SPECI FI CATI ON  Synchronous Mtor Driving Method, Conpressor Driving Method, -
Devi ce For The Met hods, and Brushl ess Mot or Driving Device Technical
Field The present invention relates to a synchronous notor driving
met hod, conpressor driving nmethod, device for the methods, and brushl ess DC

ot or  drg m/ Nbre particularly, - the present invention relates to
a synchrgml QﬁTdIQ i ng method for driving a synchronous notor such as
a brushless DC notor or the like using an inverter and a device for the

met hod, and a corrpressor driving nethod for driving_ a conpressor using the

s%nchrorsmmhzgmnwmsh ot or mmngcheehod OrCOmpléeS!snOIa devi ce f or
t he net ..and a S not or frivi C riving a brushl ess
DC m)tom-'ﬁg-l ﬁr@\;@aﬁéf % @n\r{ﬁleemlaﬁjﬁaspaa t or que
controll u t tion Gazett Tokukai hei

6- 42789)B?g‘1$1§g‘v\rén%\$hﬁ)§ con!:PglosDzﬁf%g D%@ag or an mbut current of an
|nverter nmotor so that vibrati‘on follow ng the change in rotation speed

within rotatio .auC rrpressor havi ng one cylinder is decreased
Furt her, Q:hﬂdlﬂ@is or is devotedly N
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The present invention relates to a synchronous
motor driving method, compressor driving method,
device for the methods, and brushless DC motor
driving device.. More particularly, .the present
invention relates to a synchronous metor driving

~method for driving a synchronous motor such as a.
brushless DC motor or the like using an inverter
and a device for the method, and a compressor
driving method for driving a compressor using the
synchronous motor which is driven by such method
or device and a device for the method, and a
brushless DC motor driving device for driving a
brushless DC motor using an inverter.

Background Art

In‘?he past, a torque controlling technique
(refer to the Patent Publication Gazett Tokukaihei
6—42789) is known which controls an input voltage
or an input current of an inverter motor so that
vibration following the change in rotation speed
within one rotation of a COmpressor having one
cylinder is decreased.

Further, a brushless DC motor is devotedly



2 enployed as a driving source which is easier in torque controlling than
an AC notor due to a position detection chani sm which is previously

provi ded to the brushl ess DC notor. nong brushl ess DC notors, when a
surface nagnet arrangenment brushl ess DC notor, in which a rotor has ,

per manent nets ich are, provjded at a surf ce of {he rotor, is, enpl oyed
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(herei nafdgrrépferted be © wirkehgiveneno 1nf1uence to motor .,
torque generation, that is the method for
controlling a phase of current to be the same
phase as a phase of a generation voltage due to a
motor speed (the phase of current equals to 0),
known as a driving method which is free from -
lowering in efficiency, and is widely employed
because of simplification in control.

On the other hand, an embedded magnet
arrangement brushless DC motor, in which a rotor
has permanent magnets which are embedded in an
interior of the rotor, can simultaneously output
two generation torques, that is a magnetic torque
and a reluctance torque. Therefore, the embedded
magnet arrangement brushless DC motor has a
characteristic effect such that driving with
higher efficiency than the surface magnet
arrangement brushless DC motor is realized by
determining distribution of the two torques to be
adequate in response to a load torque so that the
current is determined to have a minimum value and
the total torque is determined to have a maximum
value (hereinafter, referred to as “maximum torque



3 control"). The enbedded magnet arrangenent brushl ess DC notor has

devel oped in application to an air-condi8ioner or the like in recent years
which is required energy saving especially. Further, a nmaxi numtorque
control nethod for controlllng an enbedded nagnet arrangenent brushl ess. DC

notor is reC|ted | A trollisn od which is adeguate to an embedded
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SPC-92-5. It is known that the maximum torque
control is realized by controlling d+,° and g—axis
currents based upon a relational equation which is
determined based upon electrical constants of-a
motor. |

But, when the maximum torque control.and the
torque control are combined with one another, the
following disadvantages arise.

(1) Modeling errors due to a motor |
temperature and magnetic saturation are generated
so that a maximum torque-condition is mot
satisfied constantly. And, for solving problems
(specifically, changes in winding resistance and
the speed electromotive force constant following
an increase in temperature, and changes in d-, and
g—axis inductance values and the speed |
electromotive force constant due to magnetic
saturation) due to modeling errors of a motor,
changes in various parameters due to temperature
and magnhetic saturation should be actually
measured and are considered in operations. This




4 is extrenely difficult in actual application. (2) Wen the maxi num
torque control is conbined with torque cbntrol which cancel s harnonic
conponents up to higher harnonics which gives little influence in.
vibration, electric power is consuned beyond the necessary anount so that

d h high eff I d t i

hor eased by QR TOMALY co £E 63 f{éfrﬂfai taalc &;ﬁpﬁf&% “hifgeblimt
I f t ou e

Shifred from axZdper BHGH® Mg, Wakimam, Lorthee: i&iﬂ o1 T80 hat

ef fi ci enqgyoimb ipeda dthcclpom‘qweycommbsw}@m aneeelrs' on The

present i,nvention was nade in view of the a bl ens. . It,is an
obj ect mhamm@n&ﬁncomp@nen¢soumftoehzg rmammnﬁrwhh@%

eal i 2 nﬁi?freééehﬂﬁﬁé”MRTﬁ?n@%Qdﬂi iﬁia?ta&'ﬁmeeﬂ Gtrd s
maxi mum ?éwtéf“fiysceftﬁhsmﬂed f’éeyd?ﬁd“’dl‘ié' ok ggysen@tﬁuvent ggpes

| ow spee her o& ect

vi bratjon. |
cﬁfa-atﬁh@ﬁedrInamgowxmﬂv Ioaem0mwnsgnotnmeailzm& and
7 st onbodi nehB)aced b kocamréxbﬁéi{‘s°3in£%8ra.sdéélvl)'§ the*tordue
control so that the peak current is over the 11m1t
value of an inverter current. Therefore, an
operation point should be shifted from an -
operation point of the maximum torque control so
that efficiency is decreased accordingly.

