to-tB&brushless D.C. notor driving and
~controlling nmethod according to claim8, .the nethod determi nes a conducti ng

< e TH B8P ﬁaﬁ?-fiaéfmﬁfﬁﬁ Bt B AT Ry
iguﬁﬁﬁﬁiﬁﬁﬂ?%ﬁﬁg 2% & i RF“&@@@%EE&M@EEWE |
KT BoENTE, £/, 180° SEARALLEBA LHENCHE
HMBE Y E2AVEI LB HBMERMEEN TAIENTE S,
5 g B, 75 Y LADCE— S NEREEETE >TOBR
BIH3 5752 LADCE— ¥ ORBBBIC SV TOSHII L, L
@L\75vszCf—yoﬁiﬁnmyﬁﬁﬁﬁﬁﬁibrwmw'
nT, LEORBMBMETES S EMTERL, LEN-T, 733U
ZDCE— 5 OBEEMIES ¥ 3128 5> Tk AB55 RN S
10 #REEADMLCEWERCL D EETFAEES €3, 2L T, BET
ﬁwﬁ%%bnﬁﬁﬁﬁmﬁﬁmTéof\LEQ#?&VXDC%;
5 OMBMBETES = LHTE 5,

Fi. 180° MEELEAL. ﬁ%faﬁfimiﬂéﬁiﬁmmﬂ’/?/b
ZDCE—# A HlEE BRANOZATERLABACR. T- 98
15 WEMERHEOBAERLMERTAN24% (A) (B) KRTE
BOTHY., 120° BELRALLBACSY 3E— 7Bk, LER

MBORMSES (M25% (A) (B) BH) LHWLTS3L, 18
- 0° BEERALLBAEICE, BAESHRIEAATVE I EX gD

Bo bBBHA. BHEESLEANTV S, LidtsTy EHSAFHES.
20 Aysieb .- FOBMBRORIES EME CBAIIR, S ORNH
| B & - THAHESHE 7 o A LEWALS & bAEA. HEESNE
SN B> TE—YHRBT B EDB 3, up, B24% (A) &
R E—SBiE. W2 (A) L 12tk (B) . K13 (B) &
FTBREVOHBL TV SR, Chid, T—yEBMREEERE
25 3, £EL. COXIBRBANRET EORRTH B,
COESEBRISIBAICELSRBAEBHLTTS Y LADCE—



di fference signal between the voltages or .an int egrated 20 signal is
further stabilized so that reliability is further inproved. As to the

brushl ess D. driving and controlling apparatus accordi
WoaPaugh Adshods

9, when a br D.C. notor is driven by voltage-fed invert
conducting interval deternining neans detBmns a -16- conducti ng
i nterval of voltage-fed |nverters to be a predetermned interval which is
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or less than 180[err] by electrical angle. Therefore, the apparatus
determ nes non-control termto be less than 5 60[err] by electrical
angle. As a result, the apparatus increases notor terninal voltages and
expawd®sam2sper ating range. Further, a quantity in i ncPEHIRISWPHpt or
currents i s suppressed so that aqalncrease of joule | osses due to notor

w ndi ngs is suppressed and 10 - TlClency of the brushless D.C. notor is
i nproved, because the notor term nal voltages can be i ncreased. Further, a
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el ectrical angle. Therefore, lowering of available rate of magnetic flux is
suppressed and efficiency of the brushless D.C. notor is inproved. As to

t he brushl essv(% ??ﬂ or driving and 20 control ling apparatus _accordi ng
to claim10 e nodul ati ng neans nodul at es outputs of vol t age? 0639
inverters so as to output pulse signal s—3&h pul se signal having constant
pul se widthes within an entire conducting interval. Therefore, nagnetic

pol e position 25 det ectlon W|th hi- gh accuracy is not needed and
. nﬁr}\mgﬁﬁﬂ C
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-17- controlling is sinplified. Also, the apparat us i nproves efficiency and
I ncreases an anplitude of a fundanental wave in conparison to a case in

whi cRyy9éh73bg € pul se width nodul ation is performed. Thel,éﬁﬁ,igg,ﬁ*&pul se
width 5 - nodul ation varies pul se wi dthes of the pul se signal.

Consequent |y, a maxi mum nunber of rev@lution of the brushless D.C. motor is -
I ncreased. As to the brushless D.C. notor driving and controlling apparatus

Do manent radna 3| il PHRER oL B Rt B ik P Bt b il oos
D.Comotor . B e P R A Y B e kst r5 L 2DCE—F (3)
(13) OHEF (3a) (3e) OHEMEERHT 3HKFAL 55
 BRESOMAMCIBOTS Y LRAD CE— SEMHAAE, 7.
5 WERA >5—% (2) (5) (12) (20) OEBENERAT
©120° XDKAEL. H0180° RETHIRRA6LERDOTS &
L 2D C & — & BI85 o o I
8. WEHA =% (2) (5) (12) (20) oHEBEHE
| -ﬁm?14ofuty@o17o°mTvaZ%mﬁetﬁﬁo7av_
10 L2DCE— 5 RHHAKL, o
| 9. 73YLADCE—#% (3) (13) 2BEEA—5 (2)
(5) (12) (20) CRBT375YLADCE— 5 REHBREE
Th->Ts BEEAY/5=5 (2) (5) (12) (20) OHBEE.
BRAT120° XVAS<. 180° HTFOFEGIRET 3 BBE
15  WEFH (18) (19) 2BLILERMETEIS5LRADCE—
5 EHABEE, o R
10. BMEEASAU<S—=% (2) (5) (12) (20) OHA%,
BEEO 2@ b > THRELOALIBOSL X ESEHAT 5
X5EMTESERTFR (18d) (18d°) £X3IcAUMRIED
20  KE®O7SYLADCE-SERABEE,
| 11, 73yLRDCE-# (3) (13) OEEF (3e) &L
T AARE (3 1) NEBT (3e) ORBLEESATES bOE
AT AWK & 2 EHRI1 OREHO 75 Y LADCE— S BB
HMEE, . D |
25 12, 753VURDCE—SWRETSFYLRDCE— s HEKE
EHEMIEB B, 75V LADCE- S BREBERCHT S S-Sl

L.



generates not only a torque caused by magnet but also a torque caused by
rel uctance so that generated torque as ‘15 a whole is increased w thout

i ncreasi ng nDyeyespyEgeENt s. Further, inductance of notor w ndi NGFCTIFPISI00639
extrenely increased in conparison to that of a brushless D.C. notor in

whi ch permanent nagnets are installed on a3@érface of a rotor, so that
hi gher speed operating can 20 be achieved in conparison to t hat of the
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-18- decreases a torque ripple. As to the brushless D.C. notor driving and
control ling apparatus according to claim 12, the phase controlling neans
controls voltage-fed inverters so that 5 a phase of inverter output
vol tage is advanced froma phase of the inverter output voltage with
respﬁ?’?’&”&ﬁ i nduced voltage of a brushless D.C. not orPCHEESME?Per phase
bei ng a phase which makes a brughless D.C. notor current and the induced
vol tage of the brushless D.C. — -
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10 notor to be the sane phase to one another. Therefore, influence of
i nductance in a direction which is shifted by 90[err] electrically froma
di rection of wagsewg fl ux generated by a pernanent nagnet, is Gl y
and practically utilized. As a result, a current waveform 15 P%il?jg%/&ﬂy
appoxi mated to be a sine wave. Consequently, torque ripple is further
reduced and notor efficiency is further 1mpRd&ved. Furthernore, reluctance
torque and field weakening effect are efficiently and practically utilized.
20 - As to the brushl ess D.,Q;,;_Hi; ?%dri ving and controlling
apparatus according to claim 13, the c&hudti i nterval determ ning means
determns a ' '
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conducting interval of voltage-fed inverters to be 180[err] by el ectrical

angle. Therefore, a non-control termis 25 determ ned to be O[err] by
el ectrical angW¥@9528Btrol of the -19- conducting interval Wéﬂlﬂ”%
extent which is smaller than 60[err], is not necessary, because & 0639

conducting interval is 180[err]. Therefore, when the control is perforned
using a mcroconputer, a nunber of ti mer 725 decreased by 1 and

interrupt handlings are reduced by 1 in conparison to a case in which the
conducting interval
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Is determ ried to be greater than 120[err] and | ess than 180[err].
Consequently, the control and arrangenent is sinplified. When the control

i s perfornmedwestsrg32s 10 hardware, a number of tiner-counter | BCHERISEAER
by 1 in conparison to a case in which the conducting interval is determ ned
to be greater than 120[err] and |ess th?;/]:@g[err]. Consequently, the
control and arrangenent is sinplified. to the brushless D.C. notor
driving and 15 controlling apparatus according to claim 14, the apparatus
obtains a first voltage at a neutral pgEgst=0jSgroviding resistors which are

connect ed t hei r‘?,@r[?}‘]eﬂds to one another and are connected their other ends
to each out put Elt‘ WY dal  of vol tage-fed inverters, and
10}-
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A
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20 obtains a second voltage at a neutral point which is obtained at the
connected ends of stator w ndings of a brushless D.C. notor which w ndings
are connectq? b9.PHg another, and the difference voltage outrnﬁffq%9gﬁ%g§ '
out puts a di ?erence vol t age between the first voltage 25 and the second
vol tage, and the rotor position detect@;g -20- neans detects a magnetic
pol e position of a rotor of the brushl $2PC motor based upon the

difference voltage. Therefore, the magnetic pole position of the rotor is

25K
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detected in spite of the revolution speed, conducting angle, and anplitude
of notor current, w thout especially providing a sensor for detecting
magneti c pol wepessi7sison of the rotor. As to the brushless D.C. porgposthosisi ng
and controlling apparatus according to claim15, the 10 appar at us

enpl oys a conducting interval deterninigg(gfgps for determning a
conducting interval of voltage- fed inv to be a predeterm ned
interval which is nore than 120[err] and |l ess than 180[err] by el ectrical
angle. Therefore, the difference signg%ﬁ?e%Mﬁgg t he voltages or 15 an

i ntegrated signal which signals are u t ect magnetic pole position
of a notor rotor, is stabilized _ _
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so that reliability is inproved. As to the brushless D.C. notor driving and
control ling apparatus according to claim16, the 20 appar atus enpl oys a
conducting i 5(2dB28det er mi ni ng means for determ ning a conducPCHIPIHPEal
of voltage- fed inverters to be a predeterm ned interval which is equal or

nore than 140[err] and equal or less thgn h/glerr] by electrical angle.

Therefore, notor efficiency and 25 operating range are scarcely
detracted. And, the -21-
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di fference signal between the voltages or an integrated signal is further
stabilized so that reliability is further inproved. As to the electrica

equi pment  ackelddiifhet © 5 claim17, the equi pnent enpl oys E%S
D.C. notor as a &I‘IVI ng source which nmotor is driven and contrgﬁzﬁ&%ﬁ@y one

of the brushless D.C. notor driving and control ling apparatus according to
clains 9 through 16. Therefore, reduci ng7|/h2d'7ower consunption is perforned
10  due to the inprovenent of h| gher efficiency of a brushless D.C.

notor which is the driving source. The*present jnvention is described in
nore detail . s 9O X
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When a brushless D.C. notor is driven by voltage- 15 fed inverters

whi ch has a conducting interval of 120[err] by electrical angle, ideal
current wavefwowsngag an ideally generated torque are illustrat Sg%@g F& gs.
1(A) through 1(D). A brushless D.C. motor is a notor which repl% S/00639
mechani cal commutators of a d.c. notor wth_i ters. Ther ef or e,
when inverters are controlled so that each glf?éee‘;t of three phases (U, V,
W is joined at every 120[ferr] so as to nmake a.notor current to be a direct

current, a generated torque becones si ml%@_tﬂut gflt a d.c. notor, as is
illustrated in Fig. 1(D). 25 result is illustrated
in Figs. 2(A) -
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-22- and. 2(B) which sinulation is carried out by the inventors of the
present invention and is carried out for a current waveform and generated
torque when wgyspghdsess D. C. notor is driven by voltage-fed i n%‘ﬁ{‘bﬂsﬁmw' ch
has a conducting interval of 180[err] by electrical angle. In 'S "case,
portions are generated in which a current of each phase overlaps to one
another so that the brushless D.C. notor gerfdbns an operation which is
different fromthat of a d.c. notor, because corrents 10 flows for a

180[err] term As a result, ripple in th —~
g1 3=
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generated torque beconmes great {refer to Fig. 2(B)}.
I's conventionally thought that voltage-fed inverters which has

angl e,

of view, it

a conducti ngworssarizal of 120[

driving a brushless D.C. notor.
of 120[err]
avail able as a driving nethod of a brudHes2

conducting interval

by el ectrical
Therefore, only a
by electrica

err]

met hod uses nmagnetic pol e position detection 20

i nduced vol tages of a notor.
D.C. nmotor using voltage-fed
120[ err] by electrical angle,

But, when_the_inver
invertersfﬁ%iah‘ﬁgé
the i nventors have

angl e,
. C. notor which driving

From t he above poi nt

15 PCT/IT98/0635 OF
met hod whi ch enpl oys a
IS proposed and is

based upon detection of
s drives a brushless
conducting interval of
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found that ideal waveforns illustrated in Figs. 1 are 25 not obt ai ned,
and that waveforns illustrated in Figs. -23- 3(A) and 3(B) are obtained,
and that theypeyefmgns illustrated in Figs. 3(A) and 3(B) are gdriiro&bosse
the waveforms illustrated in Figs. 2(A) and 2(B). Wen Fig. 2(B) and Fig.
3(B) are conpared to one another, it iimi under stood that anplitudes of
both torque ripple are in nearly the s /(jgg$ee to one another. It seens

t he reason that notor current cannot be controlled in a :
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desired manner (controlled to be a rectangul ar waveform when vol tage-fed

I nverters enploys a sinple control is 10 enpl oyed. Therefore, it
beconmes cl eaWa 927320wering in efficiency and decreasi ng i n op®CILIPIZNN6INgE
are not realized, the lowering and the decreasing being apprehanded when a
brushless D.C. notor is driven wth a cigggpékgg interval of 180[err] by
el ectrical angle. 15 Rat her, it bec l-ear that efficiency of a
brushless D.C. notor is |nproved by depression of increase in joule |osses
and . depression of lowering in f|ux avaLé%p i d%$i%5further when
voltage4fed inverters which has a 20 ~*Tond I nterval exceeding

120[ err] (other than 180),
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portions are inevitably generated in which a current of each phase overl aps
to one another so that. a character seens to be obtai ned which character is
simlar to thwoDosf73mel tage-fed inverters with a conducting int ]%ng 625
180[err] by electrical angle. -24- Furthernore, in the volt%‘g- 200039
inverters with a conducting interval of 120[err] by electrical angle, the
character is inproved by approximating eha@, 25 ent Waveformto a -
rectangul ar wave, as is illustrated in
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5 Figs. 1(A) through 1(C). On the contrary, in the voltage-fed
inverters with a conducting interval of 180[err] by electrical angle, the
character se i nproved by snoot hi ng each current wavef orm because
each current %g\%\/gﬂﬁﬁ the entire interval. 10 ' The RBHEIROHP0639
I nventi on was made based upon the above findings. Brief Description of The
Dr awi ngs 15 Figures 1 arelddafRams illustrating ideal current
wavef orms and generated torque under a condition that a brushless D.C
notor is driven by voltage-fed inverters with a conducting interval of
120[err] by electrical angle; 2 1 B4
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20 ' Figures 2 are diagrans illustrating simulation results of a
current waveform and generated torque under a condition that a brushless
D.C. notor iswgnseenagby voltage-fed inverters with a conducting interval of
180[err] by electrical angle; 25 Figures 3 are di adr95/00639
il lustrating a current wavef orm and generated torque under a condition
that a brushless D.C. motor is driven ByYxoRtage-fed inverters with a
conducting interval of 120[err] by electrical angle; Figure 4 is a

schemati c bl ock di agram .
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5 illustrating an enbodi nent of a brushless D.C motor dri vi ng and

controlling apparatus according to the present invention; Figure 5 is a
schematic cro®®ssaeizgonal view of a brushless D.C. nmotor in whighypecihasnt
magnets are 10 installed on a surface of a rotor; Figure 6 Is a

schematic cross sectional view of a brushless D.C. notor in which pernmanent
magnets are installed interior of a roto;6Bf@fBes 7 are graphs
illustrating efficiency- 15 revol uti on nunber. characteristics and | oad
torque- revolution nunber characteri StICS when a brushl ess D. C. notor
having an arrangenent illustrated in Fi g3 2 O
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driven by voltage-fed inverters, and a conducting interval is determned to
be 120[err], 180[err] by electrical 20 angl e, respectively; Figures 8
are graphs i | Wwosdsyxsigng ef fici ency- revolution nunber characteristics and
| oad torque- revol ution number characteristics when a brushl essPEVEPSHO6Hr

havi ng an arrangenent illustrated in Fig. 6 is 25 driven by vol tage-fed
inverters, and a conducti ng -26- intekfak 38 determned to be 120[err],
150[err], 180[err] by ' : :
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el ectrical angle, respectively; Figures 9 are graphs illustrati ng
ef ficiency- revolution nunber characteristics and | oad torque-
revol uti on nupbesagr acteri stics when a brushless D. C. notor W P9s60230
arrangenent illustrated in Fig. 6 is driven by voltage-fed inverters, i)
the inverter is nodulated in a constant pulse wi dth manner and vari abI e
pul se wi dth manner, respectively by a cd@/® Scircuitry; 10

Figures 10 are diagrams illustrating const ant pul se w dth nodul ati on and
vari.abl e pul se width nodul ation; Figures 11 are diagrans illustrating a
vol tage waveform and current waveform #&h 2 E8¥less D. C
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15 nmotor in which permanent magnets are installed on a surface of a
rotor, is driven by voltage-fed inverters with a conducting interval of
180[err] by elWeOPRHA8 angl e and outputting constant pul se mndtq ggdulation
waveform Figures 12 are diagrans illustrating a voltage 20 04639
and current waveform when a brushless D.C. notor in which permanent nagnets
are installed interior of arotor, is driQ&m® By voltage-fed inverters with
a conducting interval of 180[err] by electrical angle and outputting

constant pulse wi dth nodul ati on waveforn 25 Figures 13 are.
diagrams illustrating a voltage B3 2 B4
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-27- waveformand a current waveform when a brushless D.C. notor in which
pernanent magnets are installed interior of a rotor, is supplied inverter
out put voltqgggs jgh is advanced its phase froma phase whi chp Jﬁﬁhﬁ ﬁ?
phase 5 of ushless D.C. nmotor current and a phase of in volt age
of the brushless D.C. notor to be equal to one another; Figure 14 is a

di agram schematically illustrating a bpgshi2ss D.C. notor driving and 10
control ling apparatus which achi eves a conductlng i nterval of 180[err] by
el ectrical angle;
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Figure 15 is a diagramillustrating an inner arrangenent of a

m croprocessor which is illustrated in Fig. 14; 15 re 16 is
a flowchart WOI%R788pl ai ns processing contents of an |nterruptP¢ﬂ-ﬁf?§’P9@91
in detal; Figure 17 is a flowchart which explains processing contents of an
[ nterrupt handling 2 in detal; Figures 18/axg diagrans illustrating signal
20 wavef orms and processing contents of each section of the brushless
D.C. motor driving and controlling apparatus which is illustrated in Fig.
14; Figure 19 is a block diagramill usggateng>alInner arrangement of a

m croprocessor whichis
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25 i ncorporated in a brushless D.C. notor driving and - 28-

control ling apparatus which achieves a conducting interval of 150[err] by
el ectrical angh s/ fsizgure 20 is a flowchart which expl ains processin
contents of an iMtarfupt handling 2° in 5 detal ; Figure 21 BHGIHAEIS00639
fl owmchart which expl ains processing contents of an interrupt handling 3 in
detal; Figures 22 are diagrans ill ust rgtz’ygz 8i gnal
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wavef ornms and processing contents of each section of the 10 brushl ess
D.C. notor driving and controlling apparatus which is illustrated in Fig.

