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The- net hod for controlling brushless DC notors to 15 high efficiency

can be <classified roughly into the follow ng two: (i by I '
whi ch she#rmbtor current is controlled so that thg torqu(e-gtgcgﬁr@%‘t%%’j
is increased, by detecting the instantaneous vatue—offthe Totror CUTTENT,

apd 20 (ii) A method in which a rotatijon HEEACED: SEERSr i §G
detected and the voltage-fed inverter is contr¢lled in response.to the .
detected rotation speed so that the inverter ofFhBescUBionagadedet atiH&HaoeH t'p;
phase of the notor -2- counter-el ectronoti veRyokingsge i::pa@dad@lﬁtwtmg%ﬁ-/--- -
phase that allows the brushless DC motort to be bﬁ@ﬂggg:@@@5yu1:th;ﬁ@ginnn]

output. In the above (i) method, when a brushl %%Aggﬁgr (ﬁ@$&§9f.i@;%@&§hlﬁ.

per manent magnet is nounted on the surface of t einafter,
referred to as surface-magnet DC notor) is adopted, " Theé notor current I's
controlled so that the d-axis current (a current in the sane direction as
that of the gap magnetic flux) that is irrelevant to torque 10

generation is reducggpbR eEerM(ELPABIRCOFYOBFAIRIRG! itah PPRroRENEYAC
servo systens,"” Suginoto et al., published by Sogodenshi Shuppansha K K

p. 74). Also, when a brushins MEEODFDR ICONYROILINGQ @ MOTOR nmagnet s
nmounted so as to be buried inside the rotor (hereinafter, referred to
as 15 buri ed-magnet DC notor) is adopted, the notor current is

TECHNICAL FIELD
The present invention. relates to a motor system
5 capable of high efficiency operation as well as a control
method for a motor.
BACKGROUND ART
Brushless DC motors have conventionally been
researched and developed for their application to various
10 fields, and also put into practical use, taking advantage
of their capability that no secondary copper loss is
involved so that enhancement in efficiency is theoretically
possible.
The method for controlling brushless DC motors to
15 high efficiency can be classified xroughly into the
following ﬁwo{

(i) A method in which the motor current is controlled
so that the torque-to-current ratio 1is increased, by
detecting the instantaneous value of the motor current; and

20 (ii) A method in which a rotation speed of the motor
is detected and the voltage-fed inverter is controlled in
fesponse to the detected rotation speed so that the

inverter output voltage relative to the phase of the motor



controll ed based on the fact that the generated torque is the sum of nagnet

torque (a torque proportional to the g- axis current, which is a
current ~in *a direction perpendicular to that of gap magnetic flux) and
reluctance 20 torque (a torque proportional to the product of d- and g-

axis currents), in such a way that optinumvalues for the d- and g-axis
currents are obtained through the steps of detecting the |oad status
(torque) and sequentially performng arithnetic operations to cal cul ate
t he optinum 25 val ues of the d- and g-axis currents (see "High
Efficiency -3- Control of Brushless BCMtors for Energy Saving,"
Morinoto.et al., T.l1EE Japan, Vol. 112-D, No. 3, '92, in particular,
Equations (14) and (15)). The method (i) allows easy application to such 5
fields as would demand hi gh-speed torque response, for exanple,

brushi ess. DC bl gte A1 Y SV SLEIP bis o4 b RABRCN] 001k 00R 100US T pRLEOAIS:

age-ted Tnverter 1 s previously provi Wt han

I nst ant aneous t t Gt Uh 1t d e aih ghas urren r 0
system so that %Léev(r;% Fggno neélc}e%é B@%vﬁgﬁ?g ffusgg%i g{iﬁgg\% céet?f %:rcsﬁlﬂghoéhel
efficiency. AdxidulP the current response beconmes generally equal to

the torque response in brushless DC notors that the high-speed current
control systemis inpleneptathe abbiwe alipwametHuigh- spesd horsmesHbess DC

response to be realized.

5 motor in which a permanent magnet is mounted on the surface
of the rotor (hereinafter, referred to as surface-magnet DC
motor) is adopted, the motor current is controlled so that
the d-axis current (a current in the same direction as that
of the gap magnetic flux) that is irrelevant to torque

10 generation is reduced to 2zero (see "Theory and Practical
Design of AC servo systems," Sugimoto et al., published by
Sogodenshi Shuppansha K.K., p. 74). Also, Qhen a brushless
DC motor in which a permanent magnet is mounted so as to be
buried inside the rotor (hereinafter, referred to as

15 buried-magnet DC motor) is adopted, the motor current is
cohtrolled based on the fact that the generated torque is
the sum of magnet torque (a torque proportional to the g-
axis current, which is a current 1in a direction
perpendicular to that of gap magnetic flux) and reluctance

20 torque (a torque proportional to the product of d- and g-
axis currents), in such a way that optimum values for the
d- and g-axis currents are obtained through the steps of
detecting the 1load status (torque) and sequentially
performing arithmetic operations to calculate the optimum

25 values of the d- and g—axis currents (see "High Efficiency



Meanwhi | e, the brushless DC notor drive systemin household el ectrical
appl i ances such as air conditioners, washers, and cleaners is based on a

si mpl e tontrbl systemin which the voltage waveformis controlled by only a
20 voltage-fed inverter in response to a position signal derived
fromdetecting the position of the rotor of the brushless DC notor.
Fherefore, the above (i) method, if applied, would nake it necessary not
only to newly provide an instantaneous current detector but also to enhance
t he 25 control operation function particularly when a buri ed-

-4- magnet DC notor is adopted. ~ 35' a result, a high- performance
m croconputer needs to be substituted for or be added to an existing
m croconputer, which incurs a great increase in cost. 5 In

view of these and other problens, it has been proposed to adopt such a

consti tuti on EandiS Il e IR MBEO DN yEoY SEEIPRh L BPUSEDPhY 7! RSkl il

appl i ances such as ai conditioners, ers, and eane that the

vol t age- f ed iﬁﬁe%ﬁﬁﬂififﬁﬁ“{é?%ﬁ?’vgli 21ime ﬁ@98§’0f9§beﬁﬁo artibﬁi%&ﬂer

out put voltage relative tot ase of the notor counter-electronotive

voltage w || Qggggﬁoh@ F19eeinld qdsphase in response to a rotation speed of
t he brushl ess notor, in addition to the sinple control systemin which

the vol tage waveform i s Thentmethed Lyi)onkylewsoldaage- pglibationi uer klchi N
response to a position signal resulting from
5 fields as would demand high-speed torque response, for
example, brushless DC motor drive systems used in machine
tools, industrial robots, and the like, where a voltage-fed
inverter 1is previously provided with an instantaneous
current detector to implement a high-speed current control
10 system so that there is no need of providing a special
device for high efficiengy. It is because the current
response becomes generally equal to the torgque response in
brushless DC motors that the high-speed current control
system is implemented. This allows a high-speed torque
15 response to be realized.

Meanwhile, the brushless DC motor drive system in
household electrical appliances such as air conditioners,
washers, and cleaners is based on a simple control system
in which the voltage waveform is controlled by only a

20 voltage~-fed inverter 1in response to a position signal
derived from detecting the position of the rotor of the
brushless DC motor. Therefore, the above (i) method, if
applied, would make it necessary not only to newly provide
an instantaneous current detector but also to enhance the

25 control operation function, particularly when a buried-



detecting the rotor position of the brushless DC notor. Adopting this

constitution I nvol ves nei t her an i nstantaneous current detector
mor a Hi gh-ferformance mcroconputer, so that the aforenentioned increase
in cost 20 can be largely reduced. As described above, with the

constitution that the voltage-fed inverter is controlled so that the phase
of the inverter output voltage relative to the phase of the notor

counter-el ectronotive voltage will be set to a 25 speci fied phase in
response to a rotation speed of the _ brushless DC notor, the notor is
enabl ed to attain high- efficiency operation as far as the operation is
limted to around the rated point. However, the notor generally runs quite

away fromthe rated point considerably longer than it 5 does around the
rated point. In the operation during the former period, the current value
woul d not | owgrgR¥EN bE thstypl t 3de ampbitdde is aedyced-adiit a |£sshigrd,
so that a current nore than necessary would be passed. As "~ a resul

the notor canp,bprepPREAEEIMEBFYcahpatbicheBaketolPe sudsARutdirEdst Sobesé
possi bl e efficiency (peak efficiency at different |oad conditions) to a

di sadvant age. aided0t® Ughaiekistiing b deccomoiedr PCuwlaldl hdlra @ agr&at
I nductance Ld of 65 nH and a g-axis inductance Lg of 15.0 nH and a
count er - el ectinopease ¥nl teage.coefficient 15 Ke of 0.105 Vs/rad is
driven at a rotation speed 90 rps., and if the phase of the notor
counter5el ectronoti ve vbht xggw of these and other problems, it has been
proposed to adopt such a constitution for brushless DC
motor drive systems in household electrical appliances such
as alr conditioners, washers, and cleaners that the
voltage-fed inverter is controlled so that the phase of the
10 - inverter output voltage relative to the phase of the motor
counter-electromotive voltage will be set to a specified
phase in response to a rotation speed of the brushless DC
motor, in addition to the simple control system in which
the voltage waveform is controlled by only a voltage-fed
15 inverter in response to a position signal resulting from
detecting the rotor position of the brushless DC motor.
Adopting this constitution involves neither an
instantaneous current detector nor a high-performance
microcomputer, so that the aforementioned increase in cost
20 can be largely reduced.
As described above, with the constitution that
the voltage-fed inverter is controlled so that the phase of
the inverter output voltage relative to the phase of the

motor counter-electromotive voltage will be set to a

25 specified phase in response to a rotation speed of the



and the phase of the inverter output voltage are set to [err] and [err],
respectively, then it can be understood fromFig. 1, which charts the notor
out put “charécteristic and notor 20 current characteristic relative

to the line voltage anplitude of the voltage-fed inverter, that although
a brushless DC notor can be operated at larger output with larger settings
of phase [err], the current value woul d show al nost no decrease even if the
| i ne vol t age anplitude of -6- the voltage-fed inverter (anplitude of
fundanment al wave conponents) is reduced with Iighter |oads. Al so, when the
peak notor efficiency at different rétation speeds was neasured with the

| oad set to 10 kgf cm 5 and the phase [err] adjusted by mnual
operati on, a characteristic as marked by white circles in Fig. 2 was
obt ai ned. In contrast, when the notor efficiency with a |ow | oad at

different r Otﬁdi%éféeﬁi%) YRR SHhEd il 1 O RG e e Nk chpORtigh

for a high | oa err characteristic as mar

triangles in &85 epéeaefén as | Bahelayy eehétoﬁeﬁa@foﬂn«ﬂsr Sltl(ﬁﬁ“i:etdha\{o

the notor efficiency ['owers to a |arge extent wh e notor is operated

with a lightard@ed. the Eatbbeiaomtthe HAWOREr [ hendi ftBY ge@er@aARL Gruns,
the nore noticeably the notor eff|C|ency |l owers.” Fig. 3'is a

bl ock di agr angpsite nabag attym stoei ﬁetéhepa&hangeﬁeaae%baycvagretd amdn it
brushl ess DC not or

5 does around the rated point. In the operation during the

former period, the current value would not lower even if

the voltage amplitude is reduced with a less load, so that

a current more than necessary would be passed, As a

result, the motor can be operated only at efficiencies

10 lower than its best possible efficiency (peak efficiency at
different load conditions) to a disadvantage.

In more detail, if a buried-magnet DC motor with

a d-axis inductance 1Ld of 65 mH and a g-axis inductance Lg

of 15.0 mH and a counter-electromotive voltage coefficient

15 Ke of 0.105 Vs/rad is driven at a rotation speed 90 rps.,

and if the phase of the motor counter-electromotive voltage

and the phase of the inverter output voltage are set to 50°

and 80°, respectively, then it can be understood from Fig.

1, which charts the motor output.characteristic and motor

20 current characteristic relative to the 1line voltage

amplitude of the vbltage-fed inverter, that although a

brushless DC motor can be operated at larger output with

larger settings of phase §, the current value would show

almost no decrease even if the 1line voltage amplitude of



system and Fig. 4 is a block diagram showi ng the main part of the control
circuit in Fig. 3. As shown in Fig. 3, the 20 conventional brushless DC
mot or Systemis so arranged that an AC voltage 91 is converted into a DC
vol tage by a converter 92a of a voltage-fed inverter 92 and thereafter
converted into an AC voltage by an inverter main part 92b and, as such,
supplied to a brushless DC notor 93, where 25 t he magneti c-pol e
position of the rotor of the brushless DC notor 93 is detected by a
position sensor circuit 94 and a switching command is generated by a
control circuit 96 in response to a ﬁhd%éfic-pole position detection signal
and then fed to the voltage-fed inverter 92. 5 Al so, as shown
in Fig. 4, the control circuit 96 conprises an anplitude command out put
section 96a for receiving inputs of, for exanple, an actual rotation speed

and a rotati p IE i I hiG as 0 I i ral
of magneti C-S%}?ée %%ﬁ% e\cﬁ?lllvo%nr}t%(fe ?th?gﬁgfig oﬁgpuﬁ%é]dg%%/ﬁﬁ% R
position sensginShhcntd) s ALGLERNR 1{@%& 1988, for  outputting
a phase co nd corresponding to the actual rotation speed by taking

the actual rotation spegfis@s whéRathadge8rSmoWder QFf iyl By idtlde £odwaEmd
and a phase command are fed to an unshown 15 PWM circuit so that a

swi t chi ng conradtion gepeeds edas Theasuasdl wivtHethecad@@nGet 8 P kgf-cm
section 96a cal cul ates, for exanple, a difference AY between a rotation
speed cdmmeandan@ ardhean phasal rédHt akddnsspded By amadnual operation, a

characteristic as marked by white circles in Fig. 2 was
obtained. In contrast, when the motor efficiency with a
low load at different rotation speeds was measured with a
phase § that is optimum for a high load (20 kgf-cm), a
10 characteristic as marked by white triangles 1n Fig. 2 was
obtained. Therefore, it cén be understood that the motor
efficiency lowers to a large extent when the motor is
operated with a 1light 1load. Further, the larger the
winding vresistance 1is, the more noticeably 'the motor
15 efficiency lowers.

Fig. 3 is a block diagram schematically showing
the arrangement of a conventional brushless DC motor
system, and Fig. 4 is a block diagram showing the main part
of the control circuit in Fig. 3. As shown in Fig. 3, the

20 conventional brushless DC motor system is so arranged that
‘an AC voltage 91 is converted into a DC voltage by a
converter 92a of a voltage-fed inverter 92 and thereafter
converted into an AC voltage by an inverter main part 92b
and, as such, supplied to a brushless DC motor 93, where

25 the magnetic-pole position of the rotor of the brushless DC



perfornms a Pl operation of V = [err] by using 20 the resulting
difference AY, thereby determning and outputting an anplitude comrand
W, whete Kp'and Kl are each a constant and given by, for exanple, values
obt ai ned experientially. Therefore, a switching conmmand is generated by 25
feeding the anplitude command V* calculated from the - 8-

di fference between rotati on speed command Y* and actual rotation speed Y as
wel | as a phase command read fromthe phase table 96b to the PWMcircuit,
whereby the actual rotation speed Y can_be approached and equalized to the

5 rotation speed conmand Y*. HoweVer, “when the above-descri bed

brushl ess DC notor control circuit is adopted, the notor efficiency with
light |oads would deteriorate to a |large extent. Al so, over the

hi gh- speed region in which the induced voltage of 10 t he brushl ess DC

motor with nol.gags gtﬁecgﬁfé#%gg% Hg?gi-% %iltg%%r lefin ! U MpL £ 29F apd _a

anplitude (a region’n uced voltage 1 s suppressed

i ncreasi ng by -'I'qgﬁp st at QL= .0 tiy e, r WBR, ~i hS, 4
nagnetic-fluxs&égkenlgg%gﬁ#%%ﬁ %% g%?%??%ﬁ??*#ﬁe?n%?é&%%g CIE%E%[déﬁoﬁnbe
controlled |Reipohsd Y hha&aérri@ci@lpmé:ulségﬂtibﬁ Rlcticdtaemh yidhad nanlihe

I nverter voltage at a maxi num These points are now described in nore
detail . then fed to the voltage-fed inverter 92.

5 Also, as shown in Fig. 4, the control circuit 96
comprises an amplitude command output section 96a for
receiving inputs of, for example, an actual rotation speed
and a rotation speed command, which are obtained based on
the time interval of magnetic-pole position detection

10 signalé outputted by the position sensor circuit 94, and a
phase table 96b for outputting a phase command
corresponding to the actual rotation speed by taking the
actual rotation speed as a read address, whereby an
amplitude command and a phase command are fed to an unshown

15 PWM circuit so that a switching command is generated.

The amplitude command output section 96a
calculates, for example, a difference AY between a rotation
speed command Y* and an actual rotation speed Y, and
performs a PI operation of V¥ = Kp-AY + KI-o(AY) by using

20 the resulting difference AY, thereby determining and
outputting an amplitude command V*, where Kp and KI are
each a constant and given by, for example, values obtained
experientially.

Therefore, a switching command is generated by

25 feeding the amplitude " command V#* calculated from the



Fig. 5 shows an equivalent circuit of one phase 20 portion of the
brushless DC notor. As shown in the figure, this equivalent circuit has a
mpt or Wi ndi ng resistance R, a reactance Xgq on the g-axis, and an induced
voltage (nore precisely, a voltage resulting fromadding the product of a

di fference between g-axis reactance Xq and d-axis reactance 25 Xd and a
d-axis conmponent |d of notor current to the -9-

counter-el ectronotive voltage E) connected in series with the inverter
fundanent al -wave voltage Vin this order. It is noted that j in Fig. 5
represents an imagi nary nunber. In thFSQaF?angenent, assum ng that the
frequency 5 of inverter fundanental wave is [err] (where the nunber of

revolutions is wn in the case of a brushless DC notor with n pairs of
magnetic pol es), the inductances on the d- and g-axes are Ld and Lq,
respecti Vel V. 44 416 o GOlNkRkeRheCEEOMPI bYE AAIRIRAASHH CYENald Kenddie
not or current I's |, the d-axrs conponent and (- axls conponent 0 e

motor current "J°ta‘{ﬁcflrg-a . 40y LEeSRRSIT VELYa t 852U dUtimd aqi-'éaanIomt H&e

d-axi s component and. q s conponent of the ifnverter i nment al - wave

vol tage V are pfhandcXiel esOsCHy ke apit RAii® ,MLAErvLYdI e actual
resistance Ris 15 substantially snmaller than the nmagnitude [err]
Ff }he r eact arsgat idienspbeds of | ewnndé ehppiroagheaduatd ORguAng z@kt at6edhe
err

5 rotation speed command Y*,

However, when the above-described brushless DC
motor control circuit is adopted, the motor efficiency with
light 1loads would deteriorate to a large extent. Also,
over the high-speed region in which the induced voltage of

10 - the brushless DC motor with no loads becomes larger than
the inverter output voltage amplitude (a region in which
the motor induced voltage is suppressed from increasing by
utilizing the stator-to-armature. reaction, that is,
magnetic-flux weakening control is effected), the motor

15 could not be controlled in such a way that the motor

current is minimized by fixing the inverter voltage at a

maximum.
These points are now described in more detail.
Fig. 5 shows an eguivalent circuit of one phase
20 portion of the brushless DC motor. As shown in the figure,

this equivalent circuit has a motor winding resistance R, a
reactance Xq oﬁ the g-axis, and an induced voltage (more
precisely, a voltage resulting from adding the product of a
difference between g-axis reactance Xg and d-axis reactance

25 Xd and a d-axis component Id of motor current to the



20 Then, on a brushless DC notor wth notor constants
Ld = 6.5 nH Lg = 15.0 nH, Ke = 0.15 V s/rad, when the output torque and
the anplitude of notor current were calculated while the inverter

f undanent al -wave voltage anplitude [err] was varied, results as shown 25

in Figs. 6A and 6B were obtained, where the nunber n of - 10 - notor
pele pairs was 2 and the rotation speed was set to 90 rps. As apparent from
Figs. 6A and 6B, such a reciprocal relationship is shown that the notor

current 5 anplitude increases even if the output torque T is
decr eased. That is, the joule | 05s%0f not or wi ndi ngs becones greater
with alight load (i.e., with a small output torque) than it is with a
heavy | oad, so that the efficiency would | ower considerably. Also, since
the notor 10 current anplitude becomes quite large with a light |oad,
swi t chi ng devi er. current S i Dbe
adopt ed gs thoggagg%gt %’?gcl&%%to\#ébg ?s{o?é%a K E? nvét}r e?é@%r?'ﬁ ggislesél)nm‘th

gge rotation ?quvéyi fr¥¥?§%qe %%%@@thlhs 'Eré%ﬁép.byIt
justing the voltage anp itu e VO tage d” 1 nverter
factor), the phasaokedf ktrna¢ S0ihhatiglhe Y@b&éﬁ%u@gpbhtEﬁﬁgQQgﬁﬁn%dﬂﬂér not
be saturated at the tine of acceleration in order to stably opérate t he
speed control system A% aHieSWirangement, assuming that the frequency
5 of inverter fundamental wave is  (where the number of
revolutions is w/n in the-case of a brushless DC motor with
n pairs of magnetic poles), the inductances on the d- and
g-axes are Ld and Lq, respectively, the counter-
electromotive voltage coefficient is Ke, the motor current

10 is I, the d-axis component and g-axis component of the
motor current I are Id and Ig, respectively, the output
torque is T, the d-axis component and g-axis component of
the inverter fundamental-wave voltage V are Vvd and Vg,
respectively, and that the motor winding resistance R is

15 substantially smaller than the magnitude |[X| of the
reactance, then the following relational equations are
obtained:

1T] = (1d2+1q%) Y2 = [{(Va/w)/Xq}? + {(Va/w-Ke)/Xd}?]}/2
T = 5{E+(Xg-Xd) -Id} Ig/w = n{Ke+*Ig + (Lg-Ld) -Id-Iqgq}

20 Then, on a brushless DC motor with motor
constants Id = 6.5 mH, Lg = 15.0 hH, Ke = 0,15 V-s/rad,
when the output torque and the amplitude of motor current
were calculated while the inverter fundamental-wave voltage
amplitude |V| {= (Vd2+vg2)1/2} was varied, results as shown

25 in Figs. 6A and 6B were obtained, where the number n of



20 it is inpossible to set such a phase that the voltage anplitude of
the inverter is nmaximzed at a constant speed. In other words, it is
necessary to ensure margins for voltage anplitude adjustnment at all tinmes.
Accordingly, it is inpossible to performsuch control that the notor

current is mnimzed wth the steady-state voltage anplitude of the
vol tage-fed inverter fixed at a maxi rum The above- descri bed

di sadvant ages woul d be involved simlarly in both cases of brushless DC
notors in 5 which a permanent magnet is disposed inside the rotor
(buried-magnet notors), and brushles$ B@ motors in which a pernmanent nmagnet
is disposed on the surface of the rotor (surface-nmagnet notors). DI SCLOSURE
OF | NVENTI ON 10 The present invention has been achieved in

vi ew of the aforenentioned problens A first object of the present

Tention e phPEFeRiE ppleh WY SR T I G AE e, oo

brushl ess DC notor con age Wav et of m on
with a vol tagg %ed 15 inverter in response to a position signal, to
attain high- e? i ciency operation regardless of |load variations and to

impl ement an extended rgnge ;pfhaRReRat i @b ANdr{igh- EAT I GANCYEPPEr@LEPN a

wi t hout additionally providing any special device, and yet to reduce the
current capacCrbpiptodfl reBatisMénbpdeld cehovh tHgati kheof mbkervokhegented

inverter. A further object of the present invention is to

5 amplitude increases even if the output torque T is

decreased. That 1is, the Jjoule loss of mnotor windings

becomes greater with a light 1load (i;e., with a small

output torque) than it is with a heavy load, so that the

efficiency would lower considerably. Also, since the motor

10 current amplitude becomes quite large with a light 1load,

switching devices and the 1like with greater current

capacities must be adopted as those constituting the
voltage-fed inverter.

Further, since the ©rotation speed of the

15 brushless DC motor is controlled by adjusting the voltage

amplitude of the voltage-fed inverter (PWM duty factor),

the phase is fixed so that the voltage amplitude command

will not be saturated at the time of acceleration in order

to stably operate the speed contfol system. As a result,

20 it is impossible to set such a phase that the voltage

amplitude of the inverter is maximized at a constant speed.

In other words, it 1is necessary to ensure margins for

voltage amplitude adjustment at all times. Accordingly, it

is impossible to perform such control that the motor



provi de a DC notor system and an AC notor system which can be operated at
peak efficiency while each notor can be prevented from stepping out. -
T2 - In order to achieve the above first object, the present invention
provides a nethod for controlling a brushless DC notor including steps of
detecting a rotation speed and a rotor position of a brushless DC notor
driven 5 by a voltage-fed inverter, and setting in response to the
detected rotation speed such a switching command to the vol tage-fed

i nverter that a phase of an inverter output voltage relative to a phase
of a notor counter- electronDtive'V&ﬂtége Is set to a specified phase,
the 10 nmet hod bei ng characterized by further conprising steps of:
detecting an input current of the voltage-fed inverter, and setting such a
switching conmand to the voltage-fed inverter that the phase of the

i nverter out pH{lrif'QhTtagi)‘sé el ﬂxti;'x/\\é.ﬁ\itz%dt he,pbRse e t h@tggh?Lstate voltage

counter-el ectronotive tage is set to a phase at which not

efficiency cogrp1genqeabkythe doReale-EB4r ¢aPEPEErt €1kBA det aChadimamat i on
speed and the detected input currenf. Also, a brushless DC notor systemfor

enbodyi ng this control wakhodapeyp-iacserabeat ecaigaaveabsgbs’ 2Qould be
detecting an input current of a voltage-fed inverter, and an inverter

control neansiheobleetit isigidagiiya isnibeth ngasesmandbrashlesgoldiagretets in
i nverter that a phase of an
5 which a permanent magnet is disposed inside the rotor
(buried-magnet motors), and brushless DC motors in which a
permanent mnagnet is disposed on the surface of the rotor
(surface-magnet motors).

DISCLOSURE OF INVENTION

10 The present invention has been achieved in view
of the aforementioned problems. A first object of the
present invention 1is, therefore, in a brushless DC motor
system in which the brushless DC motor is controlled by
controlling the voltage waveform only with a voltage-fed

15 inverter in response to a position signal, to attain high-
efficiency operation regardless of load variations and to
implement an extended range of operation and high-
efficiency operation without additionally providing any
special device, and yet to reduce the current capacity of

20 switching devices or the like of the voltage-fed inverter.

A further object of the present invention is to
provide a DC motor system and an AC motor system which can
be operated at peak efficiency while each motor can be

prevented from stepping out.



I nverter output voltage relative to a phase of the notor
counter-electronotive voltage is set to a phase at which 25 not or

éf ficiency comes generally to a peak, in response to - 13 - the detected
rotation speed of the brushless DC notor and the detected input current.
Wth this arrangenent, since the phase of the inverter output voltage is
set by taking into account not 5 only the rotation speed of the

brushl ess DC notor but also the |load condition, the brushless DC notor
system can be operated at high efficiency regardless of rotation speed and
| oad condition. In nore detail, sincelfh& vol tage-fed inverter is high
in conversion efficiency and yet the 10 househol d el ectri cal
appliance to which the conventional nethod (ii) is applied is set to a

| arge power factor, the effective output of the brushless DC notor can be

estimated based on the {npul-qgyr toOhiive %ggtggﬁﬂégggipggrg%ﬁect the

;
Therefore, by setting such a sw tching conmand t vol't agé-f ed

inverter thatplbSeRbasenPéntiéni VST LiePUIPUInMANIRICEDS SESntio Pl PHGS s at
whi ch notor efficiency conmes generally to a peak in response to the input

current of theryshiéege- hedmohtwer tigicludigdr £56f DEeffebeingy o erotaiide
operated at high efficiency regardl ess of |oad condition. 20

Furthernore, speédshadt anamtorxupoeitioet ett o hrusielpss edC aato¥ord@diesn
because there is no need of performng current control in response to an
i nst ant$ineousbguar emltage-fed inverter, and setting in response to the
detected rotation speed such a switching command to the
ﬁoltage—fed inverter that a phase of an inverter output
voltage relative to a phase of a motor counter-
electromotive voltage is set to a specified phase, the
10 - method being characterized by further comprising steps of:
detecting an input current of the voltage-fed inverter, and
setting such a switching command to the voltage-fed
inverter that the phase of the inverter output voltage
relative to the phase of the motor counter-electromotive
15 voltage is set to a phase at which motor efficiency comes
generally to a peak, 1in response to the detected rotation

speed and the detected input current.
Also, a brushless DC motor system for embodying
this control method comprises a detection means for
20 detecting an input current of a voltage-fed inverter, and
an inverter control means for setting such a switching
command to the voltage-fed inverter that a phase of an
inverter output voltage relative to a phase of the motor

counter-electromotive voltage is set to a phase at which

25 motor efficiency comes generally to a peak, in response to



device therefor is required, either. Accordingly, increase in cost can be
suppressed consi derably. - 14 - In a brushless DC notor system accordi ng
to one ‘enbodi ment, the inverter control neans further conprises a phase
hol di ng means for holding a phase at which a peak notor efficiency can be
obtained with the rotation speed 5 and the input current, the phase
havi ng been obt ai ned by previously performning actual nmeasurenents, and the
inverter control mnmeans sets a switching conmand to the voltage-fed inverter
by readi ng a correspondi ng phase fromthe phase hol ding neans as the phase
at which motor efficiency comes 10 ~ l3eferally to a peak, in response to
the detected rotation speed and the detected input current. |In another
enbodi ment, the inverter control means further conprises a val ue hol ding
means for hol ding values that prescribe a variation characteristic of a

phase at 15 che WLED-RoRORKIRYOL ClIdcl YN S DS MLl cthe g

rotation spee e T hpu e Vval ues having been o ne

previously p r {4 ts, and a |inear approximtion nmeans
YL B OLAH gﬁapdﬁawse {éaﬁs e'. 4

for linearly approximtin on a value held in the val ue

hol di ng means, 20 atd henliavestBangenbhe! "BBlse I ¢4¢S Bnagk! 6§PORY|Y
val ue fromthe val ue holding neans in résponse to a detected rotation speed

and a det ect ethydytdyr Contpit, vehtayas ia phaseniyhrakdheg 1hteahccount not
approximation with the |inear
5 only the rotation speed of the brushless DC motor but also
the load condition, the brushless DC motor system can be
operated at high efficiency regardless of rotation speed
and load condition. In more detail, since the voltage-fed
inverter 1is high 1in conversion efficiency and yet the
10 household electrical appliance to which the conventional
method (ii) is applied is set to a large power factor, the
effective output of the brushless DC motor can be estimated
based on the input current of the voltage-fed inverter.
Therefore, by setting such a switching command to the
15 voltage-fed inverter that the phase of the inverter output
voltage is set to a phase at which motor efficiency comes
generally to a peak in response to the input current of the
voltage-fed ihverter, the brushless DC motor system can be
operated at high efficiency regardless of load condition.
20 Furthermore, no instantaneous current detector is required,
and moreover, because there is no need of performing
current control in response to an instantaneous current, no
device therefor is regquired, either. Accordingly, increase

in cost can be suppressed considerably.



approxi mati on neans, and sets a swtching command to the 25 vol t age-fed
inverter with the obtai ned phase taken as the - 15 - phase at which the
fotor efficiency cones to a peak. Accordingly, the nunber of phases that
need to be previously obtained through actual neasurenents can be reduced.
5 In a control nethod according to one enbodi nent, the phase
at which notor efficiency cones generally to a peak | eads, by a specified
val ue, a phase at which the brushless DC notor is driven at peak
efficiency. In a control systemfor enbodying this nmethod, the inverter
10 control neans further conpriseés phase correction neans for setting
a switching command to the voltage-fed inverter by advancing by a specified
val ue the phase at which the notor efficiency conmes ta a peak. Wth this
arrangenent, the upper limt of output 15 can be enhanced whil e al nost

no deterioration in ef fhgicgn(};gds%ﬂégy?%ﬁ‘!fﬂgtor Fs‘{fs'tége%{ ”&’éc?ordm%f t?f}gél}?é €,

even if the brushless not or nay s ue to sl ow response

current deteci{9haihast, VehbatinRR e Qatht@ad hoerPabiikth¥rOfcomprises a
appropriately controlling the phase, the brushless DC 20 not or can be

mede to contipuess! holny LioMs Strall ML diuR ta thied@PaE ldHidn val Yseat

out put enhanced as descri bed above. That is, the notor reliability can be

enhanced wi t hmébeér eldffifdicdemyyk egdn abeodbtiital ewiehatidtk rotation speed

5 and the input current, the phase having been obtained by

previously performing actual measurements, and the inverter

control means sets a switching command to the voltage-fed

inverter by reading a corresponding phase from the phase

holding means as the phase at which motor efficiency comes

10 generally to a peak, in response to the detected rotation
speed and the detected input current.

-In another embodiment, the inverter control means
further comprises a value holding means for holding values
that prescribe a variation characteristic of a phase at

15 which a peak motor efficiency can be obtained with the
rotation speed and the input curfent, the values having
been obtained by previously performing actual measurements,
and a linear approximation means for linearly approximating
a phase based on a value held in the value holding means,

20 and the inverter control means reads a corresponding value
from the wvalue holding means in response to a detected
rotation speed and a detected input current, obtains a
phase through a 1linear approximation with the 1linear
approximation means, and sets a switching command to the

25 voltage-fed inverter with the obtained phase taken as the



Al so, the present invention provides a nethod for 25 controlling a

brushless DC motor including steps of 16 - detecting
Speed and a rotor position of a brushless DC notor driven by

a rotation
a voltage-fed

i nverter, and setting in response to the detected rotation speed such a

switching command to the voltage-fed inverter that a phase 5
Irnverter output voltage relative to a phase of a notor
counter-el ectronotive voltage is set to a specified phase, t

of an

he met hod bei ng

characterized by further conprising stﬁgs of : setting an output voltage

anpl i tude of the voltage-fed inverter

a specified anplitude that is 10

determ ned based on the detected rotation speed, and setting in
response to a difference between a rotation speed command to the brushl ess
DC nmotor and the detected rotation speed such a switching command to the

vol tage-fed igysrterad hafn e RBASE Hbtlat | Kerk@1bhgyMEGheEOURLEr 5

k‘
el ectronotive voltage is set to a specitied phase and that a tern1n§?%a
vol tage condugtborayhgip, of the valdge-fef | puaskar ithaxet hlehier itb | Noe

el ectri cal

not or syst empfetvheuplesesbtaivedt i €Hrdash

angle.- In order to enbody this control nethod, a brushless DC

anncfhal nebAItEfecEst reédn MEHES

for setting a switching conmand to the voltage-fed inverter in the way as

descri bed abowedudéérefore, according to the present invention, there is no

need of margins for output voltage anplitude

5

10

15

20

25

In a control method according to one embodiment,
the phase at which motor efficiency comes generally to a
peak 1leads, by a specified value, a phase at which the
brushless DC motor is driven at peak efficiency. In a
control system for embodying this method, the inverter
control means further comprises a phase correction means
for setting a switching command to the voltage-fed inverter
by advancing by a specified value the phase at which the
motor efficiency comes to a peak.

With this arrangement, the upper limit of output
can be enhanced while almost no deterioration in efficiency
is involved. . Furthermore, for example, even if the
brushless DC motor may stall due to slow response of input
current detection, fast variation in load, and incapability
of appropriately controlling the phase, the brushless DC
motor can be made to continuously run without stalling due
to the upper 1limit value of output enhanced as described
above. That is, the motor reliability can be enhanced with
the efficiency kept almost no deteriorated.

Also, the present invention provides a method for

controlling a brushless DC motor including steps of



adj ustment, such as in a case where the rotation speed is 25 controlled
by adjusting the output voltage anplitude of the - 17 - voltage-fed
invertér, so that the notor can be operated over a wi der range by
controlling the rotation speed with the output voltage anplitude of the
voltage-fed inverter fixed to a maxinum Al so, since the notor
current 5 anplitude can be reduced by reducing the output torque, the
notor efficiency can be inproved to a large extent at |ight | oads.

Further, since the notor current anplitude can be reduced, sw tching
devices or the like of the voltage-féd1§nVerter can be reduced in current
capacity. Furt hernore, 10 since the conduction wdth of the
voltage-fed inverter is [err] in electrical angle, the out-of-control
period can be reduced to [err] in electrical angle. As a result, the notor

term nal vol be i t}grtg@ggg,n tgﬁgg_ggt ahbe thlo%%&_an s PPESAL &k Over

a w der range. reover, base fact at t'he notor term na

vol tages can g, dHIdRASEE. MRRBENeRT YyNCA C3RA talyd e CHYELBEY (AR
suppressed to small, so that the efficiency of the brushless DC notor can

be enhanced Inetstiy essi pespbasendLaste i Aekotted! eetRt il $PeddesiBhora
wi ndi ngs, that the current can be passed in a 20 desired direction over

a range of [e&witcHire) ecorimared BogkReofvdltageerfmnelrivemignet thatnheghaisd he
rotor of the brushless DC notor, and further that the ratio of use of
magnet i f| woktarnbeisugpressedtbudm volbagag relattivss the a phase of a
motor counter-electromotive voltage 'is set to a specified
phase, the method being characterized by further comprising
steps of: setting an output voltage amplitude of the
voltage-fed inverter to a specified amplitude that is
10 determined based on the detected rotation speed, and
setting in response to a difference between a rotation
speed command to the brushless DC motor and the detected
rotation speed such a switching command to the voltage-fed
inverter that the phase relative to the motor counter-
15 electromotive voltage is set to a specified phase and that
a terminal voltage conduction width of the voltage-fed
inverter is set to 180° in electrical angle.
In order to embody this control method, a
.brushless DC motor system of the present invention has an
20 inverter control means for setting a switching command to
the voltage-fed inverter in the way as described above.
Therefore, according to the present invention,
there is no need of margins for output wvoltage amplitude
adjustment, such as in a case.where the rotation speed is

25 controlled by adjusting the output voltage amplitude of the



efficiency of the brushless DC notor can be enhanced. - 18 - In one
enbodi ment, ;the rotor of the brushless DC notor is a rotor having a
bermanent nmagnet disposed inside. In this case, not only a torque due to
the magnet but also a torque due to the reluctance are generated, so that
the 5 generated torque on the whole can be increased w thout
increasing the notor current. Also, the inductance of the notor w ndings
can be increased (i.e., the magnetic-flux weakening effect can be

i ncreased) as conpared with the surface-mgnet notors, the notor can be
operated with 10 hi gher speeds tha 7 the surface- magnet notors.
Further, based on the increased inductance of the notor w ndings, current
ripples due to inverter |ower-order harnonic- conponents can be reduced, so
that torque ripples can also be reduced. 15 According to

one embodi MRRY)tade-FERE N9Hvel@erCONid OthiaRy Endr URAIRSSchiy MBY OlbpeRiEdS €S
steps of obtaining a first neutral-point voltage by connecting reSistors,

whi ch are corfeat ed @tidepe rede 9sPEEHLY¥ELYingO0 tht Eitdteidh N8peedf with
i ndi vi dual phases of the voltage-fed 20 inverter, to one another at

the other endhe obugpuatnordl teapondmpetitude- pof Ntheol velitady- fed ndelietter
stator w ndings of individual phases of the brushless DC notor to one
anot her at orfdwwsdl, tand aletretimgna naghkso - psivcpostheonmotorhe cuatrentof
t he brushl ess DC notor based on a
5 amplitude can be reduced by reducing the output torque, the
motor efficiency can be improved to a large extent at light
loads. Further, since the motor current amplitude can be
reduced, switching devices or the like of the voltage-fed
inverter can be reduced in current capacity. Furthermore,
10 since the conduction width of the voltage-fed inverter is
180° in electrical angle, the out-of-control period can be
reduced to 0° in electrical angle. As a result, the motor
terminal.voltages can be increased, so that the motor can
be operated over a wider range. Moreover, based on the
15 fact that the motor terminal voltages can be increased, the
amount of increase in motor current can be suppressed to
small, so that the efficiency of the brushless DC motor can
be enhanced by suppressing the increase in joule losses due
to the motor windings, that the current can be passed in a
20 desired direction over a range of 180° in electrical angle
of the permanent magnet mounted on the rotor of the
brushless DC motor, and further that the ratio of use of

magnetic flux can be suppressed from lowering. Thus, the

efficiency of the brushless DC motor can be enhanced.



- 19 - difference between the first neutral -point voltage and the second
neutral - point voltage. A brushless DC notor system for enbodying this

et hod further conprises resistors which are connected to 5 at one end,
respectively, to output term nals of individual phases of the voltage-fed
inverter and connected at the other end to one another, a

di fference-vol tage output neans for receiving, as inputs, a first
neutral - poi nt voltage obtained at the other ends of the resistors, and a
second 10 neutral -point voltage obtained at one end of stator

wi ndi ngs of individual phases of the bA®shl ess DC notor at which the stator
w ndi ngs are connected to one another, and for delivering, as an output, a
di fference voltage between the two neutral -point voltages, and a
rotor-position sensor 1 means for detecting a magnetic-pole position

5
of the rotor of the br utslﬂl o5 %ﬂggﬁ{ﬁr&as%%mr&@gfd%%f ‘?:'hpe”‘i@ruvﬁht%%?'bc

Wth this arrangenent, e nagnetic-pole‘position o e rotor can

detected reg s;f 4r ) ( tq; C
apdt 68 i8fa %%Up&aw%%dgn?%tmnér&r gd&s aldslér:]é;% 1h&lde.

wi dt h, and current 2 anpl i t ude, w t hout™ provi y speci al

sensor for defgCthRe ATBGHHY ignBpl£ #os4ké 08ulf thheneoigntafut he1so
brushl ess DC notor system according to any one of the aforenentioned

embodi ments i g adepiued dife atdr the FRUIRLANtea et e§éhétatedppPbanafat tige

not or can be 25 operated over an expanded operational- range

W t houts generated torgque on the whole can be increased without
increasing the motor current. Also, the inductance of the
motor windings can be increased (i.e., the magnetic-flux
weakening effect can be increased) as compared with the
surface-magnet motors, the motor can be operated with

10 higher speeds than the surface-magnet motors. Further,
based on the increased inductance of the motor windings,
current ripples due to inverter lower-order harmonic-
components can be reduced, so that torque ripples can also
be reduced.

15 According to one embodiment, a method for
controlling a brushless DC motor comprises steps of
obtaining a first neutral-point voltage by connecting
resistors, which are connected at one end, respectively, to
output terminals of individual phases of the voltage-fed

20 inverter, to one another at the other end, obtaining a
second neutral-point voltage by connecting stator windings
of individual phases of the brushless DC motor to one
another at one end, and detecting a magnetic-pole position

of the rotor of the brushless DC motor based on a



- 20 - involving increase in size of the drive source due to the expansion
of the operational range of the brushless DC notor as a drive source.