Disclosure of the Invention

The present invention was made in view of the
above problems. _

It is an object of -the present invention to
offer a synchronous motor driving method, .
compressor driving method, and device for the
methods, for realizing torque control which drives
a cyclic intermittent load in a maximum efficiency
condition, has a practical arrangement, and
decreases low speed vibration.

It is another object of the present invention
to offer a brushless DC motor driving device for
enlarging a driving range and for 1mprov1ng
efficiency.

A synchronous motor driving method of .a first
embodiment according to the present invention is a



5 nethod for superposing a varying amount upon an anplitude and a phase of
a current waveform or voltage waveformhghen torque control is perforned for
suppressi ng speed change within one-rotation by a synchronous notor
controlled with an |nverter whi ch noter drives a | oad having a cyclic.
torque cha met hod of, a second

e. nchronous, notor drivin
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method for controlling a varying amount in phase
based upon a varying amount in amplitude which is
controlled based upon an output of a torque
control section. ¢

A synchronous motor driving method of a third
embodiment according to the present invention is a
method for: controlling a varying amount in
amplitude based upon a varying amount in.phase
which is controlled based upon an output of a
torque control section.-

A synchronous motor driving method of a fourth
embodiment according to the present invention is a
method for controlling a-varying amount in
amplitude based upon an output of a torque control
section, and for controlling a varying amount in
phase based upon a detection amount which ‘is
related to efficiency.

A synchronous motor driving method of a fifth
embodiment according to the present invention is a
method for controlling a varying amount in phase
based upon an output of a torque control section,
and for controlling a varying amount in amplitude
based upon a detection amount which is related to

l1ng a yarying anbunt in, anplltude '
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A synchronous motor driving method of an

eighth embodiment according to the present
invention isa method for superposing a third
harmonic upon the varying amount in amplitude.

A synchronous motor driving method of a ninth
embodiment according to the present invention
further includes a method for detecting a magnetic
pole position-of a rotor of the synchronous motor
by integrating a difference between a first center
point voltage and a second center point voltage,
the first center point voltage being obtained by
resistances, -each having one end which is
connected to an output terminal of each phase of
the inverter and another end which is connected to
one another, and the second center point voltage
being obtained by connecting one end of a stator
winding of each phase of the synchronous motor to
one another. |

A compressor driving method of a tenth

embodiment according to the present invention is a
method for driving a one cylinder compressor using
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7 a synchronous notor which is driven by the synchronous notor driving
nmet hod of one of the first to ninth enbd%inents. A synchronous not or
driving device of an el eventh enbodi nent according to the present invention
i ncludes inverter control neans for controlling an inverter so as to
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control is performed for suppressing speed change ..
within one rotation by a synchronous motor’
controlled with an inverter which motor drives a
load having a cyclic torque change.

A synchronous motor driving device of a
twelfth embodiment according to the present
invention employs means for controlling a varying
amount in phase based upon a varying amount in
amplitude which is controlled based upon an output
of a torque control section, as the inverter
control means. " :

A synchronous motor driving device of a. -
thirteenth embodiment according to the ‘present
invention employs means for controlling a varying
amount in amplitude based upon a varying amount in
phase Wthh is controlled based upon an output of
a torque control section, as the inverter control
means.

A synchronous motor driving dev1ce of .a
fourteenth embodiment according to the present
invention employs means for controlling a varying
amount in amplitude based upon an output of a
torque control-section and for controlling a




8 varying anount in phase based upon a detecti anDunt correspondlng to
efficiency, as the inverter control nearR. THIO ) 2.2 driving
device of a fifteenth enbodi ment accordirsag to tle pr o[ (‘W‘w N bn enpl oys
means for controlling a varying anount-.in phaset EBn output of a
torque control ,section and fpr c%trol Ibng a vary| ng anmoynt 1n litude
based updhaxr yiENg tamodnhiunt nc Phase do wporziandetecta®nnvert er
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as the inverter contrg ‘synchronous notor driving device
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of the I Y Eht2" Fn?MhpTitude based upon a detection amount
corresponding to efficiency, as the 1nverter
control means.

A synchronous motor driving device of a
sixteenth embodiment according to the present
invention employs means for employing an amount .
corresponding to a fundamental wave and lower-
harmonics as the varying amount, as the inverter
control means.

A synchronous motor driving device of a
seventeenth embodiment according to the present
invention employs means for employing an amount
corresponding to a fundamental wave as the varying
amount, as the inverter control means. -

A synchronous motor driving device of an
eighteenth embodiment according to the present
invention employs means for superposing a third
harmonic upon the varying amount in amplitude, as
the inverter control means.