19; Figures 28oase7sigagrans illustrating signal waveforns of eggdy i
of the brushless D.C. notor driving and controlling apparatus whi é“ﬁslgléd@&

illustrated 15 in Fig. 14, which di agrans_are useful in understanding
position detection operation by an arrplz i/e|2,5i nt egrat or and zero-cross
conparator; Figures 24 are diagrans illustrating a notor current and an

integration signal of a position detectQr O Iﬁfen a conducting interval
of 180[err] by electrical angle, is enpldyed,
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Figures 25 are diagrans illustrating a notor current and an integration
signal of a position detector when a conducting interval of 120[err] by
el ectrical aWwa &2735% i s enpl oyed; -29- Figures 26 are dpeuuPIs®0639
illustrating a notor current and an integration signal of a position

detector when a conducting interval of 13%&3 k%gy electrical angle, is

enpl oyed; Figures 27 are diagranms illustr not or
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current and an integration signal of a position detector when a conducting
interval of 140[err] by electrical angle, is enployed; Figures 28 are

diagrams illustrating a notor current and an integration signal of a
posi tion det QB3 when a conducting interval of 150[err] byPEFERAO0E3Y
angle, is enployed; - Figures 29 are diagrans illustrating a notor current

and an integration signal of a positiomadaglergor when a conducting interval
of 160[err] by electrical angle, 15 is enpl oyed;
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Figures 30 are diagrans illustrating a notor current and an integration
si-gnal of a position detector when a conducting interval of 1700 by

el ectrical angle, is enployed; 20 Figure 31 is a diagramillustrating
operating ranges of a brushless D.C. notor when a conducting interval is
determined to be 120[err], 130[err], 140RbstkacitSO0[err]; 180[err] by

el ectrical angle, respectively, and input 25 currents are determned to
be the sane to one anot her; . : :

When a brushless D.C. motor 3, 13 is driven by
voltage-fed inverters 2, 5, 12, 20, a conducting
' interval of the voltage-fed inverters 2, 5, 12, 20 is

determined to be greater than 120°.and equal or less

5
than 180° by electrical angle so that improvement in
efficiency and enlargement in operating range of the
brushless D.C. motor is achieved with simple and cheap

) controlling.
e
10
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-30- and*Figute 32 is a diagramillustrating notor efficiencies of a
brushless D.C. notor when a conducting interval is determned to be
120[err], 130[err], 140[err], 150[err], 5 180[err] by electrical angle,
respectively, and input currents are deternlné@ %o be the sane to one

anot her. Best Modes For |nplenenting The Invention 10

Hereinafter, referring to the attached draw ngs, we explain the present
invention in detal. Figure™ is a schengticjibl gck diagramillustrating an
enbodi ment of a brushless D. C--notor driving ant-control|ling apparatus
according to the Electrie

currentjA)
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15 - present invention. Qutput voltages of inverters 2 are supplied to a
brushless D.C. notor 3. A second voltage at a neutral point is obtained by
Y-connecti ng i.nduced vol tages of the brushles .C. nmotor 3 or by Y-
connecting stator w ndings of each phase O\Q(a’e 20 brushl ess D. C. notor
3. Afirst voltage at a neutral point is obtained by Y-connecting .
resistors between output term nals of each phase of the inverters 2. A

not or position detection circuitry 4 r ei des & .di f {2 ence vol t age between

the first voltage and the 25 -- second voltage. An output signal fromthe
not or .
Electric
current[A} |-
A
N
- - | | { }
5 10 15 20
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o/ o 1 | ] I
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-31- pesitipn detection circuitry 4 is supplied to a control circuitry 5.
The control circuitry 5 generates a control command for determning a
conducting interval to be nore than 120[err] and equal to or less than
180[err] by 5 el ectrical angle, and sBppliss the control conmand to
the inverters 2. Wen the control circyitry 5 generates a control command
for determning the conducting intervaf'tolbe&equal 30 180[err] by
electrical anggadsuppties the control command to the inverters 2, The

10 di ff er efipSrar(iAgdqe shoeul d be supplied to the notor position
detection circuitry J,?ﬁpt when the control
10|~
A 0
-101- : Time [ms]
! L ] ]
| 2 |- 5 .10 15 20
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— B e
~ Time [ms]
[ S 1 ' |
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circuitry 5;,generates a control conmand for determ ning the conducting
interval to be |less than 180[err] by electrical angle and supplies the
control command to the 15 i nverters 2, the induced voltages or

di fference voltage may be supplied to the 4wt3b5 position detection
circuitry 4. Therefore, a detection signal corresponding to a nmagnetic pole
position of a notor rotor is obtained by 20 the notor position
detection circuitry 4 based upon the i ktluckd oltades of the brushless D.C
notor 3 or the difference vol-tage between the first and second volt ages.
The control circuitry 5 generates the control comand based upon the
magneti c pol e position detection '

3b
= Permanent magnet
Fig. 6
Td-axis i
g-axis | 3c
3\ 3g
/ Non-magnetic body N

‘Qbmwxﬂ?J
(N
Permanent magnet



25 ,signal. The control command controls swtches (not -32-
illustrated) of the inverters 2 so that the conducting interval is
determned to be nore than 120[err] by electrical angle and equal to or

| ess than 180[err] by electrical angle. /25 Figure 5is a
schematic cross sectional view of a brushless D.C. notor in which pernmanent
magnets are installed on a surface of a rotor. Permanent nagnets 3b are
i'nstalled at predeterm ned position ofa purggace of7

L4
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a rotoy 3a. A stator 3c includes a plurality of slots 10 3d in which
stator windings (not illustrated) are wound. A d-axis which is indicated by
an arrowin Fig. 5, is an axis indicating a q%gection of magnetic fl ux
generated by the premanent nmagnet 3b. A qﬁa%i is an axis which is shifted
90[err] electrically with respect to the d-axis. 15 _ Figure 6 is
a schematic cross sectional view of a brushless D.C. notor in which
permanent magnets are installed interipge gf r ot orgs Per manent nmagnets 3f
are installed in a condition-that the pernan&ht’ magnets 3f are not exposed
froma rotor 3e. Non-magpetic bodies 3g 20 are installed between

nei ghbouri ng permanent magnets 3f so that short-nagnetic circuit between

t he nei ghbouri ng
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per mangnt magnets 3f is prevented fromoccurrence. An arrangenent of a
stator 3c is simlar to that of the brushless D.C. notor illustrated in
Fig. 5 therefore 25 decription is omtted - - 33- :
Figures 7(A) and 7(B) are graphs ill ust rat7i/ﬁ§ 'éffi ci ency-revol uti on nunber
characteristics and | oad torque-revol uti on nunber characteristics when a
brushless D.C. notor having an arrangenent illustrated 5 in Fig. 51s
driven by voltage-fed inverters, and ab 1 &. o -
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conductrng interval is determned to be 120[err], 180[err] by electrical
angle, respectively. In Fig. 7(A), the characteristics are obtai ned under a
condition that load torque is determned to be 20kg.cm Also, in the 10
figures, a represents characteristics wherBd 2&nducting interval is
determned to be 120[err] by electrical angle, and b represents
characteristics when a conducting interval is determned to be 180[err] by
electrical angle. As is apparent from tgresg q&ggaotgfigzics 15 figures,
efficciency is inproved, a maxi-mum revol uti on nunber 1s rai sed, and | oad
torque in a high revolutjon range is increased, by determ ning the
conducting interval to be 180[err] by electrical angle.
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Fi gures *8(A) rand 8(B) are graphs illustrating 20 ef ficiency-revol ution
nunber characteristics and | oad torque-revol ution nunber characteristics
when a brushless D.C. notor having an arrangenent illustrated in Fig. 6 is
driven by voltage-fed inverters, and a conBuf%g interval is deternined to
be 120[err], 150[err], 180[err] 25 by el ectrical angle, respectively.
In Fig. 8(A, -34- characteristics are obtained under a condition that

| oad torque is determined to be 20kg.cqp-Ahso£;Ln the =3
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figures, a represents characteristics when a conducting interval is

determ ned to be 120[err] by electrical angle, b represents characteristics
when a conducting interval is 5 deternmined to be 150[err] by electrical
angle, and c represents characteristics whep x zgnducting interval is
determned to be 180[err] by electrical angle. As is apparent fromthese
characteristics figures, efficiency is inproved, a maxi mumrevolution 10
nunber is raised, and |oad torque in a high revolution range is increased,
by determi nng the conducting interval totbe igr &&t- -
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Figures *9(A) :nd 9(B) are graphs illustrating efficiency-revol ution nunber
characteristics and | oad 15 torque-revol uti on nunber characteristics when a
brushl ess D.C. notor having an arrangenegi illustrated in Fig. 6 is driven
by voltage-fed inverters, and the invert d A% rodul ated in a constant

pul se wi dth manner and vari abl e pul se width manner, respectively by a
control circuitry. In Fig. 9(A), charaggerijstiges aré ofbai ned under a
condition that load torque is determ ned to be 20kg.cm and a conducti ng
interval is determned to be 180[err] by elegfjcal angle. Also, in the 25
figures, a represents characteristics when var ipbl e _
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-35- pul'se w+dth nodul ation is perfornmed, and b represents characteristics
when constant pulse width nodul ation is perfornmed. The variable pul se width
nodul ation is a method for obtaining a voltsge wavef orm whi ch is equival ent
to a sine wave and the like, by varying pu 2®dthes, as isillustrated in
Fig. 10(A) . The constant pulse width nodulation is a method which does not
vary pul se widthes at all, as is illustrated in Fig. 1%%?)

. i=.
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Timer value of the phase correction timer is calcuf&ted
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~ - ' Period measurement timer is stopped
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_Timer value of the period measurement timer is
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| /SP6
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10 : “As is apparent fromthese characteristics figures, efficiency
is inproved, a maxi mumrevolution nunber is raised, and |load torque in a

hi gh revolution range is increased, by enploying the constant pul se width
nodul ati on. 15 Her ei nafter, désiv)llg on is nmade in nore detail.
A pul se wi dth nodul ati on nmet hod which enpl oys vari abl e pul se wi dt hes such
as sine wave nodul ation, is generally enployed as other driving and
controlling nethod of a notor and the frkey Rgcauselitzts thought 20

t hat | ow order higher harnoni‘cs waves cause increase in |osses and
vibration (refer to "Frequency Dependency of Induction Mtor Paraneters and
Their Measuring Method",

(__Interruption handling 2 )
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Inverter mode is advanced by
1 step

| ,SP2
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Voltage pattern is output
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K. Kawagishi et. al., |PEC Tokyo' 83, pp. 202-213,1983). Wen the method is

applied to a brushless D.C. notor, a 25 magneti c pol e detecti on neans
wi th high accuracy is -36- needed and congigL beconmes conplicated so
that a cost as a whole is increased becah dul ati on signal waveform

and a rotor should be synchronized to one another. But, the constant pul se
wi dt h nodul ati on does not have such di sadvantages, and_has an anplitude of
a fundanental wave which is higher thak tHat 8f.a _

[
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fundanment al wave of variable pulse width nodul ation. Further, as is
apparent fromFigs. 9 which represent the inventors' know edge, lowering in
efficiency which is 10 general ly corgfrqe , Wwas not recogni zed, instead
efficiency was i nproved. Furthernore, v 4At48n was vibration which was
al nost i nconsi derabl e when the method was taken in an air conditioner and
the like. Next, a brushless D.C. notorghn which perpmganent 15 magnets are
install ed on a surface of & rotor, and-a Bru&hl-ess fé notor in which

per manent magnets are installed interior of a rotor, are described
contradistinctionally in deteil (refer to Figs. 5 and 6).
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20 ' * The brushless D.C. notor in which permanent nmagnets are
installed on a surface of a rotor, which notor is illustrated in Fig. 5

i ncl udes permanent magnets 3b which are di sposed on a surface of silicon
steel plates of the rotor 3a. Therefore, 1dn/a25 gap (a 25 di st ance

bet ween silicon steel plates of the rotor and -37- silicon steel plates
of a stator) is great so that inductance of stator w ndings becone
conparatively small. On the contrary, Eﬁe_brqghless;}l@; notor in

[ 4

(  Interruption handling 2' )
1 4§?1
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1 step

L SP2

Voltage pattern is output

. | SP3
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- correction timer is calculated
based upon an phase correction
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T ] SP4
) « [
Second phase correction timer is
set with a correction timer value
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7

Second phase correction timer is
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whi ch pernmanent nagnets are installed interior of the rotor, which notor is
illustrated in Fig. 6, includes permanent magnets.3b which are di sposed
interior of silicon steel plates of the rotor 3a. Therefore, an air gap is
smal'l so that inductance of stator wi ndi ngs7b€é@de extrenely great in
conparison to that of the 10 brushl ess D.C. notor in which permanent
magnets are installed on the surface of the rotor, because the pernanent
magnets are installed interi'or of the r¥forl 3¢z - Figurgs 11 and 12 are
diagrans illustrating a 15 - voltage waveform and current waveformwhen a-
brushless D.C. notor in which permanent magnets are installed on a

C Interruption handling 3 )
SP1
Inverter mode is advanced by
1 step
_ | ,SP2
S 4
' Voltage pattern is output

(" Return )




surface.of a rotor and a brushless D.C. notor in which pernmanent magnets
are installed intrior of a rotor, is driven, respectively, by voltage-fed

i nverters with a 20 conducting interval of 180[err] by electrical angle

and outputting constant pul se w dth nodulla8¥64 Bvaveform In both figures,

vol tage waveforns are illustrated in upper portions, while current

waveforns are illustrated in | ower porgions. 25 As i s apparent
p _%%_QE =" > o pp

fromboth figures, due to effects
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of inductange of stator wi ndings, a notor current becones simlar to a sine
wave when a brushless D.C. notor in which permanent magnets are installed
intrior of arotor, is enployed, so that | osses caused by higher 5

harmoni c currents are reduced and efficile@e§2i' i nproved. Further, torque
ripple is reduced. A brushless D.C. notor in which. pernmanent nagnets are
installed on a surface of a rotor, and a brushless D.C_ notor in which
permanent magnets are 10 ~ installedEntii g of a2 oBr, are further
descri bed contradi stinctional-ly in detail. The brushless D.C. notor in

whi ch pernmanent magnets are installed on a surface of a rotor, which

Inverter output| V?
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notor is illustrated in Fig. 5 has cylindrical shaped 15 "silicon steel
pl ates which constitute a rotor 3a. Therefore, inductance of stator

wi ndi ngs are naintained to be constant re d| ess of rotational position of
the rotor 3a. On the contrary, the brushl ggé 2& notor in which per manent
magnets are installed intrior of a rotor 20 3e, which notor is _
illustrated in Fig. 6, has silicon steel_pl ates mhicggare magneti ¢ bodi es,
and non-magneti c bodi es 3g, which silicaﬁpsﬁeeﬁfplat <hd non- nagneti c
bodies 3g are alternately disposed in a portion of the rotor 3e which
portion is close to an outer periphery of 25 the rotor 3e. Therefore,
I nduct ance of stator w di ngs
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-39- 'vary dependi ng upon rotational position of the rotor 3e. Specifically,
when the brushless D.C. notor in which permanent magnets are installed on
the surface of the rotor, and the brushless D.C notor in which pernmanent
magnets are installed intrior of the rotdd,/&% operated 5 in noni nal
conditions, both d-axis inductance and g-axi s inductance of the forner
brushl ess D.C. notor are .3.2nH, while d-axis inductance and g-axis

i nductance of the latter brushless D Cgnoiorgare 72Zngh 22. 8nH,

4
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respectirvely:. 10 A method for outputting inverter voltages in a

mat chi ng-t o- a- phase condi ti on whi ch phase naxi mze a d- axis vol tage

(i nduced voltage of the notor), that is for outputting inverter voltages so
that a phase-of a notor current and a phd268 %he i nduced voltage of the
nmotor 15 are the sane to one another, is generally enployed as a driving
and controlling nmethod of a brushless SEC..nDt r, b%%aggg magnetic flux of
per manent magnets are intended to be a i1 dbl & at it Ximum- In Figs. 11,
a phase of inverter voltage is-advanced by 29[err] with :
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20 respeci to ‘a phase of induced voltage of a nmotor which notor is a
brushless D.C. notor in which permanent nagnets are installed on a surface

of arotor. Figs. 11 are obtai ned under ag%ggg% ion that a nunber of
- -40- notor

revol utions 2858 r.p.m, load torque i cm a 25
voltage is 114.0V, and a notor current is 7.20A In Figs. 11 scales are
200V/ div. for voltageh 10A(div. ;r i o, 3 0O

10A
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for curvrent,.and 2nmsec/div. for horizontal axis. Further, the advanced
angl e vari es dependi ng upon notor 5 constants. But, a brushless D.C. notor
i n which permanent magnets are installed interior of a rotor, has

i nduct ance of stator w ndings which 24£28htly greater than that of the
former brushless D.C. notor. Therefore, a current waveform becones a
waveformwhich is illustrated in Figs. .12. Figs. 121]nare obt ai ned under a
condition that a nunber of revol utigfls-"i s8g58 - , load torque is
20kg.cm a notor voltage is 126.5V, and a notor current is 5.76A.