Mor eover, the power consunption can be reduced because of the enhanced
eff|C|ency of the 5 brushl ess DC notor as a drive source. Further, the
present invention provides a notor systemincluding a rotor, a stator
havi ng armature coils, an inverter for switching a voltage pattern to be
applied to the armature coils, the notor system being characterized 10

by further conprising a control neans for controlling an output of the

I nverter so that a specified eff|C|enc§ (desirably, peak efficiency) is
obt ai ned, based on a neutral -point voltage of the arnmature coils. Wth this
arrangenent, for exanple, there is a 15 correlation between the
neutral -point voltage of the armature coils and the notor efficiency. .

That is, if tdiee FBLOLCE OBBPyLGN A LABCG A RLILA PISY MEICOOL BEgBC U ehe

poi nt voltage Is at a speC| l'evel | f the notor f|C|en y cones to a

peak when thegfeshd aheRora1- ﬂ@iﬁ@g@o;gga e. IS at a mnimm then the
control neans operates the notor at a deS|red efficiency by performng

phase control or voltage ¢eRishQlesel BO @t ofstlR iFvter bRbolFSAE Ohis
neutral -point voltage of the armature coils. Therefore, the notor can be

operated at afefhod fusthekr atomprefddsci paSystdys ebriichol dt@gconhectedt ptd
° thes at one end, respectively, to output terminals of individual
phases of the voltage-fed inverter and connected at the
other end to one another, a difference-voltage output means
for receiving, as inputs, a first neutral-point voltage
obtained at the other ends of the resistors, and a second
10 neutral-point voltage obtained at one end of stator
windings of individual phases of the brushless DC motor at
which the stator windings are connected to one another, and
for delivering, as an output, a difference voltage between
the two neutral-point voltages, and a rotor-position sensor
15 means for detecting a magnetic-pole position of the rotor
of the brushless DC motor based on the difference voltage.
With this arrangement, the magnetic-pole position
of the rotor can be detected regardless of rotation speed
{except for at rest), conduction width, and current
20 amplitude, and yet without providing any special sensor for
detecting thé magnetic-pole position of the rotor.
When the brushless DC motor system according to
any one of the aforementioned embodiments is adopted as a

drive source in an electrical appliance, the motor can be

25 operated over an expanded operational range without



- 21 - inverter based on the neutral-point voltage with the use of the
characteristic of the neutral-point voltage of the armature coils with
tespect to the motor efficiency. Al so, when the notor steps out with the

| evel of the neutral- 5 poi nt voltage of the armature coils |less than a
certain value, the notor can be prevented from stepping out by controlling
the output of the inverter so that the |level of the neutral-point voltage
will not become |less than a certain value. 10 In one

enbodi nment , the armature <coils are connected in a three-phase star
configuration and conprise a resi sTof® ~circuit connect ed I n

t hr ee- phase star configuration in parallel to the armature coils and a
rotor-position sensor neans for detecting a relative rotor 15 position
between the rotor and the stator, and thereby outputting a position

signal. | The Gant il reans, coNRr Laes. g d evel elechslion MRas.d Qgugdeehdivig, a

rel ati onshi p "how a age er énce signal representing a

vol tage differ t ntchrﬁ WeRn LHE NGHLLAL s fol nt _r‘%ﬁcngt%]eo%r B U7 Al Fefd DC

and a neutral the resistor circuit is related to a target val ue

(desirably, gd@9ehsval if-Ble WbeHcd. PeMoreidviet, eNte | BoRBi- iR umpAidb R

phase correction nmeans for adjusting a time interval fromthe position
signal to a Md cBengeduddie votdwge pEt teid sAhhhabat herdivieingf bhe 2l

vol tage difference signal becones the target val ue, based
5 brushless DC motor as a drive source.

Further, the present invention provides a motor
system including a rotor, a stator having armature coils,
an inverter for switching a voltage pattern to be applied
to the armature coils, the motor system being characterized

10 by further comprising a control means for controlling an
output of the inverter so that a specified efficiency
(desirably; peak efficiency) 1is obtained, based on a
neutral-point voltage of the armature coils. ) .- s

With this arrangement, for example, there is a

15 correlation between the neutral-point voltage of the
armature coils and the motor efficiency. That is, if the
motor comes to a specified efficiency when the neutral-
point voltage is at a specified level or if the motor
efficiency comes to a peak when the neutral-point voltage

20 is at a miﬁimum, then the control means operates the motor
at a desired efficiency by performing phase control or
voltage control of an output of the inverter based on a
neutral-point voltage of the armature coils.

Therefore, the motor can be operated at an

25 arbitrary efficiency by controlling the output of the



- 22 - on a decision result of the |evel decision neans. The inverter

swi tches over the voltage pattern to be applied to the armature coils,
tased on a signal representing the phase-corrected voltage pattern deri ved
fromthe phase 5 correction nmeans. Therefore, the notor can be operated
at an arbitrary efficiency by setting the target value with which the |evel
of the vol tage difference signal is decided, to a level at which a desired
efficiency is obtained. Al so, the 10 not or can be prevented from
stepping out, based on the ground that the phase of voltage pattern is not
adjusted to the step-out area patterm &1 the phase |ag side of the peak
efficiency point when the notor is operated at a desired efficiency with
the voltage pattern gradually adjusted from 15 | eadi ng to | aggi ng
phase. According to another enbodi nent, the control neans conprises a |eve

deci si on ”?angn?gﬁstggc dag 3 Al | %tage gt '\Pé’ﬂaqg ﬁ”&ﬁ&ré‘ e of

si gnal derive ron1|n egrating a vo erence Sl representing a

20 vol tag%hed'{:flngEffSr%Qt@%&e% e RRWEAL -RAIME vofitadfee drmeiHEe

coils and a neutral point o e resistor circuit i's related to a target
val ue (desiraBkypatérbacddisValits Hespicth td RARK RIdL| EFEYCidnOP! ai AHD,

and a phase correction neans for adjusting a tine interval from he 25

position si gnghehO theWnbeBiNGtdpd heutohijage PBEt QldVed0 of the neutral-

5 point wvoltage of the armature coils 1less than a certain

value, the motor can be prevented from stepping out by

controlling the output of the inverter so that the level of

the neutral-point voltage will not become 1less than a
certain value.

10 ‘In one embodiment, the armature coils are

connected in a three-phase star configuration and comprise

a resistor circuit connected in three-phase star

configuration in parallel to the armature coils and a

rotor-position sensor means for detecting a relative rotor

15 position between the rotor and the stator, and thereby

outputting a position signal. The control means comprises

a level decision means for deciding a relationship how a

level of a voltage difference signal representing a voltage

difference between the neutral point of the armature coils

20 and a neutral point of the resistor circuit is related to a

target value (desirably, a target value at which a peak

efficiency is obtained), and a phase correction means for

adjusting a  time interval from the position signal to a

switching of the voltage pattern so that the level of the

25 voltage difference signal becomes the target value, based



- 23 - that the level of the integral signal becones the target val ue,

based gn a decision result of the level decision neans. The inverter
swi tches over the voltage pattern to be applied to the armature coils based
on a signal 5 representing the phase-corrected voltage pattern

derived fromthe phase correction neans. Therefore, the notor can be
operated at an arbitrary efficiency by setting the target value with which
the level of the integral signal is decided, to a |evel at 10 whi ch a
desired efficiency is obtained. Al so, .the notor can be operated at a
specified efficiency nore easily than 22 s by deciding the level of a

vol tage difference signal, if the level of the integral signal with the
desired efficiency is generally constant even with varying running 15
frequency, on the ground that the integral signal is obtained by

i ntegrating asyold agg-diibgr Bt 003 U hhQler tHECTRIBh GRS  The

prevented from stepping out, based on the ground that the phase of voltage

pattern i s noin¢didetedutechbBs SV8P- @He FoARaBal HRtReH e vhagshl fen 2o
side of the peak efficiency point when "the notor 1is operated at a

desired effictracyamhdturtde cedlllsageppablieron graadedlyng 1adieptedeht Onyl egge ng
to | aggi ng phase. In a notor system according to one enbodi nent, the
armat ure coi | shase-connected ivohtadieecepptibsenst@derPved framfitue atploasand
conprise a resistor circuit connected in
5 correction means.
Therefore, the motor c¢an be operated at an
arbitrary efficiency by setting the target value with which
the level of the voltage difference signal is decided, to a
level at which a desired éfficiency is obtained. Also, the
10 motor can be prevented from stepping out, based on the
ground that the phase of voltage pattern is not adjusted to
the step-out area pattern on the phase lag side of the peak
efficiency point when the motor is operated at a desired
efficiency with the voltage pattern gradually adjusted from
15 leading to lagging phase.
According to another embodiment, the control
‘means comprises a level decision means for deciding a
relationship how a level of an integral signal derived from
integrating a voltage difference signal representing a
20 voltage difference between the neutral point of the
armature coils and a neutral point of the resistor circuit
is related to a target value (desirably, a target value at
which a peak efficiency is obtained), and a phase
correction means for adjusting a time interval from the

25 position signal to a switching of the voltage pattern so



- 24 - a three-phase star configuration in parallel to the armature coils,
and the control neans conprises a |evel decision nmeans for deciding a
telationship how a | evel of a voltage difference signal representing a
voltage difference 5 bet ween the neutral point of the armature coils
and a neutral point of the resistor circuit is related to a target val ue
{desirably, a target value at which a peak efficiency is obtained), and a
vol tage correction neans for correcting an output voltage of the inverter
so that the 10 | evel of the voltage_difference signal becones the
target val ue, based on a decision resuft of the level decision neans.
Therefore, the notor can be operated at an arbitrary efficiency by setting
the target value with which 15 the |l evel of the voltage difference
signal is decided, to a level at which a desired efficiency is obtained.

A SO, e DAL, £a0nBe JULRYCILET Lo ol SR N0 Olha1DIRRM MU { BReTTAL

that the out age 1s not adjus p- out area on a s
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when the notor 1s operated at a desired eff|C|ency by a&justlng t he out put

vol tage of thgdnert @heSAdiaitdd HRLOEESs Jbvdraldne Wahesgd r pateeyal ttrpe
| ower than the output voltage at the peak efficiency point. In one

enbodi ment, the cFPIdd MEEdS €QEPrasRstardS coilkevBhsdaci snon amediyHaAr
deciding a rel ationship how a
5 representing the ' phase-corrected voltage pattern derived
from the phase correction means.

Therefore, the motor can be operated at an
arbitrary efficiency by setting the target value with which
the level of the integral signal is decided, to a level at

10 which a desired efficiency is obtained. Also, the motor
can be operated at a specified efficiency more easily than
it is by deciding the level of a voltage difference signal,
if the 1level of the integral signal with the desired
efficiency is generally constant even with varying running

15 frequency, on the ground that the integral signal is
obtained by integfating a voltage difference signal.
Further, the motor can be prevented from stepping out,
based on the ground that the phase of voltage pattern.is
not adjusted to the step-out area pattern on the phase lag

20 side of the peak efficiency point when the motor is
operated at a desired efficiency with the voltage pattern
gradually adjusted from leading to lagging phase.

In a motor system according to one embodiment,
the armature coils are connected in a three-phase star

25 configuration and comprise a resistor circuit connected in



- 25 - level of an integral signal derived fromintegrating a voltage
difference signal representing a voltage difference between the neutral
point of the armature coils and a neutral point of the resistor circuit is
related to a 5 target value (desirably, a target value at which a
peak efficiency is obtained), and a voltage correction neans for correcting
an output voltage of the inverter so that the |evel of the integral signal
beconmes the target value., based on a decision result of the |evel decision
means. 10 Wth this arrangenent, the notor can be operated at
an arbitrary efficiency by setting tﬁéztafget value with which the | evel of
the integral signal is decided, to a level at which a desired efficiency is
obt ai ned. Al so, since the integral signal 1is obtained by integrating

a 15 voltage difference signal, the notor can be operated at a

speci {1 ed ef 401 RReLTAFR oA Idont Nao b 701 dhnophahavel @f ok

vol tage difference sig when the Teve e integr signal at the

desired effichpReyupPecums enahal | #h&ORYrAHo18VRBaNk RS ik I BN 8Fe1
frequency. 20 Further, the notor can be prevented from stepping out,

based on the gegisdohhabahbe ront Qebivahbaae rel atdlonadips A (0 1&g Btep-out
area on a side where the output voltage is higher than the peak efficiency

poi nt when t heobbage diffipeeatedsdgnaldesipredesitiing encyoacps] dbf fagehde
out put 25 voltage of the inverter so that it beconmes gradually higher

5 between the neutral point of the armature coils and a
neutral point of the resistor circuit is related to a
target wvalue (desirably, a target value at which a peak
efficiency is obtained), and a voltage correction means for
correcting an output voltage of the inverter so that the

10 level of the voltage difference signal becomes the target
value, based on a decision result of the 1level decision
means.

Therefore, the motor can .be operated at an
arbitrary efficiency by setting the target value with which

15 the level of the voltage difference signal is decided, to a
level at which a desired efficiency is obtained. Also, the
motor can be prevented from stepping out, based on the
ground that the output voltage is not adjusted to the step-
out area on a side where the output voltage is higher than

20 the peak efficiency point when the motor is operated at a
desired efficiency by adjusting the output voltage of the
inverter so that it becomes gradually higher from a voltage
lower than the output voltage at the peak efficiency point.

In one embodiment, the control means comprises a

25 level decision means for deciding a relationship how a



- 26 - froma voltage | ower than the output voltage at the peak efficiency
point. Still further, the present invention provides a notor system
cénprising a rotor having a magnet with a 5 plurality of poles, a
stator having armature coils connected in a three-phase star
configuration, a resistor circuit connected in a three-phase star
configuration in parallel to the armature coils, a rotational-position
sensor neans for detecting a voltage difference signal 10 representing
a voltage difference between a neutral goint of the armature coils and a
neutral point of the resistor circuit; d8t&cting a relative rotational
position between the rotor and the stator based on the voltage difference
signal, and thereby outputting a position signal, and an 15 i nverter
for switching over a voltage pattern to be applied to the arnmature coils
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not or system berng characterize
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rotational -position® sensor neans an |nte
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integration means, deciding a relationship how a I evel of the integra

signal is rel at@dtmla;io’oirrg.et otal tige (dasd Y. AriceMed QE the14BLRITRS %P
signal at which a peak efficiency is obtained); and a phase

5 target value (desirably, a target value at which a peak
efficiency is obtained), and a voltage correction means for
correcting an output voltage of the inverter so that the
level of the integral signal becomes the target value,

based on a decision result of thehlgvel decision means.
10 With this arrangement, the motor can be operated
at an arbitrary efficiency by setting the target value with
which the level of the integral signal is decided, to a
level at which a desired efficiency is obtained. Also,
since the integral signal is obtained by integrating a
15 voltage difference signal, the motor can be operated at a
specified efficiency more easily than it is by deciding the
level of the voltage difference signal, when the level of
the integral signal at the desired efficiency becomes
generally constant even with varying running frequency.
20 Further, the motor can be prevented from stepping out,
based on the ground that the output voltage is not adjusted
to the step-out area on a side where the output voltage is
higher than the peak efficiency point when the motor is
operated at a desired efficiency by 'adjusting the output

25 voltage of the inverter so that it becomes gradually higher



- 27 - correction nmeans for adjusting a tinme interval fromthe position
signal ,to a switching of the voltage pattern so that the | evel of the
integral signal derived fromthe integration neans becones the target

val ue, based on a 5 decision result of the |evel decision neans. In
.this notor system the inverter switches over the voltage pattern to be
-applied to the armature coils based on a signal” representing the
phase-corrected voltage pattern derived from the phase correction
means. 10 Therefore, the notor can be operated at an arbitrary
efficiency by setting the target valu#®ith which the level of the integra
signal is decided, to a level at which a desired efficiency is obtained.

Al so, the notor can be prevented from stepping out, based on the ground
that the 15 phase of the voltage pattern-is not adjusted to the step-

out area pat n S ' o h f{clency,.pqi,nt whe
t he nntorpiskgéﬁra é%gg%ggédggkggdqggﬁ}c%%%c%u%ﬁﬁﬁ ﬁ%%ié% aég gﬁF?ePﬁaE
gradual | y adgfgggge£&9n?bgﬁg[ng to | aggi ng phase. 20 ~Yet
further, the present nvention provides a notor system conprising a

rotor having a magnet wtihja firthald tythef priR@ledt jRveRtHOAT pAMIAYE a

armature coils connected in a three-phase star configuration, a resistor

circuit connmetef isystdmreemphdsdnst as uHdgURAViaE | 8 Amgnet Pafidhl ek
to the armature coils, and an inverter for

5 plurality of ©poles, a stator having armature coils

connected in a three-phase star configuration, a resistor

circuit connected in a three-phase star configuration in

parallel to the armature coils, a rotational-position

sensor means for detecting a voltage difference signal

10 representing a voltage difference between a neutral point

of the armature coils and a neutral point of the resistor

circuit, detecting a relative rotational position between

the rotor and the stator based on the voltage difference

signal, and thereby outputting a position signal, and an

15 inverter for switching over a voltage pattern to be applied

to the armature coils based on the position signal of the

rotational-position sensor means, the motor system being

characterized by further comprising: an integration means

for integrating the voltage difference signal detected by

20 the rotaticnal-position sensor means and outputting an

integral signal; a level decision means for, upon receiving

the integral signal from the integration means, dediding a

relationship how a level of the integral signal is related

to a target value (desirably, a 1level of the integral

25 signal at which a peak efficiency is obtained); and a phase



- 28 - outputting a voltage to be applied to the armature coils, the notor
system heing.characterized by further conprising: an integration neans for
ihtegrating a voltage difference signal representing a voltage difference
bet ween a neutral 5 point of the armature coils and a neutral point of
the resistor circuit and outputting an integral signal; a |level decision
means for, upon receiving the integral signal fromthe integration neans,
deciding a relationship how a |l evel of the integral signal is related to a
target value 10 (desirably, a level of the integral signal at which a
peak efficiency is obtained), and a vol £ ge correction neans for correcting
an output voltage of the inverter so that the |evel of the integral signal
derived fromthe integration neans becones the target value, based on a
decision result 15 of the |l evel decision neans. Wth this arrangenent,

the notor can BgrpRELabRI fdard) 26Ri l4@Ws€ihd ClalNEYMBY SRidril t e okl 8Ré
value with which the level of the integral signal is decided, to a |l evel at

which a desiregogiitiehertynal 0bbaanasyitisihg t Be 2he volPa§é ATHMn so

prevented from stepping out, based on the ground that the output voltage is

not adj usted tthhbe Heplewell asfLa the aistdgrafiereidhel odguriived| taom | She

hi gher than the peak efficiency point when the notor is operated at a

desired effici éntggbatadpusheangs t hecmteazut thel tbgpeget tvelue, based on a
5 decision result of the level decision means.

In this motor system, the inverter switches over
the voltage pattern to be applied to the armature coils
based on a signal representing the phase-corrected voltage
pattern derived from the  phase correction means.

10 Therefore, the motor can be operated at an arbitrary
efficiency by setting the térget value with which the level
of the integral signal is decided, to a level at which a
desired efficiency is obtained. Also, the motor can be
prevented from stepping out, based on the ground that the

15 phase of the voltage pattern is not adjusted to the step-
out area pattern on the phase lag side of the peak
efficiency point when the motor is operated at a desired
efficiency with the voltage pattern gradually adjusted from
leading to lagging phase.

20 Yet further, the present invention provides a
motor system comprising a rotor having a magnet with a
plurality of ©poles, a stator having armature coils
connected in a three-phase star configuration, a resistor

circuit connected in a three-phase star configuration in

25 parallel to the armature coils, and an inverter for



- 29 - inverter so that it becomes gradually higher froma vol tage | ower
than the output voltage at the peak efficiency point. \Wen the target val ue
of the Ievel decision neans is set to a level of the integral signal at

whi ch a peak 5 efficiency is obtained, the phase correction neans

adj usts the output of the inverter so that the level of the integral signal
derived fromthe integration neans becones the target value, or that the
notor is operated at peak efficiency. Therefore, the notor can be
operated at peak 10 efficiency. Stil],further, the present invention
provi des a notor system conprising a rotor having a magnet with a plurality
of poles, a stator having armature coils connected in a three-phase star
configuration, a resistor 15 circuit connected in a three-phase star
configuration in parallel to the armature coils, a rotational-position

sensor neans fQLtHkeGhigNt avyPtigaetdi fder i &d 088! theprasetthifg doils,
vol tage differencé between a neutral point of the armature coils and a

neutral point ehet kRtRSisSister’being WHatHdtexliiaTtbngfarteéat c¥Rprising:
rotational position between the rotor and the stator based on the voltage
di fference sigaal ,irsrscatin t hegna [fesi timregraginbly andraitdgwediffefrence
swi tching over a voltage pattern to be applied to the armature coils, the
nmot or syst em beiiggadhareqotesEntddichya 2gcltageudiii§ereporptiedivepn sa heusral
decision neans for, upon .

5 peint of the armature coils and a neutral point of the
resistor circuit and outputting an integral signal; a level
decision means for, upon receiving the integral signal from
the integration means, deciding a relationship how a level
of the integral signal 1is related to a target value

10 (desirably, a level of the integral signal at which a peak
efficiency is obtained), and a voltage correction means for
correcting an output voltage of the inverter so that the
level of the integral signal derived from the integration
means becomes the target value, based on a decision result

15 of the level decision means.

With this arrangement, the motor can be operated
at an arbitrary efficiency by setting the target value with
which the level of the integral signal is decided, to a
level at which a desired efficiency is obtained. Also, the

20 motor can be prevented from stepping out, based on the
ground that the output voltage is not adjusted to the step-
out area on a side where the output voltage is higher than

the peak efficiency point when the motor is operated at a

desired efficiency by adjusting the output voltage of the



- 30 - receiving the voltage difference signal detected by the

rotatiqnal -position sensor neans, deciding a relationship how a | evel of
the voltage difference signal is related to a target value (desirably, a

| evel of the voltage 5 di fference signal at which a peak efficiency is
obtained); and a phase correction neans for adjusting a tinme interval from
the position signal to a swwtching of the voltage pattern so that the | eve
of the voltage difference signal beconmes the target val ue, based on a
decision result of the 10 | evel deg% ion means. Wth this arrangenent,
the notor can be operated at an arbitT i efficiency by setting the target
value with which the level of the voltage difference signal is decided, to
a level of the voltage difference signal at 15 whi ch a desired
efficiency is obtained. Al so, the notor can be prevented from stepping

out, based on jtRe GQund, tfialy tie %@e@f% Syl aﬂfgl@éi-tfi’rsm' 8 %E.Ltage

adjusted to the step-out area pattern on the phase |ag side of the peak

efficiency poilgwei@manheniicitput MWeraRd adt thed@elake@ 3 ciend§f fddaimicy
with the voltage pattern gradually adjusted fromleading to |agging phase.

Still further, the presemen MrRNtHaydgy CxIRS &f MHOrlsysl eliecd8pohShBgna
rotor having a nagnet with a plurality of poles, a stator having armature
coils 25 denneztt etioi B ddvwlreophlibe sirdregradf igigmal oat ahdedi s4 opeak
5 efficiency is obtained, the phase correction means adjusts
the output of the inverter so that the 1level of the
integral signal derived from the integration means becomes
the target value, or that the motor is operated at peak
efficiency. Therefore, the motor can be operated at peak
10 efficiency.
Still further, the present invention provides a
motor system comprising a rotor having a magnet with a
plurality of poles, a stator having armature coils
connected in a three-phase star configuration, a resistor
15 circuit connected in a three-phase star configuration in
parallel to the armature coils, a rotational-position
éensor means for detecting a voltage difference signal
representing a voltage difference between a neutral point
of the armature coils and a neutral point of the resistor
20 circuit, detecting a relative rotational position between
the rotor and the stator based on the voltage difference
signal, and outputting a position signal, and an inverter
for switching over a voltage pattern to be applied to the
armature coils, the motor system being characterized by

25 further comprising a level decision means for, upon
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coils, and an inverter for outputting a voltage to be applie
re coils, the notor system being characterized by further
a |l evel decision nmeans for deciding a relationship how

| tage di fference signal representing a voltage difference
tral point of the arnmature coils and a neutral point of the
uit is related to a target value (desirably, a |level of the
rence 10 signal at ng&h_a peak efficiency is obtained
correction means for correcting an output voltage of the
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efficiency point when the notor is operated at a desired
aadjtestgety telvat pudesdriadde ,of & helevel of the voltage

difference signal at which a peak efficiency is obtained);

‘and a phase correction means for adjusting a time interval

10

15

20

25

from the position signal to a switching of the voltage
pattern so that the level of the voltage difference signal
becomes the target value, based on a decision result of the
level decision means.

With this arrangement, the motor can be operated
at an arbitrary efficiency by setting the target value with
which the 1level of the voltage difference signal is
decided, to a level of the voltage difference signal at
which a desired efficiency is obtained.. Also, the motor
can be prevented from stepping out, based on the ground
that the phase of the voltage pattern is not adjusted to
the step-out area pattern on the phase lag side of the peak
efficiency point when the motor is operated at a desired
efficiency with the voltage pattern gradually adjusted from
leading to lagging phase.

Still further, the present invention provides a
motor system comprising a rotor having a magnet with a
plurality of ©poles, a stator having armature coils

connected in a three-phase star configuration, a resistor



- 32 - inverter so that it becomes gradually higher froma vol tage | ower
than the output voltage at the peak efficiency point. Wien the target val ue
of the level decision neans is set to a |level of the voltage difference
signal at which 5 a peak efficiency is obtained, the phase correction
Jreans adjusts the output of the inverter so that the |l evel of the voltage
di fference signal becones the target value, or that the notor is operated
at peak efficiency. Therefore, the notor can be operated at peak
efficiency. 10 BRI EF DESCRI PTI ON OF, PRAWNGS Fig. 1 is a chart show ng
the notor output and notor current characteristic versus the |line voltage
anplitude of the voltage-fed inverter; Fig. 2 is a chart show ng results of
measuri ng 15 peak notor efficiencies at individual rotation speeds by
manual |y adj usting the phase, and results of nmeasuring the notor efficiency

for |ow | oads @trdyidi VEEHALCEBE AN SRAREe -FhatPN3E8r O driRIT It BN in
| oads; Fig. 3 is a block diagram schematically show ng 20 t he
arrangenent Qfaradlegonvant itaidl ammatsitesscol s, modwd syst efthvergerd ifdra

bl ock di agram showi ng part of the control circuit of the brushless DC notor
system of Fi g.outputitgnd a svaldaggr am Jdwwappglide ¢qguitisd emtm@bure coideyit
I n a one-phase portion of a brushless DC notor;

the motor system being characterized by further comprising:

5 a level decision means for deciding a relationship how a
level of a voltage difference signal representing a voltage
difference between a neutral point of the armature coils
and a neutral point of the resistor circuit is related to a
target value ({desirably, a level of the voltage difference

10 signal at which a peak efficiency is obtained); and a
voltage correction means for correcting an output voltage
of the inverter so that the level of the voltage difference
signal becomes the target value, based on a decision result
of the level decision nmeans.

15 With this arrangement, the motor can be operated
at an arbitrary efficiency by setting the target value with
which the 1level of the voltage difference signal is
decided, to a 1level of the voltage difference signal at
which a desired efficiency is obtained. Also, the motor

20 can be prevented from stepping out, based on the ground
that the output voltage is not adjusted to the step-out
area on a side where the output voltage is higher than the

peak efficiency point when the motor is operated at a

desired efficiency by adjusting the output voltage of the



- 33 - Figs. 6A and 6B are charts showi ng the torque- phase characteristic
and the current anplitude-phase characteristic, respectively; Fig. 7 is
a- bl ock diagram schematically showing a 5 first enbodi ment of the
brushl ess DC notor system of the present invention; Fig. 8 is a chart
showi ng the |ine output voltage of the voltage-fed inverter, which is
controlled by a switching conmand, and its corresponding |ine counter- 10
el ectronotive voltage of the notor; Fig. 9 is a diagram show ng

rel ationshi ps between RMS (Root-Mean-Squgye) value of input current and
opti mum phase (for obtaining the maxi nrumefficiency of a brushless DC
notor) at different rotation speeds; 15 Fig. 10 is a block

di agram showi ng a main part of a nodification of the control circuit of the
brushl ess DC notor systemof Fig. 7; Fig. 11 is a block diagram show ng a
main part of ajipRdirtegaldcOrneit tite Keutndd Prddud11pinidteedr sbh esSvOTL28e
not or systemof Fig. 7; Fig. 12 is a chart showing the notor efficiency
characteri sti c lowelrh&hancC ithiet yuttbutpviolttzgehase theFipgakl 8 fifd cd ellcgcoint.
di agram schematically showi ng a second enbodi nent of the brushl ess DC notor
system of the 25 pr e¥aen itheer@irget value of the level decision means

is set to a level of the voltage difference signal at which

5 a peak efficiency is obtained, the phase correction means
adjusts the output of the inverter so that the level of the
voltage difference signal becomes the target value, or that
the motor is operated at peak efficiency. Therefore, the
motor can be operated at peak efficiency.

10 BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a chart showing the motor output and
motor current characteristic wversus the 1line voltage
amplitude of the voltage-fed inverter;

Fig. 2 1is a chart showing results of measuring

15 peak motor efficiencies at individual rotation speeds by
manually adjusting the phase, and results of measuring the
motor efficiency for low loads ‘at individual rotation
speeds at a phase optimum for high loads;

Fig. 3 is a block diagram schematically showing

20 the arrangement of a conventional brushless DC motor
system;

Fig. 4 1is a block diagram showing part of the
control circuit of the brushless DC motor system of Fig. 3;

Fig. 5 1is a diagram showing the equivalent

25 circuit in a one-phase portion of a brushless DC motor;



- 34 - Fig. 14 is a block diagramshow ng part of the control circuit of
the brushl ess DC notor systemof Fig. 13; Figs. 15A and 15B are charts
Fepresenting the 5 t orque- phase characteristic and the current

anpl i t ude- phase characteristic, respectively; Fig. 16 is a chart show ng
runni ng areas when the buried-magnet notor is driven by the control circuit
of the second enbodi nent and driven by the conventional control 10
circuit; Fig. 17 is a chart show ng the efficiency- rotation speed
characteristics when the buried-magnet gptor is driven by the control
circuit of the second enbodi nent and drfven by the conventional control
circuit; 15 Fig. 18 is a block diagram schematically show ng
a third enbodi nent of the brushless DC notor system of the present
invention; Fig. 19 is a block diagramshow ng the internal architecture of

the mcroprocessor of Figigd8 680 and 6B are chaFt8. sHdwihgd £heWtehafle-
for explaining in detail f%e processing contents of interrupt handling A

shown in Fig. pgifisdi 9chdtactezibkew Chadd f @heeXph@irémg | An@alidldc-Phase
processing contents of interrupt handling B shown in 25 Fig. 19;
characteristic, respectively;
Fig. 7 is a block diagram schematically showing a
5 first embodiment of the brushless DC motor system of the
present invention;
Fig. 8 is a chart showing the line output voltage
of the voltage-fed inverter, which is controlled by a
switching command, and its corresponding line counter-
10 electromotive voltage of the motor;
Fig. 9 is a diagram showing relationships between
RMS (Root-Mean-Square) value of input current and optimum
phase (for obtaining the maximum efficiency of a brushless
DC motor) at different rotation speeds;
15 Fig. 10 is a block diagram showing a main part of
a modification of the control circuit of the brushless DC
motor system of Fig. 7;
Fig. 11 is a block diagram showing a main part of
a modification of the control circuit of the brushless DC
20 motor system of Fig. 7;
Fig. 12 is a chart showing the motor efficiency
characteristic in the vicinity of optimum phases;
Fig. 13 is a block diagram schematically showing
a second embodiment of the brushless DC motor system of the

25 present invention;



- 35 Fig. 22 is a diagram show ng signal waveforns and processing contents
of the individual conponents of the brushless DC notor systemof Fig. 18;

Fig. 23 is a diagram show ng signal waveforns of 5 t he i ndividual
conponents for explaining the position sensing operation by the
anplifier, integrator, and zero- crossing conparator in the brushless DC

-notor systemof Fig. 18, Fig. 24 is an arrangenent diagramof the 10
brushl ess DC notor system according to a fourth enbodi ment of the present
invention; Fig. 25 is a circuit diagramof the | evel detector of the
brushl ess DC notor system of Fig. 247 Bi*g” 26 is a bl ock di agram of the

m croconputer 15 of the brushless DC notor systemof Fig. 24; Fig. 27
is a diagram showi ng signals of the individual conponents when the | evel
detector shown in Fig. 25 is used; Fig. 28 is a diagram show ng signals of

L By, oo iy SETRPIN 0" L SO VL i
the m croconpubRErsNOMArichifl Jof 2¢he brusifiess DC motor system of Fig.
13;
Figs. 15A and 15B are charts representing the
5 torque-phase characteristic and the current amplitude-phase
characteristic, respeétively;

Fig. 16 is a chart shbwing running areas when the
buried-magnet motor is driven by the control circuit of the
second embodiment and driven by the conventional control

10 circuit;

Fig. 17 1is a chart showing the efficiency-
rotation speed characteristics when the buried-magnet motor
is driven by the control circuit of the second embodiment
and driven by the conventional control circuit;

15 Fig. 18 is a block diagram schematically showing
a third embodiment of the brushless DC motor system of the
present invention;

Fig. 19 is a block diagram showing the internal
architecture of the microprocessor of Fig. 18;

20 Fig. 20 is a flow chart for explaining in detail
the processing contents of interrupt handling A shown in
Fig. 19;

Fig. 21 is a flow chart for explaining in detail
the processing contents of interrupt handling B shown in

25 Fig. 19;



Fig. 32 is a flow chart showing interrupt handling 2 due to a tiner
i nterrupt by the phase correction timer of the m croconputer shown in Fig.
24; Fig. 33 is an arrangenent diagram of a brushless 5 DC notor wth
which experiments were nmade on the characteristics of voltage
difference signals and integral signals; Fig. 34 is a block diagramof the
m croconputer of the brushless DC notor systemof Fig. 33; 10
Fig. 35 is a chart showing the notor efficiency characteristic relative to
the phase correction angle when the |gaggsis varied with the running
frequency constant in the brushless DC nbtor systemof Fig. 33; Fig. 36 is
a chart showi ng the voltage difference 15 signal characteristic
relative to the phase <correction angle when the load is varied with the
running frequency constant in the brushless DC notor systemof Fig. 33;
Fig. 37 is a chart showirigy!he i 1¢ egraiagr@nakhehangckeghalli Gavelfalrnge an@
t he phase correction angle when 20 the load is varied with the running
frequency congrudesdlindie dontehlitessobPC thd oinsystiénadf EogpondntEi of 3&hes
a chart show ng the notor efficiency characteristic relative to the phase
correcti on angrmstiess ITC motmeysteguent Fig. Vidied with the | oad
constant in 25 the brushl ess DC notor systemof Fig. 33; - 37 -
Fig. 23 is a diagram showing signal waveforms of
5 the individual components for explaining the position
sensing operation by the amplifier, integrator,'and zZexro—
crossing comparator in the brushless DC motor system of
Fig. 18;
Fig. 24 1is an arrangement diagram of the
10 brushless DC motor system according to a fourth embodiment
of the present invention;
Fig. 25 1is a circuit  diagram of +the level
detector of the brushless DC motor system of Fig. 24;
Fig. 26 is a block diagram of the microcomputer
15 of the brushless DC motor system of Fig. 24;
Fig. 27 1is a diagram showing signals of the
individual components when the level detector shown in Fig.
25 is used;
Fig. 28 1is a diagram showing signals of the
20 individual components of the brushless DC motor system of
Fig. 24;
Figs. 29, 30, and 31 are flow charts showing

interrupt handling 1 of the microcomputer shown in Fig. 24;



Fig. 39 is a chart showing the voltage difference signal characteristic
relative to the phase correction angle when the running frequency is varied
with the | oad constant in the brushl ess DC notor systemof Fig. 33; 5

Fig. 40 is a chart showing the integral signal characteristic relative to

t he phase correction angle when the running frequency is varied with the
l-oad constant in the brushless DC notor systemof Fig. 33; Fig. 41 is a
chart showi ng the anplitude 10 characteristic relative to the
normal i zed frequency of the integrator_qf. the rotational-position sensor of

the brushl ess DC notor systemof Fig. 3 F Fi g. 42 IS a chart

show ng t he phase characteristic relative to the normalized frequency
of the 15 integrator of the rotational-position sensor of the
brushl ess DC notor systemof Fig. 33; Fig. 43 is a nain-part arrangenent

di agram of the brushlesngg moLer qggorglnglbg achiafdth eyadingnt i RtetPept
present invention; 20 Fig. 44 is a block diagram of the

i croconput er ﬁaﬁmma Bi guetdo B Ginky iihterehait W%@Q}ﬁ;ﬁ&@elﬁéﬁﬁé@tiorx
signal characteristic relative to the phase correction angle when the | oad

is varied w thttiherf bequracyicosebaphter shewR5in Fibrughl;ess DC not or
systemof Fig. 43; - 38 -
Fig. 33 is an arrangement diagram of a brushless
5 DC motor with which experiments were made on the
characteristics of voltage difference signals and integral
signals;
Fig. 34 is a block diagram of the microcomputer
of the brushless DC motor system of Fig. 33;

10 Fig. 35 is a chart showing the motor efficiency
characteristic relative to the phase correction angle when
the load is varied with the running fregquency constant in
the brushless DC motor system of Fig. 33;

Fig. 36 is a chart showing the voltage difference

15 signal characteristic relative to the phase correction
angle when the load is varied with the running frequency
constant in the brushless DC motor system of Fig. 33;

Fig. 37 1is a chart showing the integral signal
characteristic relative to the phase correction angle when

20 the load is varied with the running frequency constant in
the brushless DC motor system of Fig. 33;

Fig. 38 1is a chart showing the motor efficiency
characteristic relative to the phase correction angle when
the running frequency is varied with the locad constant in

25 the brushless DC motor system of Fig. 33;



Fig. 46 is a chart showng the integral signal characteristic relative to

t he phase correction angle when the frequency is varied with the | oad
constant in the brushless DC notor systemof Fig. 43; 5 Fi g.
47 is a block diagram of the m croconputer of the brushless DC notor system
according to a sixth enbodi nrent of the present invention; Fig. 48 1is an
arrangenent diagram of the brushless DC notor system according to a
sevent h enbodi nent 10 of the present invention; Fig. 49 is a block

di agram of the m croconputer of the bLugglgss DC notor system of Fig. 48;
Fig. 50 is a circuit diagramof the |evel detector of the brushless DC
not or system of Fig. 48; 15 Fig. 51 is a flow chart
showing interrupt handling 11 of the m croconputer shown in Fig. 49; Fig.
52 is a diagram showing signals of individual conponents of the
brushl ess DC notor systepigf sdeisesephhrenebdivingt the0 voltage differerdd.

53 is a block diagramof the m croconputer of the brushless DC notor system

according to amigmaht chatacteridtiod tiwlprEsentto nviehd | hade g.cdvrection

circuit diagramof the |evel detector of the brushless DC notor system of

t he ei ghth 25 angleniybénneite runnifg freguency is varied with the 1load
constant in the brushless DC motor system of Fig. 33;

5 Fig. 40 is a chart showing the integral signal
characteristic relative to the phase correction angle when
the running frequency is varied with the load constant in
the brushless DC motor system of Fig. 33;

Fig. 41 is a chart showing the amplitude

io characteristic relative to thé"normalized fregquency of the
integrator of the rotational-position sensor of the
brushless DC motor system of Fig. 33;

Fig. 42 is a chart showing the phase

characteristic relative to the normalized freguency of the
15 integrator of the rotational-position sensor of the
brushless DC motor system of Fig. 33;

Fig. 43 is a main-~part arrangement diagram of the
brushless DC motor according to a fifth embodiment of the
present invention;

20 Fig. 44 is a block diagram of the microcomputer
shown in Fig. 43;

Fig. 45 1is a chart showing the integral signal

characteristic relative to the phase correction angle when

the load is varied with the frequency constant in the

25 brushless DC motor system of Fig. 43;



Fig. 55 is a diagram showing signals of individual conponents of
the brushl ess DC notor system of the eighth enbodinent; Figs. 56, 57, and
58 are flow charts showi ng 5 interrupt handling 21 of the m croconputer
of Fig. 53; Figs. 59A and 59B are flow charts showi ng interrupt handling 22
.and interrupt handling 23 of the mcroconmputer of Fig. 53, respectively;
-Fig. 60 is an arrangenent diagram of the AC notor 10 system according
to a ninth enbodinent of the present invention; Fig. 61 is an outlined
bl ock di agram of the m croconputer of tge above AC notor system Fig. 62 is
a flow chart show ng interrupt 15 i ndl i ng 31 for control ling

t he vol t age of the m croconputer of Fig. 61; Fig. 63 is a chart
showi ng inverter output voltage characteristic versus inverter frequency of
t he above AC notor system 20 Fig. 64 is a chart show ng

status transitions of i FY?UQL% VoLt A0CcROPE NSHKAhGPOLE Y Ritedd@ 1l Nsidfal

process of voltage control of the above AC motor system Fig. 65 is a chart
showi ng the chRapateersbtes 9k1AEiRet Ao efié ChRASY evsreeutibal 41y 8 when

vol t age RMS val ue - 40 - relative to the inverter output |ine voltage of
the above the frequency is varied with the load constant in the
| brushless DC motor system of Fig. 43;

5 Fig. 47 is a block diagram of the microcomputer
of the brushless DC motor system according to a sixth
embodiment of the present invention;

Fig. 48 1is an arrangement diagram of the
brushless DC motor system according to a seventh embodiment

10 of the present invention;

Fig. 49 is a block diagram of the microcomputer
of the brushless DC motor system of Fig. 48;

Fig. 50 1is a circuit diagram of the 1level
detector of the brushless bc motor system of Fig. 48;

15 Fig. 51 is a flow chart showing interrupt
handling 11 of the microcomputer shown in Fig. 49;

Fig. 52 is a diagram showing signals of
individual components of the brushless DC motor system of
the seventh embodiment;

20 Fig. 53 is a block diagram of the microcomputer
of the brushless DC motor system according to an eighth
embodiment of the present invention;

Fig. 54 is a circuit diagram of the level
detector of the brushless DC motor system of the eighth

25 embodiment;



AC not or system Fig. 66 is a circuit diagram of another

rotational -position sensor; 5 Fig. 67 is a circuit diagram
of “still another rotational-position sensor; Fig. 68 is a circuit diagram
of yet another rotational-position sensor; Fig. 69 is a diagram show ng a
rotational- 10 position sensor using a rotary encoder; and Fig. 70 is a
chart showi ng the running area of a conpressor in the relationship between
runni ng frequency and torque of the brushless DC notor. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON 15 Enbodi ments of the present

i nvention will now be described in detdil*ith reference to the
acconpanyi ng drawi ngs. (First Enbodinent) Fig. 7 is a block diagram
schematically showi ng a 20 first enbodi nent of the brushl ess DC notor
system of the present invention. In the present brushless DC notor

system an out put vol tageﬁ@gm ags ACjpowey sgggt#az.pl %]eo‘%)ﬁq%i e%%tgglg%.s of

vol tage-fed inverter 702, and an output voltage Trom:t age-
inverter 702 isjiappkiadalio cbmponentPreBhkReS adMldds 08 motble R of

system has a position - 41 - sensor circuit 704 which detects arotor
position of thethe eighth embodiment;

Figs. 56, 57, and 58 are flow charts showing

5 interrupt handling 21 of the microcomputer of Fig. 53;

Figs. 59A and 59B are flow charts showing
interrupt handling 22 and interrupt handling 23 of the
microcomputer of Fig. 53, respectively; -

Fig. 60 is an arrangement diagram of the AC motor

10 system according to a ninth embodiment of the present
invention;

Fig. 61 is an outlined block diagram of the
microcomputer of the above AC motor system;

Fig. 62 1is a flow chart showing interrupt

15 handling 31 for controlling the voltage of the
microcomputer of Fig. 61;

Fig. 63 1is a chart showing inverter output
voltage characteristic versus inverter freguency of the
above AC motor system;

20 Fig. 64 is a chart showing status transitions‘of
inverter voltage and neutral-point voltage in the process
of voltage control of the above AC motor system;

Fig. 65 is a chart showing the characteristics of

AC motor efficiency and neutral-point voltage RMS value



brushl ess DC notor (hereinafter, referred to sinply as a notor) 703 upon
receivipng an input of a voltage across termnals of the notor 703, a
current transfornmer 705 which 5 detects an input current of the

vol tage-fed inverter 702, an RMS detector circuit 706 which detects an RMS
val ue of the input current upon receiving a current detection signal
outputted fromthe current transfornmer 705, and a control circuit 707 which
generates a swi tching comand upon 10 receiving a position detection
signal outputted fromthe position sensqr circuit 704 and an RMS val ue
detection signal outputted fromthe RMS 5Etector circuit 706 and supplies
the swtching coomand to the voltage-fed inverter 702. 15 The
control circuit 707 receives the position detection signal outputted
fromthe position sensor circuit 704 so as to calculate a phase of a notor
counter- el ect{giptive o t@age, iAPer£al Cohiepas A iGWC| PoDfaddeoOYHd Cdbove
detection signal so as to calculate a rotation 20 speed of the notor
703 in responge mbPotheysyehe. In response to the cal cul ated cycl e and
rotation speed, the control circuit 707 sets a phase of an inverter output
voltage relative to the phgse &6 t hésnoteor canotiét- elisgiramot ofe vahdiEyer
to a specified phase at which the 25 notor can be operated at a
peak efficiencgtabhdBal-posifi2on gensexpondi ng conditions, generates a

swi t chi ng conmmand ' ) . ‘ ]
5 Fig. 67 1is a circuit diagram of still another

rotational-position sensor;

Fig. 68 1is a circuit diagram of yet another
rotational-position sensor;

Fig. 69 1is a diagram showing a rotational-

10 position sensor using a rotary encoder; and

Fig. 70 is a chart showing the running area of a
compressor in the relationship between running frequency
and torque of the brushless DC motor.