A synchronous motor driving device of a
nineteenth embodiment according to the present
invention further includes resistances, each
having one end which is connected to an output
terminal of each phase of the inverter and another
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9 end which is connected to one another so that a first center point
vol tage i s obtained, wherein each stato@ wi ndi ng of each phase of the
synchronous notor is connected at one end to one another so that a second
center poi nt voltage is obtained, and-further includes integration neans

for integr I fference betwee he first center point | tage and the
second c@ gﬂ:@ﬁ vbbt £NAGC ﬁgd]pimah@nﬁg anoth egf'raSDontg adnad, and
mgnet! ot EM ROt DATHY, STR L Ae Sy seroBTAT A, Rﬂd‘iéi?é%b(?n the
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detection means for detecting a magnetic pole
position of a rotor of the synchronous motor based
upon the integration signal. v

A compressor driving device of a twentieth
embodiment according to the present invention-is a
device for: driving a one cylinder compressor using
a synchronous motor which is driven by the
synchronous motor driving device according to one
of eleventh to nineteenth embodiments.

A brushless DC motor driving device of a 21-th
embodiment according to the present invention
includes resistances, each having one end which is
connected to an output terminal of each phase of
an inverter and another end which is.connected to
one another so that a first center point voltage
is obtained, wherein each stator winding of each
phase of a brushless DC motor is connected at one.
end to one another so that a second center point
voltage is obtained, and includes integration
means for integrating a difference between the
first center point voltage and the second.center
point voltage and for obtaining an integration



10 signal, magnetic pole position detection neans for detecting a magnetic
pol e position of a rotor of the brushlei{)DC not or based upon the

i ntegration signal, inverter control neans for controlling the inverter so
that a changing voltage which is advanced wth respect to a phase of a.load
torque is superiosed upon an average value yolta ge commgnd in synchr |sn1
with int8ighatse Bagnetlad gud sl tppryi de tectionr means

the peak JatEc tihile o MREHRE e pbétiﬁb‘”bg%?t?fsbﬁ B oE B “@&93?”;,“
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first cemetopjntamd tpeak value changing suppression means .

| for suppressing changes in the peak value 6f the
integration signal. .

A brushless DC motor driving device of a 22-nd
embodiment according to the present invention
employs the peak value changing suppression means
which includes division means for dividing an
inverter interval, judgment means for judging
whether the integration signal level is great or
small for every divided interval, and inverter
voltage phase control means for retarding the
inverter voltage phase responding to the judgment
result representing that the level of the
integration signal is great and for advancing the
inverter voltage phase responding to.the judgment
result representlng that the level of the
1ntegrat10n signal is small.

A brushless DC motor driving -device of a 23-rd
embodiment according to the present invention
includes resistances, each having one end which is
connected to an output terminal of each phase of
an inverter and another end which is connected to
one another so-that a first center point voltage




I s obtained, wherein each stator wi nding of each phase of a brushless DC
nmotor is connected at one end to ong andther so that a second center point
voltage is obtained, and includes integration neans for integrating a

di fference between the first center point voltage and the second center
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the signal, inverter control means for controlling the
inverter so that a changing phase which is
advanced with respect to a phase of @’load torque
is superposed upon an average value phase command
in synchronism with intermittence of the load
torque for applying to the brushless DC motor, "and
- peak ‘value changing suppression means for
suppressing changes in the peak value of the
integration signal.

A brushless DC motor driving dev1ce of a 24-th
embodiment according to the present inventiom
employs the peak value changing suppression means
which includes division means for dividing an
inverter interval, judgment means for judging
whether the integration signal level is great or
small for every divided interval, and inverter
voltage amplitude control means for increasing the
inverter voltage amplitude responding to the
judgment result representing that the level of the
integration signal is great and for decreasing the
inverter voltage amplitude responding to the
judgment result representing that the level of the



12 integration signal is small. When the synchronous notor driving

met hod of the first enmbodi ment according £o the present invention is

enpl oyed, the varying anount is superposed upon the anplitude and the phase
of the current waveform or voltage waveform when the torque control is
perfornmed,.for suppressing speedlchange wWifhin one rotation by the
synchronomﬂt]egmatdmmoISIeg hlheSmaAklt er which notor drives the l.oad
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current a3M1veSethe load having the cyclic torque change. ..
Therefore, a torque controlling is realized which
drives the load having the cyclic intermittence in
a maximum efficiency condition (or in‘a higher
efficiency condition) using a practical
arrangement so that the vibration st a low speed
is decreased. The operation is described in more
detail. .

When the scope of the maximum torque
controlling method for the embedded magnet
arrangement ‘brushless DC motor is applied to a
case in which a cyclic load having intermittent
load torque within one rotation is employed, it is
understood that a current amplitude and a current
phase are sufficient to be changed within one
rotation, as illustrated in Fig. 3. That is, it
is understood that complicated operations based
upon the model for the maximum torque controlling

- method can be replaced with a simple wave

- controlling amount. Therefore, maximum torque
control is realized accurately by properly
correcting the direct current component and the
changing component of the current amplitude and