In Figs.
12, scales are Conducting interaval of 130° by electrical angle
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15 200/ div. for voltage, 10A/div. for current, and 2nsec/div. for

hori zontal axis. A phase of inverter voltage is advanced by 70[err] with
respect to a phase of .an induced voltagge_of g?e notor in a case which is
illustrated in Fig.. 12. The advanced aggﬁé/g ies 20 dependi ng upon

not or constants. \When a phase of inverter voltage is further advanced with
respect to the above phase of inverter | tag adv angle is 73[err]),
and the inverter voltage iS supplied torfhéﬁbﬁﬁéhleggpgg%z notor, a current
waveformillustrated in | ower-25 portion of Figs. 13 is obtained.

Figs. 13 are obtained . : :
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-41- under a:condition that a nunber of rewwlutions is 2858 r.p.m, |oad
torque'is 20kg.cm a notor voltage is 89.6V, and a notor current is 6.92A
In Figs. 13, scales are 200V/div. for voltage, 10A/div. for current, 5
and 2nsec/div. for horizontal axis. A voltage waveformis illustrated in

upper portion of Figs. 13. Wien Figs. 12 gpeciPr@AEIo®npared to one
another, it is understood that the current waveformis quite simlar to a
sine wave due to effect of *g-axis 10 - -inductance. Therefore, torqgue
ripple reducing effect and efficiency inproving effect are further

| mpr oved. Brushless D.C. Motor Driving And Controlling Method And

Apparatus Therefor And Electrical Equipment
Technical Field

The present invention relates to a brushless
D.C. motor driving and controlling method and apparatus
N 10 therefor and electric device. More particularly, the
lpresent invention relates to a brushless D.C. motor
driving and controlling method and apparatus therefor
which drive a brushless D.C. motor using voltage-fed
inverters, and to an electrical equipment which.employs
15 a brushless D.C. motor as a driving source which.is
driven and_éontrolled by the brushleés D.C. “motor

driving and controlling apparatus.

Background Art
20 .
A brushless D.C. motor is known as a motor
having higher efficiency in comparison to an A.C. motor.
The brushless D.C. motor employs permanent magnets
instead of rotor windings which magnets are'equipped

25 ~ with a rotor. And, secondary copper losses caused by



Further; "reluctance torque" and "field weaRening effect” which are other
characteristics of a brushless D.C. notor in which permanent magnets are
install ed 15 interior of a rotor, are effectively utilized. Figure 14
is a diagram schematically illustrating a brushless D.C. notor driving and

control I'ing appar amge@},i% ﬁ%@@\éﬁ?@ &%%n%gbg{‘%iirﬂiﬁrg al; Otnahl0LLG], DY

electrical angle, \ ure | 0 agram 'l ustrating an inner
BT Chneng r o oo o WS shald WSSASRAR" o mbls B
serially connected, respect)vely, fietween Lernal $e3hed nCoon2islisdalso®
an A.C. motor when the brushless D.C. motor has a medium
5 or small capacity which is equal or less than several
tens kW. |
In a brushless D.C. motor driving system having
such capacity, voltage~fed inverters or current control
type inverters are employed as inverters for driving a
— 10 brushless D.C..motor. Wherein, the current control type
"inverters has a main circuitry arréngement which is the_
same to that of voltage-fed inverters, and controls
inver}ers so as to determine a motor current to be a
desired wvalue.
15 | A system which drives a bfushless D.C. motor
using the voltage-fed inverters,'is mainly equipped with
a device which is required improvement in s;ving the
powér consumption (improvement in efficiency), and is
manufactured in large quanfities, such as air
20 conditioners, vacuum cleaners, electric washers and
others. Therefore, a waveform of conducting interval
which is 120° by electrical angle, is employed as a
waveform contrgl in inverters from the point of.view of
easiness in contrblling. And, a system is employed

25 which has a simple arréngement and which is cheap.



25 are constituted. A voltage at each ggunecting point of -42- each
pair of switching transistors is supplied to each of three stator w ndi ngs
13u, 13v, 13w of a brushless D.C. notor 13, the stator w ndings 13u, 13v,
13w being Y- connected and each of the stator w ndings 13u, 13v, 13w 5

corresponding 1o caghoplasto »iiafecBnyRtLASE.AL 62800 cONIERILE0 RELOL Of

each pair of switchin fansi s to ea ree re
14u, 14v, 14w which a&ﬁo CO“EEC%?dMouUUEeﬁbsﬂ?ggssééé‘éﬁ , 1#'%8800 et.

al., IPEC-Tokyo'83,pp.1477-1488,1983: "Controlling
Apparatus of a Brushless D.C. Motor", Nagata et. al.,

5 Japanese Patent Laid Open Gazett Tokuganhei 5-72197:
"P.M.Brushless Motor Drives:A self-Commutating System
without Rotor-Position Sehsors". P.Ferraris et.
all,Ninfh Annual Symposium-Incremental Motion Control
-Systems and Devices,pp.305-312,1980) Further, Magnetic

— 10 - pole position detection by detection pf induced voltage
of a motor, or a magnetic pole position detection sensor
having a simp;e arrangement and employing Hall elements
and tpe like is employed as én arrangement for detecting.
magnetic poie position of a brushless D.C.‘motor. A

15 rotational position sensor which is expensive, such as a
rotary encoder and the like, is not employéﬁ from the
-point of view of cost reduction.

A system'which drives a brushleés D.C. motor
using the current control type inverters, is applied to

20 a machine tool, é sérvo—motor.for an industrial robot
and others which attach the most iﬁportance to the rapiad
torque résponse and the low torque ripple as required
performances.

In this system, a clésed loop arrangement is

25 employed in which a control circuitry determines



12v1d, 12v2d; 12wld, 12w2d for protection aige connected 10 bet ween
collector-emtter termnals of the switching transistors 12ul, 12u2, 12v1,
12v2, 12wl, 12w2, respectively. Furthernore, 13e represents a rotor of the
brushless D.C. notor 13. Suffixes of u, v, w correspond to u-phase,

v- phase, w phase of EI t re | vel vy, gf%
second vol tage of a(é%%t'gr)%#lé o?‘?fp‘%gdv%lft%)%%% é%oﬁ]‘{a%’%ee sstséggéﬂavﬁ st
13u, 13v, 13w is suppligd t'o.a reversed. input termnal of an anplifier 15
through a resistor 'Q%éef%'??-rt%?c?ﬂﬁt g o é)af'aﬁ’e ‘?réTS‘paYntgllvAfJ‘r%fat[tr?é’51°n
Y-connected 20 resistors 14u, 14v, 14w is sugg%ied as it is to a non-
reversed input terni®afPR¥ FHFensd iand 2 tprgue &f § Jrushless D.C. motor

are functions of rotational position and are in
5 proportional relationship. Therefore, the system has ah

expensive system arrangement which employs a precision

sensor for.detecting rotational position of a motor,

current detectors for accurately controlling motor

currents.and a controller which can perform high-speed
- 10 processing. Further, output voltages of inverters

continudusly vary because the inverters are controlled

instantaneously in correspondence to a condition of a

motor.
In the system in which a brushless D.C. motor is
15 driven using a conventional voltage-fed inverters, a
switch of each phase of inverters is turned on for only
an electrical angle of 120° in spite of positive and
negative electrical angles are 180°, respectively.
Therefore, the term of thé rest electrical angle of 60°
20 (the term of electrical angle of 120° for one cycle) is
non-controlled condition.
Consequently, inverters cannot output desired
voltages during.the term of non-controlled condition so
that.aVailable rate of d.c. voltage in the inverters is

25 low. And, terminal voltages of a brushless D.C. motor



15b i s conneeted between an output term nalksand the reversed input term nal
of the anplifier 15 so that the anplifier 15 operates as an differential
anplifier. 25 An out put signal output fromthe output term na
-43- of the anplifier 15 is supplied to an integrator 16 which is
constituted by serialdones BRSS! A% Bn' BERhRInY03AARE BpERRAS hALLLARY 20
out put signal fromT ntegrator at-a connect 'ng poln
of the resistor

t

168 a@mum number of revolution becomes smaller) due to the
low available rate of d.c. voltage.
Further, motor currents should be increased for
5 obtaining an output which is the same to that of a motor
which has supplied not-lowered terminai voltages,
becauée the terminal voltages are lbwered. As a result,
joule losses which are caused by resistances of motor
windings, increase so that efficiency of a brushless
~ 10 D.C. motor cannot be improved to an expected degree.
Although, permanent magnets are installe& to a
rbtor of a brushless D.C. motor so that each permanent
magnet corresponds to the electrical angle of 180°,
currents can be flowed in desired directions for only an
15 electrical angle of 120° so that available rate of
magnetic flux is small. In other words, motor currents
should be increased for obtaining a torque which is the
Y ~ same to that of a motor which is not lowered the
available rate of magnetic flux. As a result, joule
20 losses ﬁhich are caused by resistances of motor
wiﬁdings, increase so that efficiency of a brushless

- D.C. motor cannot be improved to an expected degree.

Disclosure of The Invention

25



the capacitor 16b) is supplied to a non-reygrsed input termnal of a
zero-cross conparator 17 which is supplied the second voltage of the
neutral point 13d to its reversed input termnal. 10

Therefore, a nmagnetic pole position detection signal is output froman

output termnal of the zerﬁ%ﬁrgges%v?{) a&#tfoerelfaé qnacgéual W s ot

position detector is const |er |ntegrator
16 and zero-cross coqfaratOr QHP jtion 15 detector mhlch is
constituted by a raR® ?’%ﬁﬂﬁ&ﬁﬂeQ1 e*®3 ke nay be enployed instead of the

position detector having,the above arrangenent. The nagnetic pole p05|t|on
detecti on si gnal It is an object of the presen invention 'to

supply a brushless D.C. motor driving and controlling

5 method and apparatus therefor which improve avéilable
rates of voltage of voltage-fed inverters and motor flux
using simple and cheap control, and which achieve higher

efficiency and enlargement of opefating range of a

brushless D.é. motor.

10 It is another object of the present invention to
supply an electrical equipment which employs a bﬁushléss_

D;C. motor as a driving source which motor is driven and

controlled by the brushless D.C. motor driving and

controlling épparatus.
15 A brushless D.C. motor driving and controlling
method according to claim 1 is a method which determines

a conducting interval of voltage-fed iﬂverters to be a

\_ predetermined interval whiéh is more than 120° and equél
or less than 180° by electrical angle.

20 ' A brushless.D.C. motor driving and controlling
method according to claim 2 is a method which modulates
outputs of voltage-fed inverters so as to output pulse
signals, each pulse signal having constant pulse width |
within an entire conducting interval.

- 28 A brushless D.C. motor driving and controlling



v

out put fromthe position detector is suppli-gd to an 20 ext er nal
interruption termnal of a m croprocessor 18. In the m croprocessor 18, an
interrupt handling (refer to interrupt handling 1 in Fig. 15) for a phase
correction tinmer 18a and a period neasurenent tinmer 18b, is carried out

based upon the MONGLLAoRChEoRRS1AY B0 21ein 8! 2614 e 18R AnIh CbnbRoys a

supplied to the externa terru lon termn

gg;[gff 'ng“ timer 183,18, dghet “Sglu&ést;'aé‘z":ﬁéng&{ ”&aé’Xe?stlHE{hva'rk’teemor

of the rotor, as a rotor of a brushless D.C. motor.
4 brushless D.C. motor driving and controlling
5 method according to claim 4 is a method which controls
voltage-fed inverters so that a phase of inverter output
voltage is advanced from a phase of the inverter output
voltage with respect to an induced voltage of a
brushless D.C. motor, the latter phase.being a phase
\“/_ 10 which makes a brushless D.C. motor current and the
induced voltage of the brushless D.C. motor to be the
same phase to one another.
3 A brushless D.C. motor driving and controlling
method according to claim § is.a method which determines
15 a conducting interval of voltage-fed inverters to be
180° by electrical angle. )
A brﬁshless D.C. motor driving and controlling
method according to claim 6 is a method which obtains a
first voltage at a neutral point by connecting one ends
20 bf resistors, the other end of each resistor is
connected to each output terminal of voltage-fed
inverters, obtains a second voltage at é neutral point
by connecting one ends of stator windings of a brushless

D.C. motor, and detects a magnetic pole position of a

25 rotor of the brushless D.C. motor based upon a



section-19a which is described | ater. The peg+od neasurenent tiner 18b
supplies its tinmer value to a 5 position signal period operating
section 19b which is included ina CPU 19. The position signal period
operating section 19b calculates a tiner value per 1 cycle by electrical

angl e based upon aaii%%r%@%ﬁéﬁmimg@ wltidd dna ¥ idddorla

angl e, for exanple. The ase correction tiner 18a supplies a count
over signal to i nverchitr %%)de sel ection section 19c for a conducting
i nterval of 180[erﬁ1 93 ‘ectrtcal angle so that an interrupt handling

(rerer o on e uet el 0g 8 Ph e e 0 Ol TR
| " method according to claim 7 is a method which determines
5 a cohducting interval_of voltage~fed inverters to be a
predetermined interval which is more than 120° and less
than 180° by electrical angle.
A brushiess D.C. motor driving and controlling
method according to claim 8 is a ﬁethod which determines
-~ 10 a conducting interval of voltage—fed inverters to be a
predetermined interval which is equal or more than 140°_
and equal or less than 170° by electrical angle.
? A brushless D.C. motor driving and controlling

apparatus according to claim 9 includes a conducting

15 interval determining means for determining a conducting
interval of voltage-fed inverters to be a ﬁfedetermined
interval which is more than 120° and equal or less than

. _ 180° by electrical angle.
A brushless D.C. motor driving and controiling

20 apparatus according to ¢laim 10lfurther includes a
modulating means for mbdulating outputs of voltage-fed
inverters so as to output pulse signals, each pulse
signal having constant pulse width within an entire

conducting interval.

25 A brushless D.C. motor driving and controlling



el ectriecal angle, reads out correspondi ng ve3tage pattern froma nenory 18c
and outputs therefrom In the CPU 19, the position signal period operating
section 19b perforns operation based upon the tinmer value and 20

outputs a position signal period signal which is supplied to a tinmer val ue

operating section } a%aqlu@ ‘é%EQ‘E'HtﬂSgOQQV 296 38CkhBloydCa FBRoL WRicHKAl Ue
operating section 19a is al.so supplied a phase angl e comand. The ti ner

val ue operating segy QQdQ%apégmanenQaHQBhgkgs13 thEBG n¥8LY8r"BECPhLSrotor,

determned in the
as a rdtor of a brushless D.C. motor.

A brushless D.C. motor driving and controlling
5 apparatus according to claim 12 includes a phase
controlling means for controlling voltage-fed inverters
so that a phase of inverter output voltage is advanced
from a phase of the inverter output voltage with respect
to an induced voltage of a brushless D.C. motor, the
N 10 latter phase being a.phase which makes a brushless D.C.
motor current and the induced voltage of the brushless
D.C. motor to be the same phase to one another.
) A brushless D.C. motor driving and controlling
apparatus according to claim 13 includes a conduct;ng
15 interval detefmining means for determining a conducting
interval of voltage-fed inverters to be 180° by
electrical angle. |
A brushless D.C. motor driving and controlling
apparatus according to claim 14 fﬁrther includes a
20 difference voltage outputing means for receiving a first
voltage at a neutral point which is bbtained by
connecting one ends of resiétors, tﬁe other end of each
resistor is connected to each output terminal of voltage-
fed inverters, for receiving a.second voltage at a

25 neutral point which is obtained by connecting one ends



phase cadrrection tinmer 18a, based upon the-pbase angl e command and the
position signal period signal fromthe position signal period operating
section 19b. The velocity operating section 19e calculates a velocity at 5
the present time based upon the position signal period signal fromthe

position signal perjio eratin sectl n 9?{'ﬁ ed
vel ocity to a vel &‘41 %%tg(?ﬁ r“b’lq ssé)cét)l o# ré%he Ve OCI ty co%[ rd(C)ILiJ‘ﬁI
section 19f is also s I|ed a é?(xnt Bﬂd The 10

control ling secti d?P ’dlﬂ st B /7S ttﬂ?fnd’eoé’fgd’ (}fiﬁgg/ém(}ciaﬂ?

command and the velocity «at the present tlne fromthe vel ocity operat.ing
section 19e. And, anh ths tsgponshiveltagst And @ &if%9Te Pofidiod detecting

means for detecting a magnetic pole position of a rotor

5 of the brushless D.C. motor based upon the.difference
voltage.

A brushless D.C. motor driving and controlling
apparatus according to claim 15 employs a conducting
interval determining means for determining a conducting

10 interval of valtage-fed inverters to be a predétermined
interval which is more than 120° and less than 180° by
electrical angle.

A brushless D.C. motor driving and controlling
-apparatus according to claim 16 employs a conducting

15 interval determining means for determining a conducting
interval of voltage-fed inverters to be a p}edetermined
interval which is equal or more than 140° and equal or

Y less than 170° by electrical angle.

An electrical equipment according to claim 17
20 employs a brushless D.C; motor as a driving source which
motor is driven and controlled by one of the brushless
D.C. motor driving and controlling apparatus according
to claims 9 through 16.
As to the brushless D.C. motor driving and

25 controlling method_according to claim 1, the method



nmode sel ection section 19c for a conductingqnterval of 15 180[err] by
el ectrical angle, and the voltage command output fromthe velocity
controlling section 19f are supplied to a PW (Pul se Wdth Mdul ati on)
nodul ati on section 18d. The PWM nodul ati on section 18d out puts PWV

Todul at 1 on 1 GNaES o ol 8° GBRARES 0] TnPRLARIYkaL L9820 roasi 0Nl 8 are

supplied to a b circurtr se drrving circuitry 20
out puts control signals for supplying base.term. nals of the sw.tchin
transi stors 12u®nVv fﬁ?F31591%§1gvﬁfegfﬁﬁfmiﬁﬁﬂ.iﬁggﬁvg cFFbﬁﬁiﬁglﬂaﬁg in
the CPU 19 represents a functional 25 portion for gerforning
Correspondi ng f shen (3,39° anéséqual or less than 180° vy electrical

angle when a brushless D.C. motor is driven by voltage-
5 fed iﬁverters. Therefore, the method determines non-
control term to be less than 60° by electrical angle.
As a result, the method increases motor terminal
voltages and expands an operating range. Further, a
quantity in increase of motor current is suppressed so
10 that an increase of joule losses due to motor windings
are suppressed and efficiency of the brushless D.C.
motor is improved, because the_mgtor terminal voltages
can be increased. Further, a current can be forcibly
flowed in a desired direction in correspondence to an
15 extent of permanent magnets which is installed to the
rotor of the brushless D.C. motor, the extent*being
greater than 120° by electrical angle. Theéeéore,
—/ : _lowéring of available rate of magnetic flux is
‘suppressed and efficiency of the brushlesé D.C. motor is
20 improved.