BEST MODE FOR CARRYING OUT THE INVENTION

15 Embodiments of the present invention will now be
described in detail with reference to the accompanying
drawings.

(First Embodiment)
Fig. 7 is a block diagram schematically showing a

20 . first embodiment of the brushless DC motor system of the
present invention. In the present brushless DC motor
system, an output voltage from an AC power supply 701 is
applied to a voltage-fed inverter 702, and an output
voltage from the voltage—-fed inverter 702 is applied to a

25 brushless DC motor 703. The motor system has a position



capabl e of achieving the phase, and outputs the switching conmand to the
vol tage-fed. inverter 702. Also, the switching conmand is generated so
that it can achieve, for 5 exanple, even a line voltage correspondi ng
to a voltage anplitude command obtained by subjecting a difference between
a speed command val ue and an actual speed to a Pl control (proportional
tntegral control). Fig. 8 shows a fundanental wave of a |ine output
voltage (see Ain Fig. 8) 10 of the voltage-fed inverter 702 controlled
by the switching command and a notor gaﬂgtgr-electronntive voltage (see C
in Fig. 8) on the corresponding |ine, re [err] shown in connection with
Cin Fig. 8 represents the above-nenti oned specified phase. It is to be
noted that Bin Fig. 8 shows 15 a switching waveform of the voltage-fed
inverter 702. In the case of the present enbodinment, while the notor 703 is
running, the RMGy&tkueietuliRe 16W0UinsEh" it N8 ¥eltbaggdert i dWebkertned?
is detected by the RVS detector circuit 706 and the rotor position of the
mot or 20 MORudis16led eotethdtyort Nghpesi hh@Bes NIVl to7Mimlyy as a
supplied to the control circuit 707. Then, a cycle of the position
detection si gnedbtdis) calogul aped ireddieviyant ael Tnpati tof7034, eslitage olaainads

speed is calculated in response to the cal cul ation of the cycle. In the
control circuite@binals 70f, thdenetos 308, aapbharseehtr tiaokfamrmeny §0Sewhich
out put vol tage - 43 - relative to the phase of the notor

count er -%®l ect r@dgfte¢ty® an input current of the voltage-~fed inverter 702,
an RMS detector circuit 706 which detects an RMS value of
the input current upon receiving a current detection signal
outputted from the current transformer 705, and a control
circuit 707 which generates a switching command upon

10 receiving a position detection signal outputted from the
position sensor circuit 704 and an RMS value detection
signal outputted from the RMS detector circuit 706 and
supplies the switching command to the voltage-fed inverter
702.

15 The control circuit 707 receives the position
detection signal outputted from the position sensor circuit
704 so as to calculate a phase of a motor counter-
electromotive voltage, and calculates a cycle of the
position detection signal so as to calculate a rotation

20 speed of the motor 703 in response to the cycle. In
response to the calculated cycle and rotation speed, the
control circuit 707 sets a phase of an inverter output
voltage relative to the phase of the motor counter-
electromotive wvoltage to a specified phase at which the

25 motor can be operated at a peak efficiency under



vol tage for operating the brushless DC notor at a peak efficiency under the
corresponding conditions in response to the calculated rotati on speed and
the RM5 value of the 5 i nput current, while a switching conmand for
achieving the phase 6 of the inverter output voltage is generated and
outputted to the voltage-fed inverter 702. Consequently, the notor 703
can be operated wth the phase of the output voltage of the voltage-fed
inverter 702 relative to the 10 phase of the notor

counter-el ectronotive voltage being sgt49t_the phase 6, so that the notor
can be operated at the peak efficiency under the corresponding | oad
conditions. Also, neither instantaneous current detector nor control
apparatus for executing a current control in 15 response to an

I nstantaneous current is necessary, and since the current transforner

705 and the R\Ep#hed 5dding I Cabria for £ Rfeaafatay | |y axsadNiedy asommand
protection devices into the brushless DC notor system cost increase can be

prevented. 20 capable of acHilevingrii€r phhget handa matpietof thbe sphiasmhing
[err] of the inverter output voltage is preparatorily neasured as an
opti mum phase ¢ommaxid espondehee wbilhagéefeéxamplertarnunber of rdwal,ut itdhes
fmof the notor 703 and an RMS value | of the input current of the
vol t age- f ed | rseiteching2comnandhas 2Bneratelde ssorthadl Tircant azgbielvel,darhe
measurenent result as, - 44 - for exanple, a table as shown in Table 1.
It is tc®Pbe example, even a line voltage corresponding to a voltage
amplitude command obtained by subjecting a difference
between a speed command value and an actual speed to a PI
control (proportional integral control). Fig. 8 shows a
fundamental wave of a line output voltage (see A in Fig. 8)
10 of the voltage-fed inverter 702 controlled by the switching
command and a métor counter-electromotive voltage (see C in
Fig. 8) on the corresponding line, where &6 shown in
connection with C in Fig. 8 represents the above-mentioned
specified phase. It is to be noted that B in Fig. 8 shows
15 a switching waveform of the voltage-fed inverter 702.

In the case of the present embodiment, while the
motor 703 is running, the RMS value of the input current of
the voltage-fed inverter 702 1is detected by the RMS
detector circuit 706 and the rotor position of the motor

20 703 is detected by the position sensor circuit 704 angd
supplied to the control circuit 707. Then, a cycle of the
position detection signal is calculated in the control
circuit 707, and a rotation speed is calculated in response

to the calculation of the cycle. In the control circuit

25 707, there is set a phase § of an inverter output voltage



noted that, in such a case, the optinmm phase [err] corresponding to the
rotati gn speed and the RVS value of the input current are read fromthe

table. 5 Table 1 Nunber of revolutions fm=
15 [rps] fm= 50 [rps] ... Input 10 current
Phase | [A] [err] I [A [err] I [A [err] 1.0 23
2.6 36 1.8 36 4.7 47 2.7 45

6.7 57 15 3.7 52 . By adopting the control
circuit 707 having the above-nenti oned construction, t he not or
efficiency 20 i ndi cated by white ci*fclles in Fig. 2 can be achieved

regardl ess of a variation of |oad. Further, a relation between the RMS
value | of the input current and the opti num phase [err] at each rotation
speed is as shown in Fig. 9, where it is found that the 25 opti mum

phase [err] is.RpiQXi r@aekxgp@%%éieealtxf& hBeoRVR sttt A 1 d e drfiive

current. Therefore, by subje g the relation between the RVMS value I of
the input curygntagad fdie epkirB¥inBhagke 6 Yraidn1Real BPPIASEIRI i@ LOrpeak

pol ynom al approxi mation) and perform ng an approxi mating cal cul ati on,
efficiency under the corresponding conditions in response
to the calculated rotation speed and the RMS wvalue of the
5 input current, while a switching command for achieving the
phase § of the inverter output voltage is generated and
outputted to the voltage-fed inverter 702. Conseguently,
the motor 703 can be .operated with the phase of the output
voltage of the voltage-fed inverter 702 relative to the

10 phase of the motor counter-electromotive voltage being set
at the phase §, so that the motor can be operated at the
peak efficiency under the corresponding load conditions.

Also, neither instantaneous current detector nor
control apparatus for executing a current contrel in

15 response to an instantaneous current is necessary, and
since the current transformer 705 and the RMS detector
circuit 706 are preparatorily assembled as protection
devices into the brushless DC motor system, cost increase
can be prevented.

20 It is preferable that a value of the phase § of
the inverter output voltage is preparatorily measured és an
optimum phase in correspondence with, for example, a number
of revolutions fm of the motor 703 and an RMS value I of
the input current of the voltage~fed inverter 702, and that

25 the control circuit 707 holds the measurement result as,



- 45 - the optinmum phase [err] corresponding to the RM5 value | of an
arbitrary input current can be calculated. In practice, as shown in Fig.
110, a gradient "a" (fm 1) and an intercept "b" (fm 1) corresponding to

t he nunber of revolutions fmb5 and the RM5 value | of the input current
are stored as a constant table 707a for the approximating cal culation in
the control circuit 707. Meanwhi l e, an optinmm phase cal cul ator 707b
for calculating the opti mum phase 6 by performng a calculation of 6 = a |
+ b based on the 10 gradient "a" _ang the intercept "b" read fromthe
constant table 707a is provided in the control circuit 707. The nunber of
revolutions fmand the RVS value | of the input current are supplied to the
constant table 707a which supplies the correspondi ng constants "a" and ."b"
to the 15 opti mum phase «calculator 707b. To the optinmm phase
cal cul at or 707br agatipnll,i efl theieonsd ahswna'irAndabbe and the RS val use |
of the input current. The optimum phase [err] calculated in the optinmum
phase cal cul a4®fed07khiat,suppti eduah ad i neas&pl uehleo aopiamen cophaski ors
timer 707d, and a 20 count expiration signal outputted fromthe phase
correction ticerrdfgondingumpl itttk t podiatinnerdperedroaed s ¢éhectRMS 70d&neTheh,
the inverter node sel ector 707e reads a correspondi ng voltage pattern from
a nmenory 707fthantnpitesunrenttahe ngeadnfroom the tbhabi®l t age-fed i nverter
702 viasa PWM nodul at or 25 707g.

Table 1
Number of
revolutions
fn = 15 [rps] v fm = 50 [rps] s
Input
10 current Phase
I [A] §° |1 [a) §° I [A) §°
1.0 23 . . 2.6 36 »
1.8 36 . . 4.7 47 .
2.7 45 . . 6.7 57 .
15 3.7 52 . . . . .

By adopting the control circuit 707 having the

above-mentioned construction, the motor efficiency
20 indicated by white circles in Fig. 2 can be achieved
regardless of a variation of load.

Further, a relation between the RMS value I of
the input current and the optimum phase § at each rotation
speed is as shown in Fig. 9, where it is found that the

25 optimum phase § is approximately proportional to the RMS

value of the input current. Therefore, by subjecting the
relation between the RMS value I of the input current and
the optimum phase § to linear approximation {or polynomial

approximation) and performing an approximating calculation,



- 46 - As a result of conparing the notor efficiency in a case where the
notor 703 i s operated based on Table 1 with the notor efficiency in a case
where the notor 703 is operated with the construction shown in Fig. 10, an
5 approximately identical notor efficiency is achieved in both the
cases. It is to be noted that, according to the control in the present
enbodi nent, a high efficiency is not always assured during the acceleration
or decel eration operation 10 stage of the notor 703 due to influence of
a time constant in the RMS detector chggiL 706. However, in a steady-
state operation stage having a | onger opération tinme than the accel eration
or deceleration operation stage, a high- efficiency operation can be

achi eved as descri bed above, 15 and therefore a renmarkably

hi gh-efficiency operation can be achi eved, as conpared with a case in which
the conventi onghe ”’B}%ﬂi’ﬂuﬁi phaks 3depiredsdondinyl i thdl Re& dhageam sFOWmMg
an essential part of a nodification exanple of the control circuit in 20
the brushl ess d¥bitary Syspet ehribetf tant banbadeukatedi n whi plraict iices! uded
a phase corrector 707c for obtaining a renewed phase [err] by adding a
speci fi ed conséleswnt dnt Pégoptiioyura phas@iénsorad t(EmgdviE)ncand hanopmtrrmept
phase [err] obtained fromthe opti num phase cal cul ator 707b by a 25
specified phatet (for Idxarpimsspabbing tevéhal nuwdgeesf. revolutions fm

5 and the RMS wvalue I of the input current are stored as a
constant table 707a for the approximating calculation in
the control circuit 707. Meanwhile, an optimum phase

calculator 707b for calculating the optimum phase § by

performing a calculation of 6§ = a‘I + b based on the
10 gradient "a" and the intercept "b" read from the constant
table 707a is provided in the control circuit 707. The

number of revolutions fm and the RMS value I of the input
current are supplied to the constant table 707a which
supplies the corresponding constants "a" and "b" to the
15 optimum phase calculator 707b. To the optimum phase
calculator 707b are supplied the constants "a" and "b" and
the RMS value I of the input current. The optimum phase §
calculated in the optimum phase calculator 707b is supplied
as a timer value to a phase correction timer 7074, and a
20 count expiration signal outputted from the phase correction
timer 707d is supplied to an inverter mode selector 707e.
Then, the inverter mode selector 707e reads a corresponding
voltage pattern from a memory 707f, and gives a switching
command to the voltage-fed inverter 702 wvia a PWM modulator

25 707g.



- 47 - Then, a switching command is generated corresponding to the renewed

phase .[err]. It is to be noted that the other portions have the sane
constructions as those of the first enbodi nent, and therefore no figure is
provided therefor. 5 In the case of the present nodification

_exanple, the current controllable by a voltage anplitude is increased by
-advanci ng the opti mum phase by a specified phase anmobunt, so that the
maxi mum out put of the notor 703 is increased. Therefore, even when
the RMS detector 10 circuit 706 Rgs-a slow response (0.1 to several
seconds) and the load varies faster than this to a magnitude greater than
t he maxi mum out put correspondi ng to the opti num phase [err], possible stal
of the notor 703 is prevented so | ong as the notor output does not exceed
t he above-nentioned 15 i ncreased maxi mnumoutput. As a result, the
reliability in control m& aheesulthleSscdipaminy tisei noteasedfilctiemey bim
feared that the notor efficiency reduces since a phase [err] different from
t he opti num phaseseerwiers thet .motomoWeveris operabed obaseflf iwinefeple 1
characteristic 20 around the opti mum phase [err% is as shown in Fig.
12, whi ch showkth htket Retpsd @fifiled eyt Ha ot ersef vherenthei oteraridahlis
smal | (not greater than 1% if the phase is nmade to advance by several
degrees.  ThHePe¥ated WWAth| nph8veGOPEFFUBELPRy EBAYWRe d¢hi &Wdd wHiQe an

rcely r in fficiency. . . . . .
scarce g edqup oéﬂgaggly iégﬁégcéa ﬁ%é%rpyeff1c1ency is achieved in

both the cases.

It is to be noted that, according to the control
in the present embodiment, a high efficiency is not always
assured during the acceleration or deceleration operation

10 stage of the motor 763 due to influence of a time constant
in the RMS detector circuit 706. However, in a steady-
state operation stage having a longer operation time than
the acceleration or deceleration operation stage, a high-
efficiency operation can be achieved as described above,

15 and therefore a remarkably high-efficiency operation can be
achieved, as compared with a case in which the conventional
method (ii) is adopted.

Fig. 11 is a block diagram showing an essential
part of a modification example of the control circuit in

20 the brushless DC motor system of the first embodiment, in
which is included a phase corrector 707c for obtaining a
renewed phase 6’ by adding a specified constant to the
optimum phase § so as to advance the optimum phase §
obtained from the optimum phase calculator 707b by a

25 specified phase (for example, about several degrees).



- 48 (Second Enbodinent) Fig. 13 is a schematic bl ock diagramof a

brushl ess DC-notor system of a second enbodi nent of the present invention.
After an output voltage froman AC 5 power supply 801 is converted
into a DC voltage by a converter 802a in a voltage-fed inverter 802, the
gonverted voltage is applied to an inverter main part 802b of the

vol tage-fed inverter 802, and an output voltage fromthe inverter main unit
802b is applied to a brushless DC notor 10 (hereinafter, referred to
sinply as a notor) 803. The apparapygy;npludes a position sensor circuit
804 which detects a rotor position of the notor 803 upon receiving an input
of a voltage across termnals of the notor 803, and a control circuit 806
whi ch generates a sw tching command 15 upon receiving inputs of a
position detection signal outputted fromthe position sensor circuit 804

and a rotati onTaRaed aC @RITRIAG ¥y W TEHaHRD i8XtRiatd ted bt dresindieto the
switching command to the inverter main unit 802b of the voltage-fed

inverter 802. ZBnewed phase §/JThe qantiel €or et riifed echatesths | dophér
of a position detection signal outputted fromthe position sensor circuit
804 so as to capbrtiiehs aapeatthefsamerotonstouatborel est thwsel of Vidid afjerst
and cal cul ates a cycle of the position detection signal so as to cal cul ate
a rotation 25 embodpmentof anfethereforg08c fagnespdsspreyinkd tbprefor. In
5 In the case of the present modification example,
the current controllable by a voltage amplitude is
increased by advancing the optimum phase by a specified
phase amount, so that the maximum output of the motor 703
is increased. Therefore, even when the RMS detector
10 circuit 706 has a slow response (0.1 to several seconds)
and the load varies faster than this to a magnitude greater
than the maximum output corresponding to the optimum phase
§, possible stall of the motor 703 is prevented so long as
the motor output does not exceed +the above-mentioned
15 increased maximum outpuﬁ. As a result, the reliability in
control of the brushless DC motor is increased.

It may be feared that the motor efficiency
reduces since a phase §’/ different from the optimum phase §
is set. However, the motor efficiency characteristic

20 around the optimum phase § is as shown in Fig. 12, which
shows that the reduction of the motor efficiency is
remarkably small (not greater than 1%) if the phase is made
to advance by several degrees. Therefore, an improved
reliability can be achieved while scarcely reducing the

25 motor efficiency.



- 49 - response to the calculated cycle, rotation speed and rotation speed
command val ue, a phase relative to the notor counter-el ectronotive voltage
is set to a specified phase at which the nmotor 803 is operated at a peak
efficiency 5 under correspondi ng conditions, so that the phase can be
achieved. 1In order to set a conduction period to [err] and achieve a
speci fied output voltage anplitude determ ned uniquely wth respect to the
cal cul ated rotation speed, the control circuit generates a swtching

command in response 10 to the calcujated rotation speed and outputs the
swi tching command to the voltage-fed inverter 802. Fig. 14 is a block
di agram of a part of the control circuit 806. The control circuit 806

i ncl udes an anplitude table 806a which receives an input (read address) 15
of a rotation speed of the notor 803 and outputs a specified

out put vol t age sEgdid Utsodiikbrt)jphase command val ue cal cul ator 806b which
receives inputs of the rotation speed and the rotation speed conmand and
performs a Pl calcul ati anigpf [E¥r]iso as sch&@atic chlockat diagphmseof a

command [err] and output the resultant. It is to be noted that the output
vol tage anpl i thmesteless hBCpheseoc osyatdny adlieaarseguppl rabotiomenPOL thei t
(not shown). Further, in the above-nentioned equations, Y* is the

rotation spee@ﬂﬁﬁﬁmdln‘(eh;*;lanr-ot atifdrexspand, oytputs yodgage §romeramcadc

between the rotation speed commuand and the
5 power supply 801 1is converted 1intoe a DC voltage by a

converter 802a in a voltage—-fed inverter 802, the converted
voltage is applied to an inverter main part 802b of the
voltage-fed inverter 802, and an output voltage from the
inverter main unit 802b is applied té a brushless DC motor

10 (hereinafter, referred to simply as a motor) 803. The
apparatus includes a position sensor circuit 804 which
detects a rotor position of the motor 803 upon receiving an
input of a voltage across terminals of the motor 803, and a
control circuit 806 which generates a switching command

15 upon receiving inputs of a position detection signal
outputted from the position sensor circuit 804 ‘and  a
rotation speed command value given externally and supplies
the switching command to the inverter main unit 802b of the
voltage-fed inverter 802.

20 The control circuit 806 receives an input of a
position detection signal outputted from the position
sensor circuit 804 so as to calculate a phase of a motor
counter—-electromotive wvoltage, and calculates a cycle of
the position detection signal so as to calculate a rotation

25 speed of the motor 803 in response to the cycle. In



- 50 - rotation speed, and Kp and KI are constants. Further, the rotation
speed Y.is an inverse nunber of a cycle X of the position detection signal.
I'n the present case, | ook-up of the anplitude 5 table 806a is
effected every cycle in which the phase command is cal cul ated by the
phase command val ue cal cul ator 806b. However, the |ook-up of the anplitude
tabl e 806a can be effected, for exanple, in accordance with a timng at
which the rotation speed of the DC notor 803 varies. 10 In
the present enbodinment, while the notor 803 is operated, a rotor position
of the notor 803 is detected by the position sensor circuit 804 and then
supplied to the control «circuit 806. Then, a «cycle of the
position detection signal is calculated in the control circuit 806, 15

and in response to the calculation of the <cycle, +the rotation

speed i s cal cul@sgénse | Bot heneonichdleudiedl t F0.e,2 HASHR ¥n t N¥peed and
vol tage-fed inverter relative to the phase of the notor

count er - el ect rpabatvenvepbagecbamaatl kanukhe apwhpeee refl aifiaratid tHd endbd0r
at a peak efficiency under 20 correspondi ng conditions, so that the
phase i s achi evedntétseleatromdtitveovoideiged is set tiw [er specdfdesd phase
swi tching command for achieving a specified output voltage anplitude

det er mi ned uni ghempigh hthespediort 088he Lsot epevatepeat ix pendr Bl aiwncy
supplied to the voltage-fed inverter 802. 25 Consequently, the notor
803 can Be opennded apryespomeling conditions, so that the phase can be

achieved. 1In order to set a conduction period to 180° and
achieve a specified output voltage amplitude determined
uniquely with respect to the calculated rotation speed, the
control circuit generates a switching command in response

10 to the calculated rotation speed and outputs the switching
command to the voltage-fed inverter 802.

Fig. 14 is a block diagram of a part of the
control circuit 806. The control circuit 806 includes an
amplitude table 806a which receives an input (read address)

15 of a rotation speed of the motor 803 and outputs a
specified output voltage amplitude, and a phase command
value calculator 806b which receives inputs of the rotation
speed and the rotation speed command and performs a PI
calculation of AY = Y*-Y and ¢* = Kp+AY + KI-Z(AY) so as to

20 calculate a phase command ¢* and output the resultant. It
is to be noted that the output voltage amplitude and the
phase command value are supplied to a PWM circuit (not
shown) . Further, in the above-mentioned eqgquations, Y* is
the rotation speed command, Y is a rotation speed, AY is a

25 difference between the rotation speed command and the



- 51 - which the phase of the output voltage of the voltage-fed inverter
802 rel,ative to the notor counter-electronotive voltage is set to the
above- nmenti oned phase and in which the output voltage anplitude is set to
the specified output 5 vol tage anplitude determ ned uniquely with
respect to the rotation speed, thereby allow ng the notor efficiency to be
t he peak efficiency under t he correspondi ng | oad conditions.
Furthernore, the notor can be operated while fixing the output voltage
anplitude of the inverter at 10 qp§% Im in a high-speed region in
which the counter- electronotive voltage of the notor in the tinme of no
|l oad is greater than the output voltage anplitude of the voltage-fed
inverter, thereby allow ng the range of operation to be expanded. Also, a
control for mnimzing a 15 notor current (increasing the efficiency)

in the above- Jgailjaped o e H30 KBS BRET RiMeGe Mdhsthiftd S ar@reREr Of e

torque to phase charactéristic in a state in which an anplitude [err] of a

fundanent al waeRa@fiod sPddulity Vokt age igfverae \/rﬁirﬁlﬁélejéﬁda_ZQ:gcle IXVEFt €he
802 that drives a buried-nmagnet notor of which d- axis i nduct ance Ld

and Qg-axi s positiendetectlion sdghanespectively 6.5 nH and 15.0 nH,
counter-electronotive voltage coefficient Ke is 0.15 V.s/rad and pole pair
nunber nis 2 is set equal thea gpreshrt afasa,r olavkenpspeld ther r Amphdtd8e
the counter-electronotive voltage coefficient Ke. Fig. 15B
5 table 806a is effected every cycle in which the phase
command is calculated by the phase command value calculator
806b. However, the look-up of the amplitude table 806a can
be effected, for example, in accordance with a timing at
which the rotation speed of the DC motor 803 varies.

10 In the present embodiment, while the motor 803 is
operated, a rotor position of the motor 803 is detected by
the position sensor circuit 804 and then supplied to the
control circuit 806. Then, a cycle of the position
detection signal is calculated in the control circuit 806,

15 and 1in response to the calculation of the cycle, the
rotation speed is calculated. In the control circuit 806,
a phase of the voltage-fed inverter relative to the phase
of the motor counter-electromotive voltage is set for the
purpose of operating the motor at a peak efficiency under

20 corresponding conditions, so that the phase is achieved.
Also, a conduction period is set to 180°, and a switching
command for achieving a specified output voltage amplitude
determined uniquely with respect to the rotation speed is

generated and supplied to the voltage-fed inverter 802.

25 Consequently, the motor 803 can be operated in a state in



- 52 - is a graph of a current anplitude to phase characteristic in a state
in which the output voltage fundanental wave anplitude [err] of the

vol tage-fed inverter 802 is set equal to the product of the rotation speed
[err] and the counter- 5 el ectronotive voltage coefficient Ke. It can
Jbe understood that the torque and the current anplitude are increased by

i ncreasi ng the phase, and conversely the torque and the current anplitude
are decreased by decreasing the phase. It is to be herein noted that the
phase is given by [err] 10 [err],_whjle the torque T and the
notor current anplitude are both given by the aforenentioned equation. A
case where a buried-mgnet notor of which d- axis i nduct ance Ld and
g-axi s i nduct ance Lqg are respectively 6.5 nH and 15.0 nH,

counter-el ectronotive 15 vol tage coefficient Ke is 0.15 V.s/rad and

pol e pair nun@gyich i the phagel &N Biel katgRit roblepgar aifustid betageseel

enbodi nent was conpared with a case where the notor is driven by the prior

art control appafeattes | sopegpsXhiiiovd heor tiper aldt@y ( to@ntetueliebgloabtdse
t he conparison 20 result being as shown in Fig. 16 (wherein a solid
| i ne i ndi cat erditageases weette ttdiethet @bdve-drantdored tpleasentand appahdths
of the present enbodiment, while a dotted line indicates the case where the
motor i s drivaéhebyutmipricoitage anwhittsle appeetatte thaospecifiledi gutpak.
It can be 25 understood that the operation area has been expanded to

t he =) voltage amplitude determined unigquely with respect to the

rotation speed, thereby allowing the motor efficiency to be

the peak efficiency under  the corresponding load

conditions. ~ Furthermore, the motor can be operated while

fixing the output voltage amplitude of the inverter at

10 maximum in a high-speed region in which the counter-

electromotive voltage of the motor in the time of no load

is greater than the output voltage amplitude of the

voltage-fed inverter, thereby allowing the range of

operation to be expanded. Also, a control for minimizing a

i5 motor current (increasing the efficiency) in the above-

mentioned state can be performed.

Fig. 15A 1is a graph of a torgue +to ©phase

characteristic in a state in which an amplitude |V]| of a

fundamental wave of an output voltage of the voltage-fed

20 inverter 802 that drives a buried-magnet motor of which d-

axis inductance Ld and g-axis inductance Lg are

respectively 6.5 mH and 15.0 mH, counter-electromotive

voltage coefficient Ke is 0.15 V-s/rad and pole pair number

n is 2 is set egual to a product of a rotation speed w and

25 the counter-electromotive voltage coefficient Ke. Fig. 15B



- 53 - high-speed side by driving the brushl ess DC notor by neans of the

control apparatus of the present enbodinent. It is to be noted that, in
the prior art control apparatus, a control systemis designed so that the
I nverter maxi num5 voltage in the steady-state stage (high-speed

stage) is reduced by about 10% as conpared with the control apparatus of

t he present enbodi nent, taking a control margin into account. Further, Fig.
17 is a graph showing an efficiency 10 to rotation speed characteristic
in a case where a buried- nmagnet nntor_pfzwnich d-axi s i nductance Ld and
g-axi s inductance Lq are respectively 6.§ nmH and 15.0 nH, counter-

el ectronotive voltage coefficient Ke is 0.15 V.s/rad and pol e pair nunber n
is 2 is driven by the control apparatus 15 of the present enbodi nent
and in a case where the nmotor is driven by the prior art control apparatus
shown in Fig. 4isl @ RihpH 7of aar ehaneire Shl deids Lol plie esh@rfaser Ideie
the notor is driven by the control apparatus of the present enbodi nent and
a case where thennet ostasedrivewhlight the?Ooutpupr ivarltaade cdnhtameappdr atase
a load torque being set to 20 kgf cmin both cases (where the voltage
anplitude is fiaspglitutibe |Fdntafoltlepperktage-ofed hinpertent 86@hAd raxit ,equal
while the phase is fixed in the prior art control apparatus, so that an

i denti cal effictendihd spaefnetedfattihde rosadioor greed « and the [eowjler-
In Fig. 17, a_reference character B _ .

5 electromotive voltage coefficient Ke. It can be understood
that the torque and the current amplitude are increased by
increasing the phase, and conversely the torgque and the
current amplitude are decreased by decreasing the phase.

.It is to be herein noted that the phase is given by tan”
10 1(vd/vq), while the torque T and the motor current
amplitude are both given by the aforementioned equation.

A case where a buried-magnet motor of which &-
axis inductance ILd and g-axis inductance Lg are
respectively 6.5 mH and 15.0 mH, counter-electromotive

15 voltage coefficient Ke is 0.15 V-s/rad and pole pair number
n is 2 1is driven by the control apparatus of the present
embodiment was compared with a case where the motor is
driven by the prior art control apparatus in regard to
their operation (i.e., running) areas, the comparison

20 result being as shown in Fig. 16 (wherein a solid line
indicates the case where the motor is driven by the control
apparatus of the present embodiment, while a dotted 1line
indicates the case where the motor is driven by the prior

art control apparatus shown in Fig. 4). It can be

25 understood that the operation area has been expanded to the



- 54 - indicates a case where the notor is driven by the control apparatus
of the present enbodi nent when the |load torque is set to 10 kgf-cm I n
Fig. 17, a reference character Cindicates a case where the notor is driven
by the prior art 5 control apparatus when the | oad torque is set to 10
[err]. As apparent fromFig. 17, when the |load torque is reduced, the
efficiency is significantly reduced in the case where the notor is driven
by the prior art control apparatus. However, in the case where the notor is
driven by the 10 control apparatus g the present enbodi nent, the
necessary notor current is reduced together with the |oad torque, with
which a Joule loss at the winding is reduced, resulting in slightly

i ncreasing the efficiency. Furthernore, in a magnetic-fl ux-weakened control
15 area, a high-efficiency operation in which the output voltage

ampl i tude of tieqyoliage- Ledel Byethah iy T Mbaeth fu bocagbieyedy anhide

notor current 1s reduced by a dégree corresponding to the increase of t he

efficiency. ThefetnéecoatiBliJiapparaiedeFetid grésenentémbagasbhy.of @ A%
swi tching el enent of the voltage-fed inverter 802 and so forth,

consequent |y atd oWenondted r ghge ,ofiropenat iphido Aetexguides apﬁaﬁaeusel Va
when the range of operation is not expanded taking advantage of the margin
of the currentcompaclt systes ishidesigireensohathaty &heur isrvértapactayiman -
> 5 voltage in the steady-state stage (high-speed stage) is
reduced by about 10% as compared with the control apparatus

of the present embodiment, taking a control margin into

account.

Further, Fig. 17 is a graph showing an efficiency

10 to rotation speed characteristic in a case where a buried-
magnet motor of which d-axis inductance ILd and g-axis

inductance Lg are respectively 6.5 mH and 15.0 mH, counter-
electromotive voltage coefficient Ke 1is 0.15 V-s/rad and

pole pair number n is 2 is driven by the control apparatus

15 of the present embodiment and in a case where the motor is

driven by the prior art control apparatus shown in Fig. 4.

In Fig. 17, a reference character A indicates a case where

the motor is driven by the control apparatus of the present

embodiment and a case where the motor is driven by the

20 prior art control apparatus, a load torgue being set to 20
kgf-cm in both cases (where the voltage amplitude is fixed

in the control apparatus of the present embodiment, while

the phase is fixed in the prior art control apparatus, so

that an identical efficiency is achieved at the load torque

25 of 20 kgf-cm). In Fig. 17, a reference character B



reduced by the margin can be enpl oyed, consequently achieving cost
reduction. Al so, no special device for perform ng the above- nentioned
eontrol is required to be incorporated, and 5 t herefore cost increase
is prevented. (Third Enbodinment) Fig. 18 is a block diagram schematically
showi ng a third enbodi nent of the brushless DC notor system of the present
Lnvention, while Fig. 19 is a diagram show ng an 10 I nternal structure
of a m croprocessor 918 shown in Fig. 18. In the present brushless DC notor
system three pairs of switching transistors 912ul, 912u2, 912vl1, 912v2,
912wl and 912w2 are serially connected Prt respective pairs 15 to a DC
power supply 911 (formed by serially connecting DC power supplies having
nmut ual |y equal el ectronotive voltages and groundi ng a connection point of
the sources) to forman inverter 912, and vol tages at connection points of

respective pai&ﬁd?EaEQE S L NohiF@nshat floto?! & APRFieEn28y the control
respectively to star-connected stator w ndings 913u, 913v and 913w at

respective phaégﬁa%thge ol 3l 95 RRtRIYodihene Rafdrerthe raf=l reskdwe is
sinply as a notor) 913. The vol tages at the connection points of the

respective pai kat0ftd hgoswig£himg t ransFabor s1ay eaalsef apgidced chaspedtervely

25 to star-connected resistors 914u, 914v and 914w. Acr 0Sss - 56 -

indicates a case where the motor is driven by the prior art

5 control apparatus when the load torque is set to 10 kgf-cm.

As apparent from Fig. 17, when the load torque is reduced,

the efficiency is significantly reduced in the case where

the motor is driven by the prior art control apparatus.

However, in the case where the motor is driven by the

10 control apparatus of the present embodiment, the necessary

motor current is reduced together with the 1load torque,

with which a Joule 1loss at the winding is reduced,
resulting in slightly increasing the efficiency.

Furthermore, in a magnetic-flux-weakened control

15 area, a high-efficiency operation in which the output

voltage amplitude of the voltage-fed inverter is maximized

can be achieved, and the motor current is reduced by a

degree corresponding to the increase of the efficiency.

Therefore, a margin is produced in a current capacity of a

20 switching element of the voltage-fed inverter 802 and so

forth, consequently allowing the range of operation to be

expanded. Cconversely, when the range of operation is not

expanded .taking advantage of the margin of the current

capacity, a switching element having a current capacity



the collector and emtter termnals of the swtching transistors 912ul
912u2, 912vl:, 912v2, 912wl and 912w2 are connected current feedback di odes
912uld, 912u2d, 912vid, 912v2d, 912wld and 912w2d. A reference
numeral 913e 5 denotes a rotor of the nmotor 913. Suffix characters u,
v, and w correspond respectively to the u-phase, v-phase and w phase of the
notor 913. A voltage at a neutral point 913d of the star- connected stator
wi ndi ngs 913u, 913v and 913w is supplied 10 to an inverted input
termnal of an anplifier 915 via a re§i§ or 915a, while a voltage at a
neutral point 914d of the star-connected resistors 914u, 914v and 914w are
supplied to a non-inverted input termnal of the anplifier 915. Furt her,
a resistor 915b is connected between an 15 output termnal and the
inverted input termnal of the anplifier 915, so that the anplifier 915
is made 10 Op&f&hicdd apdl f ERECNaRlyiAPIddd erpe ANeRPLBYEAS! JRRInsRuiRH
fromthe output termnal” of the anpliifier 915 is supplied fo an integrator
20 916 f orgwch ik rdaid Wwr&eidi ng a resistor 916a and a capacitor
916b. An output signal fromthe integrator 916 (a voltage at a connection
poi nt of the resistor 9KEsanthd hepeapali deOvicd1H6y pesfoshpPayi e Edova-

non-inverted input 25 termnal of a zero-crossing conparator 917 which
recei ves - ightioned control is required to be incorporated, and
5 therefore cost increase is prevented.

(Third Embodiment)

Fig. 18 is a block diagram schematically showing
a third embodiment of the brushless DC motor system of the
present invention, while Fig. 19 is a diagram showing an

10 internal structure of a microprocessor 918 shown in Fig.
i8.

In the present brushless DC motor system, three
pairs of switching transistors 912ul, 912u2, 912vl, 912v2,
912wl and 912w2 are serially connected in respective pairs

15 to a DC power supply 911 (formed by serially connecting DC
power supplies having mutually equal electromotive voltages
and grounding a connection point of the sources) to form an
inverter 912, and voltages at connection points of
respective pairs of the switching transistors are applied

20 respectively to star-connected stator windings 913u, 913v
and 913w at respective phases of the brushless DC motor
(hereinafter, referred to simply as a motor) 913. The
voltages at the connection points of the respective pairs
of the switching transistors are also applied respectively

25 to star-connected resistors 914u, 914v and 914w. Across



at its inverted input termnal the voltage at the neutral point 913d.

Theref ore, a magnetic-pole position detection signal is outputted from an
output term nal of the zero- 5 Crossing conpar at or 917. In
ot her wor ds, the aforenentioned differential anplifier, integrator 916,
and zero-crossing conparator 917 constitute a position sensor for detecting
the magneti c-pole position of the rotor 913e of the notor 913. It is to be
noted that a position sensor 10 conprised of a rotary encoder and so
forth can be adopted instead of the pasizgi an sensor having the
above-nentioned construction. The nmagnetic-pole position detection
signal outputted fromthe position sensor is supplied to an 15 ext er nal
interrupt termnal of the mcroprocessor 918. In the m croprocessor 918,
an interrupt handling (interrupt handling A, see Fig. 20) is effected on a
phase correctitheti getil8tBarandna cyali¢teeas dernd nkileer oFl8kHen rsasipootsing o
t he magneti c-pol e position detection signal supplied to the 20 ext er nal
i nterrupt terntnahsistérsi AeRulal aa2ok,t ke2phaseleoRredtli2on @inverd XM are
set by a tinmer value calculator 919a described Ilater. The cycle
measuring tineennecipds mpidesy: t feedbagk dildest P2 pbdi t PaAUBHAgNA12¥Ad e
cal cul ator 919b included in a CPU 919. The position signal 25 cycle

cal cul ator 918B2Ved) cuPaR¥ld zand| n@r2w3df ue Herreferempe . numeral 913e

5 denotes a rotor of the motor 913. Suffix characters u, v,
and w correspond respectively to the u-phase, v-phase and
w-phase of the motor 913.