13 the current phase as illustrated in Fig. 3. at every driving condition.
O course, the voltage anplitude and 18e vol t age phase may be changed

within one rotation as illustrated in Fig. 2 or Fig. 4 instead of changing
the current anplitude and the current phase Wi thin one rotation. . When

the pr A6t GUEZRNE, ﬁbae%éggﬁﬁﬂ@ ST I Tt ggccoraino to

EQ!E&"?&Z?% B ivihey ‘Z‘E@L‘?%S??SEQ%PC?‘?#S@“%rS’f%iéﬁ%f%%re?;'t Cons
~ sini|agmp tITbEl @fatrrd thet mbdzagen l@aseaemaqr nbe charyged the

synchr.onpus not or dr|V|n met hod |rd e odl it acc rdlng to the
presenWlLﬁji&ﬁl 6Mes ek ten (a8 vhj-i m)t;a y 43 ud2

pon ¢ Re1 B i HSHRAM %ﬁe’@ﬂﬁnﬁ“ﬂicﬁﬁ@p héﬁ?ﬂ%@t&?r%ﬁmﬁﬁﬂﬁtéfﬁ%ed veses
simlagnd tthee efjrirentt nghhod ¢ t ht 7' trﬁgrmﬁa When t he

synchronous tor ilVIng e four enboﬂlnent a ordln to the

present inv enpiydyeRroneusr motoimudnd vingmine |
varyi ﬁé‘fliéoﬁé%dqﬁ Q%Ibﬁﬁiin%ﬁfaé%gﬁxsriaﬂ&o?”ttﬁ&fﬁiﬁs?énaiﬂﬂni i ch
ol L VAR oL i VAP P DORATR, e
comrom$n@0mtmmlL@dobas aupmn the varying amount in T
amplitude which is controlled based upon the ‘
output of the torque control section. Therefore,
operations similar to those of the first
embodiment are performed.

When the synchronous motor driving method. of
the third embodiment according to the present
invention is employed, the varying amount in
amplitude is controlled based upon the varying
amount in phase which is controlled based upon the
output of the torque control section. -Therefore,
operations similar to those of the first . .
embodiment are performed: -

When the synchronous motor driving method of
the fourth embodiment according to the present
invention is employed, the varying amount in
amplitude is controlled based upon the output of
the torque control section, and the varying amount
in phase is controlled based upon the detection
amount which is related to efficiency. Therefore,
the control including iron losses is realized, the
iron losses not being considered in the maximum
torque controlling method. Also, operations



14 simlar to those of the first enboié'ﬂen h respect
to this point, mninmizing in notor cur t is frEHS §H5&Tnﬁﬁf$za opper

| osses when t he scope of the maxi mum torque coptrol IRE?@.AG@Qhod | enpl oyed.
Further, a scope of nmaxi num efficiency control “¥s—drscrosed in "driving

rethod ol LTI, Eos B b 2 b 1555 ARGl kS %J?%XL?Q a

oronl amh SLAGTRE Widh reghectith thidipotalt, Minitiving,

probl em n nodel 1 ng errors exis
t he maxiinmmotome aurrenbemﬂwmare1ywm1n$mmzbngcmoepmrajtobe_

const ant Theref o] cont rol_incl I ron l.osses ,is realized by
enpl oyldn]gO Wﬁ@n); BEOPR r}g%nma}ﬂ 1Mmer:t(;‘??éfgl-!s?nchronous
Mvent | OB TPRE methbd,: £5°3 Wﬁ%ﬁéﬁﬂ?ﬂ% 20l Pod GABR upon

theouunf'm@xmmumwwﬁfzmu@ncymnonmr@idisedmswrmsa@UMnln

anplitudg .is, controll ed;ba pon ecti nmount iC s relagted to
eﬂ.c.amdrlvnagfmeihmﬁ ral b egs(ﬁdamﬁaﬁrlw155.hmg i ch

oper at | e Lo GLEHCT, ahﬁeﬁxﬂﬂ“é%ﬁ%% e Rened, ThIRhsHEFENE hen
the Sy”%CCW%dmh@ §h@ﬂn@p@gp 3@&1@#&@@ dt‘?t'ehﬁ@ﬂi fed, the

anmount imts the band ve and_I'ower h rrr')nl cs of
the | oadomimet@verbralarge gaioumth vavgilng dnbdn3, Thp.ef @85 .,
operatiopfiei 4-3), but the problem in modeling errors
exists which is similar to the problem (1) of the
maximum torque control because the iron losses are
determined to be constant. Therefore, the control
including iron losses is realized by employing_ the
method of the fourth embodiment. _

When the synchronous motor driving method of
the fifth embodiment according to the present
invention is employed, the varying amount.in phase
is controlled based upon the output of -the torque
control section, and the varying amount in .
amplitude is controlled based upon the-detection
amount which is related to efficiency. Therefore,
the control including iron losses is. realized |
which were not considered in the maximum torque
controlling method. Further, operations similar

‘to those of the first embodiment -are performed.

When the synchronous motor driving method of
the sixth embodiment according to the present
invention is employed, the amount  corresponding to
the fundamental wave and lower harmonics are
employed as the varying amount. Therefore,

This Sheet Has Been Re; laced




15 simlar to those of one of first to fifth gabeckHen g~ f or ned.
The operation is described in nore detailh - ORE

conponents of a |oad torque waveform a band of
current anplitude or current phase are-.easily Tar noni ¢ wave .

or der " har GPGTAkLONS ASIanb Lab: Ceﬁhoéé.t”aﬁ,a&ﬁuéo o b ﬁ &ith
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change '”d@ﬁéfl%eg)e’fﬁuﬁow fetasd, effect (effect of noment of

I nertia) .1's 1 nprove OW Nng, a frequency} Unnecessar electri¢c power
consunpti on i sAMENREt amnenmtmaﬁeo@ommne t Rat Oﬁ ing with