As to the brushless D.C. motor driving and
control;ing method according to claim 2, the method
modulétes outputs of voltége—fed inverters so as to
output pulse signals, each pulse signal having constant

25 pulse width within an e' tire conducting interval.



-46- sections do not exist in the CPU 19 i ri2- ecogni zabl e condition. The
vol tage patterns corresponding to inverter nodes are represented in table
1. The voltage patterns are represented with ON-OFF conditions of the

switching 5

corresponds to ON

1 10

\; 10

15

20

25

transistors 12ul, 12u2, 12v1, 12v2, 12wl, 12w2. A

FRBALELSR, WAbhEeil pERL’ 53090YSn! e tbEt E0R M ER nidRD! ©
accuracy'ig_pot needed, and controlling is simplified.
Also, the method improves efficiency and increases an
amplitude of a. fundamental wave in comparison to a case
in which variable pulse width modulation is performed.
The variable pulse width modulation varies pulse widthes
of the pulse signal. Consequently, a maximum number of
revolution of the brushless D.C. motor is increased.

As to the brushless D.C. motor driving and
controlling method according to claim 3, the methpd
employs a rotor which includes pefmanent magnets in the
interior of the rotor, as a rotor of a brushless D.C.
motor. Therefore, the method generates not only a
torque caused by magnet but also a torque caused by
reluctance so that generated torgque as a whole is
increased without increasing motor currents. Further,
inductance of motor windings is extremely iﬂcreased in
comparison to that of a brushless D.C. motor in which
permanent magnets are installed on a surface of a rotor,
so that operating with higher speed can be achieved in
comparison to that of the brushless D.C. motor in which
permanent magnets are installed on the surface of the

rotor. Furthermore, the method decreases a current

"ripple due to low order higher harmonics components of

inverters, because inductance of motor windings is



| nverter * Vol tage-Fed inverters node _;312ul 12u2 12v1 12v2 12wl 12v2

0 1 0 0 1 1 01 1 0 0 1 0 12
1 0 1 0 0 115 3 0 1 0
0 -1 4 0 1 1 0 15 0 1 01 0 20

Next, referring to waveformdiagranms jllustrated in Figs. 18, operatiop of
the brushl ess D. C. 9FB®856r EPFVPﬁﬁrSndt38n??BP?¢ngeﬁﬁﬁ%?%fu% Eﬁygﬁeiglppfg.

illustrated in Fig. 14, is-described. - L. ,
. As. to the brushless D.C. motor driving and

control&ing mefhod according to claim 4, the method
controls voltage~fed inverters so thét a phase of
5 inverter output voltage is advanced from a'phase of the
inverter output voltage with respect to an induced
voltage of a brushles$ D.C. motor, the latter phase
being a phase which makes a brushless D.C. motor current
and the induced voltage of the brushless D.C. motor to
10 be the same phase to one énother. Therefore, influence
of inductance in.a direction which is shifted by 90°
electrically from a direction of magnetic flux generated
by a bermanent magnet, is efficiently and practically
used. As a result, a current wavefofm is appoximated to
15 be a sine wave. Consequently, torque ripple is further
reduced and motor efficiency 'is further imﬁ}oved.
Furthermore, reluctance torque and field weakening
W, effect are efficiently and practically utilized.
As to the brushless D.C. motor driving and
20 controlling method according to claim 5, the method
determines a conducting interval of voltage-fed
inverters td'be 180° by electrical angle. Therefore, a
non—confrol term is determined to be 0° by electrical
angle. Cbntrol of the conducting interval within an

25 - extent which is smaller than 60°, is not necessary,



25 -47- The u-phase, v-phase and w phaseignduced voltages Eu, Ev, Ew of
the brushless D.C. notor vary under a condition that three induced voltages-
are sequentially shifted their phase by 120[err], as are illustrated in

Figs. 18(A), '18(B) and 18(C). The signal Vnmoutput fromthe anplifier 15

varies, as is 5illﬁﬁ%é&%éxiﬂé]éﬂﬁﬁué¥¥gD'iﬁ%;gv%hquﬁﬁk%g.“a%%kgggbre,
when thejqontrdl is'performEd using'a'microcdmputer, a
number of timers is decreased by 1 and interrupt
handlings are_reduced by 1 in comparison to a case in
5 which the conducting interval is determined to be
greater than 120° and less than 180°. Consequently, the
control and arrangement.is simplified. When the control
is performed using a hardware, a number of timer-counter
is decreased by l-in comparison to a case in which the
10 conducting interval is determined to be greater than
120° and less than 186°. Consequently, the control and _
arrangement is simplified.
. As to the brushless D.C. motor driving and
controlliﬁg méthod according to claim 6, the method
15 obtains a first voltage at a neutral point by connecting
one ends of resistors, the other end of each resistor is
connected to each output terminal of voltage-~-fed
W/ inverters, obtains a second voltage at a neutral point'
by cbnnecting one ends of stator windings of a brushless
20 D.C. motor, and detects a magnetic pole position of a
rotor of the brushless D.C. motor based upon a
differgnce between the first voltage and the second
voltage. Therefore, the magnetic pole position of the

rotor is detected in spite of the revolution speed,

25 conducting angle, und amplitude of motor current,



{formula (1)} which is obtained by performwhgg integration of the signal Vnm
by the integrator 16, varies , as is illustrated in Fig. 18(E). 10 [err]
The integration waveformis supplied to the zero- cross conmparator 17, and
the zero-cross conparator 17 15 outputs a exitation change-over signal

whi ch rises or faLkﬁﬁ@%F§EB$E§59§§e$9£g§a%§%d%hgehggfgfgéi§gt§&g§ , as 1s

illustrated in Fwé. eé’in rup I NQ rfornmed e to the

rising and falling of the— excitation cha -over signal so that the phase
J mggnetic_po;enposition oggghe rotorg P

As to the brushless D;C. motor driving and
controlling method according to claim 7, the method
5. determines a conducting interval of voltage-fed
inverters to be a predetermined interval which is more
thén 120° and less than 180° by electrical angle.
Therefore, the difference signal between the voltages or
an integrated signal which signals are used to detect

K‘) 10 magnetyic pole position of a motor rotor, is stabilized
so that reliability is improvéd.

As to the brushless D.C. motor driving and
gontro}ling method according to claim 8, the method
determines a conducting interval of voltage-fed -

15 inéerters to be a predetermined interval which is equal
or more than 140° and equal or less than 170° by
electrical angle. Therefore, motor efficiency and
operating range are scarcely detracted. And, the
difference signal between the voltages or an integrated

20 signal is further stabilized so that reliability is
further improved.

As to the brushless D.C. motor driQing and
controlling apparatus according to claim 9, when a
brushless D.C. motor is driven by voltage-fed inverters,

25 the conducting interval determining means determins a



20 correction tiner 18a starts {refer to sL?rL points of arrows illustrated
in Fig. 18(Q}. The phase correction tiner ga performs tinme counting
operation for the determined tinmer value and count-over is generated 25
{refer to end points of arrows illustrated in Fig. 18(3Q}, because the
phase correction timer_ 18a is determned its tinmer_value by the tiner val ue

operating section FRAPAUHENG el 8 viHgasefed dinvertRs o be a

predgtermined inter;al which is more than 1205 and equal
or less than 180° by electrical angle. Therefore, the
apparatus determines non-control term to be less than
5 60° by electrical angle. As a resﬁlt, the apparatus
increases motor terminal voltages and expands an
operating range. Further, a quantity in increase of
motor currents is suppressed so that an increase of
joule losses due to motor windings is suppressed and
10 efficiency of the brushless D.C. motor is improved,
because the motor terminal voltages can be incréased. .
Further, a current can bé forcibly flowed in a desired
direction in correspondence to an extent of permanent
magnets which is installed to the rotor of the brushless
15 D.C. motor, the extent being greater than 120° by
electrical angle. Therefore, lowering of é&ailable rate
of magnetic flux is'suppreésed and efficiency of the
Y brushless D.C. motor is improved.
As to the brushless D.C. motor driving and
20 controlling apparatus according to claim 10, the
modulating means modulates outputs of voltage-fed
inverters so as to output pulse signals, each pulse
signal having constant pulse widthes within an entire
- conducting interval. Therefore, magnetic pole position

25 detection with high accuracy is not needed, and



every geheratsion of count-over of the phasqqsgyrection 5 tinmer 18a, and
the inverter node selection section 19c for "d conducting interval of

by el ectrical angle, advances the inverter node by 1 step. That
node is selected in the order of "1", "2",/  "3", "4", "5",

180[ err]

is, the inverter

n Oll , n 1"

n 2" ,

as is illustrated in Fig. 10 18(N). The inverter

node is advanced'bycqnsreblénﬂ is shepltbfiiedovehleR, t the PRRIrELLS choprPVes

ti mer 18a,

so that the sw tching transistors 12ul, 12u2, 12v1,.12v2, 12wi,

12w2 are control | edeffigciedy CBhdcincdreases am auplibtpdedefnce fundamdntal

i nverter
result,

node,

as are illustrated 15 in Figs. 18(H) through 18(M. As a

driving of kleebitisbbmparisén tOtarcdsei tn patiich Meskiablhd pulse

10

15

20

25

width modulation is performed. The variable pulse width
modulation varies pulse widthes of the pulse signal.
Consequently, a maximum number of revolution of the
brushless D.C. motor is increased.

As to the brushless D.C. motor driving and
controlling apparatus according to claim 11, the
apparatus employs a rotor which includes permanent
magnets in the intérior of the rotor, as a rotor of a .
brushless D.C. motor. Therefore, the apparatus
generates not only a forque caused by mégnet but also a
torque caused by reluctance so that generated torque as
a whole is increased without increasing motor currents.
Further, inductance of motor windings is e;tremely
increased in comparison to that of a brushless D.C.
motor in which permanent magnets are installed on a
surface of a rotor, so that higher speed operating can
be achieved in comparison to that of the brushless D.C.
motor in which permanent magnets are installed on the
surface of the rotor. Furthermore, the apparatus
decreases a current ripple due to low order higher
harmonics components of inverters, because.inductance of

motor windings is great. Therefore, the -ipparatus



condition that the conducting termis deteLnged to be 180[err] by

el ectrical angle, and the phase of the inveiter voltage is determned to be
an advanced phase with 20 respect to the induced voltage of the notor.
Wherei n, an advancing angle of the phase of the inverter voltage is
controlled by the phase correction tinmer 18a. Figure 16 is a flowhart

whi ch expl ai ns t he desaafes & TSI SIRPLSH- the interrupt handling 2 in 25

- 49- .
. As to the brushless D.C. motor driving and

controiling apparatus according.to claim 12, the phase
controlling means controlé voltage-fed inverters so that
5 a phase of inverter output voltage is advanced from a
phase of the inverter output voltage with respect to an
induced voltage of a brushless D.C. ﬁotor, the latter
phase being a phase which makes a brushless_D.C. motor
‘current and the induced voltage of fhe brpshiess D.C.
10 | motor to be the same phase to one another. Therefore,
influence of inductance in a direction which is shifted .
by 90° electriballf from a direction of magnetic flux
gehenated by a permanent magnet, is efficiently and
practically utilized. As a result, a current waveform
15 is appoxiﬁated to be a sine wave. Consequently, torque
ripple is further reduced and motor efficiéncy is
further improved. Furthermore, reluctance torgue and
() field weakening effect are efficiently and practically'
utilized.
20 ' As to the brushless D.C. motor driving and
controlling apparatus according to claim 13, the
conducting interval determining means determins a
condﬁcting interval of voltage-fed invertefs to be 180°
by electrical angle. Thereforé, a non-conirol term is

25 ~determined to be 0° by electrical angle. Control of the



e ——————— e

detail. An external I nterruption request T%géccepted at a rising edge and
falling edge, respectively, of a magnetic pole position detection signal
(whi ch signal corresponds to the exitation change-over signal) of the
position detector.. In step SP1, a tiggr val ue of .th

correction ti nsPnERgting: interyedqwiidda EBoﬁxéﬁnéxVEFgglﬁﬁ gggzﬁﬁﬁd phase
angl e (phase correction angle) command and the position signal period
si gnal obt ai nedhiep 688 .pd§ Bodn necERERTYer PEGBYERr APPNGOBARELARI10h. I n
step SP2, the phase correction tinmer 18a is set with a 10 correction
ti mer val ue (tiimervalludsf'aBoCor r Foerefpre,| whenephePgonthelphase
correction tinmer 18a is started. In step SP4, the period neasurenent tiner
18b is stoppedperformed using a microcomputer, a number of timers is
5 decreased by 1 and interrupt handlings are reduced by 1
in comparison to a case in which the conducting interval
is determined to be greater than 120° and less than
180°. Consequently, the control and arrangement is
simplified. When the control is performed using a
10 hafdware, a number of timer—couﬁter is decreased by 1 in
comparison to a case in which the conducting interval is
determined to be greater than 120° and less than 180°.
Consequently, the control and arrangement is simplified.
As té the brushless D.C. motor driving and
1% controlling apparatus.according'to claim ;4, the
apparatus obtains a first voltage at a neutrals-point by
-providing reéistors which are connected theif 6ne ends
Y to one another and are connected théir other ends to
each output terminal of voltage-fed inverters, and
20 obtains a sepond voltage at a neutral point which is
obtained at the connected ends of stator windings of a
brushless D.C. motor which windings are connected to one
. another, and the difference voltage outputing means

outputs a difference voltage between the first voltage

25 and the second voltage, and the rotor position detecting



whi ch was started in the previous interrup0-handling 1. In step SP5, The
timer value of the period neasurenent 15 tinmer 18b is read into (is
stored). These processings in steps SP4 and SP5 are processings for
detecting a period of an edge of the exitation change-over signal.

Therefore, the pepbsfs "BS6eEEEE nddi@tid Gols pESPtioNbSLArFStbr of the
I medi ately after the reading of the tlner val ue 20 of the peri od

measur enment ti nerb%"gredégé lgl"@ qﬁ&op Wrﬁ;@rﬁlfé

operation of the s position S|gna per for exanple, calcu aéﬁgn of
a counting nunber

| ect I ln st
revol uti on nunberT ef ? %e”]gké tn?qqerg%{%c?a;g% e%@egltlcpn tEpt he r‘oéor is

detected in spite of the revolution speed, conducting
5 angle, and amp;itude of motorICUrrent, without
especially providing a sensor for detecting magnetic
pple position of the rotor.
As to the brushless D.C. motor driving and
controlling apparatus according to claim 15, the
10 épparatus employs a'conducting interval determining
means for determining a conducting i;terval of voltage-
féd inverters to be a predetermined.interval which is
more than 120° and less than 180° by electrical angle.
Therefore, the difference signal between the voltages or
15 an integrated signal which'signals are used to detect
magnetic pole position of a motor rotor, is Stabilized
so thét reliability is improved.
\ _'- ‘As to the brushless D.C. motor driving and
controlling apparatus according to claim 16, the
20 apparatus employs a conducting interval determining
means for determininé a cohducting interval of voltage-~
fed inverters to be a predefermined intervél which is
equal or more than 140° and equal or less than 170° by
electrical angle. Therefore, motor efficiency and

25 operating range are scarcely detracted. And, the



-50- brushlegs D.C. motor 13 is calcuIaLQq_based upon the position signal
period operation result. In step SP8, velocity controlling is perfornmed so
as to follow the externally supplied velocity command, -and the vol t age

command is output. Thereafter, processing is returned 5 to prior
processing. Specid;fillehcaiiyrd1e Hetidlen’ Ahd® voQtaRBRORY B4 AtbhiPated
I nterval of the magnetic pole position detection signal, is 360 ich is

obtained by the agtialy j¢ fynther stabilized so that reliability is
further improved.'

As to the electrical equipment according to
claim 17, the equipment employs a brushless D.C. motbr
as a driving source which motor is driven and controlled
"by one of the brushless D.C. métor driving aﬁd
controlling apparatus according to claims 9 through 16.
Therefore, feducing in power consumption is performed
10 due to the improvement 9thigher efficiency of a
brushless D.C. motor”ﬁhich is the’driving source.

The ﬁreéenf invention is described in more
detail.

When a brushless D.C. motor is driven by voltage-
15 fed inverteré which has a conducting interval of 120° by

electrical angle, ideal current waveforms.apé'an ideally
generated torque are illustrated in Figs. 1(A) through
\_ 1(D).- A brushless D.C. motor is a motor which replaceé
mechanical commutators of a d.c. motor with inverters.
20 Therefore, when inverters are controlled so that each
current of three phases (U, V, W) is joined at every
120° so as t6 make a motor current to be a direct
current, a generated torque becomes similar to that of a

d.c. motor, as is illustrated in Fig. 1(D).

g A simulation result is illustrated in Figs. 2(A]



measur enent by the period nmeasurenent ti _18b, the 10 count val ue
per 1 period of the inverter output volt= becones 360 x 6 = 2160 because
a nunber of inverter nodes is 6. And, the count value for 1l[err] becones
2160/ 360 =6 because the count value of 2160 corresponds to 360[err]. Wen
the phase angle command is 60[err], the count 15 val ue (tiner val ue)
correspondi ng to ahd PLBEewhich es tosiariPhetdmarnisd e, thheref ore,
the value of 360 is set in the phase correction tinmer 18a as the tiner
val ue for correctigientofistdt thaspresenecinventionrand@as sanriak®u
Figure 17 is a flowchart which explains contents 111lprocessing of the
interrupt handling,2 4nc@pt&ht waveform and generated torque when a
. brushless D.C; motor is driven by voltage-fed inverters
5 which has a conducting ‘interval of 180° by electrical
angle. In this case, portions are generated in which a
current of each phase overlaps to one another so that
the brushless D.C. motor performs an operation which is
1 different from that of a d.c. motor, because corrents
10 flows for a 180° term. As a result, ripple in the
N generated torgue becomes great {refer to Fig. 2(B}}. .
From the above point of view, it is
conventionally thought that voltage-fed inverters which
has a conducting interval of 120° by electrical angle,
15 is ideal for driving a brushless D.C. motor. Therefore,
only a method which employs a conducting interval of
120° by electrical angle,'is proposed and is available
as a driving method of a brushless D.C. motor which
driving method uses magnetic pole position detection
20 based upon detection of induced voltages of a motor.
But, when the inventors drives a brushless D.C. mofor
using voltage-fed inverters which has a conducting
interval of 120° by electrical angle, the inventors have

found that ideal waveforms illustrated in Figs. 1 are

25 not obtained, and that waveforms illustrated in Figs.