A voltage at a neutral point 913d of the star-
connected stator windings 913u, 913v and 913w is supplied
10 to an inverted input terminal of an amplifier 915 via a
resistor 915a, while a voltage at a neutral point 9144 of
the star-connected resistors 914u, 914v and 914w are
supplied to a non-inverted input terminal of the amplifier
915. Further, a resistor 915b .is connected between an
15 output terminal and the inverted input terminal of the
amplifier 915, so that the amplifier 915 is made to operate
as a differential amplifier.
An output signal outputted from the output
terminal of the amplifier 915 is supplied to an integrator
20 916 formed by serially connecting a resistor 916a and a
capacitor 916b.
An output signal from the integrator 916 (a
voltage at a connection point of the resistor 916a and the
capacitor 916b) is supplied to a non-inverted input

25 terminal of a zero-crossing comparator 917 which receives



el ectrical angle of [err] based on a tinmer value corresponding to, for
exanple, an electrical angle of [err]. The phase correction tiner 918a
-supplies a count expiration signal to a [err] conduction inverter node

"sel ector 919c included in 5 the CPU 919 so as to execute an
interrupt handling (interrupt handling B, see Fig. 21). The [err]
~conduction inverter node selector 919c reads a correspondi ng vol tage
pattern froma menory 918c and out puts the sane. In the CPU 919, a

cal cul ati on based on the tiner val ue ig executed 10 by the position
signal cycle calculator 919b to out put 4 position signal cycle signal to
the tinmer value calculator 919a and a speed calculator 919e. The
timer value calculator 919a calculates a tinmer value to be set in the
phase correction timer 918a based on a position signal 15 cycl e signal
fromthe posiftjio i e; cal cu : 9 dyén tidd esrenttnal saeeehl
froma phase %%nﬁ%%ﬁ ca‘?ﬁ%ato? 1gfkéggggg%bggﬁphereiﬁ%fter. The speed
cal cul at or 9é8§n€a§$§hgtes the current-tinme speed based on the position
signal cycle Signal fromthe position signal cycle 20 cal culator 919b,

and outputs a voltagerhegsrend, (Qut plaignedliicagelanplpdsida crpmbetgcbibsed
on the present speed while supplying the present speed to the phase command
cal cul ator 918fgndhe ighasetpetradd feac Wt ontpidf texmiwailchof s thiesozero-
supplied a speed comrand, cal cul ates a phase conmand by, 25 for
exanpl es the efossimgti oretpRratakcul 8fi7en basedron tdfdher - wgrds, the
aforementioned differential amplifier, integrator 916, and
zero-crossing comparator 917 constitute a position sensor
for detecting the magnetic-pole position of the rotor 913e
of the motor 913. It is to be noted that a position sensor
io comprised of a rotary encoder and so forth can be adopted
instead of the position sensor having the above-mentioned
construction.
The magnetic-pole position detection signal
outputted from the position sensor is supplied to an
15 external interrupt terminal of the microprocessor 918. 1In
the microprocessor 918, an interrupt handling (interrupt
handling A, see Fig. 20) is effected on a phase correction
timer 918a and a cycle measuring timer 918b in response to
the magnetic-pole position detection signal supplied to the
20 external interrupt terminal. A timer value of the phase
correction timer 918a is set by a timer value calculator
919a described later. The cycle measuring timer 918b
supplies the timer value to a position signal cycle

calculator 919b included in a CPU 919. The position signal

25 cycle calculator 919b calculates a timer value per



speed command and the present speed fromthe speed cal cul ator 919e, and

supplies the:phase command to the tinmer value calculator 919a. Then,
a voltage pattern outputted fromthe [err] conduction inverter node
selector 5 919c and a voltage conmmand outputted from the speed

cal cul ator 919e are supplied to a PWM (Pul se Wdth Mdul ati on) nodul at or
918d whi ch out puts PWM nodul ation signals for the three phases. The PW
nodul ation signals are supplied to a base drive circuit 920, and the base

10 drive circuit 920 outputs control..signals to be supplied to the base
termnals of the switching transistors §f2ul, 912u2, 912v1, 912v2, 912wl
and 912w2. In the above description, as the conponents included in

the CPU 919, only functional portions for achieving the corresponding 15
functions are shown, and therefore the conponents are not existing inside

the CPU 919 i ne@eétaieannawan@hotsh@ocm@aerans LI GlLald YodReasbidihg
Here are shown voltage patterns corresponding to the inverter nodes in

Table 2. It istbp IMoér&mpha; tahe &lectrivalt apglpatdLr BHoare mapr gleaded
by OV OFF states of the switching transistors 912ul, 912u2, 912v1, 912v2,
912wl and 912wBorrebtien titkeropnsaspsogpliiest he cOhntt &t irattiidre S1¥nal to

corresponds to the OFF-state. - 60 - Table 2 Inverter

Vol tage pattera 180° conduction inverter mode selector 919c included in
5 the CPU 919 so as to execute an interrupt handling
(interrupt handling B, see Fig. 21). The 180° conduction

inverter mode selector 919c reads a corresponding voltage

pattern from a memory 918c and outputs the sane. In the

CPU 919, a calculation based on the timer value is executed

10 by the position signal cycle calculator 919b to output a
position signal cycle signal to the timer value calculator

919a and a speed calculator 919%e. The timer value

calculator 919a calculates a timer value to be set in the

phase correction timer 918a based on a position signal

15 cycle signal from the position signal cycle calculator 919b

and a differential speed from a phase command calculator

919f described hereinafter. The speed calculator 9%19%e

calculates the current-time speed based on the position

signal «cycle signal from the position signal cycle

20 calculator 919%b, and outputs a voltage command (output
voltage amplitude command) based on the present speed while

supplying the present speed to the phase command calculator

919f. The phase command calculator 919f, to which is also

supplied a speed command, calculates a phase command by,

25 for example, the aforementioned PI calculation based on the



Mode 912ul 912u2 912v1l 912v2 912wl 912w2 O 1 0 0

1 1 - 05 1 1 0 0 1 0

12 1 0 1 0 0 13 0 1

1 0 0 14 0 1 1 0 1 0
5 0 1 0 1 1 0 10 Next ,
the operation of the brushless DC notor drive and control system of Fig.
18 will be described with reference to a waveform di agram shown in Fig. 22.

In Fig. 22, as indicated in (A, (B)_aqg)QFD, u- phase, v-phase and w phase
I nduced vol tages Eu, Ev and Ew 15 Oof” the brushless DC notor vary as
shifted in phase at intervals of [err], and therefore a signal Vnm
outputted fromthe anplifier 915 varies in a nmanner as shown in Fig. 22
(D), and an integral waveform[err] of the signal integrated by the

integrator 918p4ali eTdnhamd BRI a8h&0 presSheWnspBeli 9.frdh (Bhe Wigpedde
I ntegral waveformis supplied to the zero-crossing conparator 917, an
excitation swcheBungtsirgned o& hatarid sesppiikal | 6hat phaes 0coM@RIIANYLPOI thie Of
the integral waveformis outputted in a manner as shown in Fig. 25 22
(F). The inteimgpt habdéi ncapewlater A d1wexecuthenyi th volt&de- paeterse
and fall of the excitation switching signal, and the phase correction tiner
918a starts (ecutpstietl phiont sthe 180° conduction inverter mode selector
5 919c¢ and a voltage command outputted from the speed
calculator 919e are supplied to a PWM (Pulse Width
Modulation) modulator 918d which outputs PWM modulation
signals for the three phases. The PWM modulation signals
are supplied to a base drive circuit 920, and the base
10 drive circuit 920 outputs control signals to be supplied to
the base terminals of the switching transistors 912u1l,
912u2, 912vi, 912v2, 912wl and 912w2. In the above
description, as the components included in the CPU 919,
only functional portions for achieving the corresponding
15 functions are shown, and therefore the components are not
existing inside the CPU 919 in a state in which the
components can be clearly recognized.
Here are shown voltage patterns corresponding to
the inverter modes in Table 2. It is to be noted that the
20 voltage patterns are represented by ON/OFF states of the
switching transistors 912ul, 912u2, 912vl, 912v2, 912wl and

912w2, where "1" corresponds to the ON-state, while %o

corresponds to the OFF-state.



(bl ack dots) of arrows in Fig. 22 (G). The timer value of the phase
correction tinmer 918a is set by the tine value 5 cal cul ator 919a, and
the timer expires, or finishes counting after a tine counting operation
corresponding to a set tiner value is conpleted (see end points of the
arrows in Fig. 22 (Q§). Then, every time the phase correction tiner 918a
expires, the interrupt handling process Bis 10 effected, and the [err]
conduction inverter node selector 919¢ increnents the inverter node by one
step. That is, as shown in Fig. 22 (h&,ﬁbhg inverter node is selected in
order of "1™ "2" "3" "4" "5/ "Q" "O" "17""2" ... Then, by increnenting
the inverter node by one step with the 15 expiration of the phase
correction tinmer 918a, the OV OFF states of the switching transistors
912ul, 912u2, 912vl, 912v2, 912wl and 912w2 are controlled in a manner as
shown in Figs. 22 (H) through (M in corgggpandence with each inverter

node. Consequently, the brushless DC notor 913 20 can be driven with

t he conducti o period—s at—ferriT—and the voltage-fed T nverter votjt age
can be put i n{alRy¥erteey n which its pha¥de :) @ phase of the rfotor
of the vol t agd i AP iterrsE L, 8282 | IT2PTNSh Ry \ARIEZENP T phase
correction tifer 918a. - B2 | Fbg. RO bs a|flaw chartl fol explaining in
det ai | tge corftents of tjhe pterrupt handhlng prqcess Ax)mh¢re:9n

2 1 0 1 0 0 i

3 0 1 1 0 0 1

4 0 1 i 0 1 0

5 0 1 0 1 1 0

10 Next, the operation of the brushless DC motor

drive and control system of Fig. 18 will be described with
reference to a waveform diagram shown in Fig. 22.

In Fig. 22, as indicated in (A), (B) and (C), u-

phase, v-phase and w-phase induced voltages Eu, Ev and Ew
15 of the brushless DC motor vary as shifted in phase at

intervals of 120°, and therefore a signal Vnm outputted

from the amplifier 915 varies in a manner as shown in Fig.

22 (D), and an integral waveform fvnmdt of the signal

integrated by the integrator 916 varies in a manner as
20 shown in PFig. 22 (E).

When the integral waveform 1is supplied to the
zero~crossing comparator 917, an excitation switching
signal that rises or falls at a zero-crossing point of the
integral waveform is outputted in a manner as shown in Fig.

25 22 (F). The interrupt handling process A is executed with



external interrupt request is received at each of the | eading edge and the
trailing edge of the magnetic-pole 5 position detection signal of the
-position sensor. Then, a value of the phase correction timer 918a is
calcul ated at step SP1 based on a position signal cycle signal obtained by
the position signal cycle calculator 919b and the differential speed

.obt ai ned by the phase conmmand cal cul ator 10 919f, a correction tinmer
value is set to the phase correction tinmer 918a at step SP2, and the
phase correction timer is started at step SPS3. Then, a cycle neasuring
timer started in the preceding |nterru6ﬁ handl i ng process A is stopped at

step SP4, and the cycle neasuring tinmer value 15 is read (stored) at
step SP5. It is to be noted that the processes at step SP4 and step SP5
are processes for detecting the cycle of the edges of the nagnetic-pole

swi tching sigpgl. rILl%r efry efaifeo@yceh% NBasF Aot | 8REtEaihgmedicalaly digpet

for the next cycle neasurenent af reading a cycle neasuring tiner

value, and tfga i)tlﬁrsteedcoirf‘éétlé‘ncihﬁké&até% obtakesed(Pasi btaptsSighBits
cycle (e.g., calculation of the nunber of counts per electrical angle of

10) is execut gplatksfiopsPPEf arevwselh- Fige ret qG)on smed Wimdherdalioro®13
is calculated based on a result of the 25 position signal cycle
cal cul ati on athst phaSe/,carmvettiage timer63i8acoiwmsdtdader thaed imel quelye
with respect to the current- tinme rotation speed is output at step SP8, and
t hen t he calculator 919a, and the timer expires, or flnlshes
counting after a time counting operation corresponding to a
set timer value is completed (see end points of the arrows
in Fig. 22 (G)). Then, every time the phase correction
timer 918a expires, the interrupt handling process B is
10 effected, and the 180° conduction inverter mode selector
919c increments the inverter mode by one step. That is, as
shown in Fig. 22 (N}, the inverter mode is selected in
order of W1W M2W N3M Ngw wgE wgn ugn wan ..., Then, by
incrementing the inverter mode by one step with the
15 expiration of the phase correction timer 918a, the ON/OFF
states of the switching transistors 912ui, 912u2, 912vi1,
912v2, 912wl and 912w2 are controlled in a manner as shown
in Figs. 22 (H) through (M) in correspondence with each
inverter mode. Consequently, the brushless DC motor 913
20 can be driven with the conduction period set at 180°, and
the voltage-fed inverter voltage can be put in a state in
which its phase precedes the phase of the motor induced
voltage. In the present case, the amount of the precedence

in phase of the voltage-fed inverter can be controlled by

25 the phase correction timer 918a.



programflow returns to the original processing stage. Practically, when a
count val ue corresponding to 5 the interval of the mgnetic-pole
position detection signals is, for exanple, 360 as a result of actual
measur enent by nmeans of the cycle neasuring tiner 918a, a count val ue per
cycle of the inverter output voltage is 360 x 6 = 2160 since the nunber of
t-he inverter nodes is six. 10 Then, since the value of 2160 corresponds
to [err], a count value per [err] is 2160/360 = 6. Wen a phase anount
command cal cul ated based on the differentjal speed is [err], the count
value (tinmer value) corresponding to the phase anpbunt conmmand is 6 X
(90-40) = 300. Therefore, the value of 300 15 Is set in the phase
correction tinmer 918a, and the phase correction tiner 918a is started. Fig.
21 is a flow chart for explaining in detail the contents of the interrupt
handl i ng process B. Wienrtibe prasies cOr£feeki eRairtMEord e Mhirtindabn stetasd

during the 20 I nterrupt handling process A expires, or finishes
counting, the iheergamtentandif ngher inessrépt shahfiddhgd prooesisner twier®dan
preparatorily set in the nenory 918c is increnented by one step at step
SP11, a voltagexternedn éoteespphdi nggtest hels noresresintestl iatveebeh nofie the
outputted at step SP12, - 64 - and then the programflow returns to the
original procedspdgnst agége Aandnaghet it-apiclimg  pdgetioh thesenmaggetic-pole
operatlog position detection signal of the position sensor. Then, a
value of the phase correction timer 918a is calculated at
step SP1 based on a position signal cycle signal obtained
by the position signal cycle <calculator 919b and the
differential speed obtained by the phase command calculator
10 919f, a correction timer wvalue 1is set to the phase
correction timer 918a at step SP2, and the phase correction
timer is started at step SP3. Then, a cycle measuring
timer started in the preceding interrupt handling process A
is stopped at step SP4, and the cycle measuring timer value
15 is read (stored) at step SP5. It is to be noted that the
processes at step SP4 and step SP5 are processes for
detecting the cycle of the edges of the magnetic-pole
switching signal. Therefore, the cycle measuring timer is
immediately reset for the next cycle measurement after
20 reading a cycle measuring timer wvalue, and then started.
Then, a calculation of stored position signal cycle (e.q.,
calculation of the number of counts per electrical angle of
1°) is executed at step SP6, a current-time rotation speed

of the motor 913 is calculated based on a result of the

25 position signal cycle calculation at step SP7, a voltage



executed by the anplifier 915, the integrator 916 and the 5

zero-crossing conparator 917 shown in Fig. 18 wll be described in
fmore detail. In regard to the magnetic-pol e position sensing effected by
detecting the notor voltage, according to a nmagnetic-pol e detection nethod
usi ng an induced voltage 10 appearing in upper and | ower armoff
intervals in a [err] conduction node adopted in an el ectrical equipnent
such as an air conditioner, it is nade inpossible to detect an induced

vol tage when an el ectric current |ncrea§ s_wth a high load, and it is
further nmade inpossible to performthe magneti c- pol e position
sensing process. Assuming that a tine to the cut-off of the current flow ng
through the stator winding is t, that an inverter electrical angle in the
[err] interval is [err], and that an output frequency is f, a conditional

expr essi on 20 commRl HEtErRi REAY WhRNIEYy OfiBAt Xdipalet eebi Oef cufent-
i nduced voltage is enabled is: [err] As apparent fromthe above-nentioned

condi tions, ittigen Betheusf tdpRleadeiecidudpuaf é'hesltlé(ﬂﬂcsﬂsyohﬁ'@gethén25he
theoretlcally i npossi ble when the [err] conduction is 65 -

adopt ed. Furt afogradref Jaow mesthamd dajuithd Drriefjialegrddedssimpeaasspy to
i ncrease the current anplitude. However, when the current anplitude is
i ncreased, a great resi dagctically, when a count value corresponding to
5 the interval of the magnetic-pole position detection
signals is, for example, 360 as a result of actual
measurement by means of the cycle measuring timer 918a, a
count value per cycle of the inverter output voltage is 360
X 6 = 2160 since the number of the inverter modes 1is six.
10 Then, since the value of 2160 corresponds to 360°, a count
value per 1° is 2160/360 = 6. When a phase amount command
calculated based on the differential speed 1is 40°, the
count value (timer value) corresponding to the phase amount
command is 6 X (90-40) = 300. Therefore, the value of 300
15 is set in the phase correction timer 918a, and the phase
correction timer 918a is started.

Fig. 21 is a flow chart for explaining in detail
the contents of the interrupt handling process B. When the
phase correction timer 918a which has started during the

20 interrupt handling proceés A expires, or finishes counting,
the interrupt handling process B is effected. The inverter
mode preparatorily set in the memory 918c is incremented by

one step at step SPll, a voltage pattern corresponding to

the incremented inverter mode is outputted at step SP12,



current due to a notor inductance results, and in a worst 5 case, the
current flow ng through the stator mﬁndlng inthe [err] interval cannot be

-cut off. Therefore, in order to surely cut off the current flow ng
through the stator winding in the [err] interval, the current anplitude is
required to be limted. Therefore, when the rotation speed 10 is high

.or when the conduction tine is prolonged, the current anplitude cannot be
i ncreased. However, when the construction shown in Fig. 18 is adopted, a
voltage [err] at a neutral point 913d qf the star-connected stator w ndings
913u, 913v and 913w is 15 expressed=by: [err] which represents a sum of
3n'th harnoni c conponents (n: integer) (see Fig. 23 (G) contained in the

i nverter output waveforns (see Fig. 23 (A, (B) and (C)) and the notor 20

i nduced vol tage waveforns (see Fig. 23 (D), (E) and (F)). Further, a

voltage [err] a tr o] 0 e nect ed.resi u.
914v and 914Wax?§ e%%%gssglahegy Qf%‘r?%gﬂ 1k (??ééuﬁﬁgl eE'E’(l_Dth% Sép{%“%lﬁ

Ther ef or e, pbtaksing gtggéference [err] (see Fig. 23 (1)) of the
vol t ages [err? and [err] the 3n'th harnonic conmponents contained in the
motor induced voltage A magnetic-pole position sensing operation
executed by the amplifier 915, the integrator 916 and the
5 zero—crossing comparator 917 shown in Fig. 18 will be
described in more detail.

In regard to the magnetic-pole position sensing
effected by detecting the motor voltage, according to a
magnetic-pole detection method using an induced voltage

10 appearing in upper and lower arm-off intervals in a 120°
conduction mode adopted in an electrical egquipment such as
an air conditioner, it is made impossible to detect an
induced voltage when an electric current increases with a
high load, and it is further made impossible to perform the

15 magnetic-pole position sensing process.

Assuming that a time to the cut-off of the
current flowing through the stator winding is t, that an
inverter electrical angle in the 180° interval is co[rad],
and that an output frequency is f,-a conditional expression

20 for determining whether or not the detection of the induced
voltage is enabled is:

t < (7m-a)/(47f)

As apparent from the above-mentioned conditions,

it can be found that detection of the induced voltage is

25 theoretically impossible when the 180° conduction is



waveforns can be extracted. Furthernore, since each of the 5

above- nenti ohed expressions does not depend on the current, there is no
restriction on the conditional expressions, and therefore they can be
applied to an arbitrary conduction period. That is, when the conduction
period is set long at the high-speed rotation stage, the magnetic-pole
position 10 detection can be achi eved w thout using a magnetic-pole
position sensor even when the current anplitude is nade great. In a case
where the [err] conduction is adopted. gksQ, the nmagnetic-pole position
detection can be achieved w thout using a magnetic-pole position sensor. 15
The above has described only the brushless DC notor drive control in a
state in which the brushless DC notor is running in the steady state.
However, when the brushless DC notor is stopped, the aforenentioned drive

control cannotaiepeédect pdrbreaysehsn hngueadeyokbagael 4s2equirgeneria eis
t hen. Therefore, in starting the brushless DC notor operation, a

vol t age-fed | nnecéssarg tonpntseaskythpecarednéxtepiditiieand Howdweas- plteese
AC voltage is applied, so that the rotor is rotated by a synchronous

oper ati on. Thebheancundenbd awpiliatedes genedacrdawmhdn t ke greats7 resistuml
starts to rotate. Therefore the brushless DC notor can be subjected to

t he above driveuxseptofueEitects i gatorppriaatasceuatesas td r awhdini endfagst

vacuunlcleaners and el ectric washers are required to reduce
case, the current flowing through the stator winding in the

180° interval cannot be cut off. Therefore, in order to
surely cut off the current flowing through the stator
winding in the 180° interval, the current amplitude is
required to be limited. Therefore, when the rotation speed

10 is high or when the conduction time is prolonged, the
current amplitude cannot be increased.

However, when the construction shown in Fig. 18
is adopted, a voltage Ey 5 at a neutral point 9134 of the
star-connected stator windings 913u, 913v and 913w 1is

15 expressed by:
Ey-0 = (1/3){(Vyo = Ey—o) + (Vyoo = Ego0) + (Vyo = Eyo)}
which represents a sum of 3n‘th harmonic components (n:
integer) (see Fig. 23 (G)) contained in the inverter output
waveforms (see Fig. 23 (A4), (B) and (C)) and the motor
20 induced voltage waveforms (see Fig. 23 (D), (E) and (F)).

Further, a voltage Vy_y at a neutral point 914d of
the star-connected resistors 914u, 914v and 914w is
expressed by:

Vy-o = (1/3) (Vyeg + Voo + Vig)

25 (see Fig. 23 (H)).



5 t he power consunption, and in recent years, brushless DC notors and
inverters which have attracted public attention are being increasingly
adopted. By applying the brushless DC notor drive system of the present
invention to such electrical appliances, a power consunption is reduced 10
further than in the conventional electrical appliances nerely

enpl oying a brushless DC notor or an inverter. The above has described the
case where a voltage- fed inverter is controlled by PW The present
invention can also be applied simlarly to a case where a voltage-fed 15
inverter is controlled by PAM (a case ere a switching elenent is
provided in the converter 902a and the switchi.ng elenent is controlled to
nodul ate a pul se anplitude). Furthernore, because a product of the rotation
speed and the torque is the notor output, a torque control 20 system

can be constituted withd [RQLat i 8Et21L9L9UE SENERLradese fOorthy
(Fourth Enbodi nent) Fig.'IIh %%gﬁgﬁg égaonétrﬁctﬁgn of & brushl ess ¥ mot oF°

system of a fquddh wpodisrent) ¢f dehany epeitagds E, J uedtvQn,, tewshedn
reference nuneral 1 denotes a Stator - 68 - whicCh has star-connected

armat ure coil siakmonlle afhpldhaitt r@btLbnad I 94 0thd0 6N di mdwded albl ¥agé
per manent nmagnets by a rotating magnetic field, reference nuneral 2 denotes

a resistor ci waefdirdis RGNS Ry eiiediedy] r erirtilgirancdss, i each of the

5 above-mentioned expressions does not depend on the current,

there is no restriction on the conditional expressions, and

therefore they can be applied to an arbitrary conduction

period. That is, when the conduction period is set long at

the high-speed rotation stage, the magnetic-pole position

10 detection can be achieved without using a magnetic-pole
position sensor even when the current amplitude is made
great. In a case where the 180° conduction is adopted,
also, the magnetic-pole position detection can be achieved
without using a magnetic-pole position sensor.

15 The above has described only the brushless DC
motor drive control in a state in which the brushless DC
motor is running in the steady state. However, when the
brushless DC motor is stopped, the aforementioned drive
control cannot be effected because no induced voltage is

20 generated then. Therefore, in starting the brushless DC
motor operation, a voltage-fed inverter is compulsorily.
operated externally and a three-phase AC voltage is
applied, so that the rotor is rotated by a synchronous

operation. Then, an induced voltage is generated when the



5 2c connected in parallel with the armature coils 1la, 1b and 1c,
reference nuneral 3 denotes a rotational-position sensor which serves as
rotational -position sensor neans that detects a voltage difference signal
[err] representing a voltage difference between a voltage [err] at a
neutral point 10 of the resistor circuit 2 and a voltage [err] at a
neutral point of the armature coils la, |Ib and 1c, detects a relative
position of the rotor 10 based on the voltage difference signal [err],
and outputs a position signal representing the relative position of the
rotor 10, 15 reference nuneral 4 dé%%tés a m croconputer which receives
the position signal fromthe rotational -position sensor 3 and outputs a
switching signal, and reference nuneral 5 denotes a base drive circuit

whi ch receives the switching signal fromthe mcroconputer 4 and outputs a

comutati on 20roterCHar@s St@NAbtate The GRIPBHAE Ofh&€0BEHCh1858NHe ThOPRY
the base drive circuit 5is inputted to an inverter section 20. The stator

1 and the rot ogahOneoBshijbateqatBr Ul eesvOCarRver cdntrde
rotational -position sensor 3 includes an 25 anplifier 1Cl where the

voltage [err] at the neuklabttpotal Qppliandid -stbR rasi aier conditiorets,
inputted to an inverted input termnal thereof, a ground G\ND is connected
to a non- invewvaedumnpleanersi aall electeficvwasherssiagteonrgeprirjgd amsl weduce
resistor R2 and a capacitor Cl are connected in parallel
5 the power consumption, and in recent years, brushless DC
motors and inverters which have attracted public attention
are being increasingly adopted. By applying the brushless
DC motor drive system of the present invention to such
electrical appliances, a power consumption 1is reduced
10 further than in the conventional electrical appliances
merely employing a brushless DC motor or an inverter.

The above has described the case where a wvoltage-
fed inverter is controlled by PWM. The present invention
can also be applied similarly to a case where a voltage-fed

15 inverter is controlled by PAM (a case where a switching
element is provided in the converter 902a and the switching
element is controlled to modulate a pulse amplitude).

Furthermore, because a product of the rotation
speed and the torque is the motor output, a torque control

20 system can be constituted with incorporation of a torgue
sensor and so forth.
(Fourth Embodiment)

Fig. 24 shows a construction of a brushless DC

motor system of a fourth embodiment of the present

25 invention, in which reference numeral 1 denotes a stator



5 wi th each other between an output term nal thereof and the inverted
input termnal; an anplifier 1C2 where an inverted i nput term nal thereof
irs connected to the output termnal of the anplifier IClL via a resistor RS,
a ground GND is connected to a non-inverted input termnal thereof via a 10
resistor R4, and a resistor [err] is connected between an output term nal
thereof and the inverted input termnal; and an anplifier 1C3 where an
inverted input terminal thereof is connected to the output term nal of the
amplifier IC2, a ground GND i s connecteds,to a non-inverted 15 i nput
termnal thereof via a resistor [err], and a resistor [err] is connected
bet ween an output term nal thereof and the non-inverted input termnal.

The anplifier I1Cl, resistor [err], resistor [err], and capacitor [err]
constitute concurrently a differential anplifier 21 and an integrator 22

whi ch serves 2fhich B8asi FtH AR AR Sarnadtif-&MBbi isehal C2pnghdhec and
resistors R3, R4 and R5 constitute an inverting anplifier 23, while the

amplifier 1C3 podatbe nesbsber 3 oORhaANhRA CPNstal ke BfZpeenahest Mhgnets

conparat or 24. The neutral point of the armature coils la, 1b and 1c is
connected to the aonotabing mhguetiedfispal rerfsraateohumbeadnpl idernetesCh
via the ground - 70 - GND and the resistor [err]. Therefore the

differential anpsiséter Qir¢untepeuing 22ardecnpestefiereslishigrsdizif,e2énemd
signal VMN representing the voltage difference between the voltage VM at
the neut%al pothtcenneftedesnsparatietyvit the armature coils la, 1b and

lc, reference numeral 3 denotes a rotational-position
sensor which serves as rotational-position sensor means
that detects a voltage difference signal Vy, representing a
voltage difference between a voltage Vy at a neutral point
10 of the resistor circuit 2 and a voltage Vy at a neutral
point of the armature coils 1la, 1b and 1lc, detects a
relative position of the rotor 10 based on the voltage
difference signal Vy,, and outputs a position signal
representing the relative position of the rotor 10,
15 reference numeral 4 denotes a microcomputer which receives
the position signal from the rotational-position sensor 3
and outputs a switching signal, and reference numeral 5
denotes a base drive circuit which receives the switching
signal from the microcomputer 4 and outputs a commutation
20 control signal. The commutation control signal from the
base drive circuit 5 is inputted to an inverter section 20.
The stator 1 and the rotor 10 constitute a brushless DC

motoxr 11.
The rotational-position sensor 3 includes an

25 amplifier IC1l where the voltage Vy at the neutral point of



5 and the voltage VN at the neutral point of the armature coils la, 1b
and 1lc, intedgrates the voltage difference signal VM, and outputs an
integral signal [err]. The above-nentioned brushl ess DC notor system

i ncludes a | evel detector 6 which receives the integral 10 si gnal
[err] fromthe integrator 22 of the rotational- position sensor 3 and
outputs a level detection signal to the mcroconputer 4. In the |eve

detector 6, as shown in Fig. 25, the integral signal [err] fromthe
integrator 22 of the rotational-position sensor 3 is inputted to an 15
inverted input termnal of an anplifier § , a non-inverted input term nal
of the anplifier IC4 is connected to the ground G\ND via a resistor [err],
and a resistor [err] is connected between an output term nal and the
non-inverted input termnal of the anplifier 1C4. The anplifier 1C4 and

the 20 resitHr fesRBtofNt i R4 1tC08Stid Uiﬁ?u@teﬁys&ﬁr 831 SinveAMmat ataput
havi ng a hysteresis characteristic. The brushless DC notor is driven in

accordance W t Rdh@irdSi theReditgnak, @rshras SNOWNisN Ebfhedfed WIEHN whenon-
integral signal [err] (shown in Fig. 27 (A)) inputted to the inverted input

term nal of thererted appputi eerhGhadl thwerdefvelideteectosibtoxcagds #nd a
ref erence - 71 - value El1, the output termnal of the anplifier I1C4
comes to have Irdséwdior R, Waed tdhecapatibonl C;siayml coheertelecionepasablibdr
than a reference value E2, the output termnal of the anplifier 1C4 cones
to have K| evewith ®aghigthehebetween an output terminal thereof and the
inverted input terminal; an amplifier IC2 where an inverted
input terminal thereof is connected to the output terminal
of the amplifier ICl via a resistor R;, a ground GND is
connected to a non-inverted input terminal thereof via a
10 resistor R,, and a resistor Rg -is connected between an
output terminal thereof and the inverted input terminal;
and an amplifier IC3 where an inverted input terminal
thereof 1is connected to the output terminal of the
amplifier IC2, a ground GND is connected to a non-inverted
15 input terminal thereof via a resistor Rg, and a resistor R,
is connected between an output terminal thereof and the
non-inverted input terminal. The amplifier ICl, resistor
R;, resistor R,, and capacitor C; constitute concurrently a
differential amplifier 21 and an integrator 22 which serves
20 as integration means. The amplifier IC2 and the resi_stors
Ry, R, and Ry constitute an inverting amplifier 23, while
the amplifier IC3 and the resistors Ry and R, constitute a
zero—-crossing comparator 24. The neutral point of +the

armature coils 1a, 1b and 1lc is connected to the non-

25 inverted input terminal of the amplifier ICl1l via the ground



u

5 | evel detection signal (shown in Fig. 27 (C)) of the |level detector 6
Is a signal- having a cycle identical to that of the position signal (shown
in Fig. 27 (B)) and a phase different fromthat of the position signal.

"However, when the level of the integral signal [err] fromthe rotational-

10 position sensor 3 lowers, there is the possibility that the integral

~signal [err] does not exceed the reference value El or the possibility that

the integral signal [err] does not becone snaller than the reference val ue
E2. In such a case, the level detection signal has a frequency |ower than
15 that of the position signal and’@ different duty ratio. In other
wor ds, whether or not the integral signal [err] has a | evel not smaller
than a specified | evel can be detected dependi ng on whether or not the

| evel detection signal is continuous in a specified cycle. 20

Furt her, asﬁg?omz%bd :anntc}’%l Ges ko tgﬁt‘oi NV eh 6l £36Gt | g@xegodg%éi%@&itaw ee

transistors 0c  connect e a positive side of DC power

supply 9 and g,lq%@ff{élanﬂ 323%2?59%03052 gﬂéegg&t@@ﬂ@cw%dtﬁgeg gl&&%tﬂe\tﬁ:e

side of the power n emtter of t

transistor 202 gt ayCol LegtakeAtihge theaRfdidafe 200f féence - béween the
connected to eath othﬁ?, aﬁ enitteraof the transi stor 20b and a coll ector

of the transigépPEagdevyr atcameciakial epohndt ber timndrenisnot t edrohithe
transistor 20c and a collector of the transistor 20f are connected to each

other. s and the voltage Vy at the neutral point of the armature

coils 1a, 1b and 1lc, integrates the voltage difference

signal V,, and outputs an integral signal §Vin@t.

The above-mentioned brushless DC motor system

includes a level detector 6 which receives the integral

10 signal [v,,dt from the integrator 22 of the rotational-

position sensor 3 and outputs a level detection signal to

the microcomputer 4. In the level detector 6, as shown in

Fig. 25, the integral signal [Vy,dt from the integrator 22

of the rotational-position sensor 3 1is inputted to an

15 inverted input terminal of an amplifier IC4, a non-inverted

input terminal of the amplifier IC4 is connected to the

ground GND via a resistor Ry, and a resistor R, is connected

between an output terminal and the non-inverted input

terminal of the amplifier IC4. The amplifier IC4 and the

20 resistors Ry and R; constitute a hysteresis comparator

having a hysteresis characteristic. The brushless DC motor

is driven in accordance with the position signal, and as

éhown in Fig. 27, when the integral signal {V,,dt (shown in

Fig. 27 (A)) inputted to the inverted input terminal of the

25 amplifier IC4 of the level detector 6 exceeds a reference



5 Further, the connection point of the transistors 20a and 20d is
connected with the armature coil la of the U phase, the connection point of
the transistors 20b and 20e is connected with the armature coil |b of the
V- phase, and the connection point of the transistors 20c and 20f is 10
connected with the armature coil 1c of the Wphase. Further, diodes
are connected in an inverse-parallel connection form between the collectors
and the emtters of the transistors 20a through 20f. Further, as shown in
Fig. 26, the m croconputer 4 15 inclydes a phase correction timer Tl to
whi ch the position signal fromthe rotational -position sensor 3 shown in
Fig. 24 is inputted via an external interrupt termnal; a cycle neasuring
timer T2 which receives the position signal and neasures a cycle of the

vol tage pattern of the armature 20 coils la, 1b and 1c; a cycle

calculator 41 yhigh E@CEiLUES cAtPRRseedihhTPb Y hie faMike oY &omes to
measuring tinmer T2, calculates a cycle of the voltage pattern of the

armature coil sphde |D-Bowelc framehhethbneinteamiel  aidreut pYtrg @t C\sddomes
signal representing the cycle; and a tinmer value 25 cal cul'at or 42 whi ch

recei ves the cgghklesi g¢han o rosféhence valde- By Clith€abatpatotedhinal of
calculates a tiner value corresponding to a phase correction angle based on
t he cycl e, andtbet gl if iemefCdal amneset toi dgrave t d-tlleyeihase Thatr edtsi, orthe
timer T1. The mcroconputer 4 further includes an inverter node
5 level detection signal (shown in Fig. 27 (C)) of the level
detector 6 is a signal having a cycle identical to that of
the position signal (shown in Fig. 27 (B)) and a phase
different from that of the position signal. However, when
the level of the integral signal {V,dt from the rotational-

10 position sensor 3 lowers, there is the possibility that the
integral signal [Vodt does not exceed the reference value
El or the possibility that the integral signal [V,,dt does
not become smaller than the reference wvalue E2. In such a
case, the level detection signal has a frequency lower than

15 that of the position signal and a different duty ratio. 1In
other words, whether or not the integral signal [V,,dt has a
level not smaller than a specified level can be detected
depending on whether or not the level detection signal is
continuous in a specified cycle.

20 Further, as shown 1in Fig. 24, the inverter
section 20 includes three transistors 20a, 20b and 20c
connected to a positive side of a DC power supply 9 and
three transistors 204, 20e and 20f connected to a negative

side of the DC power supply 9. An emitter of the

25 transistor 20a and a collector of the transistor 20d are



5 sel ector 43 which receives an interrupt signal IRQ fromthe phase
correction-timer T1 and outputs a voltage pattern signal; a speed

- cal cul ator 44 which receives the cycle signal fromthe cycle cal cul ator 41,
calculates a rotation speed, and outputs a current-time speed signal; a
speed 10 controll er 45 which receives the current-tinme speed signal
fromthe speed cal cul ator 44 and an external speed conmand signal, and
outputs a voltage command signal; a | evel decision section 51 which
receives the position signal fromthe rotational -position sensor 3 and the
| evel detection 15 signal fromThé? Tevel detector 6, and outputs a
phase correction conmand signal to the tinmer value calculator 42; and a PW
(Pul se Wdth Mdul ati on) nodul at or 52 which receives the voltage pattern

si gnal fron1the inverter node sel ector 43 and the voltage command si gna

fromthe spee ctedcg§tr%hh¢Q¢. angnog&ggggrad%mgg@legaﬁgggebr 20bhe

phase correct OIH]?I ner

e ‘measuring time T2, the cycle
cal cul ator 4Jan@n§T%gf} 8?'HﬁecﬁfﬁHE§§QBr4§0608§E'E@hﬂe@&%&eto each
correcti on neans detector 6 and the | evel decision section 51

constitute | eygledecisd Oé‘nnsﬁiléter of ¥fle- tkAnkhetabogecnand enebllector
constructi on, when’' the brushless DC notor is driven in accordance with the

position senspng, thadueedneaktages 26f Rrankcdmedtéde tb pbash, \bhitese
and Wphase of the armature coils la, |Ib and 5 1c cone to have
trapezos dal wmavefier psthleavidonneat fder potint of the transistors 20a and
20d is connected with the armature coil la of the U-phase,
the connection point of the transistors 20b and 20e is
connected with the armature coil 1b of the V-phase, and the
connection point of the transistors 20c and 20f is
10 connected with +the armature coil 1c of the W-phase.
Further, diodes are connected 1in an inverse-parallel
connection form between the collectors and the emitters of
the transistors 20a through 20f.
Further, as shown in Fig. 26, the microcomputer 4
15 includes a phase correction timer T1 to which the position
signal from the rotational-position sensor 3 shown in Fig.
24 is inputted via an external interrupt terminal; a cycle
measuring timer T2 which receives the position signal and
measures a cycle of the voltage pattern of the armature
20 coils 1a, 1lb and 1c; a cycle calculator 41 which receives a
measured timer value from the cycle measuring timer T2,
calculates a cycle of the voltage pattern of the armature
coils 1l1la, 1b and 1lc from the timer value, and outputs a
cycle signal representing the cycle; and a timer value

25 calculator 42 which receives the cycle signal from the



phases at intervals of 120 degrees as shown in Fig. 28 (A) through (c).
Then, the anplifier ICL of the rotational- position sensor 3 detects a
voltage difference signal [err] (shown in Fig. 28 (D)) representing a

vol tage difference 10 between a voltage VM at the neutral point of the
resistor circuit 2 inputted to the inverted input termnal and a voltage VN
at the neutral point of the armature coils l1la, 1b and 1c inputted to the
non-inverted input termnal of the anplifier I1Cl, integrates the voltage

di fference signal 15 [err], and out puts an integral signal [err] (shown
in Fig. 28 (E)). The integral signall [err] cones to have an
approxi mate sine waveform having a frequency three tines as great as the
power source frequency. Then, the inverting anplifier 23 anplifies the
integral signal [err] inputted 20 to the inverted input termnal of the

anplifier |1C2 ggcaespatthigdoanphi,t udacunhites bhe iZRI0H 1S dr

24 detects a zero-crossing point of the anplified integral signal [err] and
out puts a positboa phgsal cozhremibhn Bngle2Bakk)) on théb cyclhen,aridieoutputs
position signal fromthe rotational- position sensor 3 is inputted through
the external iaté&imept viedre st ofidreel nierbbenpbaer 4orarectdonydimer T1.
measuring tinmer T2. The cycle neasuring tiner T2 neasures 5 a period
from a | eadi ngTRegenieracerpiteng edgeunthene pesluden ssynalnegrter parddsl
froma trailing edge to a ) . . .

5 selector 43 which receives an interrupt signal IRQ from the
phase correction timer T1 and outputs a voltage pattern
signal; a speed calculator 44 which receives the cycle
signal from the cycle calculator 41, calculates a rotation
speed, and outputs a current-time speed signal; a speed

10 controller 45 which receives the current-time speed signal
from the speed calculator 44 and an external speed command
signal, and outputs a voltage command signal; a level
decision section 51 which receives the position signal from
the rotational-position sensor 3 and the 1level detection

15 signal from the 1level detector 6, and outputs a phase
correction command signal to the timer value calculator 42;
and a PWM (Pulse Width Modulation) modulator 52 which
receives the voltage pattern signal from the inverter mode
selector 43 and the voltage command signal from the speed

20 controller 45, and outputs a switching signal. The phase
correction timer T1l, the cycle measuring time T2, the cycle
calculator 41, and the timer value calculator 42 constitute

phase correction means. The level detector 6 and the level

decision section 51 constitute level decision means.



| eadi ng edge of the position signal, and outputs a tiner value representing
each nedsured period. Upon receiving a signal representing the tinmer val ue
ffrom the cycle 10 measuring tiner T2, the cycle calculator 41 obtains a
cycle of the voltage pattern of the armature coils l1la, 1b and 1c. That is,
the period fromthe |leading edge to the trailing edge of the position
signal and the period fromthe trailing edge to the | eading edge of the
position signal 15 are repeated every 60 degrees, so that by

mul tiplying the tinmer value for each qpqiuged period by six, a timer value
per cycle of the voltage pattern is obtained. Then, upon receiving

t he cycle signal representing the cycle fromthe cycle cal cul ator 41,

t he 20 timer value <calculator 42 outputs the tinmer value set
signal. Upon receiving the timer value set signal fromthe tiner val ue

cal cul ator 42, the phasergortgét i overRéndlos@intSomstti@tisOM tdtgen the
position signal to the switching of the voltage pattern. That 1is,

when conpl et i Bgushbes@5 DC mousdki nds tidvephade e@dedane tiith tHe

outputs the - 76 - interrupt signal TRQto the inverter node sel ector

43, and the inpesitionndenséhg¢t dnddgedutvalitageizash: cOEv eahédEvwoldfagthe U-
pattern signals (shown in Fig. 28 (I) through (N)) to the PWV nodul at or

52. Then, tpbaPRM HodbhhaeoandbR-phase ofit fbes arra@tawiet crildg sliggnalb tand

the base drive circuit 5 shown in Fig. 33, and when the base drive circuit

5 output® lc come to have trapezoidal waveforms having dJdifferent

phases at intervals of 120 degrees as shown in Fig. 28 (a)

through (c.). Then, the amplifier ICl1l of the rotational-

position sensor 3 detects a voltage difference signal Vyy

(shown in Fig. 28 (D)) representing a voltage difference

10 between a voltage Vy at the neutral point of the resistor

circuit 2 inputted to the inverted input terminal and a

voltage Vy at the neutral point of the armature coils 1la,

1b and 1c inputted to the non-inverted input terminal of

the amplifier ICl, integrates the voltage difference signal

15 Vyy. and outputs an integral signal {V,dt (shown in Fig. 28

(E)). The integral signal [V,,dt comes to have an

approximate sine waveform having a frequency three times as

great as the power source frequency. Then, the inverting

amplifier 23 amplifies the integral signal [V,,dt inputted

20 to the inverted input terminal of the amplifier IC2 to a

specified amplitude, while the zero-crossing comparator 24

detects a 2zero-crossing point of the amplified integral

signal EVMth and outputs a position signal (shown in Fig.