U SR VBT, £ O SRR SRR 67 o
claim?7 i eﬁtFlﬁkg:yéﬁ‘t L4t MWdé’“IGf |q%§ﬂﬁe}ﬁ§g§é ogirte behispt al

wave of t or que veform Is e vary) ng ,anount
TMnennelnmmmeéomosharmonb0ﬂweveﬁcemp@nentStW 11cht € EWBodi nent s

due Fﬁriﬁrgﬁ%ai“imuei}ﬁ‘gcﬁ?ém /i Bectfoh, ity cwalipT & 'n'ﬁﬁrife”t e
golsil tejlrrpe)l 0 %eﬂﬁlga?iﬁomr m)nl C o@aﬁrse déﬂ(?grdc?jg@\%gvlg or mélhetpgfjper posed
upon the Yo¥i &g emainCy i adert aempIressor ewhibehpeb an 5
intermittent load: higher torque changing -
components give little influence to.a change in
rotation and vibration due to the charge in
rotation, because the flywheel effect (effect of.
moment of inertia) is improved following a
frequency}. Unnecessary electric power
consumption is prevented due to the above
operation, so that driving with higher efficiency’
is possible. -Of course, a voltage may be employed
instead of the current. .

When the synchronous motor driving method of
the seventh embodiment according to the present
invention is employed, the amount corresponding to
the fundamental wave is employed as the varying
amount. Therefore, operations similar to those of
the first to fifth embodiments are performed.
‘Further, unnecessary electric power consumption is
prevented due to the above operation, so that
driving with higher efficiency is possible.

When the synchronous motor driving method of
the eighth embodiment according to the present
invention is employed the thlrd harmonlc is

Been Rep laced

T \\\ \||\



16 current is suppressed with ease, limtation in the u ' L the
inverter current is raised, so that dr]@i ng at an dp itnt i s
possible within a wider extent of |oad torque. Furth e iym | ar
to those of one of first to fifth enbodi nents are p ol =1 Lore

scarce influence of ysu 0S of the.third. har nl.c upon he, vipration

exi sts H4BEIPOSE de'—ﬁb@%attg% of AL Rl OdN ne11fl| amplitw thﬁ
to t
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vol t age goet e bbief nddad door eng qﬁgleﬁqegf aO??f‘a"ti"bfl% ng of each

phase of jhe_.synchronoys nptor Qne anot

]%' providing of a
Hal | el &idnd ] akcdier those o eﬂr&’bt maqﬁm ’Lﬂﬁf cem%c&metgtt@hea{e t

r .
TR hDEE o, O PR R mSRe, " SR AL etiesr O i ving Mot hod
of tmfe§p gp@%&ﬁg“of“%hé”ﬁhi?dhha¥ﬁ6ﬁﬁc UP6A! ' PRe s enpl ayed,

the one .
vibration exists because of the operation of the

moment of inertia.

When the synchronous motor driving method of
the ninth embodiment according to the ‘present
invention is“employed, the magnetic pole position
of the rotor of the synchronous motor is detected
by 1ntegrat1ng the difference between the flrst
center point voltage and the second center point
voltage, the first center point voltage being
obtained by resistances, each having one end which
is connected to an output terminal of each phase
of the inverter and another .end which is connected
to one another, and the second center point
voltage being obtained by connecting one end of a
stator winding of each phase of the synchronous
motor to one another. Therefore, providing of a
Hall element encoder or the like is not required
for detecting the magnetic pole position. -
Further, operations similar to those of the first
to eighth embodiments are performed.

When the compressor driving method of the
tenth embodiment according to the present.

invention is employed, the one cylinder
This Sheet Has Been R
wmmm




17 conpressor is driven using a synchrgnous notor which is driven by the
synchr onous not or dr|V|ng nmet hod accordlﬁb to one of the first to ninth
enbodi ments. Therefore, saving of consunption of energy and reduci ng of
cost are realized. When the synchronous notor driving device of the

Cverter comremeors 58" e vidn: lfs PRE TR, S PENE SRSy OB ot
Vol T age WHER AR V% B W‘%@m@% (Otot  EIVIAR o
hoass oy MEthore acquraimg f*o%mﬁ?&f’ﬁmit by of Jaco O'Téd’ﬁﬁlaynmh
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fti ci enconieda; g b RTe s AR SEast 2 @%%@1@%@0 the vibration
of h'eOYVMEF? Fb e Synchr %ﬁ%‘éﬁ[‘ moton drbeimt “deyicanol’y o

ent 1 nv

on Is enployed
nmeans }‘ort%@n\tMe gvem’ehveem” : accpo 1n§eﬁmr’eﬁea pFIQBﬁljl‘l'armunt
in a I tude [ IS contro t,put ~a t
soction s RveRita R LSt mpliy 88 o1 oi Hedreh s sidh tn I s

o By ke %PV%%'%S?%@WE it hf%wmepam&g o

the presepaTyyeIg | amcoamzmu?mi areaamp bi tweder ahdh@aphase of a .
current waveform or voltage waveform when & torque
control is performed for suppressing speed change
within one rotation by a synchronous motor
controlled with an inverter which motor drives a
load having a cyclic torque change. Therefore, a
torque control is realized which drives the load
having the cyclic intermittence under a maximum
efficiency condition (or in a higher efficiency
condition) using a practical arrangement so that
the vibration in a low speed is decreased.