The interfupt handling 2 is accepted wher28ke phase correction tinmer 18a
beconmes count-over condition which tinmer was started in the interrupt

handling 1. In step 25 -51- SP1, the inverter node is advanced by 1 step

whi ch inverter node is previously determned in the menory 18c. In step

SPa, the vol tage Jnght St Sq8) o3RG 0pREi8q! NEnATHARE Ynb g b SbriRIe |

out put. Thereaft retuarne or processing.
| illustrated in.Figs. 3(A) and 3(B) are similar to the

wéveforms'illustrated in Figs. 2(A) and 2(B). When Fig.
2(B) and Fig. 3(B) are compared to one another, it is
5 understood that amplitudes of both torque ripple are in
nearly the sanme dégree to one another. It seems the
reasoh that motor current canndt be controlled in a
desired manner (controlled to be a rectangular wavéform)
when voltage-fed ihverters employs a simple control is

10 émployed. Therefore, it becomes clear that lowering in

-~ efficiency and decreasing in operating range are not
realized, the lowering and the decreasing being
apprehended when a bfushless D.C. motor is driven with a
conducting.interval of 180° by electrical angle.

15 Rather, it becoﬁes clear that efficiency of a brushless
D.C. motor is improved by depression of incréase in
joule losses énd depression of lowering in'fiux
available rate.

Further, when voltage-fed inverters which has a

20 conducting interval exceeding 120° (other than 180°),
portions are inevitably generated in which a current of
each phase overlaps to one another so fhat a character
seems to be obtained which character is similar to thét
of voltage-fed inverters with a conducting interval of

25 180° by eiectrical angle.



5 T ¢ Therefore, a nunber of tim@ds is decreased by 1 and

I nterrupt handlings are decreased by 1 when the above controlling is

reali zed using a mcroconputer, which advantages wi |l be apparent by
conparing the above enbodi nent to a conparative exanple which is described

10 bel ow. Further, vWagPthEERGROYEiROERE! ¥bEads-F&R! idesr teiOvith a
har dware, a nunmber of counters 1s decreased by 1. Conparative Exanple 15

m oropr ocessor 16ouRfGRtHed; HAEPERRLCSE' 126, Y ANREEEaRlatghe, the g

and characte; is improved by approximating each current
waveform to a rectangular wave, as is illustrated in

5 Figs. 1(3) through 1(C). On the contrary, in the
voltage—fed.inverters.with a conducting interval of 180°
by electricél angle, the character seems to be imprbved

by smoothing each current waveform because each current

flows in the entire interval.

10 The present invention was made based upon the
-~ above findings.
. Brief Description of The Drawings
15 : Figures 1 are diagrams illustrating ideal
current waveforms and generated torque under a condition
that a brushless D.C. motor is driven by voltage-fed

— inverters with a conducting interval of 120° by
electrical angle;

20 Figures 2 are diagrams illustrating simulation
results 6f.a current waveform and generated torque under
 a condition that a brushless D.C. motor is driven by
voltage-fed inverters with a conducting inierval of 18Q0°
by electrical angle; |

25 Figures 3 are diagrams illustrating a current



control ling apparatus for realizing a cond2&ting 20 I nterval of

150[ err] by electrical angle. The m croprocessor 18 realizes the
conducting interval of 150[err] by electrical angle. The inner arrangenent
differs fromthe inner arrangement which is illustrated in Fig. 15 in that

i nvert d j j a 2 - 524 i
"nterval o 150[ef Py 8 SO PPN e o eenrasEa® reb RIS Eh Mee

i nverter node sel ecti secti an N . ' . -
' %rue%less By -~ motor is driven by voltage-fed inverters
¢ ' ’

with a conducting interval of 120° by electrical angle;
Figure 4 is a schematic block diagram
5 illustrating an embodiment of a brushless D.C. motor
driving and controlling apparatus according to the

present invention;

Figure 5 is a schematic cross sectional view of

a brushless D.C. motor in which permanent magnets are

/ .
10 ins{alled on a surface of a rotor;
-~ Figure 6 is a schematic cross sectional view of
a brushless D.C. motor in which permanent magnets are
- installed interior of a rotor;
| Figures 7 are graphs illustrating efficiency-
15 revolution number characteristies and load torque-
revolution number characteristics when a brushless D.C.
motor having an arrangement illustrated in.Fig. 5 is
N driven by voltage-fed inverters, and a conducting

interval is determined to be 120°, 180° by electrical
20 | angle, fespectively;

Figures 8 are graphs illustrating efficiency-
revolution number characteristics and load torque-
revolution number characteristics when a bruehless D.C.
motor having an arrangement illustrated in Fig. 6 is

25 driven by voltage-fed inverters, and a conducting



19c for aconducting interval of 180[err]-d8+ el ectrical angle, a second
phase correction tinmer 18e is further provided, and contents of the _
interrupt handling 21 and 5 a nunber of inverter nodes are increased.
The second phase correction tinmer 18e is started in the interrupt handling

2 which s causednbyrble PAAaEtCPhifell 89 biProdBaisoandisoppbyes its
count - over signal ?o the inverter node selection section 19¢c' for a

conducting 10 818§%§iégh ?%§O[gé§ e9¥1§£f trlcal angl e which sectloh

is included in th nterrupt " handling (refer to the
interrupt handling 3 in

exanpl e, conponent sectloﬁggEB?% é;aﬁ%frtgggggiélﬁ%ﬁ%%tiwfq%@@??’ ?FY-
revolution number characteristics and load torque-

5 revoiution number chafacteristics when a brushless D.C.
motor having an arrangement illustrated in Fig. 6 is
driven by voltage—féd inverters, and the inverter is
modulated in a constant bulse width'manner and variable
pulse width manner, respectively by a control circuifry;

10 | B Figures 10 are diagrams illustrating constant
pulse width modulation and variable pulse width
modulafion;

. Figures 11 are diagrams illustrating a voltage
waveform and current waveform when a brushless D.C.

15 _ ﬁotor in which permanent magnets are installed on a
surface of a rotor, is driven by voltage-fed inverters
with a conducting interval of 180° by elec£r£cal angle-

. and outputting constant pulse width modulation waveform;

Figures 12 are diagrams illustrating a voltage
20 waveform and current waveform when a brushless D.C.
motor in which permanent magnets are installed interior
of a rotor, is driven by voltage-fed inverters with a
conducting interval of 180° by electrical angle and
outputting constanf pulse width modulation waveform;

25 Figures'13 are diagrams illustrating a voltage



15 I Flusttated in Fig. 15, are appli<2l7+eference codes which are added
""", Further, arrangenents and interconnections of the inverter circuitry,
brushl ess D.C. notor, Y-connected resistors, position detector, base
driving circuitry are the sane to the arrangenents 20 . and

| nter connect OnswiaLrF?égfna%ﬁg E“cﬁkgenl“waw?&%%ﬁeh'.éF'ﬁ%ﬁé‘!}%@&s .

description are om e second phase correction tiner els
determned its tiner valUGhRYn! PErhhlBRt AhYSePRoEAL IHsEF1L8 108 104"
of a roto;,'is supplied invérter'output voltages which
is advanced its phase from a phase which makes a phase
5 of a brushless D.C. motor current and a phase of induced
voltage of the brushless D.C. motor to be equal to one
another;
Figure 14 is a diagram schematically
iilustratin§ a brushless D.C. motor driving and
10 éontrolling apparatus which achieves.a conducting
interval of 180° by électrical angle;
Figure 15 is a diagram illustrating an inner
arrangement of a microprocessor which is illustrated in
Fig. 14;
15 Figure 16 is a flowchart which explains
processing contents of an interrupt handling®*l in detal;
Figure 17 is a flowchart which expiaiﬁs
&“/ _ processing contents of an interrupt handling 2 in detal;
Figures 18 are diagrams illustrating signal
20 waveforms and processing contents of each section df the
brushless D.C. motor dfiving and controlling apparatus
which is illustrated in Fig. 14;
Figure 19 is a block diagram illustrating an
inner arrangement of a microbrocessor which is

25 incorporated in a brushless D.C. motor driving and



Vol tage patterns corresponding to invertepgoodes are represented in table
2. The voltage patterns are represented with ON-OFF conditions of the
switching transistors 12ul, 12u2, 12v1, 12v2, 12wl, 12w2. And, "1"
corresponds to ON condition, while "0" corresponds 5 to OFF condition.
Table 2 10

1

0 0

5
o/
' 10
- N
15
N
20
25

. Inverter Vol t age-.,Fed inverters node
12ul 12u2 12v1 1Bpntrahlipgepparatus whigh ag’%l%yes 31°°n%r“°"d“9
0 0 1

1 0 02 1 0 1
interval of ‘150° by electrical angle;

éigure 20 is a flowchart which explains -
processing cqntents of an interrupt handling 2' in
detal;

Figure 21 is a flowchart which explains
prdcessing contents of an interrupt handligg 3 in detal;

Figureslzz are diagrams iilustrating signal
waveforms and éroéessing contents of each section of the
srushless D.C. motor driving and controlling apparatus.
which is illustrated in Fig. 19;

Figures 23 are diagrams illustrating signal
waveforms of each secfion of the brushleés D.C. motor
driving and controlling apparatus which is illustrated

in Fig. 14, which diagrams are useful in understanding

position detection operation by an amplifiefz integrator

and zero-cross comparator;

Figures 24 are diagrams illustrating a moteor
current and an integration signal of a position detector
when a conducting interval of 180° by electrical angle,
is emploved;

Figures 25 are diagrams illustrating a motor

‘current and an integration signal of a position detector

when a conducting interval of 120° by electrical angle,

is emploved;
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current and .an integration signal of a position detector

[ 4

when a conducting interval of 130° by electrical angle,
is employed;.

Figures 27 are diagrams illustrating a motor
current and an infégration signal of a position detector
when a conducting interval of 140° by electrical angle,
is employed;

Figures 28 are diagrams illustrating a motor
current and an integration signal of a position detector
when a conducting interval of 150° by electrical éngle,
is employed;

- Figures 29 are diagrams illustrating a motor
current and an integration signal of a position detector
wheﬁ a conducting interval of 160° by electrical angle,
is employed; )

Figures 30 are diagrams illustrating a motor
current and an integrati;n signal of a position detector
when a conducting interval.of 170° by electrical angle,
is employed;

| Figure 31 is a diagram illustrating operating
ranges of a brushless D.C. motor when a conducting
interval is determined to be 120°, 130°, 140°, 150°,

180° by eleétrical angle, respectively, and input

currents are determined to be the same to one another;

0



22(A) through 22(G are the same to thos&38r Figs. 18(A) 25 -54- through
18(G . And, voltage patterns corresponding to inverter nodes which
correspond to even nunbers, are output by the interrupt handling 2' and
vol t age patterns corresponding to inverter nodes which correspond to odd

nunbers, are outpug by the interrupt handling 3, due to 5 the addition
of Fig. 22(G-), so that dri,ving of a brushless D.C. notor under a condition
that the _ Figure 32 is a diagram illustrating motor

efficiencies of a brushless D.C. motor when a conducting
interval is determined to be 120°, 130°, 140°, 150°,
5 180° by electrical angle, respectively, and input

currents are determined to be the same to one another.
Best Modes For Implementing The Invention

10 | Hereinafter, referring to the attached drawings,
we éxplain the presént inventibn in détal.

Figure 4 is a schematic block diagram
illustrating an embodiment of a brushless D.C. motor
driving and controlling apparatus according to "the

15 present invention. Output voltages of inverters 2 are
supplied to a brushless D.C. motor 3. A secdnd voltage
at a neutral point is obtained by Y—connectiAg induced

o/ voltages of the bfushless D.C. motor 3 or by Y-
connecting stator windings of each phase of the

20 brushless D.C. motor 3. A first voltage at a neutral
point is obtained by Y-connecting resistors between
‘output terminals of each phaée of the inverters 2. A
motor position detection circuitry 4 receives a

difference voltage between the first'voltage and the

25 second voltage. An output signal from the motor



conductisng termis determned to be 150[egr] by electrical angle, is
performed. Fig. 20 is a flowhart which ex%lains contents 10 of
processing-of the interrupt handling 2' in detail. The interrupt handling
2' is accepted when the phase correction tinmer 18a' becones count-over
condition which tinmer is started in the interrupt handligg 1'. In step SP1,
an inverter node pesitiyanc@gtegtiont@hrowhtrn 4515 SupRlifd of0 PR ol
previously determned in the nenory 18c'. In step SP2, a voltage pattern
correspondi ng to tbhecadvapchd i Thercentnoticcizcwltpritd gererLSRB, a tiner
value (a value corresponding to 30{err]) for the second phase correction
timer 18e is cal cgbatpglbasmsland for determining a conducting interval to
be more than 120° and equal to or less than 180° by
electrical angle, and supplies the control command to
the inverters 2. When the control circuitry 5 generates
a control command for determining the conducting
interval to be equal to 180° by electrical angle and
sﬁpplies the control command to the inverters 2, The
10 difference voltage should be supplied to the motor
-~ position detection circuitry 4, but when the control
circuitry 5 generates a control command for determining
the conducting interval to be less than 180° by
electrical angle and supplies the control command to the
15 inverters 2, the induced voltages or difference voltage
| may be'supplied to the motor position detection
circuitry 4.
—/ | Therefore, a detection signal corresponding to a
magnetib pole position of a motor rotor is obtained by
20 the motor position detection circuitry 4 based upon the
induced voltages of the brushless D.C. motor 3 or the
difference voltage between the first and second
voltages. The control circuitry 6§ generates the control

command based upon the magnetic pole position detection

25 -+ signal. The control command controls switches (not



20 upon t:he phase correction value. t+82step SP4, the tinmer value for
correction is set to the second phase correction tinmer 18e. In step SP5,

t he second phase correction tiner 18e is started. Thereafter, processing is
returned to prior processing. 25 -55- Fig. 21 is a flowhart which

expl ai ns cont ent Sifgum&eééw&foéhé enyel €¥eE SEEHANO I icortRict dng The
I nterrupt handl i I'S accepted when the second .
interval is_ determzned to be more than 120° by
electrical angle and equal to or less than 180° by
electrical angle.

5 Figure 5 is a schematic cross sectional view of
a brushless D.C. motor in which pefmanent magnets are
installed on a surface'of'a.fotor. _Permanent magnets 3b
are installed at predetermined position on a surface of
a rotor Sé. A stafor 3c includes a plurality of slots

10 '3d in which stator windings (not iilustrated) are wound.
A d-axis which is indicated by an arrow in Fig. 5,_is an
axis indicating a direction of magnetic flux generated
by the premanent magnet 3b. A g-axis is an axis which
is shifted 90° electrically with respect to thé d-axis.

15 Figure 6 is a schematic cross sectional view of
a brushless D.C. motor in which permanent magnets are
installed interior of a rotor. Permanent ﬁaenets 3f are

N\ installed in a condition that the permanent magnets 3f

are not exposed from a rotor 3e. Non-magnetic bodies 3g
20 are installed between neighbouring permanent magnets 3f
so that short-magnetic circuit between the neighbouring
permanent magnets 3f is prevented from occurreece. An
arrangement of a stator 3c is similar to that of the
brushless D.C. motor illustrated in Fig. 5, therefore

25 decription is omitted.



phase correctizon

timer 18e becones count -3+ condition, which tiner is

started in the interrupt handling 2'. In step SP1, an inverter node is
advanced by 1 step, which inverter node is previously determned in the
menory 18c'. I.n step SP2, a voltage pattern corresponding to the advanced

I nverter node is
processi-ng. 10

out put . Thereaftr‘&) FIZ%IHO% r%t glane ilt(‘)‘%t%yttqh@

anplifier 15, integrator 16 and zero-cr-0SsS co arator 17 which %e
illustrated in Fiegfg figfency-Favaliwiden ﬁ"‘u‘f’z’reé‘ & PFterrﬁsFHé’s tP@dpol
position detection which i.s 15 achi eved by detecting notor voltages

magneti c pol e
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torque-revolution number character:st:cs when a
brushless D.C. motor having an arrangement illustrated
in Fig. 5 is driven by voltage-fed inverters, and a
conducting interval is deternined to be 120°, 180° by
electrical angie, respectively. In Fig. 7(A), the

characteristics are obtained under a condition that load

-torque is determined to be 20kg-.cm. Also, in the

figures, a represents characteristics when a conducting
interval is determined to be 120° by'electrical angle,
and b represents characteristics when a conducting
interval is determined fo be 180° by electrical angle.

As is apparent from these characteristics
figures, efficiency is improved, a maximum revolution
number is raised, and load torque in a high fevolution
range is increased, by determining the conducking
interval to be 180° by_electrical angle.

Figures 8(A) and'S(B).are graphs illustrating
efficiency-revolution number characteristics and load
torque-revolution number characteristics when a .
brushless D.C. motor having an arrangenent illustrated
in Fig. 6 is driven by voltage-fed inverters, and a
conducting interval is determined to be 120°, 150°, 180°

by electrical angle, respectively. 1In Fig. 8(a),

e
a



position*detettion nmethod is enployed in aB4el ectric equi pnent such as an
air conditioner or the |ike, which nethod uses induced voltages which
appear in both upper and | ower arns' OFF termof the conducting interval of

20 120[err] b¥; g@:@r%lu%g'a%e oEbzglmhqﬂdQ?Oyggsna 988 Rhat! Qoad

detect the |nduce tages when high load is enp currents are

i ncreased so tha% the ”H%P%Q{%r% n%dpg%lblo%oﬂggg&ﬁlonggcogﬁsthgp055|bIe

to be achieved

figures, ,a represents characteristics when a conducting
interval is determined_to be 120° by electrical angle, b
represents characteristics when a conducting interval is
determined to be 1$0° by electrical angle, and c
represents characteristics when a conducting interval is
determined to be 180° by electricallangle.

~ As is apparent from these characteristics
va 10'- -figures, efficiency is improved, a maximum revolution

number is raised, and load torque in a high revolution

range is increased, by determinng the conducting

interval to be'great.