28 (F)).



the comutation control signal to the inverter section 20, the transistors
20a t hrough= 20f of the inverter section 20 are turned on and off,
-respectively. It is to be noted 10 that position signal nunbers O
through 5 as shown in Fig. 28 (G are assigned to each cycle of the
position signal for the sake of sinplicity of explanation. Voltage pattern
vsignals shown in Fig. 28 (1) through (N) represent tinmings for turning on
and off the transistors 20a through 20f. 15 Further, in regard to an
inverter node as shown in Fig. 28 (0)_,7 nunbers O through 5 are
assigned so that they correspond to the vol tage pattern signals (shown
in Fig. 28 (1) through (N)) selected by the inverter node selector 43. An
operation of the mcroconputer 4 will be 20 descri bed according to flow
charts of Figs. 29, 30, 31 and 32. It is to be noted that an interrupt

handling process 1 is exgeH!eqry ?E@Efibbsesiéﬁ@l angd-dnpl théi Eotft idiea1-
position signal inputted to the external intertupt termnal of the

m croconput erpdsition 7&ensbr St3 i AsFi dnplttethenthbheudit ethept dratrekndg
process 1 starts, it is decided whether or not a preceding- tine |evel
detection sighatersupt Hdmvialakt oft eph&lGicMesmpiiters decitdedthéatcydie
preceding-tinme | evel detection 5 signal is at Hlevel, the program
fl ow proceedsméasstipg St2fieroTdeci dthevheyhke wveasoringctiimemt T2 meed susds
detection signal is at L-Ilevel. When it is decided that
5 a period from a leading edge to a trailing edge of the
position signal and a period from a trailing edge to a
leading edge of the position signal, and outputs a timer
value representing each measured period. Upon receiving a
signal representing the timer wvalue from the cycle
10 measuring timer T2, the cycle calculator 41 obtains a cycle
of the voltage pattern of the armature coils 1a, 1b and 1lc.
That is, the period from the leading edge to the trailing
edge of the position signal and the period from the
trailing edge to the leading edge of the position signal
15 are repeated every 60 degrees, so that by multiplying the
timer value for each measured period by six, a timer wvalue
per cycle of the voltage pattern is obtained.
Then, upon receiving the cycle signal
representing the cycle from the cycle calculator 41, the
20 timer wvalue calculator 42 outputs the timer value set
signal. Upon receiving the timer value set signal from the
timer wvalue calculator 42, the phase correction timer T1
counts a time from the position signal to the switching of

the voltage pattern. That 1is, when completing the

25 counting, the ©phase correction timer T1 outputs the



the current-tine |l evel detection signal is at L-level at step S121, the
program fl ow proceeds to step S122 to 10 i ncrement a counter CNT1 by
one. Wien it is decided that the current-time | evel detection signal is
not at L-level, the program flow proceeds to step S102. O herw se, when it
is decided that the preceding- tinme |evel detection signal is not at

H |l evel at step S101, 15 the program fl ow proceeds to step S123, and it
i s decided whether or not the current-tine |level detection signal is at
Hlevel. Wen it is decided that the curyent-tinme | evel detection signal is
at Hlevel at step S123, the programflow proceeds to step S124 to

i ncrement the counter CNT1 by 20 one. Wen it is decided that
the current-tine |evel detection signal is not at H|evel, the program
flow proceeds to step S102. Then, a counter CNT2 is increnented by one at

step S102, andjhberphgdr @rﬂgHaqwmqnc@&dﬁhéolﬁbeﬁtééoﬁod% select¥an.4d} asa

deci ded mhether or not the value of the counter - - CNT2 is 5 at step
S103.. Wen itthe deswveedeirhamddee \«rlleetefr t hes cmuﬁlﬁftmﬂlage&ofhected
program fl ow proceeds to step S125. When it is decided that the val ue of

t he counter CN¥3ltageopaftelrine sproogilam (droowmpr boeBdg.t @sst(@y Stowsiiow(ND)
in Fig. 30. Then, it is decided whether or not the value of the counter
CNT1l is 5 at step Bi1e5.PWMhawdulatordeélded tTrent hehoukWdr wRFwLlpkdrca®2s

5, the program fl ow
5 outputs the switching signal to the base drive circuit 5

shown in Fig. 33, and when the base drive circuit 5 outputs

the commutation control signal to the inverter section 20,
the transistors 20a through 20f of the inverter section 20
are turned on and off, respectively. It is to be noted

10 that position signal numbers O through 5 as shown in Fig.
28 (G) are assigned to each cycle of the position signal
for the sake of simplicity of explanation. Voltage pattern
signals shown in Fig. 28 (I) through (N) represent timings

for turning on and off the transistors 20a through 20f.

15 Further, in regard to an inverter mode as shown in Fig. 28
{O0), numbers © through 5 are assigned so that they
correspond to the voltage pattern signals (shown in Fig. 28

(I) through (N)) selected by the inverter mode selector 43.

An operation of the microcomputer 4 will be

20 described according to flow charts of Figs. 29, 30, 31 and
32. It is to be noted that an interrupt handling process 1

is executed at every rise time and fall time of the
position signal inputted to the external interrupt terminal

of the microcomputer 4.



proceeds to step S126 to increnent by one degree a preceding-tinme phase
correctjon angle conmand (to the lag 10 correction side), and the
‘program fl ow proceeds to step S129. Wien it is decided that the counter
CNT1 is not 5, the programflow proceeds to step S127 to deci de whet her or
.not the counter CNT1 is O. When it is decided that the counter CNT1 is O
at step S127, the program fl ow proceeds 15 to step S128 to decrenent by
one degree the preceding-tine phase correction angle cormmand (to the | ead
correction side), and the progranlflqm/pfqgeeds to step S129. Wen it is
decided that the counter CNT1l is not O at step S127, the program fl ow
proceeds to step S129. Then, the counter CNT1 20 is cleared at step
+S129, and the program fl ow proceeds to step S130 to clear the counter CNT2,
and proceeds to step S104. It is to be noted that an initial value is set

to the phase correctionraR@te CoAMENg . andol heauntees e aipt ChidAdatag
cleared before the initial interrupt handling 25 process 1 starts. -

79 - Then, at pyozesSlQ4 st i Nt s Beidéd i shelekéeredrwhethar paecedtinghe
phase correction tinmer Tl (referred to as a tinmer Tl in Fig. 30) is
counti ng. Wedmel t lévelededeatttimat shenailners Tati H-deawwl ngt tsieempr 8gpam 5
fl ow proceeds to step S131 to stop the tinmer T1l. That is, when the timner
T1 is countinhemhelt | herageidedstbpbedhe pregeding floime heviekt detgetion
Then, a voltage pattern is
5 signal is at H-level, the program flow proceeds to step
5121 to decide whether or not a current-time 1level
detection signal is at L-level. When it is decided that
fhe current-time level detection signal is at L-level at
step S121, the program flow proceeds to step S122 +to
10 increment a counter CNT1 by one. When it is decided that
the current-time level detection signal is not at L-level,
the program flow proceeds to step S1062.
Otherwise, when it is decided that the preceding-
time level detection signal is not at H-level at step S101,
15 the program flow proceeds to step S123, and it is decided
whether or not the current-time level detection signal is
at H-level. When it is decided that the current-time level
detection signal is at H-~level at step S123, the program
flow proceeds to step S124 to increment the counter CNT1 by
20 one. When it is decided that the current-time level
detection signal is not at H-level, the program flow
proceeds to step S102.
Then, a counter CNT2 is incremented by one at

step 5102, and the program flow proceeds to step 85103.

25 Then, it is decided whether or not the value of the counter



outputted at step S132, and the program flow proceeds to step S105. When
it is decided that the tinmer T1 is not 10 counting at step S104, the
program fl ow proceeds to step S105. Then, it is decided whether or not a
correction angle (phase correction angle based on the phase correction
command signal fromthe |evel decision section 51) is not 15 smal | er
than 60 degrees. Wen the correction angle is not snmaller than 60 degrees,
the program fl ow proceeds to step S141 to deci de whet her or not the
correction angle is not smaller than 12Ggegrees. Wien the correction angle
is not smaller than 120 degrees at step S141, the programflow 20

proceeds to step S142 to establish a phase correction E (referred to as a
correction Ein Fig. 30), and proceeds to step S143. Then, it is

deci ded whether or not the preceding phase correction is a phase
correction C (crEferieds atasterros1@r! | OWheni htFig déd)idend ahataskth&5Svalue
correction D (referred to as a correction Din Fig. 30) at - 80 - step
S143. When i bfi $hdecodadetrh@NT2hd sprogc dtienpipigasan chrawe gprareeds the phege
correction C or the phase correction D, the programfl ow proceeds to step
S144 to issue 8126krrec¥hen Wi tthi Agcidgdesthatantheheradafe epf5the peunkexs
to step S106. O herwise, when it is decided that the precedi ng phase
correction is RETRhdF PRE Bhaddec FHasEEd o f lovhAragredshdse TR 21 P bnsride

step S143, the . .
P 5 in Fig. 30. Then, it is decided whether or not the value

of the counter CNT1 is 5 at step S125. When it is decided
that the counter CNT1 indicates 5, the program flow
proceeds to step 8126 to increment by one degree a
preceding-time phase correction angle command (to the lag
10 correction side), and the program flow proceeds to step
8129. When it is decided that the counter CNT1 is not 5,
the program flow proceeds to step S127 to decide whether or
not the counter CNT1 is O. When it is decided that the
counter CNT1 is 0 at step S127, the program flow proceeds
15 to step S128 to decrement by one degree the preceding-time
phase correction angle command (to the 1lead correction
side), and the program flow proceeds to step S129. When it
is decided that the counter CNT1 is not 0 at step S127, the
program flow proceeds to step S129. Then, the counter CNT1
20 is cleared at step S129, and the program flow proceeds to
step S130 to clear the counter CNT2, and proceeds to step
S104. It is to be noted that an initial value is set to
the phase correction angle command and the counters CNT1
and CNT2 are cleared before the initial interrupt handling

25 process 1 starts.



program fl ow proceeds to step S106. On the other hand, when the correction
angle is 10- smal l er than 120 degrees at step S141, the programfl ow
proceeds to step S145 to establish a phase correction D, and proceeds to
step S146. Then, it is decided whether or not the precedi ng phase
correction is the phase correction C or the phase correction E at step
S5146. When it is 15 deci ded that the preceding phase correction is
t he phase correction C or the phase correction E, the program fl ow proceeds
to step S147 to issue a correction switghing request, and thereafter
proceeds to step S106. O herwi se, when it is decided that the preceding
phase correction is 20 nei t her the phase correction C nor the phase
correction E at step S146, the programflow proceeds to step S106. Wen it
is decided that the correction angle is smaller than 60 degrees at step
S105, the program fl ow prieseedsatt 0 sHegp Sk t eheshabihshragphase, it is
correction C, and proceeds to 25 step S152. Then, it is decided
whet her or nidcidéi® whetlddr - qu eqesti ngclphagthasy r estvimsTtiion heipease T1
correction D or the phase correction E at step S152. Wien it is decided
that the precetifefepredeteonseet ittimés Theiph&ddg.c@lecis ononbinghe e
correction E, the programflow proceeds to step 5 S153 to issue a
correction swtchBngeaigpdesthat ghbiet Hemaif t B piSock@iting st pesSrypgran
O herwi se, when it is decided that the preceding phase correction is |
neither $he flow proceeds to step S131 to stop the timer Ti. That is,
when the timer T1 is counting, the timer T1 is stopped to
be ready for the next start. Then, a voltage pattern is
outputted at step S132, and the program flow proceeds to
step S105. When it 1is decided that the timer T1 is not
10 counting at step S104, the program flow proceeds to step
S105.

Then, it is decided whether or not a correction
angle (phase correction angle based on the phase correction
command signal from the level decision section 51) is not

15 smaller than 60 degrees. When the correction angle is not
smaller than 60 degrees, the program flow proceeds to step
5141 to decide whether or not the correction angle is not
smaller than 120 degrees. When the correction angle is not
smaller than 120 degrees at step S141, the program flow
20 proceeds to step S142 to establish a phase correction E
(referred to as a correction E in Fig. 30), and proceeds to
step S143. Then, it is decided whether or not the
preceding phase correction 1is a phase correction ¢

(referred to as a correction C in Fig. 30) or a phase

25 correction D (referred to as a correction D in Fig. 30) at



phase correction D nor the phase correction E at step S152, the program

fl ow preceeds to step S106. 10 Then, at step S106, a
timer value TISOQU is calculated every tine of phase corrections C, D and
E. That is, in the phase correction C, a timer value corresponding to the
phase correction angle is set to the tiner value TI SOU. In the phase
correction D, a tinmer 15 val ue correspondi ng to a phase angl e
obt ai ned by subtracting 60 degrees fromthe phase correction angle is set
to the timer value TISQU. In the phase ggrrection E a timer value
correspondi ng to a phase angl e obtained by subtracting 120 degrees fromthe
phase correction angle is 20 set to the tinmer value TISQU. Then, the
program fl ow proceeds to step S107 to increnent the inverter node by one
step. Then, the program flow proceeds to step S108 shown in Fig. 31, and it
i s decided whethep @140t thmedd it i@Ordecidon THattChtig heedestings phese.
When there is the - 82 - correction switching request, the programfl ow
proceeds to steprbdbtiba ddei dethdet prasthe corteedtiioon nbdeors slie chgldase
fromthe phase correction C (referred to as a correction Cin Fig. 31) to

t he phase correotrentofir dferthd tmxragram Sflow goroeadHntD istdp gS13%E) o
fromthe phase correction D to the phase correction E greferred to as a
correction E i AsPlg. 30) .coyrariion s gettdeing hatreghestoer r &9 onthpeeafser

5 proceeds to step S106. Otherwise, when it is decided that
the preceding phase correction is neither the phase
correction C nor the phase correction D at step S143, the
program flow proceeds to step S106.

On the other hand, when the correction angle is

10 smaller than 120 degrees at step S141, the program flow
proceeds to step S145 to establish a phase correction D,

and proceeds to step S146. Then, it is decided whether or

not the preceding phase correction is the phase correction

C or the phase correction E at step S146. When it is

15 decided that the preceding phase correction is the phase
correction C or the phase correction E, the program flow
proceeds to step S147 to issue a correction switching
regquest, and thereafter proceeds to step S5106. Otherwise,

when it is decided that the preceding phase correction is

20 neither the phase correction C nor the phase correction E
at step S146, the program flow proceeds to step S106. When

it is decided that the correction angle is smaller than 60
degrees at step 5105, the program flow proceeds to step

S151 to establish a phase correction C, and proceeds to

25 step S8152. Then, it 1is decided whether or not the



-3 -3

switched fromthe phase correction Cto the phase correction D or fromthe
phase corsectieon D to the phase 10 correction E, the programfl ow
ptoceeds’ to step S162 to cancel the correction switching request, the

i nverter node is put back by one step at step S162-1, and the program fl ow
proce®ds to step S109. On the other hand, when the correction node is 15
swi tched neither fromthe phase correction C to the phase correction D nor
fromthe phase correction D to the phase correction E, i.e., switched from
t he phase correction D to the phase coLrggtLon C or fromthe phase
correction E to the phase correction D, e program fl ow proceeds to step
20 S163 to output a voltage pattern. Then, the program fl ow proceeds
to step S164 to set the tiner value TISQU cal cul ated at step S106 to the
timer T1l, and thereafter the tinmer Tl is started at step S165. Then, the

program fl ow prepesessin® sh&de Sé@ﬁré@tf@ﬂcﬁé the 9ﬁééectcb9&ewlb@hlmg>z2&he
request, and proceeds to step S109. 83 - Wen it is decided that there

'S Nno correcti gthsyétebrhgctegnest aal stap S168, t hiepr oDt ainf Bewidedc agos
to step S168 to set the tinmer value TlISQU cal cul ated at step S106 to the

tinmer T1, the ttmerpddceding aphasle atosteptbon isStB8, phndet keorpeodriam O e
proceeds to step S109. Then, the cycle neasuring tinmer T2 is stopped and a
ti mer val ue of the phate weaswctign iBerthe program dilow proceeds to step

5 8153 to issue a correction switching request, and
thereafter proceeds to step S5106. Otherwise, when it is
decided that the preceding phase correction is neither the
phase correction D nor the phase correction.E at step 5152,
the program flow proceeds to step 5106,

10 Then, at step S106, a timer value TISOU is
calculated every time of phase corrections C, D 'and E.
That 1is, 1in the phase correction €, a timer value
corresponding to the phase correction angle is set to the
timer wvalue TISOU. In the phase correction D, a timer
15 value <corresponding to a phase’ angle obtained by
subtracting 60 degrees from the phase correction angle is
set to the timer value TISOU. In the phase correction E, a
timer value corresponding to a phase angle obtained by
subtracting 120 degrees from the phase correction angle is
20 set to the timer wvalue TISOU. Then, the program flow
proceeds to step S107 to increment the inverter mode by one

step.
Then, the program flow proceeds to step 5108
shown in Fig. 31, and it is decided whether or not the

25 correction switching request is there. When there is the



step S109, and the program flow proceeds to step S110. Then, the cycle
measuring tiner, T2 is set and started at 10 step S110 to start the next
cycl e nmeasurenent. Then, a cycle is calculated fromthe value of the
cycle nmeasuring timer T2 in the cycle calculator 41 at step S111, and from
the cafculation result, the rotation speed of the notor is calculated in

t he speed cal cul ator 44. Then, the speed 15 controller 45 executes
speed control in response to an external speed conmmand signal to output a
vol tage conmand signal at step Sl112. Thgq¥ﬁLp a manner as shown in Fig. 32,
when the counting operation of the tiner Is conpl eted and an 20
interrupt signal TRQis outputted fromthe tinmer T1l, an interrupt handling
process 2 starts, and a voltage pattern is outputted at step S170 to
conplete the interrupt handling process 2. Thus, the phase correction C

effects a phase @Brectie® IAicHiR Fegesses tRe68rdgehfeT 1 Pbassds to
correction - 84 - Deffects a phase correction of 60 degrees to 120

degrees, and thetepasaeaoryedddiiss wdtards theohaseresti@ctnede 0f s 180itched
degrees to 180 degrees. It is to be noted that Figs. 28 (A) through (0)
show si gnal s at firet Wdugdhgue tcamsecfidn ¢ (Fhfepredetb lrsushl essr&E: hohoc
systemin the process of phase correction D for effecting a phase
correction of 8dndef®es31) to the phase correction D (referred to as a
5 correction D in Fig. 31) or from the phase correction D to
the phase correction E (referred to as a correction E in
Fig. 30). When it is decided that the correction mode is
switched from the phase correction C to the phase
correction D or from the phase correction D to the phase
10 correction E, the program flow proceeds to step S162 to
cancel the correction switching request, the inverter mode
is put back by one step at step S162-1, and the program
flow proceeds to step S109.
Oon the other hand, when the correction mode is
15 switched neither from the phase correction C to the phase
correction D nor from the phase correction D to the phase
correction E, i.e., switched from the phase correction D to
the phase correction C or from the phase correction E to
the phase correction D, the program flow proceeds to step
20 S§163 to output a voltage pattern. Then, the program flow
proceeds to step 8S164 to set the timer wvalue TISOU
calculated at step S106 to the timer T1, and thereafter the
timer T1 is started at step S165. Then, the program flow

proceeds to step S166 to cancel the correction switching

25 request, and proceeds to step S109.



As shown in Fig. 28 (H), the tinmer Tl starts sequentially for each of the
posi tion_gignal nunbers (shown 10 in Fig. 28 (Q). Wen the phase
correction angle is set to 80 degrees with respect to a reference point
established, for exanple, at a point where the position signal nunber
changes from2 to 3, the position signal nunber is delayed by one fromthe
reference point, so that the tinmer T1 15 starts at a point where the
position signal nunber changes from3 to 4, and that the inverter node
(shown in Fig. 28 (P)) is increnented byspne step to [0] with a delay of 80
degrees fromthe reference point. Thus, It is decided whether or not the
change in 20 | evel of the |level detection signal fromH1level to
L-level and fromL-level to H1level continuously occurs every tine the
interrupt handling process 1 is executed five tinmes. Wen it is decided
that the change in |evel wfert het| agelasleidsd | @hasi Hidrdiasscaid | soerebyion
occurred five tines, the 25 phase of the voltage pattern is del ayed one
degree by one switching degnesst owar dtielpe $108 cothecprograndef 1 Mheprotekefs
deci ded that no change of the |evel detection signal has occurred, the
phase of the vdic ageepaistiénn te sdtanderl tnwedegraidicdyTHFOUdegrlamiatvet dat
the | ead correction side. Thus, the 5 af orenenti oned i ntegral signal
[err] comes tostepe 0Vt the bimeheTilef thenddmesl Jds iBl srirtEd oftt BEep

| evel detector 6. When there is neither the case where the change of the
5 S169, and the program flow proceeds to step S109.

Then, the cycle measuring timer T2 is stopped and
a timer value of the cycle measuring timer T2 is read at
step 8109, and the program flow proceeds to step S110.
Then, the cycle measuring timer T2 is set and started at
10 step S110 to start the next cycle measurement. Then, a
cycle is calculated from the value of the cycle measuring
timer T2 in the cycle calculator 41 at step S111, and from
the calculation result, the rotation speed of the motor is
calculated in the speed calculator 44. Then, the speed
15 controller 45 executes speed control in response to an
external speed command signal to output a voltage command
signal at step S112.
Then, in a manner as shown in Fig. 32, when the
counting operation of the timer T1 is completed and an
20 interrupt signal IRQ is outputted from the timer T1, an
interrupt handling process 2 starts, and a voltage pattern
is outputted at step S170 to complete the interrupt
handling process 2.
Thus, the phase correction ¢ effects a phase

25 correction of 0 degree to 60 degrees, the phase correction



| evel detection signal continuously occurs five times nor the case where no
change of .the | evel detection signal 10 occurs, the phase of the

vol tage pattern is not adjusted. It was confirmed by an experinment detailed
| ater that the level of the integral signal [err] is in approximtely

i nverge proportion to the notor efficiency, and that regardl ess of the
ragni tude of the load and the 15 runni ng frequency, the level of the
integral signal [err] is substantially constant at the peak notor

ef ficiency point. Therefore, by paygpg_ attention to the above-
mentioned fact, the phase correction is effected by setting the reference
val ues E1 and E2 at the anplitude value of 20 the integral signal

[err] at the peak notor efficiency point so that the |evel of the
integral signal [err] becones a target value at the peak notor efficiency

point. That i, effé¥ts SWpheReNGorrich®ionV A age de@ppéésrfio 120 degrees,
synchroni zation with the voltage pattern signal obtained by 25

correcting the phdsehef ghwsegposbtrestiognd efifwctt ar pimse eoBfeetion of
operated at the peak notor efficiency point. When the drive systementers
into the steadyilzt aflegréfs phas@ocateguddeson ahgl eési $ondie anptsd edthagnd itgse
notor is operated stably at the peak notor efficiency point. 5

Therefore, the 2®t 6A) cahriongbpe(Qlt eshav shonpésk atot rdfidwaknpprpaons of

regardl ess of the magnitude of the load and the pitch of the running
frequencyd Further pgeeent brushless DC motor system in the process of

phase correction D for effecting a phase correction of 80
degrees.
As shown in Fig. 28 (H), the timer T1 starts
sequentially for each of the position signal numbers (shown
10 in Fig. 28 (G)). When the phase correction angle is set to
80 degrees with respect to a referénce point established,
for example, at a point where the position signal number
changes from 2 to 3, the position signal number is delayed
by one from the reference point, so that the timer T1
15 starts at a point where the position signal number changes
from 3 to 4, and that the inverter mode (shown in Fig. 28
(P)) is incremented by one step to [0] with a delay of 80
degrees from the reference point.
Thus, it is decided whether or not the change in
20 level of the level detection signal from H-level to L-level
and from L-level to H-level continuously occurs every time
the interrupt handling process 1 1s executed five times.
When it is decided that the change in level of the level
detection signal has continuously occurred five times, the

25 phase of the voltage pattern is delayed one degree by one



- by adjusting the phase of the voltage pattern gradually fromthe | ead
correction side to the lag correction side so 10 as to achi eve the peak
nmot or efficiency point, the phase of the voltage pattern is prevented from
being adjusted to a step-out region existing on the lag correction side of
the peak efficiency point. Therefore the step out is prevented. The
experinment which proved the fact that the 15 |l evel of the integral
signal [err] 1is approximtely constant at the peak notor efficiency
point will be described below It is Lpigp_poted that the experinent was
performed on an anplitude characteristic of the voltage difference signa
[err] representing the voltage difference 20 bet ween the voltage VM at
the neutral point of the resistor circuit 2 and the voltage VN at the
neutral point of the armature coils l1la, 1b and 1c, and on an anplitude
characteri sti cdegrthe tiovbaedr alhesi Al cderédt Dbt as D@4, by whehedratidgaédeded
vol tage difference signal [err]. - 87 - Fig. 33 shows a construction of
t he brushl ess BRatoher ctigsigemaieché oletbe drpercitient signélle Hasusdt@ssr&l,
not or system has the sanme construction as that of the brushless DC notor
system of the tber phasgbedi ére extipye Spattefmr ig mrdvanicedalonsosiegme by
sensor 30 and a m croconputer 14, and therefore no description is provided
therefor. Fig.oBg sirgkeq &ewarducthen ifad heorrersdenpusde 14 wWEheh, hathe

construction formed by excluding the_|eyvel decisign section
5 aforementioned integral signal jV,,dt comes to have a level

set by the reference values E1 and E2 of the level detector

6. When there is neither the case where the change of the

level detection signal continuously occurs five times nor

the case where no change of the 1level dgtection signal
10 occurs, the phase of the voltage pattern is not adjusted.

It was confirmed by an experimept detailed later
that the 1level of the integral signal [Vy,dt is in
approximately inverse proportion to the motor efficiency,
and that regardless of the magnitude of the load and the

15 running frequency, the level of the integral signal [Vyadt
is substantially constant at the peak motor efficiency
point. Therefore, by paying attention to the above-
mentioned fact, the phase correction is effected by setting
the reference values E1 and E2 at the amplitude value of

20 the integral signal [V, dt at the peak motor efficiency
point so that the 1level of the integral signal [V,dt
becomes a target value at the peak motor efficiency point.
That is, by switching the voltage pattern in
synchronization with the voltage pattern signal obtained by

25 correcting the phase of the position signal, the motor is



51 fromthe mcroconputer 4 shown in Fig. 26. Therefore, 10 the sane
conponents ar,e denoted by the sane reference nunerals, and no
description is provided therefor. It is to be noted that an interrupt
handl i ng process for correcting the phase of the mcroconputer 14 is
executed in the same manner as that of the flow charts of Figs. 29, 30, 15
31 and 32 except for the steps S101, 102, 103 and 120 through 130. The
rotational -position sensor 30 includes: a differential anplifier 31 in
which the voltage [err] at the neutral paint of the resistor circuit 2 is
inputted to a 20 non-inverted input Termnal of an anplifier ICl1l, a
ground GND i s connected to an inverted input termnal of the anplifier ICl1
via a resistor [err], and a resistor [err] is connected between an out put
termnal and an inverted input termnal of the anplifier ICl1l; an

integrator 32 §o8Pategd A5 the o{%e@{rgﬁjt%tror ef?iéleﬁ&¥w&ir}3@.ne e@feh S the
connected to the - 88 - output termnal of the differential anplifier 31

and a capaci t cirieér ] sgorarct &gtdes weitd hecr hestetal ofstdiee f esirsd orpHke
and the ground GND; and a zero-crossing conparator 33 conprised of an
anplifier |Cl2coturedtbas ahglé is nobtnatdjuetedd mnputheemstoal icopdiaactd O
the other end of the resistor R13 of the integrator 32 and has its inverted
i nput terni nalstaphciedthe péek gnotod ENDiciedey tpeintt he neutral point of
the armature coils 1a, 1b and 1c is
5 Therefore, the motor can be operated at the peak
motor efficiency point regardless of the magnitude of the
load and the pitch of the running frequency. Furthermore,
by adjusting the phase of the voltage pattern gradually
from the lead correction side to the lag correction side so
10 as to achieve the peak motor efficiency point, the phase of
the voltage pattern is prevented from being adjusted to a
step-out region existing on the lag correction side of the
peak efficiency point. Therefore the step out is prevented.
The experiment which proved the fact that the
15 level of the integral signal jVMth is approximately
constant at the peak motor efficiency point will be
described below. It is to be noted that the experiment was
performed on an amplitude characteristic of the voltage
difference signal Vy,, representing the voltage difference
20 between the voltage Vy, at the neutral point of the resistor
circuit 2 and the voltage Vg at the neutral point of the
armature coils 1la, 1b and 1lc, and on an amplitude

characteristic of the integral signal {V,,dt obtained by

integrating the voltage difference signal V.
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connected to the inverted input term nal of the 10
differential anplifier 31 via the ground G\D. Therefore, the

di fferenti al anplifier 31 detects t he vol tage difference signal
[err] representing the voltage difference between the voltage VM at the
neutral point of the resistor circuit 2 and the voltage VN at the neutral
poi nt of the 15 armature coils la, 1lb and 1lc. In the above-nentioned
construction, when the brushless DC notor is driven in. accordance with the
position sensing, the differential anpLifiber 31 of the rotational-position
sensor 30 detects the voltage 20 difference signal [err]
representing the voltage difference between the voltage [err] at the
neutral point of the resistor circuit 2 and the voltage [err] at the

neutral point of the armature coils la, 1b and Ic. Then, the integrator
32 integrates the vol tagepdyf f gsereRuwsl dnatsndtarudt S6h as£t €hd5 brushQsRutpe
an integral signal [err], and inputs the integral - 89 - signal [err] to

t he non-invert efot&Pulsylsticli Nakedf fidie £REO-eXpefSnietht .CONMAIAt BrusBBess DC
Then, the zero-crossing conparator 33 conpares the integral signal [err]
Wi th a referenceotvert agestadm t basgr thed SNk arshshrhyitioora pesi that 5of  the
signal. Then, the position signal fromthe zero-crossing conparator 33 is

i nputted throughreshieser RSl natter reysterr pifndiheof Lokt embodipentr erdans:

t he cycl e nmeasuring . o i
5 for a rotational-position sensor 30 and a microcomputer 14,

and therefore no description is provided therefor. Fig. 34
shows a construction of the microcomputer 14 which has a
construction formed by excluding the level decision section
51 from the microcomputer 4 shown in Fig. 26. Therefore,

10 the same components are denoted by the same reference
numerals, and no description is provided therefor. It is
to be noted that an interrupt handling process for
correcting the phase of the microcomputer 14 is executed in
the same manner as that of the flow charts of Figs. 29, 30,

15 31 and 32 except for the steps S101, 102, 103 and 120
through 130.

The rotational-position sensor 30 includes: a
differential amplifier 31 in which the voltage V, at the
neutral point of the resistor circuit 2 is inputted to a

20 non-inverted input terminal of an amplifier IC11, a ground
GND 1is connected to an inverted input terminal of the
amplifier ICll via a resistor R;;, and a resistor R,, is
connected between an output terminal and an inverted input
terminal of the amplifier ICil; an integrator 32 comprised

25 of a resistor Ry3 of which one end is connected to the



timer T2. Then, the cycle nmeasuring tinmer T2 neasures a 10 peri od
froma leading edge to a trailing edge of the position signal and a
peri od troa1a trailing edge to a | eading edge of the position signal, and
outputs a tinmer value representing each nmeasured period. Upon receiving a
signal representing the tiner value fromthe cycle 15 measuring timer
T2, the cycle calculator 41 obtains a cycle of the voltage pattern of the
armature coils 1la, 1b and 1c. Then, upon recei vi ng t he cycle
signal representing the cycle fron1the G¥ ycl e calcul ator 41 and an external
phase correction command signal, the timer val ue 20 cal cul ator 42
outputs the tiner val ue set S|gnal. Upon receiving the tinmer val ue set
signal fromthe timer value cal cul ator 42, the phase correction timer T1
counts a time fromthe position signal to the switching of the voltage

pattern. Thatohfpuphetesii Bt idH) the c@uUtéréntide RigSE A%r 31 and a
correction timer %1 outputs the interrupt signal IRQto the - 90-

inverter node sgpeeivbr43c f?ncbdﬂ}ﬁadﬁwrtwtwwe sHeeCtdtthed3 @HPUISE the
phase-corrected vol t age pa% ern signals to the PWM nodul at or 52. Then

the PWM nodul atesiSPoput Ry s endwithhi ngraimghalGNDy t endbase drenve-arossing 5
showmn in Fig. 5 33, and the base drive circuit 5 outputs a comrutation
control signal compahatonyapt eonpedisiedn 0, ascanphifi¢e IFAAswWbiohs 2Ga its
t hr ough 20f of the inverter section 20 are tuned on and off, respectively.
non-inverted input terminal connected to the other end of
the resistor R;; of the integrator 32 and has its inverted
input terminal connected to the ground GND. Further, the
neutral point of the armature coils 2l1a, 1b and 1lc is
connected to the inverted input  terminal of the
10 differential amplifier 31 via the ground GND. Therefore,
the differential amplifier 31 detects the voltage
difference signal V,, representing the voltage difference
between the voltage Vy at the neutral point of the resistor
circuit 2 and the voltage vV at the neutral point of the
15 armature coils la, 1b and 1lc.

In the above-mentioned construction, when the
brushless DC motor is driven in. accordance with the
position sensing, the differential amplifier 31 of the
rotational-position sensor 30 detects the voltage

20 difference signal V,,; representing the voltage difference
between the voltage Vy at the neutral point of the resistor
circuit 2 and the voltage Vy at the neutral point of the
armature coils 1la, 1b and lc. Then, the integrator 32

integrates the voltage difference signals Vg, so as to

25 output an integral signal [v,,dt, and inputs the integral



: 3
First, when the load is varied with the running 10 frequency kept
constant, = a cgharacteristic curve of the notor efficiency relative to
the phase correction angle exhibits a curve as shown in Fig. 35 where the
curve shifts to the |ead correction side of the phase correction angle
according as the |oad increases, and the curve shifts to 15 the |I|ag
correction side of the phase <correction angle according as the |oad
decreases. Then, the peak efficiency point takes place at a phase

correction angle of [err] when the |oad | ,g great, and the peak efficiency
poi nt takes place at a phase correction angle of [err] when the load is 20
small. In the present case, the characteristic of the voltage difference

signal VMN relative to the phase correction angle is represented by an
approximately straight line, as shown in Fig. 36, which indicates that 25

the level of theiyohiadge gfd,afcf ef&NadeSi A8AL i NIBrBe@dUAdut terBinanedygesne
according as the phase correction angle advances fromthe | ead correction

side to the | agzees+e£dsOINGi deomplicatone shifts trhehhe herd creadrdd¥sing
side of the phase correction angle according as the |oad increases, and the

5 | i ne shi f&cmpgpstoa Matel yomeands elthier oimtédgrdkadigaanecf Vgpitsi détho a
the lag correction side of the phase correction angle according as the | oad
decr eases. | tréferende volbagehat the gxpundf GHbBschsdasufputisga 3®sition
represents the phase

5 signal.

Then, the position signal from the 2zero-crossing
comparator 33 1is inputted through an external interrupt
terminal of the microcomputer 14 to the cycle measuring
timer T2. Then, the cycle measuring timer T2 measures a

10 period from a leading edge to a trailing edge of the
position signal and a period from a trailing edge to a
leading edge of the position signal, ahd outputs a timer
value representing each measured period. Upon receiving a
signal representing the timer wvalue from the cycle

15 measuring timer T2, the cycle calculator 41 obtains a cycle
of the voltage pattern of the armature coils 1la, 1b and 1c.

Then, upon receiving the cycle signal
representing the cycle from the cycle calculator 41 and an
external phase correction command signal, the timer value

20 calculator 42 outputs the timer value set signal. Upon
receiving the timer value set signal from the timer value
calculator 42, the phase correction timer T1 counts a time
from the position signal to the switching of the voltage

pattern. That is, when completing the counting, the phase

25 correction timer T1 outputs the interrupt signal IRQ to the



correction angle, while the axis of ordinates represents a 10 | evel
rangi ng fromthe peak point to the zero point of the voltage difference
signal VWWN. Then, in correspondence with the peak efficiency point of
the nmotor efficiency characteristic shown in Fig. 35, the level of the
vol tage difference signal VW is VO at a phase correction angle of 15

[‘err] when the load is great, and the level of the voltage difference
signal VMNis VO at a phase correction angle of [err] when the load is

smal | . That is, it can be understood t @t the voltage di fference signa
[err] at the peak efficiency point is ap OX|nater constant regardl ess of
20 the variation of the |oad. When the load is great, the notor steps
out at a phase correction angle of [err] located further on the | ag
correction side than the phase correction angle of [err] is. The |evel

of the voltagedirdiesr 6Gse Skanabey¥MNanenis MRA. 1\%@}6&}9 ﬂx&?&' b%lé&%b&:

25 the notor steps out at a phase correction angle of

| ocat ed furtherg30nodfisut 9 peaseeebireBetiede \zdladhgtéﬂep@haéﬁncgﬁrgeﬁmso nto aﬁgbe
of [err] is. The level of the voltage difference signal [err] then is

V20. Further, e chedataest SE2c of Thied ,i nilegr 8WM5 modukdignal 52[ esutiputs a
relative to the phase correction angle exhi bits an approxi mately
straight |ine whiidchimdi csitgesml aso stivenbaneFdgive7 citratitt He sleveh Dh Fhg.
integral signal [err] gradually reduces according as the phase correction
5 33, and the base drive circuit 5 outputs a commutation
control signal to the inverter section 20, so that the
transistors 20a through 20f of the inverter section 20 are
tuned on and off, respectively.
First, when the load is varied with the running
10 frequency kept constant, a characteristic curve of the
motor efficiency relative to the phase correction angle
exhibits a curve as shown in Fig. 35 where the curve shifts
to the lead correction side of the phase correction angle
according as the load increases, and the curve shifts to
15 the 1lag correction side of the phase correction angle
according as the load decreases. Then, the peak efficiency
point takes place at a phase correction angle of ¢l when
‘the load 1is great, and the peak efficiency point takes
place at a phase correction angle of ¢2 when the load is
20 small.
In the present case, the characteristic of the
voltage difference signal Vg, relative to the phase
correction angle is represented by an approximately

straight line, as shown in Fig. 36, which indicates that

25 the level of the voltage difference signal Vy, gradually



angl e advances fromthe |lead correction side to the lag 10 correction
si de. The line shifts to the | ead correction side of the phase correction
angl e according as the | oad increases, and the line shifts approximtely
parallel fromthe |ead correction side to the lag correction side of the
phase correction angle according as the | oad decreases. It 15 Is to be
noted that the axis of abscissas of Fig. 37 represents the phase
correction angle, while the axis of ordinates represents a |level ranging
fromthe peak point to the zero point of é{u;i ntegral signal [err]. Then,
I n correspondence with the peak efficiency point of the notor 20
efficiency characteristic shown in Fig. 35, the level of the integral
signal [err] is V1 at a phase correction angle of [err] when the load is
great, and the level of the integral signal [err] is V1 at a phase

correction angl ee@licker rdc¥bedifde d0aghé s phERld - codbéétisn idnd@ R@vances
under st ood that the 25 Integral signal [err] at the peak ™ efficiency

point is - $%om AHY OxesAt ebyreensbants ivgatsll €ese Qfag heomasdeidb®Nsebe.
t he | oad. When the load is great, the notor steps out at a phase

correction angl ehef Iie ]| shofasedd uthdeleald tdvrdeas icor retdéeonfSitlee t paase
the phase correction angle of [err] is, 5 and the | evel of the integral
signal [err] theerrect¥ibn Wreyle hactording swsalthe t headptiocrsases olEndt the
phase correction angle of [err] located further on the |l ag correction side
t han the Phase ddneestildtsampiprfinadrel]ly rampllel from the lead correction

side to the lag correction side of the phase correction
angle according as the load decreases. It is to be noted
that the axis of abscissas of Fig. 36 represents the phase
correction angle, while the axis of ordinates represents a
10 level ranging from the peak point to the zero point of the
voltage difference signal Vyy. Then, in correspondence with
the peak efficiency point of the motor efficiency
characteristic shown in Fig. 35, the level of the voltage
difference signal V., is VO at a phase correction angle of
15 ¢1 when the load is great, and the level of the voltage
difference signal Vy, is V0 at a phase correction angle of
¢$2 when the load is small. That is, it can be understood
that the voltage difference signal Vg, at the peak
efficiency point is approximately constant regardless of
20 the variation of the 1load. When the load 1is great, the
motor steps out at a phase correction angle of ¢ll located
further on the 1lag correction side than the phase
correction angle of ¢1 is. The level of the voltage
difference signal V,, then is V20. When the load is small,

25 the motor steps out at a phase correction angle of ¢12



the level of the integral signal [err] then is V21. 10 _ When
the running frequency is varied with the load kept constant, a
characteristic of the notor efficiency relative to the phase correction
angl e exhibits a curve as shown in Fig. 38 where the notor efficiency

I ncreases according as the running frequency increases, and 15 t he
mot or efficiency decreases according as the running frequency decreases.
Then, regardless of the pitch of the running frequency, the phase
correction angle at the peak efficiencx_gﬁ{q; is [err]. In the present
case, the characteristic of the 20 % age difference signal VMW
relative to the phase correction angle exhibits an approxi mately
straight line which indicates that, as shown in Fig. 39, the |evel of the
voltage difference signal [err] gradually |lowers as the phase correction

angl e advances fgeakkhe é&%&orsﬁ%hen éL%igdeca&e?étion Lhge mrp%@c?ﬁﬁgee

si de. The Iline shifts to the la 94 - correction side of

phase correctiogoghglc iaeCOaHENE asf t kg2 1 yRNi Ng fREqUENRYL | AT e&ses, valtage
the line shifts approximately parallel to the | ead correction side of the

phase correctioaiZferenaeceidnad ¥g,tticer uhwivgofrequency 5 decr eases.
It is to be noted that the axis of abscissas of Fig. 39 represents the
phase correction angl e, whuréhelre axile of chadackersstipr eodnt stlee | eiptegral
rangi ng fromthe peak point to the zero point of the voltage difference
si gnal 5 signal [v,,dt relative to the phase <correction angle
exhibits an approximately straight line which indicates, as
shown in Fig. 37, that the level of the integral signal
thth gradually reduces according as the phase correction
angle advances from the lead correction side to the lag
10 correction side. The " line shifts to the lead correction
side of the phase correction angle according as the 1load
increases, and the line shifts approximately parallel from
the lead correction side to the lag correction side of the
phase correction angle according as the load decreases. It
15 is to be noted that the axis of abscissas of Fig. 37
represents the phase correction angle, while the axis of
ordinates representé a level ranging from the peak point to
the zero point of the integral signal {Vdt. Then, in
correspondence with the peak efficiency point of the motor
20 efficiency characteristic shown in Fig. 35, the level of
the integral signal {V,,dt is V1 at a phase correction angle
of ¢1 when the load is great, and the level of the integral
signal [Vkth is V1 at a phase correction angle of ¢2 when

the load is small. That is, it can be understood that the

25 integral signal {V,,dt at the peak efficiency point is



[err]. Then, in correspondence with the peak efficiency point 10 of the
motor effigiency characteristic shown in Fig. 38, the level of the voltage
di-fference signal VMNis V2 at a phase correction angle of [err] when the
runni ng frequency is high, and the | evel of the voltage difference signal
[err] s V22 at a phase correction angle of [err] when the running 15
frequency is low. Wen the running frequency is high, the notor steps out
at a phase correction angle of [err] located further on the lag correction
side than the phase correction angle of %@rg] is, and the |level of the
voltage difference signal VMN then | When the running 20
frequency is low, the notor steps out at a phase correction angle of [err]

| ocated further on the lag correction side than the phase correction angle
of [err] is, and the |level of the voltage difference signal VMN then is

V23. Further tﬁspfaﬁiﬁs{zsiyStdongfanttheré?Eﬁ&i@és 23 thes'gaﬁiatksﬁr bf the

relative p ase correction angle - exhibits an

appr oxi rratel y sisaight whée whechddyli cat geehitat . t1as abevk istdpd. odf, athea
| evel of the integral signal [err] gradually |owers according as the phase

correction angl phadeanersddtdon hendBadogorgrct losasede fuxtiHer | &g The lag

correction side. It can be wunderstood that the characteristic

scarcel y vari escoegactiiess sifdet Htharartla¢ i phask tdeerrmaginiory dmgbeency ¢l lis,

is to be noted that the axis of abscissas of Fig. 40 represents the phase

correcti op and the level of the integral signal jVy,dt then is Vv21i.
When the 1oad is small, the motor steps out at a phase
correction angle of @12 located further on the lag
correction side than the phase correction angle of ¢2, and
the level of the integral signal V4t then is v21.