When the synchronous motor driving device of
the twelfth embodiment according to the present
invention is -employed, means for controlling a
varying amount in phase based upon a varying
amount in amplitude which is controlled based upon
an outﬁut of a torque control section are employed
as the inverter control means. Therefore,
operations similar to those of the eleventh
embodiment are performed. '

When the synchronous motor driving device of
the thirteenth embodiment according to the present
invention is employed, means for controlling a



18 wvarying anount in anplitude based upon a vary

is controll ed based upon an out put of a]_t8)rque C mﬁmﬁHmctiAQrBEaﬂ enpl oyed
as the inverter control neans. Therefore operatj ons M AGEDtO those of
t he el event h enbodi nent are perforned. When % or

d h '
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t he maxi Fol00RE rr@lh(ﬂlﬁaﬂss-o ehebeyei mopenationRs of
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I nventio erj[é@pm d means for controlli ng a varying anount in phase
5253%3"2“@3&%"“ %eﬁﬁé%iﬁaéﬂ&i&ﬁéﬁ%”d%?ﬁwé‘ﬁgC%&%H@E%ﬁg to
o SRS, RHAATHSRAS MR DTS, SR,
% L IveRsip el av i et ST o b e o
drnungcmamxamgmamounmamnwammdlt basedmaporioan output
of a torque control section and for controlling a
varying amount in phase based upon a detection
amount corresponding to efficiency are employed as
the inverter control means. Therefore, control
including iron losses is realized, the iron losses
not being considered in the maximum torque
controlling method. Also, operations similar to
those of the eleventh embodiment are performed.
When the synchronous motor driving device of
the fifteenth embodiment according to the.present
invention is employed, means for controlling a
varying amount in phase based upon an output of a
torque control section and for controlling a
varying amount in amplitude based upon a detection
amount correspondlng to efficiency are employed as
the inverter control means. Therefore, control
including iron losses is realized, the iron losses
not being considered in the maximum torque
controlling method. Also, operations similar to
those of the eleventh embodiment are performed.
‘When the synchronous motor driving device of
the sixteenth embodiment according to the present
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19 enploying the anount which Iimts the band t@.3

| ower harnonics of a | oad torque Waveforlrgas t he VMHEETaHﬁS”DEENI S
- enpl oyed as the inverter control neans. Thereforf,

t hose of one of eleventh to fifteenth enbodi nent's—a et .
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20 ‘When the synchronous motor driving device of .
the seventeenth embodiment according to the
present invention is employed, means for employing
“an amount corresponding to a fundamental wave as
the varying amount are employed as the inverter -
control means. Therefore, operations similar to
those of one of the eleventh to fifteenth )
embodiments are performed. Further, unnecessary
electric power consumption is prevented due to the
above operation, so that driving with higher
~efficiency is possible. g’

When the synchronous motor driving dev1ce of
the eighteenth embodiment according to~the present
invention is-employed, means for superposing a
third harmonic upon the varying amount in
amplitude are employed as the inverter control
means. Therefore, the peak current is suppressed
with ease, and the limitation of -the upper limit -
of the inverter current is raised, so that driving
at an optimum driving point is possible within a
wider extent of load torque. Further, operations
similar to those of one of the eleventh teo
fifteenth embodiments are performed. Furthermore,
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Furthernore, scarce influence of superposing of

vi bration exists because of the operati2) of the i
When the synchronous notor driving device of the
according to the present invention is enployed Hrefr-st—Tenter—poi nt .

voltage i s obtained I ng the regsistances,  each hayi 0 end ichis
connect e8Gal &€ olr(lrﬁtfuaﬂll%n@ ofSleGII'E)G&engf 'E q’&lﬁe 1’&11’ d anot her
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synchroneperattprom ofnrich e‘eQnemem of tmerretmot her, and the
di fference be en e first enter poi nt vol ta% and the ecqnd cenger

poi nt vol t ageWi Ilnt CatSy rﬁ)é'lQHSedHQttrQiﬁ VI8t G vViLge O

_ iOPt te%;atsy% me:@gﬁ agrm D@i’?@%hgy gﬁg’ﬁgﬁﬁéc OZ%OM%ﬁ%ﬂBt or

detectlomveenstfe di 8PS gi Dyeidor thenfipsy CEpFLErosoinipyi ding a

Hal | el enment, encoder o I’s , not r qui red detecting th
negnetlcV@glltargﬁlﬂB)nO e d\l&lblgo &l]‘fﬂ&lsﬂlﬂmm, ofe@6#l of the

ar vi ng Ded bt SR "eRIEPRITEL: +65° BRRTECERA (to AR, SUTERR" ==

e ISR, QA biece o T gt kg e
accor.di nelld) wixloh ths etemreottegntro eotten amothey sth eheset:cmd
- saving of SIEEY Bdint voltage is obtained using the ‘stator
Wlndlng each of which of each phase of the
synchronous motor is connected at oné end to one
another, and the difference between the first
center point voltage and the second center point
voltage is-integrated by the integration means so
that the integration signal is obtained, .and the
magnetic pole position of a rotor of the
synchronous motor is detected by the magnetic pole
position detection means based upon the-
integration signal. Therefore, providing a .Hall
element, encoder or the like is not required for
detecting the magnetic pole position. Further,
operations similar to those of one of the eleventh
to e1ghteenth embodiments are performed.