Figures 9(A) nd 9(B) are graphs illustrating
efficiency-revolution number characteristics and load

15
torque-revolution number characteristics when a

brushless D.Cr motor having an arrangement illustrated
in Fig. 6 is driven by voltage-fed inverters, and the
inverters are modulated in a constant pulse width manner
20 and variable pulse width manner, respectively by a
control circuitry. 1In Fig. 9(A), characteristics are -
obtained under a condition that load torque is
determined to be 20kg-cm and a conducting interval is

determined to be 180° by electrical angle. Also,'in the

25 figures, a represents characteristics when variable



-56- Wher it is assuned that tinme period il the flowng current flow ng
in stator wi ndings being cut off, is t, cotfucting angle of inverters in
the termof 180[err] by electrical angle is determned to be a (rad), and
output frequency is f, a condition fornula for 5 determ ni ng
possibility and inpossibility of induced voltage detection, is as follows.
t < ([err] -[errpuysq Hisigh modas &td o3& ORT IOrRed:h &8¢0 RiFEPTTSERtSul a,
it is understood that detection of induced voltage is 10 principally
i mpossi bl e when aheoredhkeriistios ethes comstg@te DU sigy wiidsht mogdlagigne iss
enpl oyed. When a greater -«

performed.

The variable pulse width modulation is a method
for obtaining a voltage waveform which is equivalent to
a sine wave and the like,'by varying pulse widtﬁes, as
is illustrated in Fig. 10(A) . The constant pulse width
modulation is a method which does not vary pulse widthes
at all, as is illustrated in Fig. iO(B).

10 . As is apparent from these characteristics
'figures, efficiency is improved, a maximum revolution
number is raised, and load torque in a high revolution
range is increased, by employing the constant pulse
width modulation.
15 Hereinafter, description islmade in more defail.
- A pulse width modulation method whicﬁ emplovs
variable pulse widthes such as sine wave modulation, is
N generally employed as other driving and controiling
method of a motor and the like, beéause it is thought

20 that low order higher harmonics waves cause increase in

losses and vibration (refer to "Frequency Dependency of
Induction Motor Parameters and Their Meaéuring Method",
K.Kawagishi et. al., IPEC-Tokyo'83,pp.202?213,1983).

When the method is applied to a brushless D.C. motor, a

25 magnetic pole detection means with high accuracy is



torque is required, an anplitude of a cur+8&t+ should be increased. Wen an
anplitude of a current is increased, a residual current due to notor

i nduct ance becones 15 greater. In the worst case, a current flowing in
a stator winding is not cut off during a 180[err] term(a term

correspondi ng to 13RI hndl cHntgoll Blcones! %)er)l-fbﬁ"t@floé& tABt2@PLbEY¥dgsOf
a current should be limted so that a current flowng in a stator w nding

is securely cut off . dyr ‘ ] at e y, an
anplitude of a ch%3%@”@%ﬁﬁb#hgggfﬁggeégg%g%%oanﬁéﬁh%ﬁgﬁaﬁigﬁsg%ged '
revolution is perforned amd/ ar when conducti,ng _period is.lengthened. Wen
t he arrangement iVPUE&PEFbGnI aFF8F°f4sg8u&d g? syncgronlzea Eo.one

another. But, the constant pulse width modulation does
not have such disadvantages, and has an amplitude of a
fundamental wave which.is higher than that of a
fundamental ﬁave of variable pulse width modulation.
Further, as is apparent from Figs. 9 which represent the
inventors' knowledge, lowering in efficiency which is
10 'generally concerned, was not recognized, instead
efficiency was improved. Furthermore, vibration was
vibration which was almost inconsiderable when the
method was taken in an éir conditioner and the like.
Next, a brushleés D.C. motor in which permanent

3

15 magnets are installed on a surface of a rotor, and a

brﬁshless D.C. motor in which_perménent,magﬁéts are

installed interior of a rotor, are describéd‘

\_/ contradistincfionally in deteil (refer to.Figs. 5 and
6).

20 The brushless D.C. motor in which permanent
magnets are installed on a surface of a rotor, which
motor is illustrated in Fig. 5, includes permanent
magnets 3b which are disposed on a surface of silicon

steel plétes of the rotor 3a. Therefore, an air gap (a

25 distance between silicon steel plates of the rotor and



25 -57- enployed, the voltage [err] at the neutral point 13d of the
Y-connected stator w ndings 13u, 13v, 13w€cones the foll owi ng equation:
[err] =(1/3){([err] - [err]) + ([err] - [err]) + ([err])} In other words,
the voltage [err] beconmes a sum{refer to 5 Fig. 23(G} of 3n order higher

har noni ¢ conponents )
silicon steel plates of a stator) is great so that

inductance of-stator #indings become comparatively
small; 6n the contrary, the brushless b.c. motor in
which permanent magnets are installed interior of the
5 rotor, which motor is illustrated in Fig. 6, includes
permanent magnets 3b which are disposed interior of
silicon steel plates of the rotor 3a. Therefore, an air
gap is small so that inductance of stator windings
become extremeiy great in comparison to that of the
10 srushless D.C. motor in which pe:manent magnets are
~installed on the surface of the rotor, because thé
permanent magnets are installed interior of the rotor
3e. -
Figures 11 and 12 are diagrams illustrating a
15 @ voltage waveform and current_wa&eform-when a brushless
‘D.C. motor in which permanent magnets are ;n%talled 6n a
surface of a rotor and a brushless D.C. motor in which
- pérmanent magneté are installed intrior of a rotor, is
driven, respectively} by voltage-fed inverters with a
20 conducting interval of 180° by electrical angle and
odtputting constant pulse width modulation waveform. In
both figures{ vo;tage waveforms are illustrated in upper
portions, whiie current waveforms are illustrated in
lower portions.

25 As is apparent from both figures, due to effects



(wherein,*n is an integer) which are includ8& in the inverter output
wavefornms {refer to Figs. 23(A), 23(B) and 23(C)} and the induced voltage
waveforms {refer to Figs. 23(D), 23(E) and 23(F)} of a notor. 10 Further,
the voltage [err] at the neutral point 14d of the Y-connected resistors

Lau, ldv, law becogfsiﬁ &%&%gg%im@mg@! 4 Gdid Spidde (1]

=(1/3)([err] + [erf] F+ [err ore, the 3n order higher harnonic 15

comoneht 1<, Laken Sutaby SILELRL "% % tLLETUE Bk o hshidmadid'Slo L

. L4

motor in which permanent magnefs are installed intrior
of a rotor, is employed, so that losses caused by h;gher
5 harmonic currents are reduced and efficiency is
improved. Further, torque ripple is reduced.
A brushless D.C. motor in which permanent
magnets are installed on a surface of a rotor, and a
brushless D.C. motor in which permanent magnets are
10 'installed intrior of a rotor, are further described
contradisfipctionally in deteil.

The bfushless D.C. motor in which permanent
magnets are installed on a surface of a rotor, which
motor.is illustrated in Fig. 5, has cylindrical shaped

15 | silicon steel plates which constitute a rotor 3a.
Therefore, inductance of stator windings ar& maintained
td be constant regar@less of rotational position of tﬁe

\_/ rotor 3a. On the contrary, the brushless D.C. motbf in

which permanent magnets are installed intrior of a rotor
20 3e, which motor is illustrated in Fig. 6, has silicon
steel plates which are magnetic bodies, and non-magnetic
bodies 3g, which silicon éteel'plates énd non-magnetic
bodies 3g are alternately disposed in a portion of the
rotor 3e which portion is close to an outer periphery of

25 the rotor 3e. Therefore, inductance of stator windings



[err]. The arrangenent illustrated in F-g9-14 is not limted by the
condition fornmula and is applicable to conducting termhaving an arbitrary

angl e,

because the 20 both equations are independent of a current. That is,

magnetic pole position detection is achieved without using a nmagnetic pole
position sensor espeargl dependinbi yhospectatdonait posikiopepfothedrandrode.

when 25

-58-
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15

20

25

Specifibally, when: the brushless D.C. motor in which
permanen; magnets are installed on the surface of the
rotor, and the brushléss D.C. motor in which permanent
magnets are installéd intriof of the fotor, are operated

in nominal conditions, both d-axis inductance and g-axis

inductance of the former brushless D.C. motor are 3.2mH,

" while d~axis inductance and g-axis inductance of the

latter brushless D.C. motor are 7.7mH, 22.8mH,
réspectively.

A method for outputting.inVerter voltages in a
matching—tq-a-phase condition which phase maximize a d-
axis voltage (induced voltage of the motor), that is for
outp;tting inverter voltages so that a phase-of a motor
current and a phase of thé induced voltage of the motor
are the same to one another, is.generally emploved as a
driving and controlling method of a brusﬁléss D.C.
motor, because magnetic flux of permanent magnets are
intended to be available at its maximum. In Figs. 11, a
phase of inverter voltage is advanced by 29° with
respect to a phase of induced voltage of a motor which
motor is a brushless D.C. motor in which permanent
magnets are installed on a surface of a rqtbr. Figs. 11

are obtained under a condition that a number of

revolutions ¢ 2858 r.p.m., load torque is 20kg-cm, a



conducting period is | engthened and when aﬁ4%ﬁplitude of a current is

I ncreased. Al so, magnetic pole position detection is achieved w thout using
a magnetic pole position sensor especially when a conducting interval of
180[err] by electrical angle is enployed. In the foregoing, driving and

controlling of a §AsRiASRde Gs MUQOV,S oHS & meréruderenr! ¥sazcepd.tion

that the brushless D.C. notor 'S under steady operation. But, the above
St opped, Because nd THRed Vol Rias sre ooty divy® B SB1Tage, oaTeud. 1<
for current, and 2msec/div. for horizontal axis.
Further, the advanced angle varies depending upon motor
constants.
But, a brushless D.C. motor in which permanent
magnets are installed.interior of a rotor, has
inductance of stator windings which is slightly greater
than that of the former brushless D.C. motor.
A 10 ‘Therefore, a cﬁrrent waveform becomes a waveform which
is_illustrated in Figs. 12. Figs. 1é are obtained under
a condition that a number of revolutions is 2858 r;p.m., -
load torque is 20kg-cm, a motor voltage is 126.5V, and a
motor 6urrent is 5.76A. In Figs. 12, scales are
18 200V/div. for voltage, 10A/div. for current, and
2msec/div. for horizontal axis. A phase of *inverter
voltage is advanced by 70° with respect t6 a'phasé of an
induced voltage of the motor in a case which is
illustrated in Fig. 12. The advanced angle varies
20 depending upoﬁ mqtor'constants. When a phase of
inverter voltage is further advanced with respect to the
above phase of inverter voltage (advanced angle is 73°),
and the inverter voltage is supplied to the brushless
D.C. motor, a current waveform illustrated in'lower

25
portion of Figs. 13 is obtained. Figs. 13 are obtained



when driving 6f the brushless D.C. notor i-ststarted, three-phase
alternating voltage is externally and forcibly supplied to the brushl ess
D.C. notor so that the rotor is rotated by syrchroni zed operati on. Wen the
rotor begins its revolution, an induced volatge is 15 generated so that the

above driving and,gqatrg! &bﬂaleioﬁh@hgfuahﬁ@ﬁsep& F@&&Iuifox@&hwvfﬁss

Further, when the conducting interval of 180[err] by electrlcal angle is
enployed and whe rus i C s are
instal |l ed |nter|o$ gomof ggggtor é%lgﬁg ?kg ﬁ@ g éﬁiﬁ?ﬁ ap ication, is

89.6V, and a motor current is 6.92A. 1In Figs. 13,
scales are 200V/div. for voltage, 10A/div. for current,

5 and 2msec/div. for ho;izontal axis. A voltage waveform
is illustrated in upper portion of Figs. 13.

When Figs. 12 and 13 are compared to one
another, it is gnderstood that the current waveform is
quite similar to a sine wave due to effect of g-axis

10 .inductance. Therefore, torque ripple reducing effect
- - ' apd efficiency imﬁroving effect are further improved.
Further, "reluctance torque" and "field weakening
effect" which are othef characteristics of a brﬁshless
D.C. motor in which permanent magnets are installed
15 interior of a rotor; are effectively utilizeé.
Figure 14 is a diagram schematically
illustrating a bfushless D.C. motor drivihgland
\_/ controlling apparatus which achieves a conducting
interval of 180° by electrical angle, while'Fiﬁﬁre 15 is
20 a diagram illustrating an inner arrangement of a
microprocessor which is illustrated in Fig. 14. Three
pairs of switching transistors 12ul, 12u2, 12vi, 12v2,
i2w1, 12w2 are serially coﬁnected, respectively, between
terminals of a d.c. power source 11 so that inverters 12

25 are constituted. A voltage at each connecting point of



dri ven under a condition of high revolutidftmd great |oad, the notor
current and the integration signal of the position detector are varied as
are illustrated in 25 -59- Figs. 24(A) and 24(B). It is understood that
the integration signal is greatly disorder when the conducting interval of
180[err] by el ectriggagh pagkeoifssairbhiad, tbﬁnﬁ@ﬁparsngstbﬁpﬁmied ¢or éach

and the integration signal to the notor current and the
of three stator windings 13u, 13v, 13w of a brushless
D.C. motor 13, the stator windings 13u, 13v, 13w being Y-
connected and each of the stator windings 13u, 13v, 13w
5 . corresponding to each phase. Also, a voltage at each
connecting point of each pair of switching tfansistors
is supplied to each-of three resistors 14u, 14v, 14w
which are Y-connected. Further, diodes 12uild, 12u2d,
12vid, 12§2d, 12wild, 12Q2d for protection are connected .
'K*/ 10 ' between colleptor—emitter terminals of the switching
transistors 12ul, 12u2, 12v1l, 12v2, 12wl, 12w2,
respectivély. Furthermore, 13e represents a rotor of
the brushless D.C. motor 13. Suffixes of u, v, w
correspond to u-phase, v-phase, w-phase of thé brushless
15 D.C. motqr 13, rgspectively. A second voltage of a
neutral point 13d of the Y—connegted stator windings
13u, 13v, 13w is supplied to a feversed inﬁut terminal
of an amplifier 15 through a resistor 15a. A first
voltage of a neut:al point 144 of the Y-connected
20 resistérs 14u, 14v,'14w is supplied as it is to a non-
réﬁersed input terminal of the amplifier 15. A resistor
.15b is connected between an output terminal and the
reversed input terminal of the amplifier 15 so that the
amplifier 15 operates as an differential amplifier.

25 An output signal output from the output terminal



5 I ntegration signal {refer to Figs._%%LA) and 25(B)} which are
obt ai ned when the conducting interval of O[err] by electrical angle is
enpl oyed. O course, a difference signal between voltages is disorder.
Therefore, when a slight varying in |oad, resonance and 10 @ the like in
the driving systemof the inverters and the ?[ushless D.,C. notor are
generated, a poi nPfi $happERAAgiar $Ai iR PHEP{APd FQ: PRAIBFGILRIPE Ot
zero-crossed due to the disorder so that the position signal is bot

obt ai ned and the whaishl dssconetifuted heyserialdytcommectiing a pesistor
current illustrated in Fig. 24(A) is different fromthe current waveforns
illustrated in i nifagand28Atapa2iBprah@bl13(B). The difference is caused by
di fference . _

An output signal from the integrator 16 (a

voltage at a connecting point of the resistor 16a and
the capacitor 16b) is supplied to a non-reversed input
terminal of a zero-cross cémparator 17 which is supplied
the second voltage of the neutral point 13d to its
reversed input terminal.
10 Therefore, a magnetic pole position detection
- - signal is output from an output terminal of the zero-
cross comparator 17. In pther wordé, a position
detector is constituted by the differential amplifier,
integrator 16 and zero-cross comparator 17. A position
15 - detector which is constituted by a rotary eﬁcoder and
the like may be employed instead of the pqs;tion
'detectof'having the above arrangemént.
\_ ' The magnetip pole position detection signal
outpﬁt from the position detector is supplied to an
20 external interruption terminal of a microprocessor 18.
In the microprocessor 18, an interrupt handling (refer
to interrupt handling i in Fig. 15) for a phase
correction timer 18a and a period measurement timer 18b;

is carried outr based upon the magnetic pole position

25 detection signal which is supplied to the extérnal



I n nmotor application. Provided that such drééavantage are rarely generated.
20 To di ssol ve such di sadvantage which is generated under a
special condition, so that reliability of the apparatus for driving and
controlling the brushless D.C. notor is inproved, the conducting interval
shoul d be det er m neg tied rup tiwne tiedvainb0[ eThe phaskecsorreanio80tdmer BBa25
-60- electrical angle. Figs., 26 through 30 illustrate notor
is determined its timer value by a timer value operating
section ‘19a which is described later. The period
measurement timer 18b supplies its timer value to a
5 position signal period operating section 19b which is
included in a CPﬁ 19. The position signal period
operating section 19b calculates a timer value per 1
cyclé by electfical angle based upon a timer value
corresponding to 60° by electrical angle, for example.
N7 10 ' The phase correctiocn timer 1éa supplies a count over
signal to inverter mode selection séction 19¢c for a
coﬁducting interval of 180° by electrical angle solthat -
an interrupt handling (refer to an interrupt handling 2
in Fig. 2) is carried out. The inverter mode selection
15 section 19¢ for a conducting interval éf 180° by
eleotricai angle, reads out correéponding voltage
pattern from a memory 18c and outputs thefefrom. .In the
CPU 19, the position signal period operating éeqtion léb
performs operation based upon fhe timer value and |
20 outputs a positidn signal period signal which is
supplied to a timer value operating section 19a and a
velocity operating section 19e. The timer value
operating section 19a is also supplied a phase angle

command. The timer value operating section 19a

25 calculates a timer value which is determined in the



currents+and i ntegration signals which coddspond to cases that the
conducting interval is determned to be 130[err], 140[err], 150[err],
160[err], and 170[err] by electrical angle, respectively. As is apparent
fromthose figures, disorder in integration signals are elim nated.