10 When the running frequency is varied with the
load kept —constant, a characteristic of the motor
efficiency relative to the phase correction angle exhibits
a curve as shown in Fig. 38 where the motor efficiency
increases according as the running frequency increases, and

15 the motor efficiency decreases according as the running
frequency decreases. Then, regardless of the pitch of the
running frequency, the phase correction angle at the peak
efficiency point is ¢3.

In the present case, the characteristic of the

20 voltage difference signal Vy, relative to the phase
correction angle exhibits an approximately _straight line
which indicates that, as shown in Fig. 39, the level of the
voltage difference signal Vy, gradually lowers as the phase

correction angle advances from the lead correction side to

25 the lag correction side. The 1line shifts to the lag



angle, while the axis of ordinates represents a |evel 10 ranging from
the peak ,point to the zero point of the integral signal [err]. Then,
i.n correspondence with the peak ef ficiency poi nt of t he not or
efficiency characteristic shown in Fig. 38, the level of the integral
signal [err] is V1 at a phase correction angle of [err]. It 15 Is to
be noted that the notor steps out at a phase correction angle of
[err] located further on the lag correction side than the phase correction
angle of [err] is, when the level of the,integral signal [err] is V21. It

I s because of an integral characteristic¢ of 20 the integrator 32 of the
rotational -position sensor 30 that when the running frequency is varied
with the | oad kept constant, the level of the integral signal [err] is kept
constant, in contrast to the level of the voltage difference signal VM

varying.  Thatokgectheni Bliaer ¥Orth¥’ Phase céirébeibft ahigaraladqasidinn as
sensor 30 has an anplitude vs. [ - 96 - nornalized frequency
characteristi cthe skhawning Fifgegqhtnapd dnpheaeers. rReWATBIUIEed Iimsuesicyfts
characteristic as shown in Fig. 42. Wen the notor has four poles in the
runni ng area ohppromipatelpr paxallleuencytbé deadndupackatoidragside afouthd
20 to 300 Hz (notor rotational frequency is 10 to 150 rps), while the
frequency of tbbasel tcagweditfifcer canelai grabri¥Ngi o htke tiumgngs freatensy
the induced vol tage frequency of . .
5 decreases. It is to be noted that the axis of abscissas of
Fig. 39 represents the phase correction angle, while the
axis of ordinates represents a level ranging from the peak
point to the zero point of the voltage difference signal
Vuy- Then, in correspondence with the peak efficiency point
10 of the motor efficiency characteristic shown in Fig. 38,
the level of the voltage difference signal Vy, is V2 at a
phase correction angle of ¢3 when the running frequency is
high, and the level of the voltage difference signal Vyy is
V22 at a phase correction angle of ¢3 when the rﬁnning
15 frequency is low. When the running frequency is high, the
motor steps out at a phase correction angle of ¢13 located
- further on the lag correction side than the phase
correction angle of ¢3 1is, and the level of the voltage
difference signal Vy, then is V3. When the running
20 frequency is low, the motor steps out at a phase correction
angle of 13 located further on the lag correction side
than the phase correction angle of ¢3 is, and the level of
the voltage difference signal Vy, then is Vv23.

Further, the characteristic of the integral

25 signal [V, dt relative to the phase correction angle



about 20 to 300 Hz, i.e., 60 to 900 Hz. When a cut-off frequency of the
integrator 32 is set to approximately 5 10 Hz, a range of use falls
within a.range of the normalized frequency of 12 to 180 as shown in Figs.
41 and 42, neaning that the integrator operates as a substantially ideal
I ntegrator. Assum ng that the voltage difference signal VW is: [err]
phases, the integral signal [err] is as follows: 20 [err] Fromthe
above, it can be understood that the voltage difference signal VMN varies
dependi ng on the running frequency, mhgrﬁgs_the i ntegral signal [err] does
not vary depending on the running frequency. - 97 - Therefore, by
deci di ng whether or not the level of the voltage difference signal [err] or
the integral signal [err] is at the target value, and adjusting the phase
correction angle by the phase correction neans so that the 5 vol t age
difference signgly, Whter e f&hQQF jagna : be S ar i
at the peak eff?%rllencygpoaimnt ,d a pealzd-a(%}%gi gﬁggag%gr a%iggﬁ c‘gﬂnf%% a%ﬁjéc\y/%%%@
(Fifth Enbodi mephat i 8s 4BoahoWa 2ig0Ndbr Uehieon eve1adretgRNtirtled®t diynal
of a brushless DC notor systemof a fifth enbodi ment of the

fvyydt gradually lowers according as the phase correction

angle advances from the lead correction side to the lag
5 correction side. It <can Dbe understood that the
characteristic scarcely varies regardless of the variation
of the running frequency. It is to be noted that the axis
of abscissas of Fig. 40 represents the phase correction

angle, while the axis of ordinates represents a level

10 ranging from the peak point to the zero point of the
integral signal [Vy,dt. Then, in correspondence with the
peak efficiency point of the motor efficiency

characteristic shown in Fig. 38, the level of the integral
signal {Vv,,dt is V1 at a phase correction angle of ¢3. It
15 is to be noted that the motor steps out at a phase
correction angle of ¢13 located further on the lag
correction side than the phase correction angle of ¢3 is,

when the level of the integral signal [V,,dt is Vv21.
It is because of an integral characteristic of
20 the integrator 32 of the rotational-position sensor 30 that
when the running frequency is wvaried with the load kept
constant, the level of the integral signal f[v,,dt is kept
constant, in contrast to the 1level of the voltage
difference signal V,, varying. That is, the integrator 32

25 of the rotational-position sensor 30 has an émplitude vsS.



present invention. The present brushl ess DC notor system has the sane
constructi,on as that of the brushless DC notor system shown in Fig. 24
except feor the mcroconputer and the | evel detector, and therefore no
description is 15 provi ded t herefor except for a m croconputer 100 and
| evel .detectors 6A, 6B, ... Further, Fig. 44 shows a block diagram
of the microconputer 100 of the brushless DC notor system The

m croconputer 100 of the brushless DC notor systemincludes the conponents
of the mcroconputer 4 of 20 the br | ess DC notor system of the
fourth enbodi ment except for the | evel decision section 51; a |evel
detection signal switching section 102 which receives the current speed
signal fromthe speed cal culator 44 and a torque signal, and outputs a
switching signal; a switch SWwhich 25 receives the swtching signal

from the |evelormatiotdd FrequenddB chadlalr Wit CHE1SaG | 00 292. aBd ang

swi tches over between |evel detection signals fromthe |evel detectors 6A,
6B, ...; and ad eRisdlefd Simrseriian Alqwdia) drecedyesrideid exgl shown in

detection signal fromthe switch SWand a position 5 signal fromthe
rot ational - posirtiiqan 4enNsotheh tardl matigitisash Phas epelesinin cohaandnaiggakreht
is to be noted that, as shown in Figs. 45 and 46, the brushless DC notor
system of the faff tah compodissent, Rasfreglenractad it | thdlidédrenltagemishabout
t he brushl ess 10 DC notor system of the fourth enbodi nent.

5 20 to 300 Hz (motor rotational frequency is 10 to 150 rps),
while the frequency of the voltage difference signal Vy, is
three times as great as the induced voltage frequency of
about 20 to 300 Hz, i.e;, 60 to 900 Hz. When a cut-off
frequency of the integrator 32 is set to approximately 5

10 Hz, a range of use falls within a range of the normalized
freguency of 12 to 180 as shown in Figs. 41 and 42, meaning
that the integrator operates as a substantially ideal
integrator. Assuming that the voltage difference signal Vi,
is:

15 Vyy = (1/3) (Eu + Ev + Ew)

= (1/3) (-k(d%u/dt + adv/dt + ddw/dt))
du, ¥v and dw: flux 1linkage of respective
rhases,
the integral signal [V,dt is as follows:

20 JViedt = —(X/3) (8u + ¥v + ¥w)

From the above, it can be understood that the voltage
difference signal V,, varies depending on the running

frequency, whereas the integral signal IVMth does not vary

depending on the running frequency.



First, Fig. 45 shows a characteristic of the integral signal [err] relative
to the phase correction angle when the load is varied with the running
frequency kept constant in the above-nentioned brushl ess DC notor 15
system The characteristic of the above-nentioned brushless DC
not or .system exhi bits an approximately straight |ine where the | evel of the
integral signal [err] gradually reduces fromthe |l ead correction side to
the lag correction side of the phase correction angle. The line 20

shifts to the | ead correction side of Lh§7phase correction angle according
as the load increases, and the line shiff{s approximately parallel fromthe
| ead correction side to the lag correction side of the phase correction
angl e according as the | oad decreases. At a phase correction angle of
[err] 25 at which the peak efficiency point takes place when the -

99 - load is great, the |fyelepbrd hepyntRadiny GMRethEF I byl Snok2- tAk Aevel
phase correction angle of [err] at which the peak efficiency point takes

pl ace when the ¢pachésvelhbe HAEfkevateokibhall Wﬁgbiﬂ thleghaltelgeial] digndll
5 Fig. 46 shows a characteristic of the integral signa
[err] relative fogldte pbasatcahectapgeangvaluden arde adnustdnyr ethuenghasse
varied wth the | oad kept constant in the above-nentioned brushless DC
nmot or system corféetitarangiei dyi thef pHeseabove-ewnidronedans ushl édsitDEhe
notor 10 system exhi bits an approximately straight |ine where the
5 voltage difference signal Vy, or the integral signal [Vdt
becomes the target value at the peak efficiency point, a
peak-efficiency operation can be achieved.
(Fifth Embodiment)
Fig. 43 shows a construction of an essential part
10 of a brushless DC motor system of a fifth embodiment of the
present invention. The present brushless DC motor system
has the same construction as that of the brushless DC motor
system shown in Fig. 24 except for the microcomputer and
the level detector, and therefore no description is
15 provided therefor except for a microcomputer 100 and level
detectors 6A, 6B, ... Further, Fig. 44 shows a block
diagram of the microcomputer 100 of the brushless DC motor
systen. The microcomputer 100 of the brushless DC motor
system includes the components of the microcomputer 4 of
20 the brushless DC motor system of the fourth embodiment
excépt for the level decision section 51; a level detection
signal switching section 102 which receives the current
speed signal from the speed calculator 44 and a torque

signal, and outputs a switching signal; a switch SW which

25 receives the switching signal from the level detection



" level of the integral signal [err] gradually reduces fromthe |ead
correction side to the lag correction side of the phase correction angle.
The line shifts to the lead correction side of the phase correction
angl e according as 15 the running frequency increases, and the
line -shifts approxinmately parallel fromthe | ead correction side to the
|'ag correction side of the phase correction angle according as the running
frequency decreases. At a phase correction angle of [err] at which the
peak efficiency point takes place 20 gh the running frequency is
high, the level of the integral S|gn3 [err] is V4. At a phase
correction angle of [err] at which the peak efficiency point takes place
when the running frequency is low, the | evel of the integral signal [err]
is V5. - 100 - That is, the present invention is applied to a brushl ess

DC motor syst ergdnahi %M&lr@/else@tﬂolﬁe hpbedsRh Sieednés NRlertOhHtaftlen

at the peak efficiency point depending on the nagnitude of the | oad and the

pitch 5 of idwel uaeitegtibaquengyald NntbA AMeshlessl DAdBAHorsy SERM 6B,
havi ng the above-nenti oned construction, based on the position signal from

the rotational -ppsjtand senieved @m@ﬂﬁﬂam(xénmn@mgman naprds enetafivas the
torque val ue dependi ng on the current speed 10 signal fromthe speed
cal cul ator 44 aleiveh deterctdbnl cadnalhefreveltheéetscitan SWgreald sai tpoisiig on
section 102 outputs a ,
5 signal from the rotational-position sensor 3, and outputs a
phase amount command signal.

It is to be noted that, as shown in Figs. 45 and
46, the brushless DC motor system of the fifth embodiment
has a characteristic different from that of the brushless

10 DC motor system of the fourth embodiment.

First, Fig. 45 shows a characteristic of the
integral signal {Vy,,dt relative to the phase correction
angle when the load is varied with the running frequency
kept constant in the above-mentioned brushless DC motor

15 system. The characteristic of the above-mentioned
brushless DC motor system exhibits an approximately
straight line where the level of the integral signal [V,,dt
gradually reduces from the lead correction side to the lag
correction side of the phase correction angle. The line

20 shifts to the lead correction side of the phase correction
angle according as the load increases, and the line shifts
approximately parallel from the lead correction side to the
lag correction side of the phase correction angle according

as the load decreases. At a phase correction angle of ¢5

25 at which the peak efficiency point takes place when the



switching signal to the switch SW That is, according to the variation of
the load and the variation of the running frequency, one of the |evel
detectors 6A, 6B, ..., is 15 sel ected and a reference val ue for
deciding the level of the integral signal [err] is changed. Subsequent |y,
the m croconmputer 100 executes an interrupt handling process as shown in
the flow charts of Figs. 29, 30, 31 and 32 of the fourth enbodi nent. The

| evel decision section 101 adjusts 20 the phase correction angle so
that the peak notor efficiency is achieved, and outputs a phase
correction angle comrand signal . ThereFoPg,_the notor can be operated at
the peak efficiency regardl ess of the nagnitude of the | oad and the pitch
of the running frequency. - 101 - (Sixth Enbodinent) Fig. 47 shows a

bl ock di agram of a m croconputer enployed in a brushless DC notor system of

a sixth enbodi nggf40fi st RE-dN1ESee | AXGRET QF the tﬂﬂﬁt%yﬁl QINRE v, dt is

notor system has the sane construction as tha of "the brushiess 'BC

notor system sheyn i mFi §. pR4s8X R i drheaiB e 0606t eft aflithe thevaleak
detector. There is provided no description for the conponents except for a

m croconput er 28Pr aBfleAdy ApBigdnvedked po2cehivtlersubséi Lvkhas 1or shhe1]10 the
| evel detector. Upon receiving the integral signal fromthe
rotational - posi 1éeel sensthe 3intégrdl Ds tomaer ¢, A0Zsom3put s an i nt egr al
si gnal whi ch has undergone an anal og to
5 Fig. 46 shows a characteristic of the integral
signal jVMth relative to the phase correction angle when
the running frequency 1is varied with the load kept constant
in the above-mentioned brushless DC motor systemn. The
characteristic of the above-mentioned brushless DC motor
10 system exhibits an approximately straight line where the
level of the integral signal jVMth gradually reduces from
the lead correction side to the lag correction side of the
phase correction angle. The line shifts to the lead
correction side of the phase correction angle according as
15 the running frequency increases, and the 1line shifts
approximately parallel from the lead correction side to the
lag correction side of the phase correction angle according
as the running frequency decreases. At a phase correction
angle of ¢7 at which the peak efficiency point takes place
20 when the running frequency is high, the 1level of the
integral signal {V,udt is V4. At a phase correction angle
of ¢8 at which the peak efficiency point takes place when

the running frequency is low, the level of the integral

signal {Vydt is vs.



digital conversion process. The above-nenti oned brushless DC notor system
15 i n¢gl udes a | evel decision section 201 which receives the position
gignal fromthe rotational-position sensor 3, the current speed signal from
t he speed cal cul ator 44, an external torque signal representing a | oad
torque value, and the integral signal which has undergone the analog to 20
di gital conversion process, and outputs a phase correction angle command
signal to the tinmer value calculator 42. 1In this brushless DC notor

system the |evel of the integral sigga& ihs_not nmade constant at the peak
efficiency point in accordance wth the Rggnitude of the | oad and the pitch
of 25 the running frequency simlarly to the fifth enbodi nent. - 102
- In the brushless DC notor system having the above-nentioned construction,
the | evel decision section 201 selects a target value froma preset table

based on the current speethat 908l themi esspeedn¢ahesbat ofs 4éfaﬁm@elih&:o'5 a
external torque signal, and deci des whether or not the peak value of the

integral signalbrtfdhaleskas pondecgere shetanal 99 tahdeli t heconyeesi 08f  the
process is not smaller than the target value. Then, an interrupt handling
process shown iimtidagafll owighalt si®f rotgscorASthhtougt Ihe S peskcubeditdehBy
adj ust the phase correction angle so that the peak notor efficiency is
achi eved, and poimdselepmndiotg on ablgeé emaggmirhnde sifgrthle limd anduthedpitch
Therefore, by setting a

5 . of the running frequency.

In the brushless DC motor system having the
above-mentioned construction, based on the position signal
from the rotational-position sensor 3 and the torque signal
representing a torgue value depending on the current speed

10 signal from the speed calculator 44 and an external load,
the level detection signal switching section 102 outputs a
switching signal to the switch SW. That is, according to
the variation of the load and the variation of the running
frequency, one of the level detectors 6A, 6B, ..., is

15 selected and a reference value for deciding the level of
the integral signal jvmwit is changed. Subsegquently, the
microcomputer 100 executes an interrupt handling process as
shown in the flow charts of Figs. 29, 30, 31 and 32 of the
fourth embodiment. The level decision section 101 adjusts

20 the phase correction angle so that the peak motor
efficiency is achieved, and outputs a phase correction
angle command signal. Therefore, the motor can be operated

at the peak efficiency regardless of the magnitude of the

load and the pitch of the running frequency.



target value, i.e., a reference value for deciding the |evel of the
integral signal, [err], according to the 15 variation of the | oad and
the variation of the running frequency, and adjusting the phase correction
angl e so that the peak-efficiency operation is achieved, the notor can be
operat.ed at the peak efficiency regardl ess of the magnitude of the | oad and
the pitch of the running frequency. 20 (Seventh Enbodi ment) Fig. 48
shows a construction of a brushless DC notor system of a seventh enbodi nent
of the present invention. Reference_ngggrgl 301 denotes a stator which
has star-connected armature coils 301a, 1b and 301c, and 25 rotates a
rotor 310 having a plurality of permanent nagnets - 103 - by a

rotating magnetic field. . Reference nuneral 302 denotes a resistor
circuit which is conprised of star- connected resistors 302a, 302b and 302c
and connect ed iggiRaralEodiiddht)he armature coils 301a, 301b and 301c. 5
Ref erence nuneral 303 denotes an integral signal detector which detects the
vol tage difference signalrigN 4epseseat angplolek \dldagen df f er edceobetmpater
the voltage [err] at the neutral point of the resistor circuit 302 and the
vol tage VN at tewpluyed alimpoiat mfusthikess NeR@r enclodt s SPdbem3046 18 sixshd
301c, integrates the voltage difference signals [err], and outputs the

i ntegral signalenbodiment Referbthee pnaasntl 3o0xendiones a Wer sevwhdiess DC

whi ch receives the integral signal .
5 motor system has the same construction as that of the

bruéhless DC motor system shown in Fig. 24 except for the

microcomputer and the level detector. There is provided no

description for the components except for a microcomputer

200 and an A/D converter 202 which substitutes for the

10 level detector. Upon receiving the integral signal from

the rotational-position sensor 3, the A/D converter 202

outputs an integral signal which has undergone an analog to
digital conversion process.

The above-mentioned brushless DC motor system

15 includes a level decision section 201 which receives the

position signal from the rotational-position sensor 3, the

current speed signal from the speed calculator 44, an

external torque signal representing a load torque value,

and the integral signal which has undergone the analog to

20 digital conversion process, and outputs a phase correction

angle command signal to the timer value calculator 42. 1In

this brushless DC motor system, the level of the integral

signal is not made constant at the peak efficiency point in

accordance with the magnitude of the load and the pitch of

25 the running frequency similarly to the fifth embodiment.



from the integral signal detector 303 and outputs a swtching
signal. Reference nuneral 305 denotes a base 15 drive circuit

whi ch receives the switching signal fromthe m croconputer 304 and outputs
a commutation control signal. The conmutation control signal fromthe base
drive.circuit 305 is inputted to an inverter section 320. The stator 301
and the rotor 310 constitute a brushless DC notor 311. 20

Fig. 49 is a block diagram of the m croconputer 304. The m croconput er
304 has the sane construction as that _ qfy, the fourth enbodinent.
Therefore, the sane conponents are denoted by the sane reference
nuneral s, and no description is provided therefor. - 104 - The integral
signal detector 303 includes a differential anplifier 331 in which the
voltage [err] at the neutral point of the resistor circuit 302 is inputted
to a non-inverted input tmf Myl Qruihidgy i beer mbEbil, sgsgeauntaking EHNE
is connected to an inverted input termnal of the anplifier IClL11 via a
resi stor [err] abvk-andrasicgiedd enskrugtdonnectrd bpdvwebn it idiiqit section
termnal and an inverted input terminal of the anplifier ICl11l; and an

i ntegrator 332 anpmelssxtofa aammistalyerfionfawiresebntakbhd basednnectae

10 to the output termnal of the differential anplifier 331 and a
capaci tor [errlcwumendct sbedert gagnathdrorherhengpeedt kelcudipdoyr 44rapdatie
t he ground G\D. Further, the neutral point of the armature coils

301a, 3Pb af¥tesmpl torgue signal, and decides whether or not the peak
value of the integral signal which has undergone the analog
to digital conversion process is not smaller than the
target value. Then, an interrupt handling process shown in
the flow charts of Figs. 29 through 32 is executed to
10 adjust the phase correction angle so that the peak motor
efficiency is achieved, and a phase correction angle
command signal is outputted. Therefore, by setting a
target value, i.e., a reference value for deciding the
level of the integral signal [V,dt, according to the
15 variation of the load and the wvariation of the running
frequency, and adjusting the phase correction angle so that
the peak-efficiency operation is achieved, the motor can be
operated at the peak efficiency regardless of the magnitude
of the load and the pitch of the running frequency.
20 {Seventh Embodiment)

Fig. 48 shows a construction of a brushless DC
motor system of a seventh enbodiment of the present
invention. Reference numeral 301 denotes a stator which
has star-connected armature coils 30la, 301b and 30lc, and

25 rotates a rotor 310 having a plurality of permanent magnets



connected  to t he i nverted i nput term nal of the 15
differential anplifier 331 via the ground GND and the resistor
ferr]. _ Therefore, the differential anplifier 331 detects the voltage
di fference signal VMN representing the voltage difference between the
voltage VM at the neutral point of the resistor circuit 302 and the vol tage
[err] at the 20 neutral point of the armature coils 30l1la, 301b and
301c. The above-nenti oned brushl ess DC notor system further includes a

| evel detector 306 which receives the_i gral signal [err] fromthe
integrator 332 of the integral signal detector 303, and outputs a |evel
detection 25 signal to the mcroconputer 304. 1In the |evel detector
306 - 105 - shown in Fig. 50, the integral signal [err] fromthe
integrator 332 is inputted to an inverted input termnal of an anplifier

1 C121 via a regjstar fetatingntndgRepiénveided. i nputeterehedl windfel 302
anplifier 1Cl21is connected to the 5 ground GND. Further, an anode of
a diode [err] @enetasedd eddsdsamroutpytuter ivinbth ofid hecappliiskider of Cltlar-
and a cathode of the diode [err] is connected to the inverted input

term nal of theoanpttédenxrdsGErbrs BFozaheno2d catdode2of andli odanected] ins
connected to the output termnal of the 10 anplifier 1Cl121, and
an anode of thpadadlielDMOiXh stbennachatiuxe tdedlisnvéPlad i mple teerdri BALcef
the anplifier ICl21 via a resistor [err]. An inverted input term nal of an
anpl i fi e | Cl2Referepafed@@rad a3¢bnAcbPEeR Fol ninbeIYat gigualofdetector

which detects the voltage difference signal Vy, representing
the voltage difference between the voltage V, at the
neutral point of the resistor circuit 302 and the voltage
Vy at the neutral point of the armature coils 30la, 301b

10 and 301c, integrates the voltage difference signals Vy,, and
outputs the integral signal jVMth. Reference numeral 304
denotes a microcomputer which receives the integral signal
from the integral signal detector 303 and outputs a
switching signal. Reference numeral 305 denotes a base

15 drive circuit Which'rece;ves the switching signal from the
microcomputer 304 and outputs a commutation control signal.
The commutation control signal from the base drive circuit
305 is inputted to an inverter section 320. The stator 301
and the rotor 310 constituﬁe a brushless DC motor 311.

20 Fig. 49 1is a block diagram of the microcomputer
304. The microcomputer 304 has the same construction as
that of the fourth embodiment. Therefore, the same
components are denoted by the same reference numerals, and

no description is provided therefor.



t he di ode D102 and the resistor [err] via a resistor [err]. 15 Furt her,
a resistor R124 is connected between the inverted input termnal of the
anplifier 1Cl22 and an end on the integral signal [err] input side of the
resistor [err], while a non-inverted input termnal of the anplifier |1Cl22
I's connected to the ground GND. An inverted input termnal 20 of a
conparator 1Cl123 is connected to the output termnal of the anplifier |Cl22
via a resistor [err], and connected to the ground G\D via a capacitor

[err]. Meanwhi l e, a non- inverted _i{g%n_ termnal of the conparator
| C123 is connected to a power supply via a resistor [err], and 25
connected to the ground GND via a resistor [err]. The - 106 -

resistor [err] and the resistor [err] define a reference value E3 for the
conparat or 1C123. The above-nenti oned brushl ess DC notor system i ncl udes

Hal | el ements 312a, 312brgad 3d€eg¥hl Chsilghgtt hBBeeltor BOBAtigRAludes a
position of the rotor 310 by a nagnetic field exerted fromthe magnets of

the rotor 310 @iftéeenoial 3hblidhdra 330l ain OWRLcROXHE OFo BEAGOr V313 twhiteh
serves as rotational -position sensor neans and operates to receive output
signal s from theutiedl pbénenbs Thea redlidreandcixidcitl0302 iandnputped &o a
position signal representing the rotational position of the rotor 310. The
rot ati onal - posnenomngensed Bdputntémdésaincénphi kgl ifCer2 Iicarn lama idnourgl
the output signal fromthe Hall elenent 312a; an anplifier [Cl13 for
5 GND is connected to an inverted input terminal of the
amplifier IC111 via a resistor R;;;, and a resistor Ry;, is
connected between an output terminal and an inverted input
terminal of the amplifier IC111l; and an integrator 332
comprised of a resistor R;,; of which one end is connected
10 to the output terminal of the differential amplifier 331
and a capacitor C;,, connected between the other end of the
resistor R,;; and the ground GND. Further, the neutral
point of +the armature coils 301a, 301b and 301lc is
connected to the inverted input terminal of the
15 differential amplifier 331 wvia the ground GND and the
resistor R;;;. Therefore, the differential amplifier 331
detects the voltage difference signal Vyy, representing the
voltage difference between the voltage V), at the neutral
point of the resistor circuit 302 and the voltage Vg at the
20 neutral point of the armature coils 30l1a, 301b and 30lc.
The above-mentioned brushless DC motor system
further includes a level detector 306 which receives the
integral signal [V,,dt from the integrator 332 of the

integral signal detector 303, and outputs a level detection

25 signal to the microcomputer 304. In the level detector 306



anplifying the output signal fromthe Hall elenent 312b; an 15

amplifier 1C114 for anplifying the output signal fromthe Hall el enent
312c; an.OR-circuit ORL to which both the output signals of the anplifiers
| C112 and 1 C1l14 are input; an OR-circuit OR2 to which both the output
signal;s of the anplifiers ICl12 and ICl13 are input; an OR-circuit OR3 to
20 whi ch both the output signals of the anplifiers ICl13 and |ICl14 are
i nput; and an AND-circuit ANDL which receives output signals of the
OR-circuits ORlL, OR2 and OR3 and outpytg the position signal. In the

above- nenti oned construction, when the g brushless DC notor is
driven in accordance wth the - 107 - position sensing, outputs of
the Hall elenments 312a, 312b and 312c detecting the rotational position of
the rotor 310 have trapezoi dal waveforns having different phases at
interval s of 128o6agrérs By shew) i khki ginkdgtdl tdigngh v,.at(Crrom Thes,
the rotational -position sensor 313 outputs a position signal whose |evel
changes every tfAtdggates as2sHewinputteld do &2 irMdrted Igdthetermimel of
integral signal detector 303 detects by neans of the anplifier |1Cl11 the
vol t age di f f er encempilgfdler] G121 shbawnai weBiigto¥?2 K;5)) 3Rd a mneprbsestted
the voltage difference between the voltage [err] at the neutral point of
the resistor cippuft tRomingduteedthe amplidienyvdiQldd i kpuconpesitrdl tandthde

vol t age gerr] at the neutral_ point of the armature coils 301a, 301b and
301c¢ ground GND. Further, an anode of a diode D;3, is connected

to an output terminal of the amplifier IC121, and a cathode
of the diode D;;; is connected to the inverted input
terminal of the amplifier IC121. Further, a cathode of a
diode D;q, is connected to the output terminal of the
10 amplifier IC121, and an anode of the diode D;43, is connected
to the inverted input terminal of the amplifier IC121 via a
resistor R;;;. An inverted input terminal of an amplifier
IC122 is connected to a connection point of the anode of
the diode D;p, and the resistor R;,, via a resistor Ry,;.
15 Further, a resistor R,;,, is connected between the inverted
input terminal of the amplifiér ICi122 and an end on the
integral signal f[Vydt input side of the resistor Ry,,,
while a non-inverted input terminal of the amplifier ICi22
is connected to the ground GND. An inverted input terminal
20 of a comparator IC123 is connected to the output terminal
of the amplifier IC122 via a resistor R;,,, and connected to
the ground GND via a capacitor Ci01- Meanwhile, a non-
inverted input terminal of the comparator IC123 is
connected to a power SI‘Jpply via a vresistor R,,;, and

25 connected to the ground GND via a resistor Rysg+ The



inputted to the inverted input termnal of the anplifier 15 | C111,
integratessthe voltage difference signal [err] by neans of the integrator
332, and -outputs the integral signal [err] (shown in Fig. 52 (F)). The
integral signal [err] has an approxi mately sine waveform having a frequency
three tines as high as the rotation frequency. Then, upon 20
receiving the integral signal [err] fromthe integrator 332, the | evel
detector 306 subjects the integral signal [err] to full-wave rectification
(shown in Fig. 52 (G) by neans of a ful]:wave rectifier conprised of the
diodes [err] and [err], the resistors [efr] through [err], and anplifiers
25 | C121 and 1C122. . Then the full-wave rectified S|gnal IS - 108 -
snoot hed by a snmoothing circuit conprised of the resistor R126 and the
capacitor [err]: Thereafter, the snoothed signal (shown in Fig. 52

(H) is conpareded4 ot hR {efaﬁ{a‘i% vad et} i 2 h@ eFamRarAUf driehds wItha
| evel 5 det ection S|gﬁ (shown in Fig. 52 %fﬁ i's output. That is,

the | evel detecEkoﬂoﬁiﬂma|cbﬁpﬁﬁﬂﬁbiOI@ﬁW@.F+|eve| when the |evel of the
snoot hed signal is not greater than the reference value E3, and the |evel
detection signal is nmade Tive haaleote+mmet ioved thwudieMess ofDC hencstmaot etbtem
signal 10 exceeds the reference value E3. Fig. 51 shows an interrupt
handl i ng processnd¢ludéstHalhi eienenpsat 2L28043dRbchndx&ddrewhtilch stect the
operation as that of the flow charts of Figs. 30, 31 and 32 except for
5 rotational position of the rotor 310 by a magnetic field
exerted from the magnets of the rotor 310 of the motor 311,
and a rotational-position sensor 313 which serves as
rotational-position sensor means and operates to receive
output signals from the Hall elements 312a, 312b and. 312c
10 and output a position signal representing the rotational
position of the rotor 310. The rotational-position sensor
313 includes an amplifier IC1i2 for amplifying the output
signal from the Hall element 312a; an amplifier IC113 for
amplifying the output signal from the Hall element 312b; an
15 amplifier ICl1l14 for amplifying the output signal from the
Hall element 312c¢; an OR-circuit OR1l to which both the
output signals of the amplifiers IC112 and ICl114 are input;
an OR-circuit OR2 to which both the output signals of the
amplifiers IC112 and IC113 are input; an OR-circuit OR3 to
20 which both the output signals of the amplifiers IC113 and
IC114 are input; and an AND-circuit AND1 which receives
output signals of the OR-circuits OR1, OR2 and OR3 and
outputs the position signal.

In the above-mentioned construction, when the

25 brushless DC motor 1is driven 1in accordance with the



the flow chart of Fig. 51. It is to be noted that the 15 I nt errupt
handl i ng process 11 is executed at every rise tinme and fall time of the
position signal inputted to the external interrupt terninal of the

m croconputer 304. First, it is decided whether or not the | evel detection
signal is at L-level at step S201. Wen it is 20 deci ded that the
level detection signal is at L-level, the program fl ow proceeds to step
S221, at which the precedi ng phase correction angle command is increnented
by one degree (to the | ag correction_§ifga,_,and t he program fl ow proceeds
to step S104 shown in Fig. 30. Wen the 1evel detection 25 signal is
not at L-level at step S201, the program fl ow - 109 - proceeds to step
S222, at which the precedi ng phase correction angle command is decrenented
by one degree (to the lead correction side), and the program fl ow proceeds

to step S104 spo¥itidnFeBns3flg,5outputs of theThRNl dlEnsmEHr310an @b
operated at the peak efficiency regardless of the nmagnitude of the | oad
and the pitch aidthe2¢udetagtingquracyosatiibaal ypbaithenf efir tthee moddinmsyo
Furthernore, by gradually adjusting the phase of the voltage pattern from
the | ead corretdaven srapesoiddk 1Qaveformg baviegti differdet sphazes tat
achieve the peak notor efficiency point, the phase of the voltage

pattern is prevetexvisontbdi2fy degreeedaso shayrepinufigegi Bh €A stihmpugh

the lag correction side of the peak efficiency point.
5 {(C). Then, the rotaticonal-position sensor 313 outputs a

position signal whose level changes every 60 degrees as
shown in Fig. 52 (D). Further, the integral signal
detector 303 detects by means of the amplifier IC111 the
voltage difference signal Vg, (shown 1in Fig. 52 (E))
10 represeﬁting the voltage difference between the voltage Vy
at the neutral point of the resistor circuit 302 inputted
to the no-inverted input terminal and the voltage Vy at the
neutral point of the armature coils 301a, 301b and 301c
inputted to the inverted input terminal of the amplifier
15 IC111, integrates the voltage difference signal Vyy by means
of the integrator 332, and outputs the integral signal
fVuydt (shown in Fig. 52 (F)). The integral signal [V,,dt
has an approximately sine waveform having a frequency three
times as high as the rotation frequency. Then, upon
20 receiving the integral signal f[V,dt from the integrator
332, the levell detector 306 subjects the integral signal
SVMth to full-wave rectification (shown in Fig. 52 (G)) by
means of a full-wave rectifier comprised of the diodes D4
and D,,,, the resistors R,;,; through R,,4, and amplifiers

25 . IC121 and ICl22. Then the full-wave rectified signal is



Therefore the step out is prevented. 15 (Ei ghth Enbodi nent) Fig. 53
shows a bl ock diagramof a mcroconputer of a brushless DC notor system of
an eighth enbodi nrent of the present invention. The present brushless
DC notor system has the sanme construction as that of the brushless 20

DC notor system of the seventh enbodi nent shown in Fig. 48 except for a

m croconputer 308 and a | evel detector 307 (see Fig. 54), and there is
provi ded no description therefor. Refer to Fig. 48 for the sane
conponents. The microconputer 308 has,phe_sane construction as that of

t he 25 : mcroconputer 304 of the seventh enbodi ment shown in Fig. -
110 - 49 except for a read tinmer 60, and the sanme conponents are denoted by
the sane reference nunerals, and no description is provided therefor. As
shown in Fig. 54, the level detector 307 5 i ncludes an anplifier 1C131

where the integidotticdnaby [ & shobtBAnbhe: i thai atShpBSLed S oitNPiHd edet@s88r
inverted input termnal thereof, a non-inverted input termnal thereof is

connected to tipg,gr cumdl @Ne vicapaciesirst 0, .err] Thapdadreeyt pthet esitbo8hed
and the non-inverted input term nal thereot 10 are connected to each
other via a redigiiadr [(ehown ibhe Fanplifd2er ()31 ind ¢dmpaesd stwish| ethé
and [err] constitute a hysteresis conparator having a hysteresis

char act eri sti c refferenceabovbuerediti obed thenstonpararer wAei2Bhe and a level

5 - detection signal (shown in Fig. 52 (I)) is output. That
is, the level detection signal is made to have H-level when
the level of the smoothed signal 1is not greater than the
reference value E3, and the level detection signal is made
to have L-level when the level of the smoothed signal

10 exceeds the reference value E3.

Fig. 51 shows an interrupt handling process 11 of
the microcomputer 304 which executes the same operation as
that of the flow charts of Figs. 30, 31 and 32 except for
the flow chart of Fig. 51. It is to be noted that the

15 interrupt handling process 11 1is executed at every rise
time and fall time of the position signal inputted to the
external interrupt terminal of the microcomputer 304.
First, it is decided whether or not the level
detection signal is at L-level at step S201. When it is
20 decided that the level detection signal is at L-level, the
program flow proceeds to step S221, at which the preceding
phase correction angle command is incremented by one degree
(to the lag correction side), and the program flow proceeds
to step S104 shown in Fig. 30. When the level detection

25 signal is not at L-level at step S201, the program flow



brushl ess DC notor is driven in accordance wth the 15 posi tion

sensi ng, outputs of the Hall elenents 312a, 312b and 312c detecting the
rotational position of the rotor 310 have trapezoi dal waveforns havi ng

di fferent phases at intervals of 120 degrees as shown in Fig. 55 (A)
through (C). -~Then, the rotational-position sensor 313 shown in 20

Fig. 48 outputs a position signal whose |evel changes every 60 degrees as
shown in Fig. 55 (D). Upon receiving the integral signal [err] fromthe
i ntegrator 332, an output term nal of~t§§ anplifier 1C131 of the |evel
detector 307 cones to have L-|evel when %e integral signal [err] (shown 25
in Fig. 55 (F)) exceeds a reference value E4, and the out put term nal
of the anplifier 1Cl31 cones to have H |evel when the integral signa
[err] beconmes snmaller than a reference val ue E5. That is, the |evel

det ection signgkocebawn ite Fisdepd5 skBp), ofatt heyHirte!l el eghrdcadimpeconBse a
5 signal which has a phase different from that of the position
signal (shown cbregtidoh @ED)gleancommand| ¢si deiirdet@intied the pAsi ldedresd Q0B .
However, when the level of the integral signal [err] fromthe integrator
332 becones | othet lend icoraepddsnbisliidiey ,t laakl tthe iproegreal fllbw procemdd to
[err] does not exceed the reference value E4 or the possibility that the

i ntegral signasteer flL0Odoshownt ibeEdge 8Aunl l'er than the reference val ue E5.
Consequently, the level detection signal cones to have a frequencg smal | er
than thaP of the positioRbP8RgnatheaPCHutGRry akiep operated at the peak

efficiency regardless of the magnitude of the load and the
pitch of the running frequency similarly to the fourth
embodiment. Furthermore, by gradually adjusting the phase
of the voltage pattern from the lead correction side to the

10 lag correction side so as to achieve the peak motor
efficiency point, the phase of the voltage pattern is
prevented from being adjusted to a step-out region existing
on the lag correction side of the peak efficiency point.
Therefore the step out is preventegd.

15 (Eighth Embodiment)

Fig. 53 shows a block diagram of a microcomputer
of a brushless DC motor system of an eighth embodiment of
the present invention. The present brushless DC motor
system has the same construction as that of the brushless

20 DC motor system of the seventh embodiment shown in Fig. 48
except for a microcomputer 308 and a level detector 307
(see Fig. 54), and there is provided no description
therefor. Refer to Fig. 48 for the same components. The
microcomputer 308 has the same construction as that of the

25 microcomputer 304 of the seventh embodiment shown in Fig.



15 different fromthat of the position signal. I n ot her words,
decision as to.whether or not the integral signal [err] has a | evel not
smal l er than a specified | evel can be done through the discrimnation

whet her or not the level detection signal is continuous in a specified
cycle: 20 An operation of the mcroconputer 308 will be
descri bed according to flow charts of Figs. 56, 57, 58 and 59. It is to be
noted that an interrupt handling process 21 is executed at every rise tine
and fall time of the position signal f&ted to the external interrupt
term nal 25 of the m croconputer 30 - 112 - Referring first to
Fig. 56, when the interrupt handling process 21 starts, it is decided

whet her or not a preceding-tinme | evel detection signal is at H1level at
step S301. When it is decided that the preceding-tine |evel 5

detection signab iexcebtHiavel ,rddtt PImgF asd | | anapraceednd Catrmerddl d0e
deci de whether or not a current-tinme | evel detection signal is at L-Ievel.