When the compressor driving device of the
twentieth embodiment according to-the present
invention is employed, the one cylinder compressor
is driven using the synchronous motor which is
driven by the synchronous motor driving device
according to one of the eleventh to ninteenth
embodiments Therefore, saving of energy and
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reduction of cost are realized. QOeratéins are described in nore detail.
When t hree phases/d-, g-coordinates co rsion of a synchronous notor is
repr'esent ed as the formula (1), the voltage equation of the synchronous
nmotor is represented as the fornula (2), and the generation torque is given

an ;Q?seﬁﬁ@w%éﬁézeﬁe‘@gg%t a8 T et HERRCHorS Bt ea oy
per mnent] eggrei bednd i haorexidetgiadh, axis which is shifted by 90 degrees

electrically om t he, d- | err] Wher ei n,
vol tages appl aeib t h&eenqﬁaams/udsrpr greoapdifmtes aconw ErSHon

Vol t ages O “Bnas ST ORI ToRS 187 1 FRFaSebiad, @S 3 2% 2) and
f0fmﬂa-f®rmhia](l) the voltage equat®n of the,
synchronous motor*is represented as the formula
(2), and the generation torque is given as the
‘equation (3) using d-, and g axis currents.
Wherein, the d-axis is an axis which represents a
direction of magnetic flux which is generated by
‘permanent magnets, and the q-axis is an axis which

is shifted by 90 degrees electrlcally from the d—
axis. S

cos@ = ,-sind

——
f <

'éos(e-?),-sin(e-zén)- [ . "(!1)

[migN =}
[S—

i
]

| cos(B +.2§L ), - sin(8 + 2;’1)

BIE Badel FIEYE e
vd] w Ly , R+S'I.d_ 14 0 | - _ T
'cm='p{K.,- iq+(I-q-I:u)' o iq) S e .. (3}:

Wherein, voltages applied to the synchronous
motor are represented as the formula (4) which is .
obtained by transforming the formula (1). The
applied voltages of the synchronous motor are
calculated using the formula (2) and formula (4).

Yy = \/ %(v2 + v'j) cos[ﬂ j- a] |
+v3)- cos{ﬂ - 2;‘-1-' a]

2(yv2
. 2m g
.\VW=V %(v% + v3) cos{e +4 -|~a]

3 (4]
. — a1 ¢¥d
Vherin o =tan (Vq)

- (4)



Wherein, p represents a nunber of pairs magnetic poles, R represents a .
w ndi ng resistance, Ld, Lq represent sez I nduct ances which are transfornmed
to the d-, g-coordinates system Ke represents a constant of speed '

el ectronotive voltage. Further, [err]- represents an electric angle. .
When a surface magnet arrangenent synchronous notor is enployed, Lgq = Ld,
therefore it is understood fromthe equation (3) that the d-axis current
gives no influence to torque Consequently, it is sufficient that the

d- axi s currenit'w]iﬂs coptrolled to be O for mnimzing the notqr currgnt, that
is for perfor greliye Porfepresenbsgiar ndmbelrenof. PaAT Shi

Cre BAGEETS BAAY Pl WAL LAY S
2 M SEE A LAV e P

Fig. 2 rdgransterme _gibhéiﬁu& gcverd inatesosystém, vd eage

anplitude. 8¢ esents a constant of speed electromotive
voltage. Further, o represents an eléctric
angle. »

When a surface magnet arrangement synchronous - .

motor is employed, Lq = Ld, therefore it is
understood from the equation (3) that the d-axis
current gives no influence to torque: ° |
Consequently,~ it is sufficient that the d-axis .
current is controlled to be 0 for minimizing the
motor current, that is for performing torque t
control with higher efficiency. When this
condition is applied to the formula (5), it is
understood that a desired current phase is 0
(fixed). But, it is understood that the current
phase should be changed as illustrated in Fig. 2
even when the current phase at the maximum torque
control becomes a fixed value. |

iy = -\/ %‘xﬁ + 15). cos{e; +8
1, =-\/§ii§+i35- cod8 - 25-1-;-,3]_
\Jw = -\/—g(ig +12)- cos{e +2311 +.,3] | . (s)
| Zow. B=tan’ () -

]

Wherein,uFig. 2 represents a simulation result
of changing components in voltage amplitude and



vol t age phase under the condition that e current phase is determned to

be O rad for perform ng torque control ficiently when the surface nmagnet
arrangenent brushl ess DC notor (equi pnent constants: p =2, Ld =Lg =5
mHl, Ke =0. 11 [V*s/rad], R= 0.5 [err] ], power frequency: [err] - =
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(7) whi chnizsl dmni uaty dbhewelndwultameB of fanmg edded magnet

Lerrl arrangement brushless DC motor. Therefore, the
efficiency improvement effect of the torque
control in which the voltage amplitude and voltage
phase are changed, is smaller than that of the
embedded magnet arrangement brushless DC motor.
But, efficiency improvement effect of the torque
control is obtained by employing the surface
magnhet arrangement brushless DC motor and by
changing the voltage amplitude and voltage phase.