Furt her, operati nghas@gesroéctionnpingsol8d, cbasedrepsnrtivhiphassmEngbe a
brushless D.C. notor as a driving source), and notor efficiencies of the

brushl ess D.C. notemmane ahduthé apeslitioki gbignl pewli&? siygmdl 1from the
correspond to cases that the'conducting interval is determned to be

130[err], 140[ € doo 1500671 gnalchdBROE Ghokls AAGCIEE RN AU £, The

respectively, an at the input currents are determned to be the sane to

one anot her. velocity operating section 19e calculates a velocity at

5 the present_time based upon the position signal period
signal from the position signal period operating section
19b, and supplies the calculated velocity to a velocity
controlling section 19f. The velocity controlling
section 19f is also supplied a velocity command. The
\~/ 10 'velocity controlling section 19f outputs a voltage
éommand based upon the velocity comménd and the velocity
at the present time from the-velocity operating'section' .
19e. And, the voltage pattern output from the inverter
mode selection section 19¢ for a conducting inferval of
15 180° by electrical angle, and the voltage command output
from the velocity controlling section 19f are supplied
to a PWM (Pulse Width Modulation) modulatibn‘section
18d. ' The PWM modulation section 184 outputs PWM
modulation signals for three phases. The PWM modulation
20 signals are sup?lied to a base driving circuitry 20.
The base driving circuitry 20 outputs control signals
for supblying base terminals of the switching
transistors 12ul, 12u2, 12v1, 12v2, 12wl, 12w2. Each

sectidn included in the CPU 19 represents a functional

25 portion for performing corresponding function. These



As is apparent fromFig. 31, the operat+46r-ranges 15 scarcely vary when
the conducting interval is determned to be 140[err]-170[err] by electrical
angle. Also, as is apparent fromFig. 32, lowering in the notor efficiency
is less than 1% when the, conducting i.,nterval,.i eter gi ;

140[ err] - 170[ ersgcpiend &9 A% |e’9,?§1 el 2‘6‘9 CPh?ﬁgrg o?e?g'lg?bfléggtrne?er abl e
that the conducting interval .is determned to be 140[err]-170[err] by

el ectrical angleonditions case, the above disadvantage is securely
prevented from occurrence with scarcely reducing of the ogerating
with scarcely |owering The Ywktegefpatdienngy coryesponding to 1lnvert

modes are represented in table 1. The voltage patterns

range and
er

are represented with ON-OFF conditions of the switching

5 " transistors 12ul, 12u2, 12v1, 12v2, 12wl, 12w2. "1"
corresponds to ON,condition, while "0" corresponds to
OFF condition;
v.-
' - Table 1
~=~ 10
;nverter Voltage-Fed inverters
| mode 120l | 12u2 | 12v1 | 12v2 | 12v1 | 12v2
0 1] of of 1] 1] ©®
1 1 0 0 1 0 1
2 1 0 11 O o 1
15 3 0} 1 1] 0} O] 1
4 0 1 1 0 1 0
| 5 ol 1{ of 1| 1] ©
b.'
20

Next, referring to waveform diagrams illustrated
in Figs. 18, operation of the brushless D.C. motor
driving and controlling apparatus which is illustrated

in Fig. 14, is described.

25



-61- so that -the reliability is remarkabl y.inproved. Further, an
arrangenent may be enpl oyed instead of the position detection circuitry

whi ch includes the anplifier 15, integrator 16 and zero-cross conparator
17. The arrangenent is illustrated in Fig. 33(A)+ and 5  has an anplifier
115 which i s supplied theThelezpase. tYePhrse rand phihassdinduded to Fig.
14) to a non- reversed input termnal through a resistor 115a, is supplied
the vol tage at theoheages Eppi Ev, 1B ¢f cfle hmudhilpssi .G .o motaweranyl i nput
termnal. And, a resistor”™ " -

under a condition that three induced voltages are
sequentially shifted their phase by 120°, as are
illustrated in Figs. 18(A), 18(B) and 18(C). The signal
Vnm output from the amplifier 15 varies, as is

illustrated in Fig. 18(D). An integration waveform
{formula (1)} which is obtained by perfbrming

integration of the signal Vam by the integrator 16,

S ‘varies , as is illustrated in Fig. 18(E).

SVnmdt (1)

The integration waveform is supplied to the zero-

_ cross comparator 17, and the zero-cross comparator 17
' ouéputs a exitation change-over signal which rises or
falls at zero-cross points of the integration signal, as
is illustrated in Fig. 18(F). The interrupt handling 1
is performed due to the rising aﬂd falling of the
excitation change-over signal so that the phase
20 correction timer 18a starts {refer to start points of

arrows illﬁstrated in Fig. 18(G)}. The phase correction

timer 18a performs time counting operation for the

determined timer value and count-over is generated

25



10 115b and a capacitor 116b are connegged in parallel between an
output termnal and the reversed input termnal of the anplifier 115.
Furthernore, an arrangenent which is illustrated in Fig. 33(B) may be
enpl oyed. The arrangenent is obtained by adding an 15 anplifier 117 to

t he arrangenent i{lj,é&sé!r a&?ger{'d‘ ﬂ%ﬂ,ts3%ﬁ)arﬁW§ﬁﬂfﬁ§ﬁﬂdt@d ih/ Figp, a

resi stor which i s connected bet'ween an output termnal and a reversed input

" h0Y AP VR e Ml AleE O igeiod vy 115 1
ger 2%?;3;6_ F$Lgh§¢%?in_%e %edv}mn\} qﬁly%yl ltlhueSttri?nte%d Jar.'l\fé %pe%%(tci‘)ndmy
section 19b. The interrupt handling 2 js carried out at
every generation of count-overlof the phase correction
5 timer 18a, and the inverter mode selection section 19c
for a conducting interval of 180° by electrical angle,
~advances the inverter mode by 1 step. That.is, the
inverter mode is sélected in the'order of "iw, w2w,  u3u,
\vf ftgu wgu owgwe o owan, "2",'..., as is illustrated in Fig.
10 18(N). The inverter mode is édvanced by 1 step due to
the count-over.of the phase-correction timer 18a, so
that t@é switching transistors 12ul, 12u2, 12v1, 12v2,
12wl, 12w2 are controlled their ON-OFF conditions in
correspondence to each inverter mode, as are illustrated
15 in Figs. 18(H) ;hrOugh 18(M). As a result,.ariving of
the brushless D.C. motor 13 is performed uﬁdér a
condition that the conducting term is determined to be
180° by electrical angle, and the phase of the inverter
voltage is determined to be an advanced phase with
20 reépectlto the indﬁced voltagé of the motor. Wherein,
an advancing angle of the phase of the ﬁnverter voltage
is controlled by the phase correction timer 18a.
Figure 16 is a flowchart which explains the

contents of processing of the interrupt handling 1 in

25



replacing’ the "anplifiers 115 and 117 to one4@mother, which anplifiers
appear in Fig. 33(B). Wen the 25 -62- arrangenent illustrated in Fig.
33(C) is enployed, the voltage at the neutral point 13d nay be supplied to
the reversed input termnal of the anplifier 117 through a resistor and the
vol tage at a neutrdetpdilnt Andemtgrdaleintgrbuptippl requéest aifoacceptedeat
I nput termnal of the anplifier 117. Wien one of those arrangenents is
a rising edge and falling edge, respectively, of a
magnetic pole position detection signal (which signal
corresponds to the exitation change-~over signal) of the
position detector. In step SP1, a timer value of the
5 phase correction timer 18a is calculated based upon an
externally supplied phase angle {(phase correction angle)
command and the position signal period signal obtained
by the position signal period operating sectidn 19b. In
~ step SP2, the phase correction timer 18a is set with a
10 correction timer value (timer value for correction). In
step SP3, the phase correction timer 18a is started. In
step SP4, the period measurement timer 18b is stopped
~ which was started in the previous interrupt handling 1.
In step SP5, The timer value of the period measurement
15 timer 18b is read into (is.stored). These ,processings
in steps SP4 and SP5 are processings for detecting a
period of an edge of the exitation change-over signal.
Therefore, the périod measurement timer 18b is reset and
started immediately after the reading of the timer value
20 of the period measurement timer 18b, for the next period
measurement. In step SP6, an operation of the stored
position signal period (for example, caléulation of a
counting number per 1° by electrical angle). In step

SP7, the revolution number at the present time of the

25



5 enpl oyed, operation which is simlar to st of a correspondi ng portion
which is illustrated in Fig. 14 is achieved. Further, reducing in power
consunption is required for an electrical equipnent such as air 10

condi ti oner,

vacuum cl eaner, electrical washer and the like, and a

brushl ess D.C. not dsresilessiDVer tmotowhi 3 is callanlatad desedh upon edent
years, are going to be enployed. Wen the apparatus for driving and
controlling a brush¢@§§t£b§;sfgﬁ§u peEDddli dgett idre ddsult. In step SP8,

5
/
10
15
/
20

25

velocif? controlling is performed so aé to follow the

externally supplied velocity comménd, and the voltage

command is output. Thereafter, processing is returned
to prior processing.

Specifically, when the count value co?responding
to the interval of the magnetic pole position detection
signél, is 360 which is obtained by the actual
measurement by the period measurement timer 18b, the
count value per 1 period of the inQerter output voltage
becomes 360 x 6 = 2160 because a number of inverter -
modes is 6. Aand, the count value for 1° becomes
2160/360 =6 because the count value of 2160 corresponds
to 360°. When the phase angle command is 60°, the count
value (timer value) corresponding to the phase angle

command becomes 6 x 60 =360. Therefore, tﬁe value Qf

360 is set in the phase correction timer 18a as the

“timer value for correction, and the phase correction

timer 18a is.started.

Figure i? is a flowchart which explains contents
lllprocessing of the interrupt handling 2 in detail.
The interrupt handling 2 is accepted when the phase
éorrection timer.lsa becomes count-over condition which

timer was started in the interrupt handling 1. 1In step



present jnvention is applied to those el ecgfical equi pments, power
consunption is further reduced in conparison to conventional electrical
equi pnenats whi ch enploy a brushless D.C. notor and inverters. 20
Possibility in Industrial Uilization The present invention perforns

mprovenent in ef fig) eNgyeandyEPkak GRBRS" 15 NadPEAGLA By AR i P
inverter ;ng is previously determined in the memory
18c. in step SP2, the voltage pattern corresponding to
-the advanced inverter mode is output. Thereafter,
processing is returned to prior processing.

Therefore, a number of timers is decreased by 1
and interrupt handlingé are decreased by 1 when the
above controlling is realized using a microcomputer,
which advantages will be apparent by comparing the above

\~) embodiment to a comparative example which is described

below. Further, when the above contolling is realized

using a hardware, a number of counters is decreased by

1.

Comparative Example
15 _

Figure 19 is a diagram illustrating an inner
arrangemeht of the microprocessor 18 which is
incorporated in a brushless D.C. motor driving and
controlling apparatus for realizing a cohducting
20 interval of 150° by eiectriéal angle. The

microprocessor 18 realizes the conducting interval of

150° by electrical angle. The inner arrangement differs

_ from the inner arrangement which is illustrated in Fig.

156 in that an inverter mode selection section 19¢!' for a

25



brushl ess: D. C* notor which is enpl oyed as??%ﬂiving source in various

appl i cations.

10 15 20 25 -64- What is clained is: 1. A brushless D.C.

mot or driving and controlling method which drives a brushless D.C. notor

5
AN
- 10

15
o/

20

25

-conducting interval of 150° by elgctrical angle, is

employedfip§;ead of the inverter mode selection section
19c for' a conducting interval of 180° by electrical
angle, a second phase correction timer 18e is further
provided, and contents of the interrupt handling 2' and
a number of inverter modés are increased. The second
phase correCtion timer 18e is started in the interrupt
héndling 2' which is caused by the phase correction
timer 18a', and supplies its count;over signal to the
inverter mode sélection section 19¢' for a conducting
interval of 150° by electrical angle which section is
included in the CPU 19' so that an interrupt handling
(refgr to the interrupt handling 3 in Fig. 19) is

carried out. In this comparative example, component

'~ sections corresponding to the component sections

illustrated in Fig.'ls, are applied reference codes

which are added "'". Further, arrangemehté and

interconnections of the inverter circuitry, brushless

D.C. motor, Y-connecfed resistors, position detector,
base driving circuitry are the séme to the arrangements
and interconnections illustrated in Fig. 14, therefore
illustration and description are omitted.

The second‘phase correction-timer 18e is
determined its timer value by the timer value operating

section 19a'.



. -53-
(3)(13) using voltage-fed inverters (2)(5)(12)(20), said nmethod is
characterized in that a conducting interval of 5 voltage-fed inverters is
determned to be a predeternmned interval which is nore than 120[err] and
equal or less than 180[eb5htg§ee§gqggbgglcgggggpaadiAgbtusbheegtercmodgsor
driving and controlling method as set forth in claim1, wherein 10 outputs
of said voltage-fed inverter ): (.5 (30) vhabedatbepfist @araut put
pul se signals, e®%® ﬁ@PE@? ! ﬁ%ﬁlﬁaéééékcéﬁstgﬁﬁ gﬁgseéaﬁg?hes Wi thin an

emire Conduct|n%;;¥;2;g¥éd with ON-OFF conditions of the switching

rransistors 12ul, 12u2, 12v1, 12v2, 12wl, 12w2. And,

u1v corresponds to ON condition, while "0" corresponds

5 to OFF condition.
- Table 2
v
10 Inverter Voltage-Fed inverters
T mode . [ 19ul | 122 | 12vl | 12vZ | 1241 | 12v2
0 1| o] of 1{ 1| O
1 1} of of 1 o| O
2 1] o} ol 1| of 1
3 1| o] ol of o 1
4 1{ ol 1| 0o} o 1
15 5 0 O 1 0] 0.1
6 o] 1] 1] o] of 1
7 ol 1] 1| o] o] O
8 o] 1] 1{ o 1] o
W, 9 ol 1] o]l of 1] o
10 ol 1] o] 1| 1] o
11 ol ol ol 1] 1] o
20

Figs. 22 are wéveform diagrams. of component

sections.which waveforms represent the operation of this

comparative example. ‘Waveforms illustrated in Figs.

22(A) through 22(G) are the same to those of Figsf 18(A)

25



3. A brushless D.C. notor driving and 15 ¢®¥rolling nethod as set forth in
claim1l or claim2, wherein a rotor (3e) is enployed which includes

per manent magnets (3f) in the interior of said rotor (3e), as said rotor
(3e) of said brushless D.C. notor (3)(13). 20 4. A brushless D.C. notor
driving and controthrogghet8¢d)as aed, fvolbaga patterss oderesponding to
vol tage-fed inverters (2)(5)(12)(20) are controlled so that a phase of
inverter output vohhagptés RE¥ESCRNiIEROBORPespond to even numbers, are

5

N
N 10
15

o/
20

25

output Yy the interrupt handling 2' and voltage patterhs
corresponding to inverter modes which correspond to odd
numbers, are outpﬁt by the interrupt handling 3, due to
the addition of Fig. 22(G'), so that driving of a
brughless D.C. motor under a condition that the
conducting term is determined to be 150° by electrical
angle, is performed.

'Fig. 20 is a flowchart which explains contents
of proéessing of the interrupt handling 2' in detail.
The interrupt handling 2' is accepted when the phase
correction timer 18a' becomes count-over condition which
timer is started in the interrupt haﬁdling 1'." In step
SP1, an inverter mode is advanced by 1 step, which
inverter mode is previously determined in the memor§
18¢c!'. In step SP2, a voltage pattern corfeéponding to
the advanced inverter mode is output. In step SP3, a
timer value (a value corresponding to 30°) for the
second phase correction timer 18e is calculated based
upon the phase correction value. 1In step SP4, the timer
value for correction is set to the second phaée
corrgction timer 18e. In step SP5, the second phase
correction timer 18e is started. Thereafter,-processing

is returned to prior processing.



-65- a phase of the inverter output voltadgﬁﬁtr1respect to an induced
vol tage of said brushless D.C. notor (2)(5)(12)(20), the latter phase being
a phase which makes a brushless D.C. notor current and the induced voltage

of the brushless D.C. notor (2)(5),(12)(20) to be 5. the.s hase to
one another. 5. A brushle?égD.éS %ﬁtGr%3P%§Lﬁ§taﬁg188n?F8EPFﬂ§n§88ﬁ88%35
set forth in one of clains 1 through 4, wherein said Qonducting I nterval of
vol t age- of processing of the interrupt handling 3 in detail.

The intefrupt handling 3 is accepted when the second
phase correction timer 18e becomes count;over condition,
which timer is étarted in the interrupt handling 2'. 1In

5 step SP1, an inverter mode is advanced by 1 step, ﬁhich
inverter mode is previoﬁsly determined in the memory
18c'. In step SP2, a'voltage'pattern corresponding to
the advanced inverter mode is output. Thereafter,

N\ processing is returned to prior processing.

10 The magnetic pole position detection by the
amplifier 15, integrator 16 and zero-cross comparator 17
which are illustrated in Fig. 14, is described in more
detail.

In the magnetic pole position detection which is

15 achieved by detecting motor voltages, a magnétic pole
position detection method is employed in ah electric
equipment such as an air conditioner or the like, which
method uses induced voltages which appear in both upper
'and lower arms' OFF térm of the conducting interval of

20 '~ 120° by electrical angle. The mgthod becomes impossible
to detect the induced voltages when high load is
employed and currénfs are increased so that the magnetic
pole position detection becomes impossible to be

achieved.

25



fed inverters-(2)(5)(12)(20) is determ nedggo be 180[err] by 10

el ectrical angle.

6. A brushless D.C. notor driving and controlling nethod

as set forth in one of.clains 1 through 5, said nethod obtains a first
voltage at a neutral point (14d) by connecting one ends of resistors 15

(14u) (14v) (14w,

the other_end of each si st ar 4 4v) (1d4w) i s, .
connected to each out put t%ﬁﬁ?né$ (1 %%_gmﬁifﬂgaé}¥%ﬁé??ﬁéﬁ? r%?éfl the
(2)(5)(12)(20), obtains a second voltage at a neutral,k pojnt (13d) b
connecting one endglﬁVlgga?BFrﬂﬁhde@§ ?QBH§(QEﬁﬁ?ﬁiﬁﬁéﬁgngﬁﬂQF§£F dut
brushless D.C. notor (3)(13), and detects a magnetic pole position of said
rotor (3e) of saidobfush$ets epmiucting angle of inverters in the term of

5
o/
- 10

15
-/

20

25

180° by electrical angle is determined to be g (rad),

and output frequency is f, a condition formula for

 determining possibility and impossibility of induced

voltage detectioﬁ, is as follows.
t < (m -a) / (47f)

As is apparent from the condition formula, it is
understood.that detection of induced voltage is
principally impossible when a conducting interval of
180° by electrical angle is employed. When a greater
torque is.required, an amplitude of a current should be
increased. When an amplitude of a current ig increased,

a residual current due to motor inductance becomes

‘greater.' In the worst case, a current flowing in a

stator winding is not cut off during_a 180° term (a term
corresponding to 180° by electrical angle). Therefore,
an amplitude of a current should bé limited so that a
current flowing in a stator winding is securely cut off
during the 180° term. Consequently,'an amplitude of a
currént cannot be increased too much when high speed
revolution is pefformed and/or when conducting périod is
lengthened.