When it is decadfadtbBabyt the lEdmnt réfstehey chufleratsi oandi graldéescription

L-level at step S321, the programflow proceeds to step S322 to 10

i ncrenent a coist proCidédbyheneforWen it is decided that the current-tine

| evel detection signal is not at L-level, the programflow proceeds to step
S302. On the other hand, Aghephowni sinledided BHat the pireveldi rdetéaror evad7

detection signal is _not at H|level at
5 includes an amplifier IC131 where the integral signal XVﬁth

from the integrator 332 is inputted to an inverted input

terminal thereof, a non-inverted input terminal thereof is

connected to the ground GND via a resistor R,;;,, and an

output terminal and the non-inverted input terminal thereof

10 are connected to each other via a resistor R;;,. The

amplifier IC131 and the resistors R,;3; and R,3, constitute a
hysteresis comparator having a hysteresis characteristic.

In the above-mentioned construction, when the

brushless DC motor is driven 1in accordance with the

15 position sensing, outputs of the Hall elements 312a, 312b

and 312c detecting the rotational position of the rotor 310

have trapezoidal waveforms having different phases at

intervals of 120 degrees as shown in Fig. 55 (A) through

(C). Then, the rotational-position sensor 313 shown in

20 Fig. 48 outputs a position signal whose level changes every

60 degrees as shown in Fig. 55 (D). Upon receiving the

integral signal {V,dt from the integrator 332, an output

terminal of the amplifier IC131 of the level detector 307

comes to have L-level when the integral signal [v,pdt (shown

25 in Fig. 55 (F)) exceeds a reference value E4, and the



15 step S301, the programflow proceeds to step S323, at which it is
deci ded whether.or not the current-tine |evel detection signal is at
H-level. - Wen it is decided that the current-tinme | evel detection signal
is at Hlevel at step S323, the programfl ow proceeds to step S324 to 20
increnment the counter CNT1 by one. Wen it is decided that the
current-tinme | evel detection signal is not at H1level, the programflow
proceeds to step S302. Then, a counter CNT2 is increnented by one at step
S302, and the program fl ow proceeds to i&gﬁfSBOB. 25 Then, it is
decided whether or not the counter 2 - 113 - indicates 3 at
step S303. When it is decided that the counter CNT2 indicates 3, the
program fl ow proceeds to step S325. When it is decided that the counter
CNT2 does not indicate 3, the programflow proceeds to step S304 shown in 5

Fig. 57. Thenoitmits €8ehdRg1 Wt hehe OTanli fig- counter OMEk i REi aws 8-
at step S325. When it is decided that the counter CNT1 indicates 3, the

program f | ow prieseadsiHen SR i9RRyrad igigmeev,Qutobacergseenbii¢er than a
precedi ng-ti me phase correction angl e conmand (Fo the lag correction side),
and 10 t he merfegrearod | valpe OESeds fThast €z ,S39% e 1¥ked idetectidibm dedghhat
the counter CNT1 is not 3, the program fl ow proceeds to step S327 to decide
whet her or not (sheowouin eFiqNTI5i (@) tabds the lemedn detectaeciWedbebaneshe
counter CNT1 indicates O at step S327, the program fl ow proceeds to step
5 signal which has a phase different from that of the
position signal (shown in Fig. 55 (D)) and a cycle
identical to the position signal. However, when the level
of the integral signal {Vy,dt from the integrator 332
becomes low, there is a possibility that the integral
10 signal SVhth does not exceed the reference value E4 or the
possibility that the integral signal [Vy,dt does not become
smaller than the reference value ES35. Consequently, the
level detection signal comes to have a frequency smaller
than that of the position signal, and a duty ratio
15 different from that of the position signal. In other
words, decision as to whether or not the integral signal
fvyndt has a level not smaller than a specified level can be
done through the discrimination whether or not the 1level
detection signal is cbntinuous in a specified cycle.
20 An operation of the microcomputer 308 will be
described according to flow charts of Figs. 56, 57, 58 and
59. It is to be noted that an interrupt handling process
21 is executed at every rise time and fall time of the

position signal inputted to the external interrupt terminal

25 of the microcomputer 308.



15 S328 to decrenment by one degree the preceding-tinme phase correction
angl e commgnd (to the | ead correction side),  and the program fl ow proceeds
to step S329. On the other hand, when it is decided that the counter CNT1
is not O at step S327, the program fl ow proceeds to step S329. Then, the
20 -counter CNT1l is cleared at step S329, and the program fl ow proceeds
to step S330 to clear the counter CNT2, and proceeds to-step S304. It is
to be noted that before the initial interrupt handling process 21 starts,
an initial value is set to the phase correction angle conmand and the 25
counters CNT1 and CNT2 are cl eared. = 1%3 4. Then, at step S304 shown in
Fig. 57, it is decided whether or not the phase correction tinmer T1
(referred to as atinmer Tl in Fig. 57) is counting. When it is decided
that the tinmer Tl is counting, the programb5 fl ow proceeds to step S331

to stop the tinmer TI1. 1hﬂ£féﬁgiﬁ§e%fygttkgﬁ#ﬁgﬁ i§g9°%ﬂk§ﬂgthém%ﬂﬁé?¥uﬂ@

is stopped to get ready for t Xt start. a voltage pattern is

outputted at stgpn@P3Rg BPEcERE RROAPHL OWPrAcegds: §8aSHABLREBS or Nttt
it is decided that the tiner T1 is not 10 counting at step S304, the

program fl ow prggeedaihg-cige $3061 dbeactiibni sigasided wWiethaewl H step

correction angle (phase correction angle based on the phase correction
command signal §somthewheselitdedssidurisaet | BRabl)ties pekceding-time level
5 detection signal is at H-level, the program flow proceeds
to step 8321 to decide whether or not a current-time ievel
detection signal is at L-level. When it is decided that
the current-time level detection signal is at L-level at
step 5321, the program flow proceeds to step 8322 +to
10 increment a counter CNT1l by one. When it is decided that
the current-time level detection signal is not at L-level,

- the program flow proceeds to step S302.
on the other hand, when it is' decided that the
preceding-time level detection signal is not at H-level at
15 step S301, the program flow proceeds to step S$323, at which
it is decided whether or not the current-time 1level
detection signal is at H-level. When it is decided that
the current-time level detection signal is at H-level at
step 8323, the program flow proceeds to step 8S324 to
20 increment the counter CNT1 by one. When it is decided that
the current-time level detection signal is not at H-level,
the program flow proceeds to step S302.

Then, a counter CNT2 is incremented by one at
step S302, and the program flow proceeds to step S303.

25 Then, it 1is decided whether or not the counter CNT2



15 smal l er than 60 degrees. \Wen the correction angle is not smaller

t han 60 degrees, the programflow proceeds to step S341 to deci de whet her
or not the correction angle is not snmaller than 120 degrees. Wen the
correction angle is not smaller than 120 degrees at step S341, the program
flow 20 proceeds to step S342 to establish a phase correction E
(referred to as a "correction E'" in Fig. 57), and proceeds to step S343.
Then, it is decided whether or not the preceding phase correction is a
phase correction C (referred to as a "goa;gcgion C' in Fig. 57) or a phase
25 correction D (referred to as a "coffection D' in Fig. 57) - 115 -
at step S343. Wien it is decided that the precedi ng phase correction is

t he phase correction C or the phase correction D, the program fl ow proceeds
to step S344 to issue a correction switching request, and thereafter 5

proceeds to siepicas@s 3 Wienstéh ohvps.decigied ibalis (HEcPESGCHRE the
phase correction 1s neither the phase correction C nor the phase correction

D at step S343, cohetRro@na? findsdaeeceds e JranSWoe1MheprddeedorEecttep

angle is smaller than 120 10 degrees at step S341, the programflow
proceeds to steg33345 twhest dll iish dbdeifbdsehadr rignd | couhteandNERoOGRsHs hot
step S346. Then, it is decided whether or not the preceding

phase correcti oinddcalte phatdecpmoguinof Owpndregimse cirercd3 @h ghawn in

step S346. When it is decided that
5 Fig. 57. Then, it is decided whether or not the counter

CNT1 indicates 3 at step S325. When it is decided that the
counter CNT1l indicates 3, the program flow proceeds to step
8326 to increment by one degree the preceding-time phase
correction angle command (to the lag correction side), and
10 the program flow proceeds to step S329. When it is decided
that the counter CNT1l is not 3, the program flow proceeds
to step S327 to decide whether or not the counter CNT1
indicates o0. When it is decided that the counter CNT1
indicates 0 at step S327, the program flow proceeds to step
15 S328 to decrement by one degree the preceding-time phase
correcﬁion angle command (to the lead correction side)}, and
the program flow proceeds to step S$329. On the other hand,
when it is decided that the counter CNT1 is not 0 at step
5327, the program flow proceeds to step S329. Then, the
20 counter CNT1 is cleared at step S$329, and the program flow
proceeds to step S330 to clear the counter CNT2, and
proceeds to step S304. It is to be noted that before the
initial interrupt handling process 21 starts, an initial
value is set to the phase correction angle command and the

25 counters CNT1l and CNT2 are cleared.



15 " the preceding phase correction is the phase correction C or the
phase correction E, the programflow proceeds to step S347 to issue a
correctiort sw'tching request, and thereafter proceeds to step S306.
When it Is decided that the precedi ng phase correction is neither the phase
20 _correction C nor the phase correction E at step S346, the program

f1 ow proceeds to step S306. When it is decided that the correction angle
is smaller than 60 degrees at step S305, the program flow proceeds to step
S351 to establish the phase correction 9 4ar_ld proceeds to step 25 S352.
Then, it is decided whether or not the Breceding - 116 - phase
correction is the phase correction D or the phase correction E at step
S352. When it is decided that the precedi ng phase correction is the phase
correction D or the phase correction E, the programfl ow proceeds to step

S353 5 to issue a cormiRef i 0Bt SWkbphi 8gpiedsesin AN ®ier eafter it is
proceeds to step S306. O herwise, when it is decided that the precedi ng

phase correcti @editiedei Whtheie RRASAKOr ket | BRabenOtotbecphase edmeect ran
E at step S352, the program fl ow proceeds to step S306. 10

Then, at stepre$fed aotases tdadlewe TITIHOFigs 63l culsatashretviaty. ti Wheaf
phase corrections C, Dand E. That is, in the phase correction C, a tiner
val ue correspondi ngst dethdeghddmtcothectioeramy eiss coaintdng, hetlte nprogahue
TI SOU. In the phase correction D, a tiner
5 flow proceeds to step S331 to stop the timer T1. That is,
when the timer Ti1 is counting, the timer Tl is stopped to
get ready for the next start. Then, a voltage pattern is
outputted at step S332, and the program flow proceeds to
step S305. When it is decided that the timer T1 is not
10 counting at step S304, the program flow proceeds to step
S305.

Then, it is decided whether or not a correction
angle (phase correction angle based on the phase cori‘ection
command signal from the level decision section 51) is not

15 smaller than 60 degrees. When the correction angle is not
smaller than 60 degrees, the program flow proceeds to step
S341 to decide whether or not the correction angle is not
smaller than 120 degrees. When the correction angle is not
smaller than 120 degrees at step S341, the program flow
20 proceeds to step S342 to establish a phase correction E
(referred to as a "correction EY in Fig. 57), and proceeds
to step 8343. Then, it is decided whether or not the
preceding phase correction is a phase correction C

(referred to as a "correction C" in Fig. 57} or a phase

25 correction D (referred to as a Ycorrection D" in Fig. 57)



15 value corresponding to a phase angl e obt ai ned by
subtracting 60 degrees fromthe phase correction angle is set as the tiner
value TISQU. In the phase correction E, a tinmer value corresponding to a
phase angl e obtai ned by subtracting 120 degrees fromthe phase correction
angle irs 20 set as the tiner value TISOU Then, the programfl ow
pr.oceeds to step S307 to increnent the inverter node by one step. Then, the
program fl ow proceeds to step S308 shown in Fig. 58, at which it is decided
whet her or not the 25 correction syﬁif@ipg request has been i ssued.
When there - 117 - is the correction Switching request, the programfl ow
proceeds to step S361 to deci de whether the correction node is swtched
fromthe phase correction C (referred to as a "correction C' in Fig. 58) to
t he phase correction D5 (referred to as a "correction D' in Fig. 58)

or fromthe phage geepbe®s4an D et et PP3sgeefEaCENAR EHE girdfdedling® Phasde
"correction E'" in Fig. 58). Wen it is decided that the correction node is

switched from t Berplaseofior riect ite C pRatle paggeckdionecte onoP ortHd Onphéige
phase correction Dto 10 t he phase correction E, the programfl ow
proceeds to stepoBBéZtioncancethéheraayract fhows\praleats r éguestept Is844 to
inverter node is put back by one step at step S362-1, and the programfl ow
proceeds to stepsS889. aOn adrrextthiem haswditelhimg t heeguestet | amdodehéseafter
5 proceeds to step S306. When it 1is decided that the
preceding phase correction is neither the phase correction
C nor the phase correction D at step S343, the program flow
proceeds to step S306.
When the correction angle 1is smaller than 120
10 degrees at step S341, the program flow proceeds to step
5345 to establish the phase correction D, and proceeds to
step S346. Then, it 1is decided whether or not the
preceding phase correction is the phase correction C or the
phase correction E at step S346. When it is decided that
15 the preceding phase correction is the phase correction C or
the phase correction E, the program flow proceeds to step
S347 to issue a correction switching request, and
thereafter proceeds to step S306. When it is decided that
the preceding phase correction 1is neither the phase
20 correction C nor the phase correction E at step 85346, the
program flow proceeds to step 8306. When it is decided
that the correction angle is smaller than 60 degrees at
step S305, the program flow proceeds to step 8351 to

establish the phase correction C, and proceeds to step

25 8352, Then, it is decided whether or not the preceding



15 " switched neither fromthe phase correction Cto the phase correction
D nor fromthe phase correction Dto the phase correction E, i.e., switched
f.rom the phase ‘'correction D to the phase correction C or fromthe phase
correction E to the phase correction D, the program fl ow proceeds to step
20 S363 to output a voltage pattern. Then, the program fl ow proceeds
t.o step S364 to set the tiner value TISQU cal cul ated at step S306 to the
timer T1l, and thereafter the timer Tl is started at step S365. Then, the
program fl ow proceeds to step S366 to cag% the correction switching 25

18

request, and proceeds to step S309.

- When it is decided that

there is no correction switching request at step S308, the program fl ow
proceeds to step S368 to set the timer value TISQU cal cul ated at step S306
tothe tinmer T1l, the timer Tl is started at step 5 S369, and the
program fl ow prp»ee@hcb@ré&epoﬁm% fhen pHdi cyeteeBRABH! iMJoki NEHe TRhbse
stopped and a tiner value in the cycle neasuring tinmer T2 is read at step
S309, and the pogeadildnoVE patceastsp t 93s5kep SRHén Thenist Becddelde tieatsutheg
timer T2 is set and started at 10 step S310 to start the next cycle

nmeasur enent .

pHeerding Ehase calmdadtioon is the qhase fcomrédbivnl Deouf thee

cycle neasuring tiner T2 in the cycle calculator 41 at step S311, and from
t he cal cul at i ophassuldornaet i@t ati obheppedguamt fd owptrarodesdsal bl ated SAS53
t he speed cal culator 44. Then, the

10

15

20

25

to issue a correction switching reguest, and thereafter
proceeds to step 8306. Otherwise, when it is decided that
the . preceding phase correction is neither +the phase
correction D nor the phase correction E at step S$352, the
program flow proceeds to step S306.

Then, at step S306, a timer value TISOU is
calculated every time of phase corrections C, D and E.
That 1is, 1in the phase correction €, a timer value
corresponding to the phase correction angle is set as the
timer wvalue TISOU. In the phase correction D, a timer
value corresponding to a phase angle obtained by
subtracting 60 degrees from the phase correction angle is
set as the timer value TISOU. In the phase correction E, a
timer value corresponding to a phase angle obtained by
subtracting 120 degrees from the phase correction angle is
set as the timer vaiue TISOU. Then, the program flow
proceeds to step S307 to increment the inverter mode by one
step.

Then, the program flow proceeds to step S308
shown in Fig. 58, at which it is decided whether or not the

correction switching request has been issued. When there



15 speed controller 45 executes speed control based on an
external speeds.command signal to output a voltage command signal at step
$112. Then, in a manner as shown in Fig. 59A when the counting operation
of the timer Tl is conpleted and an 20 interrupt signal IRQIis
outputted fromthe tiner T1, an interrupt handling process 22 starts, and a
voltage pattern is outputted at step S370 to conplete the interrupt
handl i ng process 22. It is to be noted that for confirmation of the 25
current-tine |evel detection signal egegggeg at steps S321 - 119 - and
S323, the signal is read through the aid™of the read timer 60 shown in Fig.
53. That is, the read tiner 60 is started at a rise tine and a fall tinme
of the position signal from the rotational-position sensor 113.

When 5 conpl eting counting for a specified tinme, the read tiner 60

outputs a read ;g ghdl (2BeMRCtACh Isw2Bchbhy ! Pefligstovetndechebgpamecion
51. When the | evel decision section 51 reCeives the read signal, an

i nterrupt handipridgeEecass st S3910WD idedids WA idartise dberé€vebn mode
detection signal is 10 read (it is decided whether the |evel of

the |evel detdetiswitaigathl fremathe- phesle aoxdtdabhiein bg t(lreflkeveld decisson
section 51) at step S380 of the interrupt handling process 23, and
t hereafter the "icotreectdionhagll i by pFizessSP3 dmdsthe phase correction D

5 (referred to as a "“correction D" in Fig. 58) or from the
phase correction D to the phase correction E (referred to
as a "correction E" in Fig. 58). When it is decided that
the correction mode is switched from the phase correction C
to the phase correction D or from the phase correction D to

10 the phase correction E, the érogram flow proceeds to step
8362 to cancel the correction switching request, the-
inverter mode is put back by one step at step S362-1, and
the program flow proceeds to step S309.

On the other hand, when the correction mode is

15 switched neither from the phase correction C to the phase
correction D nor from the phase correction D to the phase
correction E, i.e., switched from the phase correction D to
the phase correction C or from the phase correction E to
the phase correction D, the program flow proceeds to step

20 8363 to output a voltage pattern. Then, the program flow
proceeds to step 8364 to set the timer wvalue TISOU
calculated at step S306 to the timer T1, and thereafter the
timer T1 is started at step S365. Then, the program flow
proceeds to step S366 to cancel the correction switching

25 reguest, and proceeds to step 5309.



15 Thus, the nmotor can be operated at the peak
efficiency.regardl ess of the magnitude of the |oad and the pitch of the

rynni ng frequency. Furthernore, by gradually adjusting the phase of the
vol tage pattern fromthe | ead correction side to the lag correction side so
as to achieve 20 t he peak notor efficiency point, the phase of the

voltage pattern is prevented from being adjusted to a step-out region
existing on the lag correction side of the peak efficiency point. Therefore
the step out can be prevented. - 120 -, (Ninth Enbodi nent) Fig. 60

shows a construction of an AC %ﬁfbrnating Current) notor system
of a ninth enbodi nent of the present invention. Ref erence nuneral 401
denotes a 5 stator which has star-connected armature coils 401a, 401b

and 401c and rotates a rotor 410 by a rotating nagnetic field. Reference

nuneral 402 denotes a resinadRr 1€l ridli heWEEl thaAO0Nphbsed i&f SbalcrPuasic
resi stors 402a, 402b and 402c and is connected in parallel wth the

armature 10  swptdBiddleeqdfdt ard L. sReser enee prbtprah 493wldgiiiRseds
differential anplifier which detects the voltage difference signa

representing theoveltepgesibd f ebennet behpedinkrvolabge [TOSOU atadicngdtedl at
point of the resistor circuit 402 and a voltage VN at a neutral point of
the armature costep 15306 t40the tdGelr Tand the) cimdRefBr ehsestautredalat 4(kep
denotes an integrator which receives the voltage difference signal
5 5369, and the program flow proceeds to step S309.
Then, the cycle measuring timer T2 is stopped and
a timer value in the cycle measuring timer T2 is read at
step S309, and the program flow proceeds to step S310.
Then, the cycle measuring timer T2 is set and started at
10 step S310 to start the next cycle measurement. Then, a
cycle calculation is executed from the value of the cycle
measuring timer T2 in the cycle calculator 41 at step S311,
and from the calculation result, the rotation speed of the
motor is calculated in the speed calculator 44. Then, the
15 speed controller 45 executes speed control based on an
external speed command signal to output a voltage command
signal at step S112.
Then, in a manner as shown in Fig. 59A, when the
counting operation of the timer T1 is completed and an
20 interrupt signal IRQ is outputted from the timer T1, an
interrupt handling process 22 starts, and a voltage pattern
is outputted at step S370 to complete the interrupt
handling process 22.

It is to be noted that for confirmation of the

25 current-time level detection signal executed at steps S321



fromthe differential anplifier 403 and integrates the voltage difference
signal. Reference nuneral 405 denotes an RMS (Root Mean Square) converter
which receives the 20 ° integral signal fromthe integrator 404 via a
transforner PT and obtains an RVMS value of the integral signal from which
DC conmponents are renoved. Reference nunmeral 406 denotes a

m cr oconput er whi ch recei ves a signal representing the RVS val ue of

the integral signal fromthe 25 RMS converter 405 and outputs a
swi tching signal. Reference - 121 - ral 407 denotes a base drive
circuit which receives the sw tching siaﬁ fromthe m croconputer 406 and

outputs a commutation control signal. The commutation control signal from
the base drive circuit 407 is inputted to an inverter 5 section 420.
The stator 401 and the rotor 410 constitute an AC notor 411. Fig. 61 is a

schematic bl ockyxh agsam oftHehes M4 0CO8PHER t48bugh THE aTCIOEORREL Head
406 includes an acceleration/decel eration processor 501 which receives a

10 frequencyin@®myangnowhgial rifgl* sANd TRELPULS the Stg@l tihdr 60 is
representing an inverter output frequency; a voltage processor 502 which

recei ves the siggettdd aepresedsengtime bhderd efallowtjme off relgeeposition
from the accel eration/ decel eration processor 501 and a neutral - poi nt
vol tage vn, 15 signahd foramputthen sicghed]iona I-gosdsdmtn ngearsdmvarit3er oufhsn
vol tage; and a sine-wave PWM processor 503 which receives
5 completing counting for a specified time, the read timer 60
outputs a read signal (shown in Fig. 55 (E}))} to the level
decision section 51. When the level decision section 51
receives the read signal, an interrupt handling process 23
as shown in Fig. 59B starts. The level detection signal is

10 read (it is decided whether the level of the level
detection signal is at L-level or H-level by the level
decision section 51) at step S380 of the interrupt handling
process 23, and thereafter the interrupt handling process
23 ends.

15 Thus, the motor can be operated at the peak
efficiency regardless of the magnitude of the load and the
pitch of the running freguency. Furthermore, by gradually
adjusting the phase of the voltage pattern from the lead
correction side to the lag correction side so as to achieve

20 the peak motor efficiency point, the phase of the voltage
pattern is prevented from being adjusted to a step-out

region existing on the lag correction side of the peak

efficiency point. Therefore the step out can be prevented.



t he out put frequency si gnal fl obt ai ned by t he

accel eratign/ decgel erati on processor 501 and the signal vo representing the
i nverter output voltage fromthe vol tage 20 processor 502, and outputs
a conmutation control signal. Fig. 62 shows a flow chart of a processing
operati.on of the mcroconputer 406. An interrupt handling process 31 of

the m croconputer 406 wll be described below wth reference to Fig. 62.

It is to be noted that the 25 i nterrupt handling process 31 is
processed by an interrupt - 122 - sigpgl generated every 0.1 to 1 second
froma tinmer (not shown). First, when the interrupt handling process 31
starts, a current-tine value f1 of the inverter frequency 5 and a
current-tinme value wvn(i) of the neutral-point voltage, i.e., the

effective value of an integral signal obtained by the RM5 converter 405 are

respectively inpyihed shbs&eRedPl. Then, the inverter output voltage
vo(i) is calculated at step S402 according to the follow ng 10

equation. [err] where sgnfxdg.= +dowhehowd era] OcofbtsgBEipn= -dfwheanX <AC
0. Then, it is decided whether or not a mninmm 15 val ue vom n(f1l) of

the inverter ou(plteynhiting Cargent) emotbansyheemnoér bemn iodhp wimbosl ingeget of

vo(i) at step S403. Wen it is decided that the m ni num val ue vom n(f1l) of

t he the present invention. Reference numeral 401 denotes a

5 stator which has star-connected armature coils 40la, 401b

and 40l1c and rotates a rotor 410 by a rotating magnetic

field. Reference numeral 402 denotes a resistor circuit

which is comprised of star-connected resistors 402a, 402b

and. 402c and is connected in parallel with the armature

10 coils 40la, 401b and 40lc. Reference numeral 403 denotes a

differential amplifier which detects the voltage difference

signal representing the voltage difference between a

voltage V, at a neutral point of the resistor circuit 402

and a voltage Vy at a neutral point of the armature coils

15 40la, 401b and 401lc. Reference numeral 404 denotes an

integrator which receives the voltage difference signal

from the differential amplifier 403 and integrates the

voltage difference signal. Reference numeral 405 denotes an

RMS (Root Mean Square) converter which receives the

20 integral signal from the integrator 404 via a transformer

PT and obtains an RMS wvalue of the integral signal from

which DC components are removed. Reference numeral 406

denotes a microcomputer which receives a signal

representing the RMS value of the integral signal from the

25 RMS converter 405 and outputs a switching signal. Reference



I nverter output voltage is greater than the inverter output voltage vo(i),
the program fl ew proceeds to step S406 to 20 make the inverter output
vol tage vo(i) assume the mnimum value vom n(fl), and thereafter the
program fl ow proceeds to step S404. On the other hand, when it is decided
that the m ni num value vom n(f1l) of the inverter output voltage is not
greater than the inverter output voltage vo(i), the 25 program f | ow
proceeds to step S404. That is, as shown in - 123 - Fig. 63, the

m ni mrum val ue vom n of the inverter oyt?%i voltage is approxinmtely
proportional to the inverter frequency , and the inverter output voltage
vo(i) obtained at step S402 is nade to be not snaller than the 5

m ni nrum val ue vom n. Then, a value of the preceding sanple is stored at

step S404. That is, the inverter output voltage vo(i) is substituted into
the inverter optiRdiaYohbagaevdteslh LARES dha veUdidtirit MhM Utedb Vs Othe
the neutral - point 10 voltage is substituted into the neutral -point

vol tage Vn(i- &yitdhéng stilmali niresm ethe outipubconphitege 40®( ahd imitputs a
outputted at step S405, and the interrupt handling process 31 ends. 15
Therefore, as shumtahibhgcobitrodhengnpérr] Thiee dommrtedricoutquitnel taignal
vo(l) 1s: from the base drive circuit 407 is inputted to an inverter
5 section 420. The stator 401 and the rotor 410 constitute
an AC motor 411.

Fig. 61 1is a schematic block diagram of the
microcomputer 406. The microcomputer 406 includes an
acceleration/deceleration processor 501 which receives a

10 fregquency command signal £1* and outputs a signal f1
representing an inverter output frequency; a voltage
processor 502 which receives the signal f1 representing the
inverter output fregquency from the acceleration/
deceleration processor 501 and a neutral-point voltage wvn,

15 and outputs a signal vo representing an inverter output
voltage; and a sine-wave PWM processor 503 which receives
the output frequency signal f1 obtained by the
acceleration/deceleration processor 501 and the signal vo
representing the inverter output voltage from the voltage

20 processor 502, and outputs a commutation control signal.

Fig. 62 shows a flow chart of a processing
operation of the microcomputer 406. An interrupt handling
process 31 of the microcomputer 406 will be described below

with reference to Fig. 62. It is to be noted that the

25 interrupt handling process 31 is processed by an interrupt



[err] 20 On the other hand, when: vo(i-1)-vo(i-2) <0 vo(i)-vn(i-1) >
0, the inverter output voltage vo(i) is: [err] - 124 - That is, the
inverter output voltage vo is adjusted so that the neutral-point voltage Vn
is mnimzed. In other words, the inverter output voltage vo is adjusted so
that the m ni mum neutral -point voltage Vn, a target value, is 5

obt ai ned. Fig. 65 shows a graph obtained through an experinent of
characteristics of an efficiency [err] of the AC notor and the
neutral - point voltage RMS value vn relative to the inverter output line

vol tage vo when the inverter 10 fredféndy f1 is.30 Hz and the torque is
set at 10 kgfcm 15 kgfcmand 20 kgfcm Fromthe result of the experinent,
it can be found that characteristic curves of the neutral- point voltage
each have an approximately m nimum value at a point corresponding to the

peak poi nt Of!éﬁbﬁgf'QEEEEXtEér%ke¥§ 0.1 9ot Re ARG O rom TNCEEhOEE. (ndWY
adjusting the inverter output voltagé vo(i) based on the inverter frequency
fl and the currgqdudy e value vn(i) at the neutral point so that the

neutral -point voltage vn is mnimzed every specified interrupt cycle, the
AC notor is operated at tiiergteak when the interrupt handling process 31

starts, a current-time value fl1 of the inverter frequency
5 and a current-time wvalue wvn(i) of the neutral-point
voltage, i.e., the effective value of an integral signal
obtained by the RMS converter 405 are respectively inputted
at step S401.. Then, the inverter output voltage wvo(i) is
calculated at step S402 according to the following
10 equation.
vo(i) = vo(i—i)

-sgn{vo(i-l)-vo(i—2)}~sgn{vn(i)-vn(i—1)}-AV

where sgn(x) = +1 when x > 0, or sgn(x) = -1 when x < 0.
Then, it is decided whether or not a minimum
15 value vomin{fl) of the inverter output voltage is greater
than the inverter output voltage vo(i) at step S403. When
it is decided that the minimum wvalue vomin(fl) of the
inverter output voltage is greater than the inverter output
voltage vo(i), the program flow proceeds to step S406 to
20 make the inverter output voltage vo(i) assume the minimum
value vomin(fl), and thereafter the program flow proceeds
to step S404. On the other hand, when it is decided that
the minimum value vomin(fl) of the inverter output voltage
is not greater than the inverter output voltage vo(i), the

25 program flow proceeds to step S404. That is, as shown in



20 efficiency. In the fourth through eighth enbodi nents, the rotation
speed is controlled by adjusting the inverter output voltage, and the
optimum efficiency control by which the notor is operated at the peak
efficiency is achieved by 25 adj usting the phase of the voltage pattern
of the inverter - 125 - output. However, it is acceptable to achieve
tthe optinmum efficiency control by adjusting the inverter output voltage and
performthe control of the rotation speed by adjusting the phase of the

vol tage pattern of the inverter output. g _ Furthernore, a
brushl ess DC notor is used in the fourth Phrough ei ght h enbodi nents, and an
AC nmotor is used in the ninth enbodi nent. However, the present invention is
not limted to this, and the present invention can be of course applied to
a reluctance notor or the like. 10 Furthernore, in the

fourth — throughy, esght RpToadh (RahS vaife PRSk1RT IdC1 EREY GRAIAIdONoLEput
performed by adjusting the phase correction angle so that the |evel of the

integral signakdieeeRes ildhe dpprastingldig, atprdisoeidn£l f | €6 entlepoiAtverter
However, the above-nentioned operation 15 can be perfornmed so that
the level of fridhmency t agpe, didh@r ebhe Siigielrteecormstgute tasDeigeal ve (a)h
the peak efficiency point. Also, the notor can be operated at an arbitrary
ef ficiency by wbtagnelde atbhostepreisdio@neis i nadgr dlo shgnabtosmaliderol tlge the
di fference signal and setting a

5 minimum value vomin.

Then, a value of the preceding sample is stored
at step S404. That is, the inverter output voltage vo(i)
is substituted into the inverter output voltage vo(i-1),
and the current-time wvalue Vn(i) of the neutral-point

10 voltage is substituted intoc the neutral-point voltage Vn(i-
1).

Then, the inverter output voltage vo(i) is
outputted at step 5405, and the interrupt handling process
31 ends.

15 Therefore, as shown in Fig. 64, when:
vo(i-1)-vo(i-2) > ©
vo(i)-vn(i-1) < O,
the inverter output voltage vo(i) is:
vo(i) = vo(i-1) + AV
20 On the other hand, when:
vo(i-1)-vo{i-2) < 0
vo(i)-vn(i-1) > 0,
the inverter output voltage vo(i) is:

vo(i) = vo(i-1) - AV



4

20 target value at the arbitrary efficiency. Furthernore, in the
fourth t hr ough ei ght h enbodi nents, the phase correction tinmer T1, the
cycle nmeasuring timer T2, the cycle calculator 41 and the tiner val ue

cal cul ator 42 are used as the phase correction neans. - 126 - However,
t he phase correction neans is of course not limted to this. Furthernore,
N t he fourth t hr ough nint h enbodi nents, the m croconputer 4 (14,
100, 200, 304, 308 5 and 406) is used. A logic circuit and so forth
can be used instead of the m croconpute Furt her nore, in the fourth
t hr ough ei ght h enbodi nents, the voltage pattern switching systemof the
armature coils la, Ib and | c(301la, 301b and 301lc) is 10 I npl enment ed by
the [err] conduction system However, the voltage pattern switching is
not limted to the [err] system and it may be a conduction system of 120

to 1800. Furthenger es,i Ahkhenkewtel, chithbult idtsiget FenpdidRidised t4@ that
rotational -position sensor 3 is used as 15 the rotational-position

sensor neans. the neutrkdwpweht vollkageovat ienalinfadizieidan SENSSEheEapsrds,

not limted to this, and another circuit construction can be of course

adopt ed. That the tirevertiert i ondpuposvélbagsensor iseaandjesiede sarpkthaent Ede

by a circuit shown in Fig. 66, including an 20 anplifier 1C21 where the

vol tage [err] minimemnenendrapoppindf voltage Vn, a target value, is
5 obtained.

Fig. 65 shows a graph obtained through an
experiment of characteristics of an efficiency % of the AC
motor and the neutral-point voltage RMS value vn relative
to the inverter output 1line voltage vo when the inverter

10 frequency f1 is 30 Hz and the torgue is set at 10 kgfcm, 15
kgfcm and 20 kgfcem. From the result of the experiment, it
can be found that characteristic curves of the neutral-
point voltage each have an approximately minimum value at a
point corresponding to the peak point of the efficiency g

15 of the AC motor. Therefore, by adjusting the inverter
output voltage vo{(i) based on the inverter frequency f1 and
tpe current—-time value vn{i} at the neutral point so that
the neutral-point voltage vn is minimized every specified
interrupt cycle, the AC motor is operated at the peak

20 efficiency.

In the fourth through eighth embodiments, the
rotation speed is controlled by adjusting the inverter
output voltage, and the optimum efficiency control by which

the motor is operated at the peak efficiency is achieved by

25 adjusting the phase of the voltage pattern of the inverter



the resistor circuit 2 is inputted to an inverted input termnal thereof, a
resistor ‘[errJ is connected between a non- inverted input term nal thereof
and the ground GND, and a resistor R22 and a capacitor [err] are connected
in parallel 25 w th each other between an output term nal thereof and

t he - 127 - inverted input termnal; and an anplifier IC22 where an
inverted input termnal thereof is connected to the output termnal of the
anplifier 1C1, a resistor R23 is connected between a non-inverted input

term nal thereof and the 5 ground. G} _and a resistor R24 is connected
between an output termnal thereof and the non-inverted i nput
termnal. Also, the rotational-position sensor neans can be achi eved by a
circuit as shown in Fig. 67 including an 10 anplifier I1C31 where the

voltage [err] at the neutral point of the resistor circuit 2 is inputted to
an inverted i nputpher m ndwdvar,eoft asredceip¥abR2l €S sonfeckedhketyweimen
non- inverted input termnal thereof and the ground GND, and a resistor R32
i s connect ed beffibeienny oobpttol ebyi adijushéngofthe5 inverard tdetputy evdchge
input termnal; an anplifier 1C32 where an inverted input term nal thereof

i s connect ed tand hpevfioput ther womdirodf athetleprotabiohC8peeda ky raakijwsttoing
[err], a resistor R34 is connected between a non-inverted input termn nal

t hereof and t Heh@rhdse D, thedval fase spakteen ref dilge 2Onverter capbpitor

[err] are connected in parallel with each ot her . i
5 Furthermore, a brushless DC motor is used in the

fourth through eighth embodiments, and an AC motor is used
in the ninth embodiment. However, the present invention is
not limited to this, and the present invention can be of
course applied to a reluctance motor or the like.

10 Furthermore, in the fourth through eighth
embodiments, the peak-efficiency operation is performed by
adjusting the phase correction angle so that the level of
the integral signal becomes the target value at the peak
efficiency point. However, the above-mentioned operation

15 can be performed so that the 1level of the voltage
difference signal becomes the target value at the peak
efficiencj point. Also, the motor can be opérated at an
arbifrary efficiency by using the above-mentioned integral
signal or the voltage difference signal and setting a

20 target value at the arbitrary efficiency.

Furthermore, in the fourth thfough eighth
embodiments, the phase correction timer Ti, the cycle
measuring timer T2, the cycle calculator 41 and the timer

value calculator 42 are used as the phase correction means.



bet ween an output term nal thereof and the inverted input termnal; and an
anplifier 1C33*where an inverted input term nal thereof is connected to the
Qutput terminal of the anplifier 1C32, a resistor R36 is connected between
a non- 25 inverted input termi nal thereof and the ground GND, and a

- 128 - resistor R37 is connected between an output term nal thereof and
the non-inverted input termnal. Also, for a brushless DC notor system as
shown in Fig. 68 including a stator 1 which has star-connected 5

armature coils la, 1b and 1c and rotageizg rotor 10 having a plurality of
per manent magnets by a rotating magnetic field; a resistor circuit 2 having
star-connected resistors 2a, 2b and 2c and being connected in parallel with
the armature coils l1la, 1b and 1lc; and an inverter section 20 10 havi ng
three transistors 20a, 20b and 20c connected to a positive side of a DC

power supply 9uandveh! eetheanphster scéPdecB®enange2Nt copnestedcborse not
negative side of the DC power supply 9, the transistors 20d, 20e and 20f

havi ng their enimti¢es e¢onshdted to the ground GND, the rotational 15
position sensor neans can be constructed as a circuit which includes an
anplifier 1C41 where a vBuraperkbrat thénneuthal pbHouttbf thkranghtureinth
coils la, 1b and 1c is inputted to an inverted input termnal thereof via a
resi stor [err]emhodamenge,[ erird micrheomputesl 4ol hé, oflQthe 200, 304, 308
resistors 2a, 2b and 2c is inputted to a non-inverted input

5 and 406) is used. A logic circuit and so forth can be used

instead of the microcomputer.

Furthermore, in the fourth through eighth
embodiments, the voltage pattern switching system of the
armature coils 1la, 1b and 1c(301ia, 301ib and 301ic) is

10 implemented by the 180° conduction.system. However, the
voltage pattern switching is not limited to the 180°
system, and it may be a conduction system of 120 to 180°.

Furthermore, in the fourth, <fifth and sixth
embodiments, the rotational-position sensor 3 is used as

15 the rotational-position sensor means. However, the
rotational-position sensor means is not 1limited to this,
and another circuit construction can be of course adopted.

That is, the rotational-position sensor means can
be implemented by a circuit shown in Fig. 66, including an

20 amplifier IC21 where the voltage Vy, at the neutral point of
the resistor circuit 2 is inputted to an inverted input
terminal thereof, a resistor R,; is connected between a non-
inverted input terminal thereof and the ground GND, and a

resistor R,, and a capacitor C,; are connected in parallel

25 with each other between an output terminal thereof and the



termnal thereof, a resistor R42 is connected between the non-inverted

i nput terninal and the ground GND, and a resistor R43 is connected between
an output terminal thereof and the inverted input terminal; an anplifier

| C42 where an 25 inverted input terminal thereof is connected to the
out put - 129 - termnal of the anplifier IC41 via a resistor R44, a
resistor R45 is connected between a non-inverted input term nal thereof and
the ground GN\D, and a resistor R46 and a capacitor [err] are connected in
parallel with each other 5 between _an_gutput term nal thereof and the
inverted input termnal; and an anpllfle} C43 where an inverted input
termnal thereof is connected to the output termnal of the anplifier |1C42,
a resistor R47 is connected between a non- inverted input term nal thereof
and the ground G\D, and a 10 resistor R48 is connected between an

out put term nal 15%5:%% ngg%ﬁ@et%%mwrtgﬁa' ot AhBhTERR &8 3 hGHEYEL, an

in the sixth enbodi he intégral signal [err] is subjected to

an anal og to di ghtakte@nifpHHtoRd¥ GRS theF YRV EE, conhelcted % PERE baephe
to 15 subj ect a voltage difference signal, a signal obtained by

snoot hi ng the vektagaad bifereRcanpldiEler acA Sidnoés 08tar NRY, bys saeahbtBga
the integral signal [err] to an analog to digital conversion process, and
performthe | eveketdeensi an nshAgntvaetedgnahpabt ataedibhiloughetbefanahdg the
20 di gital conversion process.

5 ground GND, and a resistor R,, is connected between an
output terminal thereof and the non-inverted input
terminal.