When the arrangement illustrated in Fig. 14 is



notor (3)(13). based upon a difference between the first voltage and the
second voltage. 7. A brushless D.C nnto?53Tiving and 25 - 66-
controlling nethod as set forth in claim6, wherein said conducting
interval of said voltage-fed inverters (2)(5)(12)(20) to be a predeterm ned

I nt | which i 0, I t I hgal
angro. 8. A brushPBRORPE  HBForShEef g (R0 det ALl lpotnel fedioea

the Y-connected stator windings 13u, 13v, 13w becomes
the foll&wing equation:

E -0 =(1/3){(Vu_o -_Eu_o) + (vv_o - Ev—o)

N
+ Vg " Eyo))
In other wbrds, the voltage Ey . becomes a sum {refer to
Fig. 23(G)} of 3n order higher harmonic components
(wherein, n.is an integer) which are included in the
inverter output waveforms {refer to_Figs. 23(A), 23(B)
and 23(C)} and the induced voltage waveforms {refer to
_ Figs. 23(D), 23(E} and 23(F)} of a motor.
0 Further, the voltage VM;O at the neutral point
144 of. the Y-conneéted resistors 14u, 1l4v, 14w becomes
the following equation {refer to Fig. 23(H)}}:
V-0 (/3 Vy_g * Vyo * Vu-0
Therefore, the 3n order higher harmonic

' component is taken out by obtaining a difference EN—O -

\_ Vy-o {refer to Fig. 23(I)} between the both.voltages En-

v The arrangement illustrated in Fig. 14 is not

0’ "M-0°

limited by the condifion formula and is applicable to

conducting term having an arbitrary angle, because the
* both equations are independent of a current. Thaf is,

magnetic pole position detection is achieved without .

using a magnetic pole position sensor especially when

high speed revolution is performed and/or when

25



aim6, wherein said conducting
5)(12)(20) to be a predetermn ned
r] and equal or less than

3) control.ling nmethod as set forth in_
i nterval of said voltage-fed inverters (2 %
i nterval which is equal or nore than 140[ er
170[err] by electrical angle. 10 . A brushl ess D.C. notor

9.
dri vi d trolli t i i .
(5) (155 of ng Vol CondifeHEr asipd Te) 1 eldrthed ande Whght ot tmpTd'edte of
i ng; duct i i nterval determ ni . .(19) .15 A
ooy o ot e e TEaseR | o AdsPe neabRis Bb1a) posiriBha)

to be a predeternmined interval which is nmore than 120[err] and e u%l or
| ess than 180[ errdaggction is achieved without using & magnetic pole

position sensor especially when a conducting interval of
180° by electrical angle is employed.

In the foregoing, driving and controlling of a
brushless D.C. motor is described under oniy a condition
that the brushless D.C. motor is under steady operation.
But, the above driving and controlling cannot be
achieved when the brushless D.C. motor is stopped,

0 because no induced voltages are generated. Therefore,
' when driving of the brushless D.C. motor is started,
three-phase alternating voltage is externally and
forcibly supplied to the brushless D.C. motor so that
the rotor is_rotated by synchronized operation. When
15 the rotor begins its revolution, an induced.}olatge is
generated so that the above driving and controlling of
N\ the brushless D.C. motor is achieved.
Further, when the‘condﬁcting interval of 180° by
electfical angle is employed, and when a brushless D.C.
20 motor in which permanent magnets are igstalled interior
of a rotor which motor has a special application, is
driven under a condition of high revolution and great

load, the motor current and the integration signal of

the position detector are varied as are illustrated in

25



electrical angle. 10. A brushless D.C nDFB?'driving and 20 control ling
apparatus as set forth in claim9, further conprises a nodul ati ng neans
(18d)(18d') for nodul ating outputs of said voltage-fed inverters
(2)(5)(12)(20) so as to output pulse signals, each_pul se signal having

constant pul se wi dFh@s- we¢hih and et (BL- cohbiuts ivRAETStood gthat thg val .
integration signal is. greatly disorder when the
conducting interval of 180° by electrical angle is
employed, by comparing the motor current and the
integration signal to the motdér current and the
integration signal {refer to Figs. 25(A) and 25(B)}
which are obtained when the conducting interval of 120°
by electrical angle is employed. Of course, a
difference signal between voltéges is disorder.
g "Therefore, when a slight varying in load, resonance and
10 the like in the driving system of the invérters and the
brushless D.C. motor are generated, alpoint is appeared
at which the integration signal is not zero-crossed due
to the disorder so fhat the position signal is bot
obtained and the brushless D.C. motor may step out. The
15 motor current illustrated in Fig. 24(A) is different
from the current waveforms illustrated in in Figs. 2(A),
12(B) and 13(8); The difference is caused by difference
in motor application. Provided that such disadvantage
are rarely generated.
20 To dissolve such disadvantage which is generated
under a special condition, so that reliability of the
apparatus for driving and controlling the brushless D.C.

motor is improved, the cohducting interval should be

determined to be more than 120° and less than 180° by

25



11. A brushless D.C. notor driving and coﬁ#FB]ling apparatus as set forth
in claim9 or claim 10, wherein said apparatus enploys a rotor (3e) which
i ncl udes permanent magnets (3f) in the interior of said 5 rotor (3e),
as said rotor (3e) of said brushless D.C. motor (3)(13). 12. A brushless
D.C. notor driving et tasmalolanade -apFacs-us 6ad hroughy 30 il ugtsiake motor
further conprises a phase controlling neans (18a)(18a')(18e) for 10
control ling said vauragnisdanddertegra tipn Bigralsehish corresnongs & cof
i nverter output voltage is advanced from a phase of the inverter output
voltage wi th respedadds ahdtdiheedomivcagmgofint@irdrallr ushidesermiGedmrbobe
(3)(13),
130°, 140°, 150°, 160°, and 170° by electrical angle,
respectively. As is apparent from those figures,
disorder in integration signals are eliminated.
Further, operating ranges of a compressor ( a compressor
which employs a brushless D.C. motor as a driving
source), and motor efficiencies of the brushless D.C.
-/ motor are illustrated in Figs. 31 and 32 which
10 correspond to cases that the conducfing interval is
determined to be 130°, 140°, 150°, and 180° by
electrical angle, respectively, and that the input
currents are determined to be the same to one ‘another.
As is apparent from Fig. 31, the operating ranges
15 scarcely vary when the conducting interval .is determined
to be 140°-170° by electrical angle. Also,'as is
apparent from Fig. 32, lowering in the motor efficiency
is less than 1% when the conducting interval is
determined to be 140°-170° by electrical angle.
20 Therefore, it is preferable that the conducting interval
is determined to be 140°-170° by electrical angle. 1In
this case, the above disadvantage is securely prevented

from occurrence with scarcely reducing of the operating

range and with scarcely lowering the motor efficiency,

25



t he Iattér phase being a phase which makes®4~brushl ess 15 D.C. notor
current and the induced voltage of said brushless D.C. notor (3)(13) to be
t he sane phase to one another. 13. A brushless D.C. notor driving and
controlling apparatus as set forth in one of clains 9 20 t hrough 12,
wherein sai d condset thgti ther valiaki bi kY ningremapkably) impyovRfernins a
conducting interval of said voltage-fed inverters (2)(5)(12)(20) to be
180[err] by electrical anpligthdd, @nbavsahgesed: Gravoberemploved ipgtoad
of the pobsition detection circuitry which includes the
amplifier 15; integrator 16 and zero-cross comparator
i17.. The arrangement is illustrated in Fig. 33(A), and
5 has an amplifier 115 which is supplied the voltage at
the neutral point 13d (refer to Fig. 14) to a non-
reversed input terminal through a resistor 1l15a, is
supplied the voltage at the neutral point 144 (refer to
-/ Fig. 14) to a reversed input terminal. And, a resistor
10 115b and a capacitor 116b are connected in pérallel
between an output terminal and the reversed input
terminal of the amplifier 115. Furthermore, an
arrangement which is illustrated in Fig. 33(B) ‘may be
employed. The arrangement is obtained by adéing an
'15 amplifier 117 to the arrangement illustrated in Fig.
33(A), which amplifier 117 has a resistor which is
connected between an output terminal and a reversed
input terminal. 1In th;s arrangement, an output signal
from the amplifier 115 is supplied to the reversed input
20 terminal of the amplifier 117 through a resistor.
Further, an arrangement which is illustrafed in Fig.
33(C) may be employed. Thé arrangement is obtained by
replacing the_amplifiers 115 and 117 to one another,

which amplifiers appear in Fig. 33(B). When the
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- 68- cohtroILing apparatus as set forth e2ene of clains 9 through 13,

further conprises 'resistors (14u)(14v)(14w) each of which is connected its

one end to each output term nal corresponding to each phase of said

vol tage-fed inverters (2)(5)(12)(20) and which resistors 5 (14u)(14v)(14w)

are connect ed t hei arpahgementisil usteatedt irerFig. 33 fR) eix cempl oyark, the

outputing neans (15) for _ :
voltage at_{@e neutral point 13d may be supplied to the
reversefl input terminal of the amplifier 117 through a
resistor and the voltage at a neutral point 144 may
directly be supplied to a non-reversed input terminal of
the amplifier 117. When one of those arrangements is
employed, operation which is similar to that of a
corfesponding portion which is illustrated in Fig. 14 is
achieved.

N\ ' Further, reducing in power consumption is
required for an electrical equipment such as air
conditioner, vacuum cleaner, electrical washer and the
like, and a brushleés D.C. motor and an inverter which
are drawn attention in recent years, are going to be
emploved. When the apparatus for driving and

15 controlling a brushless D.C. motor accordind to the
present invention is applied to those electfical
equipments, power consumption is further reduced in
comparison to conventional electfical equipmenats which
employ a brushless D.C. motor and inverters.

20
Possibility in Industrial Utilization

The present invention performs imprbvement in

efficiency and enlargement in operating range of a

25



receiving a_ first voltage at a neutral point (14d) which voltage is

obt ai ned by connecting the other ends of6%aid resistors (14u)(14v) (14w,

for receiving a second voltage at a neutral point (13d) which voltage is

obtained at the neutral point (13d) point at which stator w ndings

(13u) (13v) (13w) of said brushless D. C. .notor, (3 c ; 0 one
anot her, and for Hrfushkess ilhd a “lﬂtf"‘f‘ér’gﬁé'é‘ ﬁﬁ(tgd"g%l%’ﬁ%’mggn%?%kﬁ%sdt

vol tage and the second vol'tage, and a rotor position detecting neans

(16) (17) for det asdurgp amupidus RARL IGEY XM of said rotor 20

(3a)(3e) of said brushless D.C. notor (3)(13) based upon

5
—/
oo 10
15
N4
20

25



t he diffgrenpe vol tage. 15. A brushless D®&3- notor driving and controlling

apparatus as set forth in claim 14, wherein said conducting interval

determ ni ng neans (18)(19) 25 -69- determ ns a conducting interval of

said voltage-fed inverters (2)(5)(12)(20) to be a predeterm ned interva
fhiah 1808%ajn

which is nore than 120[err] and |ess

5 i
"
10
15
—/
20
25

fet®iical angle.

;1. A brushless D.C. motor driving and
controlling method which drives a brushless D.C. motor
(3)(13) using voltage-fed inverters (2)(5)(12)(20), said
method is characterized in that a conducting interval of
voltage—fed'inverters is determined to be a
predetermined intervai which is more than 120° and equal
or less than 180° by electrical angle.

2. A brushless D.C. mbtor driving and
controlling method as set forth in claim 1, wherein
outputs of said voltage~fed inverters (2)(5)(12)(20) are-
modulated so as to output pulse signals, each pulse
signai having constant pulse widthes within an entire
conducting intérval.

3. A brushless D.C. motor driving and
controlling method as set forth in claim 1 or claim 2,
wherein a rotor (3e) is employed wpich includes
permanent magnets (3f} in the interior of said rotor
(3e), as séid rotor (3e) of said brushless D.C. motor
(3)(13i-

4. A brushless D.C. motor driving and
controlling method as set forth in claim 3, wherein said
vpltage—fed inverters (2)(5)(12)(20) are controlléd so

that a phase of inverter output voltage is advanced from

—_—
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16. A brushless D.C. notor driving and controlling apparatus as set forth
in claiml14, wherein said conductinginﬂeﬁﬁ&ﬂ determ ning neans (18)(19)
determ nS a conducting interval of said voltage-fed inverters
(2)(5)(12)(20) to be a predetermned interval which is equal or nore than
140[ err] and equal or less than 170[err] by electrical angle. 10 17. An

el ectrical equi pnestphasehaf ctive i keverter hantmat dveinagrent thmpedspect to
brushless D.C. notor (3)(13) as a drivi-ng source which notor is driven and
controll ed by sai dgir iislth€es W ixadd®tief sHidibgushileso D ®) Imangpmppar at us

according to one of clains 9 |

(2)(5)(12){20), the latter phase being a phase which
makes a brushless D.C. motor current and the induced
voltage of the brushless D.C. motor (2)(5)(12)(20) to be

5 the same phase to one another. |

5. A brushless D.C. motor driving and
controlling method as set forth in one of claims 1
through 4, wherein said conducting interval of voltage-
fed inverters (2)(5)(12)(20) is determined to be 180° by
-~ 10 electrical angle.
6. A brushless D.C. motor driving and

controlling method as set forth in one of claims 1
through 5, said method obtains a first voltagé at a
neutral point (14d) by connecting one ends of resistors

15 (14u) (14v) (14w), the other end of each resi;tor
(14u) (14v) (14w) is connected to each output terminal of

.\*/ said voltage-fed inverters (2)(5)({12){20), obtains a

second voltage at a neutral poiht (13d) by connecting
one ends of stator windings {13u) (13v) {(13w) of said

20 brushless D.C. motor (3)(13), and detects a magnetic
pole.position_of said rotor (3e) of said bruéhless D.C.
motor (3)(13) based upon a difference between the first
voltage and the second voltage.

7. A brushless D.C. motor driving and

25
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15 through 16. 20 25 -66-

cont;olling method as set forth in claim.G, wherein said -

conducti;g'interval bf said voltage—-fed inverters

(é)(S)(lZ)(ZO) to be a predetermined interval which is

more than 120° and less than 180° by electrical angle.
8. A brushless D.C. motor dfiving and

controlling method as set forth in claim 6, wherein said

5
conducting interval of said voltage-fed inverters
(2)(5)(12)(20) to be a predetermined interval which is
equal or more than 140° and equal or less than 170° by

~ electricai angle.

10 | 9. A brushless D.C. motor driving and
controlling apparatus which drives a brushless D.C!
motor (3)(13) using voltage~fed inverters

{2)(5)(12)(20), said apparatus comprsing;
| a conducting interval determining megns (18)(19)
15' for determining a conducting interval of Yd@tage-fed
invertersl(Z)(S)(lz)(ZO) to be a predetermined interval
\_/._ which is more than 120° and equal or less than 180° by
electrical angle.
10. A Brushléss D.C. motor driving and

20 controlling apparatus as sét forth in claim 9, further
comprises a modulating means (18d)(18d') for ﬁodulating
outputs of said voltage—-fed inverters (2)(5’(12)(20) SO’
as to output pulse signals, each pulse signal having
constant pulse widthes within an entirg conducting

25
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interval.

;1-“ A brushless D.C. motor driving.and
contro&ling apparatus as set forth in claim 9 or clgim
10, wherein said apparatus employs a rotor (3e) which
includes permanenf magnets (3f) in the interiof of said
rofor (3e), as said rotor (3e) of said brushless D.C.
motor (3)(13).

12. A brushless D.C. motor driving and
controlling apparatus as set forth in claim 10, further
comprises a phase controlling means (18a)(18a')(18e) for
controlling said voltage-fed inyerters (2)(5)(12)(20) so
that a phase of inverter output voltage  is advanced from
a phase of the inverter output voltage with respect to
aﬁ induced voltage of said brushless D.C. motor (3)(13),
the latter phase being a phase which makes a brushless
D.C. motor current and the induced voltageiof said
brushless D.C. motor (3)(13) to be the same phase to one
another.

13. A brushless D.C. motor driving and
cqntrolling apparatus as set forth in one of claims 9
through 12, whérein said conducting interval determining
means'(ls)(lg) determins a conducting interval of said
voltage-fed inverters (2)(5)&12)(20) to be 180° by
electrical angle.

14. A brushless D.C. motor driving and

_
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controlling apparatus as set forth in one of claims 9
thrbugh_ib,_further comprises

rresistors (14u)(14v)(14w) each of which is
connectéd its one end to éach output terminal
corresponding to each phase of said voltage-fed
inverters (2)(5)(12)(20) and which resistors
(14u) (14v) (14w) are connected their other ends to one
another,

a difference volfage outputing means (15) for
receiving a first voltage at a neutral point (144) which
voltage is obtained by connecting the other ends of said
resistors (14u)(14v)(14w), for receiving a second
voltage at a neutral point (13d) which voltage is
obtainéd at the neutral point {(13d) point at which
stator windings (13u){13v)(13w) of said brushless D.C.

motor (3)(13) are connected to one another, and for

outputing a difference voltage between the first voltage

and the secondlvoltage, and

a rotor position detecting means (16)(17) for
détecting a magnetic pole position of said rotor
(3a) (3e) of said brushless D.C. motor (3)(13) based upon
the difference voltage. -

15. A brushless D.G. motor driving and
controlling apparatus as set forth in claim 14, wherein

said conducting interval determining means (18)(19)

* [ L M s *
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-determins a conducting interval of said voltage-fed

inverters (2)(5)(12)Y(20) to be a predetermined interval
Which is more than 120° and less than 180° by electrical
angle.

16. A brushless D.C. motor driving and
controlling apparatus as set forth in claim 14, wherein
said conducting interval determining means (18)(19)
determinS a conducting intervél of said voltage—-fed
inverters (2)(5)(12)(20) to be a predetermined interval
which is equal or more than 140° and equal or less than
170° by electrical angle.

17. An electrical equipment is charcferized in
that said equipment employs a brushless D.C. motor
(3)(13) as a driving source which motor is driven and
controlled by said brushless D.C. motor driving and
controlling apparatus according to one of claims 9

through 16.
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