Also, the rotational-position sensor means can be

achieved by a circuit as shown in Fig. 67 including an

10 amplifier IC31 where the voltage V, at the neutral point of
the resistor circuit 2 is inputted to an inverted input
terminal thereof, a resistor R3; is connected between a non-
inverted input terminal thereof and the ground GND, and a
resistor Ry, is connected between an output terminal thereof

15 and the inverted input terminal; an amplifier IC32 where an
inverted input terminal thereof is connected to the output
terminal of the amplifier IC31 via a resistor Ry;, a
resistor Ry, 1is connected between a non-inverted input
terminal thereof and the ground GND, and a resistor R;; and

20 a capacitor Cj3; are connected in parallel with each other
between an output terminal thereof and the inverted input
terminal; and an amplifier IC33 where an inverted input
terminal thereof is connected to the output terminal of the

amplifier IC32, a resistor Ry is connected between a non-

25 inverted input terminal thereof and the ground GND, and a



Furthernore, the nunber of tinmes of counting of the |evel detection
signal is* five in the fourth enbodinent, and three in the eighth

epbodi nerit . However, the nunber of times of counting can be an arbitrary
nunber . -131- CLAIMS: 1. A nmethod for controlling a brushless DC
nmot or conprising the steps of: detecting a rotation speed and a rotor
position 5 of a brushless DC notor (703, 803, 913) driven by a

voltage-fed inverter (702, 802, 912); [err] detecting an input current of
the voltage-fed inverter (702, 802, 912): [,] and 15 setting
a switching command to the voltagei%? i nverter (702, 802, 912) such
that the phase of the inverter output voltage relative to the phase of the
not or counter-el ectronotive voltage is set to a specified phase at which
not or efficiency cones generally to a peak, 20 In response to the

det ect ed rOtaIifﬁbf§%$¥l th%d%%kﬁﬁkﬁdﬂe%@%bnp%&r%%&put tekddnad thereof
The nmethod for controll HH a brushl ess DC not or

and the non-inverted input terminal.
Also, for a brushless DC motor system as shown in
Fig. 68 1including a stator 1 which has star-connected
5 armature coils la, 1b and 1lc and rotates a rotor 10 having
a plurality of permanent magnets by a rotating magnetic
field; a resistor circuit 2 having star-connected resistors
2a, 2b and 2c¢ and being connected in parallel with the
armature coils la, 1b and 1lc; and an inverter section 20
10 having three transistors 20a, 20b and 20c connected to a
positive side of a DC power supply 9 and three transistors
20d, 20e and 20f connected to a negative side of the DC
power supply 9, the transistors 20d, 20e and 20f having
their emitters connected to the ground GND, the rotational
15 position sensor means can be constructed as a circuit which
includes an amplifier 1IC41 where a voltage Vg at the
neutral point of the armature coils la, 1b and 1c is
inputted to an inverted input terminal thereof via a
resistor R,,, a voltage V, at the neutral point of the
20 resistors 2a, 2b and 2c is inputted to a non-inverted input
terminal thereof, a resistor R,, is connected between the
non-inverted input terminal and the ground GND, and a
resistor R,; is connected between an output terminal thereof
and the inverted input terminal; an amplifier IC42 where an

25 inverted input terminal thereof is connected to the output



according to Claim1l, wherein the phase at which notor efficiency cones
generally to a peak | eads, by a specified value, a phase at which the
brushl ess DC nmotor (703) is 5 driven at peak efficiency. 3. A
brushl ess DC notor system conprising: a rotational-position sensor for
detecting a rotation speed and a rotor position of a brushless DC notor
(703) driven by a voltage-fed inverter 10 (702); detection neans (705,
706) for detecting an input current of the voltage-fed inverter (702); [,]
and inverter control neans (707) for Setédﬂl. a 20 swi tching conmand to
the voltage-fed inverter (702) such thgt a phase of an inverter output
voltage relative to a phase of a notor counter- electronotive voltage is
set to a phase at which notor -133- efficiency cones generally to a
peak, in response to the detected rotation speed and the detected input

current. 4. termif€l brdshligss Ia%prmtfqrezsy&b@m aggar dangrkgiGkairm
wherein said inverter control neans I ncl udes phase holdlﬁg

neans for  hol dlf@sfstpdi@saz%t e pboﬁn@@ﬁkd%@tw@éﬁlcaememaet@wt airgact

with the rotation speed and the input current, the phase having been
obtai ned frompeevicab|yheeeddrard thasgremedt SNDandnther etesisteorl Ry and
nverter a capacitor C,, are connected in parallel with each other
5 between an output terminal thereof and the inverted input
terminal; and an amplifier IC43 where an inverted input
terminal thereof is connected to the output terminal of the
amplifier IC42, a resistor Ry, is connected between a non-
inverted input terminal thereof and the ground GND, and a
10 resistor R,g is connected between an output terminal thereof

and the non-inverted input terminal.

Furthermore, in the sixth embodinent, the -
integral signal IVMth is subjected to an analog to digital
conversion process. However, it 1is also practicable to

15 subject a voltage difference signal, a signal obtained by
smoothing the <voltage difference signal, or a signal
obtained by smoothing the integral signal [V,dt to an
analog to digital conversion process, and perform the level
decision using the signal obtained through the analog to

20 digital conversion process.

Furthermore, the number of times of counting of
the 1level detection signal is five in the fourth

embodiment, and three in the eighth embodiment. However,

the number of times of counting can be an arbitrary number.



10 control neans sets a switching command to the voltage-fed inverter
(702) by reading a correspondi ng phase from sai d phase hol ding neans as the
phase at- which notor efficiency conmes generally to a peak, in response to
the detected rotation speed and the detected input current. 15 5.

The brushl ess DC notor systemaccording to Claim3, wherein said inverter
control neans (707) further includes: value holding neans (707a) for
hol di ng val ues that prescribe a variation characteristic of a phase at 20
whi ch a peak notor efficiency can be_pp&ﬁjngd with the rotation speed and
the input current, the val ues having een obtained from previously
performed neasurenents, and |inear approxinmation neans (707b) for

| i nearly approximting a phase based on a value held in 5 sai d val ue
hol di ng means (707a), and wherein said inverter control means reads a .
correspondi ng val ue fronFusehérvatale 19 diABegBatsr (2073} ithd asRANSHORL A
detected rotation speed and a detected i nput current, obtains a phase

t hrough a |ingassifion seppbexidtaisonsedt kasaad lintesdsadfiproxhemhs 04 nTeeHS
(707b), and sets a switching command to the voltage-fed inverter (702) with
t he obtai ned pheaseth alesiprods mehd , pHaseewer nwhithle t hetegratienf imsaercycanndse

generally to a peak. 6. The brushl ess DC npotor system according to
Clam constructed independently of the integrator of the
5 rotational-position sensor.

Furthermore, the rotational position of the rotor
10 is detected by the rotational-position sensor 3 which
serves as the rotational-position sensor means in the
fourth through sixth embodiments, and the rotational
10 position of the rotor 10 is detected by the Hall elements
312a, 312b and 312c and the rotational-position sensor 313
in the seventh and eighth embodiments, however, the
rotational-position sensor means is not limited to these.
For instance, there may be a construction as shown in Fig.
15 69 including a rotary encoder 602 linked to a shaft of a
rotor 601 of a motor 600, and an interface 603 which
receives a signal representing a rotational position from

the rotary encoder 602 and outputs a position signal.

INDUSTRIAL APPLICABILITY

The brushless DC motors and other motors as well
as their control methods according to the present invention
are suited for use in household electrical appliances such

5 as inverter air conditioners and other air conditioners,

electric washers, and vacuum cleaners.



15 ® 3, wherein said inverter control means (707) further includes phase
Correction neans (707c) for setting a switching command to the

vol tage-fed inverter by advancing by a specified val ue, the phase at which
the notor efficiency cones to a peak. 20 7. A et hod for
controlling a brushless DC notor conprising the steps of; - 135-
detecting a rotation speed and a rotor position of a brushless DC notor
(703, 803, 913) driven by a voltage-fed inverter (702, 802, 912); [err]
setting an output voltage anplitude of the 39 _ voltr e-fed i nverter

(802, 912) to a specified anplitude that is determ ned
detected rotation speed and setting, in response to a
rotati on speed command to the brushless DC notor (803, 913) its

Wil

detected rotation speed, a switching conmand to the voltage-fed i nverter
(802, 912) such that a phase of an invergixIMsit put voltage relative to a
phase of a notor counter-electronotive voltage is set to a specified

phase, and

such that a termnal voltage 20 conducti on w dth of

the voltage-fed inverter (802, 912) is set to [err] in electrical angle. 8.

The net hod

10

15

20

1. A method for controlling a brushless DC motor
including steps of detecting a rotation speed and a rotor
position of a brushless DC motor (703, 803, 913) driven by
a voltage-fed inverter (702, 802, 912), and setting in
response to the detected rotation speed such a switching
command to the voltage-fed inverter (702, 802, 912) that a
phase of an inverter output voltage relative to a phase of
a motor counter-electromotive voltage is set to a specified
phase, the method further comprising steps of:

detecting an input current of the voltage-fed
inverter (702, 802, 912), and setting such a switching
command to the voltage-fed inverter (702, 802, 912) that
the phase of the inverter output voltage relative to the
phase of the motor counter-electromotive voltage is set to
a phase at which motor efficiency comes generally to a
peak, 1in response to the detected rotation speed and the

detected input current.

2. The method for controlling a brushless DC motor
according to Claim 1, wherein the phase at which motor
efficiency comes generally to a peak leads, by a specified
value, a phase at which the brushless DC motor (703) is

driven at peak efficiency.
eet Has Been Re laced
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according to Claim7, wherein the rotor of the brushless DC -136- notor

((913) is a, rotor having a permanent magnet di sposed inside. 9. The
nmet hod fer controlling a brushless DC notor according to Claim7 further
conprising the 5 st eps of obtaining a first mneutral-point voltage

by connecting re5|stors a\ hc 914v, 914w) , mhlch are
respectively conneﬁu S t o out put ter m,’
phases of the volta n ter (912), to one ‘” ther

end [,]; obtaining | - poi nt Vﬂgéage by connéct i*ngss
wi ndi ngs (913u, 913v, 913mb of 1 ndividual es of the brushless DC nDtor
(913) to one another at one end [,] ; and 15 : detecting a

magneti c-pol e position of the rotor of the brushless DC notor (913)
based on a difference between the first neutral -point voltage and the

second neutral -point vol tagg, ydfiess Dpc '%uhfdishéféﬁellﬁ)cl'ﬁotv%lél'yshe@otatlon

conprising: 20 a rotational -position sensor for detecting
a rotation spegtbaidafd OlEStHOSHbs9RiBh oF PiUBRLERI RS Bt Ohot 683, (A3,

913) driven by a voltage-fed

driven by a voltage-fed inverter (702) are detected, and,
in xresponse to the detected rotation speed, such a
5 - switching command to the voltage~fed inverter (702) 1is set
that a phase of an inverter output voltage relative to a
phase of a motor counter-electromotive voltage is set to a

specified phase, the brushless DC motor system comprising:
a detection means (705, 706) for detecting an
10 input current of the voltage-fed inverter (702), and an
inverter control means (707) for setting such a switching
command to the voltage-fed inverter (702) that the phase of
the inverter output voltage relative to the phase of the
motor counter-electromotive voltage is set to a phase at
15 which motor efficiency comes generally to a peak, in
response to the.detectedlrotation speed and the detected

input current.

4. The brushless DC motor system according to Claim
3, wherein the inverter contrel means (707) further
20 comprises a phase holding means for holding a phase at

which a peak motor efficiency can be obtained with the
rotation speed and the input current, the phase having been
obtained by previously performing actual measurements, and

wherein the inverter control means sets a switching command



-137-* inverter (702, 802, 912); [err] inverter control neans (806, 918)
fior setting an .out put voltage anplitude of the voltage-fed inverter (802,
912) to a specified anplitude that is 10 determ ned based on the
detected rotation speed[,] ; and setting neans for setting in response to
a diffrerence between a rotation speed conmand to. .the- brushless DC
mot or (803, 913) and the detected rotation speed, a sw tching comman

0
the voltage-fed 15 i nverter (802, 912) such that I “ ﬂ m i
i nverter output voltage relative to a phas f_a not oi‘l “ 11 ﬁl l“m“‘”
counter-el ectronotive voltage is set to a specified phase dnd; stch’ that a
term nal voltage conduction wdth of the voltage-fed inverter (802, 912)

is set to [err] in 20 el ectrical angle. 11. The brushl ess DC
not or system according to Claim 10, wherein the rotor of the brushless DC

notor (913) is g rotdfe hayilgagePeitBnNedhvergeet diigpesed hsi dgeadinyl38a
12. The brushl ess DC notor according to Cla|n110 further conprising:

resistors (914wor¥edpordli4y phass arorCORRECiithad GRAdENd heahespact ikne
output termnals
phase at which motor efficiency comes generally to a peak,
in response to the detected rotation speed and the detected

5 input current.

5. The brushless DC motor system according to Claim
3, wherein the inverter «control means (707) further
comprises a value holding means (707a) for holding values
that prescribe a variation characteristic of a phase at

10 - which a peak motor efficiency can be obtained with the
rotation speed and the input current, the wvalues having
been obtained by previously performing actual measurements,
and a linear approximation means (707b) for linearly
approximating a phase based on a value held in the value

15 holding means (707a), and wherein the inverter control
means reads a corresponding value from the wvalue holding
means (707a) in response to a detected rotation speed and a
detected input current, obtains a phase through a linear
approximation with the linear approximation means (707b),

20 and sets a switching command to the voltage-fed inverter
(702) with the obtained phase taken as the phase at which
the motor efficiency comes generally to a peak.

This Sheet Has B
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5 »of individual phases of the voltage-fed inverter (912), and are
connected at the other end to one another; and difference-voltage output
nmeans (915) for receiving, as inputs, a first neutral-point
voltage obtained at.. the other _-ends of [the] said resistors 10
(914u, - 914v, 914w) and a second neutral - poi nt voltage obtained at one end

of stator windings (@ibgheet n & of individual phases of the brushless
DC nmotor (913) at vvhia ” H ﬂ Wi ndi ngs are conn m@umrer,
and for delivering, a differepce vol taaé‘ ““‘“‘ ¥t he
two neutral -point voltages, wherein said position sensorc detedts’a

magneti c-pol e position of the rotor of the brushless DC notor (913) based

on the difference voltage. The 20 ‘brushl ess DC not or system accordi ng
to Caim1l0, wherein said notor is adopted as a drive source for an
el ectri cal -439- 14. The bPuBRiOEsSYHE! YIHARTHY SN ad8cbPlPhg( 18 Aln

410. 913e), a stator (1, 301, 401) having armature coils (la, 1b, 1c, 301a,
301b, 301c, 401, 44AbredAlcth@l3WnkkPéer 5 contrdl3vhegABneqlzed)i n further
t hr ee- phase star configuration; an inverter (20, 320, 420, 912) for
swi tching a volé¢anerpsdd efan ploade appidesd itom Smednar ngtale) cdioks $eatingb,a
lc, 30l1la, 301b, 301c, 401a, 401b, 401c, 913u,
switching command to the voltage-fed inverter by advancing
5 by a specified wvalue the phase at which the motor

efficiency comes to a peak.

7. A method for controlling a brushless DC nmnotor
including steps of detecting a rotation speed and a xrotor
position of a brushless DC motor (703, 803, 913) driven by
10 a voltage-fed inverter (702, 802, 912), and setting in
- response to the detected rotation speed such a switching
command to the voltage-fed inverter (702, 802, 912) that a
phase of an inverter output voltage relative to a phase of
a motor counter-electromotive voltage is set to a specified

15 phase, the method further comprising steps of:
setting an output voltage amplitude of the
voltage-fed inverter (802, 912) to a specified amplitude
that is determined based on the detected rotation speed,
and setting in response to a difference between a rotation
20 speed command to the brushless DC motor (803, 913) and the
detected rotation speed such a switching command to the
voltage-fed inverter (802, 912) that the phase relative to
the motor .counter—électromotive voltage 1s set to a

specified phase and that a terminal voltage conduction



913y, 913w) 10 a resistor circuit (2, 302, 402) connected
I N three-phase star configuration in parallel to the armature coils (1a,
1b, 1c, 36l1la, 301b, 30l1lc, 40l1la, 401b, 401c); and control neans (4, 100,
304, 308, 406) for controlling an output of said inverter (20, 320, 420)

15 'so t hat anﬁgﬁgﬁﬁ&ggmﬁﬁ dolakdaency is obtained, based on a

neut r al - poi nt voI rmature coils (la, Ib, 1c, 30l1la, 301b,
301c, 401a, 401b, H!Il” mm nt r ol rreans [ ncI udi ng a |evel - decision
means for deter '

|onsh|p
di fference signal representing a vo age d| ffere ”!@% Iliu) ﬁ!n‘”!u
of the armature c0|Is (la. I'b. 1c. 30l1la. 301b. 30l1lc. 40las
the resistor circuit (2, 302, 402) and a target val ue. -140- 15.
The nmotor system according to Caim 14, wherein the specified efficiency is

a peak efficienaidth6of the vBlRafi-Ged)ishaptascofging dC 8 nxdd, to 180°
further conprising; [err] a rotor-position sensor neans (3, 312a, 312b, 10

312c, 313) for det edechyigalekatilee rotor position between said rotor (10,
310) and said stator (1, 301), and thereby outputting a position signal,
wherein said control means further includes

8. The method for controlling a brushless DC motor

according to Claim 7, wherein the rotor of the brushless DC

5 motor (913) is a rotor having a permanent magnet disposed
inside.
9. The method for controlling a brushless DC motor

according to Claim 7, the method further comprising steps
of obtaining a first neutral-point voltage by connecting
10 resistors (914u, 914v, 914w), which are connected at one
end, respectively, to output terminals of individual phases
of the voltage-fed inverter (912), to one another at the
other end, obtaining a second neutral-point voltage by
connecting stator windings (913u, 913v, 913w) of individual
15 phases of the brushless DC motor (913) to one another at
one end, and detecting a magnetic-pole position of the
rotor of the brushless DC motor (913) based on a difference
between the first neutral-point voltage and the second

neutral-point voltage.

20 10. A brushless DC motor system in which a rotation
speed and a rotor position of a brushless DC motor (703,

803, 913) driven by a voltage-fed inverter (702, 802, 912)



[err] 20 41, 42) for adjusting a tinme interval fromthe position
signal to a swtiching of the voltage pattern so that the | evel of the

vol tage difference signal becones the target -141- val ue, based on a
decision result of said |evel decision neans. 17. The nmotor system
according to Claim115, further [err] a rotor-position _sensor - neanS"(S

312a, 312b, 10

312c, 313) -for.detecting a relative rotor
bet ween sai d rotor (17@5813&;91)13 %nd the stator (1, 301)\‘%}3 ‘)“ﬁ EH“

out putting a position baad t he 158 ntrol

I ncludes [err] 20 rection®>Reans 42)
for adjusting a tinme in he position S|gnal to a SMAtChIng of
the voltage pattern so that the |evel of the voltage difference signa
becones the target value at which -142- a peak efficiency is obtained,

based on a decigion gettidtledl $/HJ '1%Ve£e956h§é0rtc§m%% d8tected rB@ition
not or system according to O'aim 14, where

10

15

20

speed, such a switching command to the voltage-fed inverter
(702, 802, 912) is set that a phase of an inverter output
voltage relative to a phase of a motor counter-
electromotive voltage 1is set to a specified phase, the
brushless DC motor system comprising:

an inverter control means (806, 918) for setting
an output voltage amplitude of the voltage-fed inverter
(802, 912) to a specified amplitude that 1is determined
based on the detected rotation speed,.and for setting in
response to a difference between a rotation speed command
to the brushless DC motor (803, 913) and fhe detected
rotation speed such a switching command to the voltage-fed
inverter (802, 912) that the phase relative to the motor
counter-electromotive wvoltage is set to a specified phase
and that a terminal voltage conduction width of the
voltage-fed inverter (802, 912) is set to 180° in

electrical angle.

11. The brushless DC motor system according to Claim
10, wherein the rotor of the brushless DC motor (913) is a

rotor having a permanent magnet disposed inside.

12. The brushless DC motor according to <Claim 10,

further comprising: resistors (914u, 914v, 914w) which are



[err] said | evel decision neans (6, 6A, 6B, 51, 101, 201, 202, 306, 307)

determ nes.a relationship between 15 a |level of an integral signal
derived by integrating the voltage difference signal [err] 20 t he
target value, and said._ control -neans further includes phase

correction neans (T1, T2, 42) for adjusting a time interval from

41,
the position signal t@hiShestHasBessReplacef he vol tage pattern so that the |eve
of the -143- integra lﬁ ‘ s the target val ue, based on a

ez

decision result of the means ,(6, _6A, GBMm“H“‘Rum
306, 307). 19. The notor system according to C ai
sai d | evel decision neans (6, 6A, 6B, 51, 101, 201, 202* 18 * 306, 307)

determnes a relationship between a |level of an integral signal derived
by integrating said voltage di fference signal [err] and the target

val ue at which goprakt&a§ hel eney drit Obtddpiesh i véilly , S8bdoGeBLtOltePafitals of
further includes phase correction neans (T1, T2, 41, 42) for

individual phases of the voltage-fed inverter (912) and

connected at the other end to one another; a difference-

voltage output means (915) for receiving, as inputs, a

5 first neutral-point voltage obtained at the other ends of

the resistances (914u, 914v, 914w) and a second neutral-

point voltage obtained at one end of stator windings (%13u,

913v, 913w) of individual phases of the brushless DC motor

(913) at which the stator windings are connected to one

10 another, and for delivering, as an output, a difference

voltage between the two neutral-point voltages; and a

rotor-position sensor means (217) for detecting a magnetic-

pole position of the rotor of the brushless DC motor (913)

based on the difference voltage.

15 13. An electrical appliance in which the brushless DC
motor system according to Claim 10 is adopted as a drive

source.

14. A motor system including a rotor (10, 310, 410),
a stator (1, 301, 401) having armature coils (la, 1b, 1c,
20 301a, 301b, 30lc, 40la, 401b, 401c), an inverter (20, 320,
420) for switching a voltage pattern to be applied to the
armature coils (la, 1b, 1c, 30la, 301b, 30lc, 40la, 401b,

401c), the motor system further comprising:



adjusting a tine interval fromthe position signal to a swtching of the
vwol tage pattern so that the level of the integral signal becones the target
val ue, based on a decision result of the |evel decision neans (6, 6A, 6B,

51, 5

101, 201, 202, 306+ 307). 20. The notor system according to

Claim14, wherein [err] further includes [err] a voltage correctlon rreaﬂs

f-or correcting an ouﬁm&n?fimaﬁl{ﬁic aid inverter SO tha th
| evel of the vol t age I ce signal becorres U m
based on a decision r evel deﬂgl on nean “ﬂ' lﬂll "I HH’[

The notor system according to Caim 15, wherein further |ncI udes [err] a
vol tage correction nmeans for correcting an output voltage of sai d

i nverter

(20, 15 320) so that the level of the voltage difference

signal becones the target value at which a peak efficiency is obtained,

based on a decision resuld @orfthell ewehndecigi om s®anssof2. 308, 408 MR
system according to Caim 20 ,

10

15

20

controlling an output of the inverter (20, 320, 420) so
that a specified efficiency is obtained, based on a
neutral-point voltage of the armature coils (la, 1b, 1lc,

30la, 301b, 30lc, 40la, 401b, 401lc).

15. The motor system according to Claim 14, wherein

the specified efficiency is a peak efficiency.

16. The motor system according to Claim 14, wherein
the armature coils (l1a, 1b, 1c, 30la, 301b, 301lc) are
connected in a three-phase star configuration and comprise
a resistor circuit (2, 302) connected in three-phase star
configuration in parallel to the armature coils (la, 1b,
lc, 301a, 301b, 30lc) and a rotor-position sensor means (3,
312a, 312b, 312c, 313) for detecting a relative rotor
position between the rotor (10, 310) and the stator (1,
301), and thereby outputting a position signal, and wherein
the control means comprises a level decision means for
deciding a relationship how a level of a voltage difference
signal representing a voltage difference between the
neutral point of the armature coils (1a, 1b, 1c, 301a,
301b, 30ic) and a neutral point of the resistor circuit (2,
302) is related to a target value, and a phase correction

means (T1, T2, 41, 42) for adjusting a time interval from



20 + wherein

said | evel decision neans (6, 6A, 6B, 51, 101, 201, 202,

306, 307) - determnes a relationship between a level of an integral
signal 5° derived by integrating the voltage difference signal [err]

10 vol t age

correction nmeans output voltage of the inverter (20, 320)

so that the |evel of the integrai si gnal becomes the target val ue, based on
a decision result of the ﬁasedeendlggi jjon means (6, 6A,-6B, 51; 101, 201,

202, 306, 307).

21 mherein [err] 51

bet ween a | evel

15 This

notor system t o Clalm
306, 30 getermﬁwm ‘[Eﬂl HUm
derived

e

of an

vol tage difference signal [err] the target vaIue at which a peak e f|C|ency
i s obtained, and said voltage correction

10

15

20

the position signal to a switching of the voltage pattern
so that the level of the voltage difference signal becomes
the target value, based on a decision result of the level

decision means.

17. The motor system according to Claim 15, wherein
the armature coils (la, 1b, 1c, 30ia, 301b, 30lc) are
connected in a three-phase star configuration and comprise
a resistor circuit (2, 302) connected in three-phase star
configuration in parallel to the armature coils (la, 1b,
lc, 30la, 301b, 301lc) and a rotor-position sensor means (3,
312a, '312b, 312c, 313) for detecting a relative rotor
position between the rotor (10, 310) and the stator (1,
301), and thereby outputting a position signal, and wherein
the control means comprises a 1level decision means for
deciding a relationship how a level of a voltage difference
signal representing a - voltage difference between the
neutral point of the armature coils (la, 1b, 1lc, 301la,
301b, 301c) and a neutral point of the resistor circuit (2,
302) 1is related to a target value at which a peak
efficiency is obtained, and a phase correction means (Ti1,
T2, 41, 42) for adjusting a time interval from the position
signal to a switching of the voltage pattern so that the

level of the voltage difference signal becomes the target



means. corrects an output voltage of the inverter (20, 320) so that the
| evel of the integral signal becones the target value, based on a decision

result of the 10 | evel decision neans (6, 6A, 6B, 51, 101, 201, 202,
306, 307). 24. - A_notor system including a brushless DC not or
conprised of a rotor (10, 310, 410 913e) havi ng a magnet™ mnTh a pIurallty
of poles[,] and #@Hm&&ml 401) having ar

1b, 1c. 30la. 301b 1b 401c, 913u, 913v, N gu‘@unln
a three- phase st [err] _ lh%rg] and a =l nvertern *320
420, 912) for smntchlng o oltage pattérn to be applied to 5

armature coils (la, 1b, 1c, 301a 301b, 301c, 401a, 401b, 401c, 913u, 913v,
913w) [err] wherein a phase of a motor counter-el ectronotive voltage
representing a position of said rotor is detected and said inverter is 10

control I ed suchyhiag, al:ﬁi%%‘i 8h ah hB¥eLish QHduit Vet agee r ekdllvededPsion
the detected phase of +the notor counter- conprising: a resistor

circuit (2) comieshed in a three-phase 15 star configuration in
parallel to the armature coils (1a,
18. The motor system according to Claim 14, wherein
the armature coils (la, 1b, 1c¢, 30la, 30l1b, 30lc) are
5 connected in a three-phase star configuration and comprise
a resistor circuit (2, 302) connected in three-phase star
configuration in parallel to the armature coils (1a, 1b,
lc, 30la, 301b, 301lc) and a rotational-position sensor
means {3, 312a, 312b, 312c, 313) for detecting a relative
10 rotational position between the rotor (10, 310) and the
stator (1, 301), and thereby outputting a position signal,
and wherein the control means (4, 100, 304, 308) comprises
a level decision means (6, 6A, 6B, 51, 101, 201, 202, 306,
307) for deciding a relationship how a level of an integral
15 signal derived from integrating a voltage difference signal
representing a voltage difference between the neutral point
of the armature coils (1la, 1b, 1lc, 302a, 302b, 302c) and a
neutral point of the resistor circuit (2, 302) is related
to a target wvalue, and a phase correction means (T1, T2,
20 41, 42) for adjusting a time interval from the position
signal to a switching of the voltage pattern so that the
level of the integral signal becomes the target value,
based on a decision result of the level decision means (6,

6A, 6B, 51, 101, 201, 202, 306, 307).



I b, 1c); a rotational-position sensor mneans (3) for detecting a

vol tage di fference signal representing a voltage difference between a
neutral point of the armature 20 coils (1la, 1b, 1c) and a neutral point
of the resistor circuit (2). detecting a relative rotational position

bet ween the rotor 0 2 he stat r (1) based on the voltage difference
sitanal . and out nut t' a"e -149- an integrat gmn “F
i ntegrating the vol t si gnal det ectlmm rmﬂim H
rotational - position (3) and pufputting eﬂclnmegnaISS|@na
5 a |l evel deC|5|on means (6, 6B 51, 101, 201, 202) for,
upon receiving the integral signal fromsaid |ntegrat|on nmeans (22),

deciding a relationship between a | evel of the integral signal and a
target value; and 10 a phase correction neans (T1, T2, 41,

42) for adjustinwg a timeThe! aiotdr f E9BtERE RAPAdGRYy SteNA1alig aasW bﬁﬁkﬁgn
of the voltage pattern so that the |evel of the integral signal deri ved

from sai d i nt egthkl oarmetnse( 22)ibecomes, the,target yvedap, Jmsed owiz) re
decision result 15 of said |evel decision means (6, 6A, GB 51, 101

201, 202). 25. connectld npot ;x thseenphaser ditay towrd igjuratl omhen®i Bomprise

a resistor circuit (2, 302) connected in a three-phase star

5 configuration in parallel to the armature coils (la, 1b,

lc, 301a, 301b, 30l1lc) and a rotational-position sensor

means (3, 312a, 312b, 312c, 313) for detecting a relative

rotational position between the rotor (10, 310) and the

stator (1, 310), and thereby outputting a position signal,

10 and wherein the control means (4, 100, 304, 308) comprises

a level decision means (6, 6A, 6B, 51, 101, 201, 202, 306,

307) for deciding a relationship how a level of an integral

signal derived from integrating a voltage difference signal

representing a voltage difference between the neutral point

15 of the armature coils (1a, 1b, 1lc, 302a, 302b, 302c) and a

neutral point of the resistor circuit (2, 302) is reiated

to a target value at which a peak efficiency is obtained,

and a phase correction means (T1, T2, 41, 42) for adjusting

a time interval from the position signal to a switching of

20 the voltage pattern so that the level of the integral

signal becomes the target value, based on a decision result

of the level decision means (6, 6A, 6B, 51, 101, 201, 202,

306, 307).



the target value of said |evel decision neans (6, 6A, 6B, 51, 101, 201
202) is set to=a |level of the integral 20 signal at which a peak
efficiency is obtained. 26. .. _A nhotor systemincluding a brushless DC
not or conprised of a rotor (10, 310, 410, 913e) having a magnet with a
plurality of poIesTms$maﬂu$an£ ¢ (1. 301 401) having armature coils (1a
1b, 1c, 30l1la, 301, a, 401b, 401c, 913u, 913v, 913w)

connected in a thre onflguratlon and an Icﬂwﬂum '

420, 912) for output |ng a voI tage to be a_pri i.ed to sai ”ﬂm”gm
(la, 1b, 1c, 301a, 301b, 301c. 401a, 401b, f 913u, 913V, 413W), s
wherein a phase of a notor 10 counter-electronntive vol t age
representing a position of said rotor is detected and said inverter is
controlled such that a phase of an inverter output voltage relative to the
detected phase g@b.the not @heCsHES - SF£E€&HK OBRICOYA1VQ tBgecilaimet14,0 dherein

speci fi ed phase. 15 conprising: a resistor circuit (2) connected in a
t hr ee- phase st atheondaigataté orcoinigpar(alal, el 1bp the, araeday e 3waid,s Gbac)lbare
1c): and an integration neans (22) for integrating a 20 vol t age

di f f erence si gnabnneptederin rg thwedtplyesei Eteremon flieturednican end r abmpoise
of said armature coils (la, 1b, 1c) and a neutral point of said resistor

circuit a resistor circuit (2, 302) connected in a three-phase star

5 configuration in parallel to the armature coils (la, 1b,

lc, 30la, 301b, 301c), and wherein the control means

comprises a level decision means for deciding a

relationship how a level of a voltage difference signal

representing a voltage difference between the neutral point

10 of the armature coils {(la, 1b, 1c, 301a, 301lb, 30l1lc}) and a

neutral point of the resistor circuit (2, 302) is related

to a target wvalue, and a voltage correction means for

correcting an output voltage of the inverter (20, 320) so

that the level of the voltage difference signal becomes the

15 target wvalue, based on a decision result of the 1level

decision means.

21. The motor system according to Claim 15, wherein
the armature coils (la, 1b, 1c, 301a, 301b, 30lc) are
connected in a three-phase star configuration and comprise
20 a resistor circuit (2, 302) connected in a three-phase star
configuration in parallel to the armature coils (la, 1b,
lc, 301a, 301b, 301c), and wherein the control means
comprises a level decision means for deciding a

relationship how a level of a voltage difference signal



(2), -and outputting an integral signal; -151- a |l evel decision neans (6,
6A, 6B, 51« 10%, 201, 202) for, upon receiving the integral signal from
said integration.neans (22), deciding a relationship between a |level of the

|ntegral signal and 5 a fafgét‘value and a voltage torrect i-or-reRANS
for correcting anTblaB Hayet-em said inverter ( e Ievel
af the integral SI om said integratio m&m&’m

t he target val ue, deC|S|on result o |S|on
means (6, 6A, 6B, 51 02)- 43 Jhe notor systentaccordlng
to Caim26, wherein the target val ue of said | evel decision neans (6, 6A
6B, 51, 101, 201, 202) is set to a level of the integral 15 signal at
whi ch a peak efficiency is obtained. 28. A nmotor system including a

brushl ess DC notor conprised of a rotor (10, 310, 410, 913e) having a
magnet with a Mélﬁ:.eééénftﬁtg ol esitdgd apndrershaéobetdeeBOthedBbluthani P int

armature coils (la, 1b, 1c, 30l1la, 301b, 301lc, 20 40l1a, 401b, 401c,
913u, 913v, 913¥ twanschetuire aolihseqiaphase ster Tord) ghoabj oAplc) and a
neutral point of the resistor circuit (2, 302) is related
to a target value at which a peak efficiency is obtained,
5 and a voltage correction means for correcting an output
voltage of the inverter (20, 320) so that the level of the

voltage difference signal becomes the target value, based

on a decision result of the level decision means.

22. | The motor system according to Claim 14, wherein
10 the armature c¢oils (1a, 1b, 1ic, 30la, 301b, 30ic) are
connected in a three-phase star configuration and comprise
a resistor circuit (2, 302) connected in a three-phase star
configuration in parallel to the armature coils (1la, 1b,
ic, 301ia, 301k, 301c), and wherein the control means
15 comprises a level decision means (6, 6A, 6B, 51, 101, 201,
202, 306, 307) for deciding a relationship how a level of
an integral signal derived from integrating a voltage
difference signal representing a voltage difference between
the neutral point of the armature coils (la, 1b, 1c, 301a,
20 301b, 30l1lc) and a neutral point of the resistor circuit (2,
302) is related to é target value, and a voltage correction
means for correcting an output wvoltage of the inverter (20,

320) so that the level of the integral signal becomes the



[err]*and an inverter (20, 320, 420, 912) for switching over a voltage
pattern to,be applied to said armature 10 coils (la, |Ib, 1c, 3014,
401a, 401ib, 401c, 913u, 913v, 913w), wherein a phase of a m)tor counter-
Is detected and said inverter is controlled such that a phase

inverter output voltage relative to the 15 e hase of the
not or counter-el ectronotive voltage is set to a sp wm

conprising: a reghshek HesiBealR: laged) connected in a star
configuration in EB!@“ mhe armature £pjls (1a I'b, "1c¥;

rotational -positi m (3) for detecting a vol tage

di fference signal nting a voltage difference between a neutral point

of the armature -153- coils (1la, 1b, 1c) and a neutral point of the
resistor circuit (2), detecting a relative rotational position

bet eween the r difgdtlOjalar] tBaseat ad®r a (&pchaiet opebl@tvobfadthe level
difference .signal. and outputting a position 5 signal; a |evel
deci si on neans demisigromezeei (6, NGA hep/olagga ol diXder ez, 364 oree7) .

det ect ed by said rotational-position sensor means (3), deci di ng
a

23. The motor system according to Claim 15, wherein
the armature coils (1a, 1b, 1ic, 30l1ia, 301b, 301lc) are
5 connected in a three-phase star configuration and comprise
a resistor circuit (2, 302) connected in a three-phase star
configuration in parallel to the armature coils (la, 1b,
lc, 30la, 301b, 301c), and wherein the control means
comprises a level decision means (6, 6A, 6B, 51, 101, 201,
10 202, 306, 307) for deciding a relationship how a level of
an integral signal derived from integrating a voltage
difference signal representing a voltage difference between
the neutral point of the armature coils (1a, 1b, 1lc, 301a,
301b, 30l1lc) and a neutral point of the resistor circuit (2,
15 302) 1is related to a target wvalue at which a peak
éfficiency is obtained, and a voltage correction means for
correcting an output voltage of the inverter (20, 320) so
that the level of the integral signal becomes the target
value, based on a aecision result of the level decision

20 means (6, 6A, 6B, 51, 101, 201, 202, 306, 307).

24. A motor system comprising a rotor (10) having a
magnet with a plurality of poles, a stator (1) having

armature coils (la, 1b, 1lc) connected in a three-phase star



rel ationship between a level of the voltage 10 di fference signal
‘and a taeget sval ue; and a phase correction neans for adjusting a tine
interval fromthe position signal to a switching of the voltage pattern SO
that the level of the voltage difference signal becones the target vaIu

based on a decision result 15 of said | evel decision neans. .

The not or systentaccordlng to Cl.ai.m 28, wherein the t ald

| evel decision nmeasssji Shedt BEh a level of the voI t age ﬂﬂmm Ikl!ﬁ
lasedd. 20

whi ch a peak eff|C|
I ncl udi ng a brushl E#g’ nprised o% a rotor (10, 310 410, 913e)
havi ng a nagnet w of poles[,] and a stator (1, 301.

-154- 401) having armature COI|S (la, I'b, 1c, 301la, 301b, 30l1lc. 401l1la, 401b,
401c, 913u, 913v, 913w) connected in a three- phase star configuration, 5

and an invert Qfonﬁ:?éhraiz{bn 428, r 84 23 tof Ok i BEL PUt (R NJcannektade iho ab&hree-
applied to said armature coils (1a, 1b, 1c, 30l1la, 301b, 301c, 40l1la, 401b.

401c. 913u. 9khas®lSvar wbﬁfegnratmbaseno@aramndr @@uﬂh@ra@h&thr&mﬁunﬂg
vol taae representing a position of 10 said rotor is detected and
said inverter {kaconbyollad saclrasttecired resid ign t hensoromeans (3) for
counter-electronotive voltage is set to a specified phase, )
detecting a voltage difference signal representing a
5 voltage difference between a neutral point of the armature
coils (la, 1b, 1lc) and a neutral point of the resistor
circuit (2), detecting a relative rotational position
between the rotor (10) and the stator (1) based on the
voltage difference signal, and thereby outputting a
10 position signal, and an inverter (20) for switching over a

voltage pattern to be applied to the armature coils (1a,

1b, 1c) based on the position signal of the rotational-

position sensor means (3), the motor system further
comprising:
15 an integration means (22) for integrating the

voltage difference signal detected by the rotational-
position sensor means (3)' and outputting an integral
signal;
a level decision means (6, 6A, 6B, 51, 101, 201,
20 202) for, wupon receiving the integral signal from the
integration means (22), deciding a relationship how a level
of the integral signal is related to a target value; and
a phase correction wmeans (Ti, T2, 41, 42) for
adjusting a time interval from the position signal to a

25 switching of the voltage pattern so that the level of the



conprising: 15 aresistor circuit (2) connected in a

1 hr ee- phase stsar configuration in parallel to the armature coils (1la, 1b,
lc): a s level deci si on nmeans for deci di ng a relationship
between a level of a voltage difference 20 signar'“reprES€ﬁrrng'“a'

voltage difference between neutral points of said

1b, 1c) and said resistor circuit (2) and a target H!Eg E'ﬁﬂ ‘IE m

vol tage correctg, hgp@@§agq&1ggarectlng an out put vol erter
(20) so that the l voltage dlfffégnce si gnal becones the target
val ue, based onnHBH H uIt of said vel deci si on neans. 31.
The notor syste Cl aim 30, wherein sald target value of the

| evel decision neans is set to a level of the voltage difference signal at
whi ch a peak efficiency is obtained.

integral signal derived from the integration means (22)
becomes the target value, based on a decision result of the

level decision means (6, 6A, 6B, 51, 101, 201, 202).

25. The motor system according to Claim 24, wherein
5 the target value of the level decision means (6, 6A, 6B,
51, 101, 201, 202) is set to a level of the integral signal

at which a peak efficiency is obtained.

26. A motor system comprising a rotor (10} having a
magnet with a plurality of poles, a stator (1) having
10 armature coils (la, 1b, 1c) connected in a three-phase star
confiqguration, a resistor circuit (2) connected in a three-
phase star configuration in parallel to the armature coils
(1a, 1b, 1lc), and an inverter (20) for outputting a voltage
to be applied to the armature coils (la, 1b, 1lc), the motor
15 system further comprising:
an integration means (22) for integrating a
voltage difference signal representing a voltage difference
between a neutral point of the armature coils (la, 1b, 1c)
and a neutral point' of the resistor circuit (2) and
20 outputting an integral signal;
a level decision means (6, 6A, 6B, 51, 101, 201,

202) for, wupon receiving the integral signal from the
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integration means (22), deciding a relationship how a level

of the integral signal is related to a target value; and

a voltage correction means for correcting an
output wvoltage of the inverter (20) so that the level of
the integral signal derived from the integration means (22)
becomes the target value, based on a decision result of the

level decision means (6, 6A, 6B, 51, 101, 201, 202).

27. The motor system according to Claim 26, wherein
the target value of the level decision means (6, 6A, 6B,
51, 101, 201, 202) is set to a level of the integral signal

at which a peak efficiency is obtained.

28. A motor system comprising a rotor (10) having a
magnet with a plurality of poles, a stator (1) having
armature coils (la, 1b, 1lc) connected in a three-phase star
configuration, a resistor circuit (2) connected in a three-
phase star configuration in parallel to the armature coils
(la, 1b, 1lc), a rotational-position sensor means (3) for
detecting a voltage difference signal representing a
voltage difference between a neutral point of the armature
coils (la, 1b, 1c) and a neutral point of the resistor
circuit (2), detecting a relative rotational position
between the rotor (10} and the stator (1) based on the

voltage difference signal, and outputting a position
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signal, and an inverter (20) for switching over a voltage

pattern to be applied to the armature coils (la, 1b, 1ic),

based on the position signal of the rotational-position

sensor means (3), the motor system further comprising:

a level decision means for, upon receiving the
voltage difference signal detected by the rotational-
position sensor means (3), deciding a relationship how a
level of the voltage difference signél is related to a
target wvalue; and

a phase correction means for adjusting a time
interval from the position signal to a switching of the
voltage pattern so that the level of the voltage difference
signal becomes the target Qalue, based on a decision result

of the level decision means.

29. The motor system according to Claim 28, wherein
the target wvalue of the level decision means is set to a
level of the voltage difference signal at which a peak

efficiency is obtained.

30. A motor system comprising a rotor (10) having a
magnet with a plurality of poles, a stator (1) having
armature coils (la, 1b, 1lc) connected in a three-phase star
configuration, a resistor circuit (2) connected in a three-

phase star configuration in parallel to the armature coils
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(1a, 1b, 1c), and an inverter (20) for outputting a voltage

- 149 -

to be applied to the armature coils (la, 1b, 1c), the motor
system further comprising:

a level decision means for deciding a
relationship how a level of a voltage difference signal
representing a voltage difference between a neutral point
of the armature coils (1a, 1b, 1lc) and a neutral point of
the resistor circuit (2) is related to a target value; and

a voltage correction means for correcting an
output voltage of the inverter (20) so that the level of
the voltage difference signal becomes the target value,

based on a decision result of the level decision means.

31. The motor system according to Claim 30, wherein
the target wvalue of the level decision means is set to a
level of the voltage difference signal at which a peak

efficiency is obtained.