On the other hand, from the above document of

“a controlling method which is adequate-to an
embedded magnetic arrangement PM motor (Umekomi—
jishaku-kouzou-PM-mota ni- tekishita seigyohou)”,
the maximum torque (minimizing motor current)
condition of the embedded magnet arrangement
synchronous motor is given by d—, and g-axis
current§ in the formula (6). The generation
torque under this condition is represented by the .
formula (7) which is obtalned from the formula (3)
and formula (6). |

Ke- VK2 +4- 1-p)L2 2

2-(1-p) Ly
=3 12 2

Ig= -

(6)

Wherin\ p=LQ/LdT%50



- [err] That is, it is understood tgat the distribution of the d-, and
g- axis currents should be adjusted suit y responding to the size of the
torque when the torque control is performed for m nimzing the notor
current. Further, for a reluctance notor (a notor driven by reluctance
torque only) which is one species of synchronous notor, it is understood
that the current phase of 45 degrees is the naxi mumtorque control
condition by determ.ning the speed el ectronptive voltage constant to be O

in the equation (6). In the reluctan Lar, a designing R?.pqutgr y
carried out th hg in qggapdgy+4.1 thnﬁged to be great for-o Ining a
reluctanoeg?br (%é gb ﬂﬁat -#hebchaﬁgﬁﬁg go onent in voltage phase shoul d
be determ ned to be great. -Therefore, efficiency inprovenent effect which
is simlar to that of the enbedded nagnet arrangement brushless DC notor is
realized by pe?ﬁﬁrning torque control_by changing the voltade anplitude and

vol tage phase. Thawhels,n, 1it i's aendetesdodsdhadprthee formla (6) and
w i n ondlh St BT 0% “EhY F s ahuk cmuA i S BARGE S Sor ush eoe
Do motor ghguTdnbéecad jiictel a1 tdblP Fshbnding 0’ tHd size
of the torque when the torque control is performed
for minimizing the motor current. .
Further, for a reluctance motor (a motor '
driven by reluctance torque only) which is one
species of synchronous motor, it is understood
that the current phase of 45 degrees is the
maximum torque control condition by determining
the speed electromotive voltage constant to be 0
in the equation (6). In the reluctance motor, a
designing is popularly carried out that the
inductance L is determined to be great for
obtaining a reluctance torque, so that-the
changing component in voltage phase should be
determined to be great. -Therefore, efficiency
improvement effect which is similar to that of the
embedded magnet arrangement brushless DC motor is
realized by performing torque control by changing
the voltage amplitude and voltage phase.
Wherein, it is considered based upon the .
formula (6) and formula (7) that a load such as a
compressor which changes its load torque within
one rotation is driven by the embedded magnet
arrangement brushless DC motor (equipment.
constants: p =-2, Ld = 8.7 [mH], Lq = 22.8 [mH],



Ke = 0.11 [V*s/rad], R 0.5 [[err] ], _power frequency: = 2[err] *30
[rad/s]), and it is understood that thgﬁj and g-axis currents should be
changed corresponding to rotation position (magnetic pole position) of the
rotor as illustrated in Fig. 1. Furt her, when the obtained d-, and g-

the reakgur h TP ol oK oF 4a” Lot Fraebdweghase e
obt ai ne? gc]_ll Wy at ed pn =i T@*3Ot£ﬁge%el}to%@aitthp gcurrent

anpl i tude curr ase s ouI d be f generating a rque
whi ch i &1l eicsmmdxo Bt it ndt‘T,enanG])aq“Lam&rStﬁhlIEbemtSog)h

wth m 6 shiahdef %6%3%@5ﬁoﬂééﬁfée%yr§?€$‘ﬁdcﬂé ﬁ@géﬁiﬁﬁ?cﬁﬁ?ﬁ Lf"

whi ch a Iﬂ:e a g s in the current
anpl i tuglqelﬂ ﬁl?ﬁ%emfig sifo epze o?;e é]corrp | cat ed‘operations using
many nod.elilhhstmte slﬁr quired, and a man-hour for neasuring many

nodel i ng con Lant under 7 ach c d|t| for ngi derin the i nf luence of
tenperature r rﬁh ﬁﬁl:l Eéf or e@liG e~ AX1S

f 3%3?;@3? é@%ﬁ 5?? F?%re&aﬂﬁlé il e?%ri?@a. R aed e

i Ilustrgmplibteide and phasedeftt traafhemlenbdﬂsmmg)hﬁﬁel n

fﬁ}?ﬂﬂﬁedVOTfmefho%heb%ﬁBi%¥hd %gg“%}% 3ﬁta1ned
as illustrated in Fig. 3. It is understood that
the current amplitude and current phase should be
‘changed for generating a motor torque which is
coincident to-the intermittent load under the
condition that the motor current is minimized..
Based upon .this knowledge, the torque control with
minimized motor current is realized by employing
the simple control which adjusts the size and
phase of the changing components in the current
amplitude and in the current phase. Therefore,
complicated operations using many modeling . .
constants are not required, and a man-hour for
measuring many modeling constants under each
condition for considering the influence of
temperature rlslng and magnetic saturation is not
required.

Furthermore, when the required applied
voltages are obtained using the formula (2) and
formula (4), the applied voltages are obtained as
illustrated in Fig. 4. It is understood that the
amplitude and phase in the applied voltages should
be changed in synchronism with the intermittence



in the load torque, as is simlar as of the notor currents. Furt her,
dashed lines in Fig. 3 and Fig. 4 repr2&ent an average val ue of the

wavef or m When the brushl ess DC notor driving device of the 21-st
embodi nent accor di ng to the present invention is enpl oyed the first center

poi nt volta ned using resistances ch havin end ichis
connect ebil} t of@&d Eé}mﬂﬁa oBSath pﬁégﬂ-e-gﬁn @S CamP BRI her
end whi 351}?1?1 ﬂ@;‘%ct ed to one another, the second center p0| nt voltage is
obt ai ne é h stator wi ndi ng of each phase of the brushless DC notor

which is conri@atxe@h@érondashe@ rinerotar Fige Bf BridndRi get when the

first center point v tage and the segond.c point vqltage is
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-a di sadgfinteaeh sphrase yof the inverter and anothier end ,
which is connected to one another, the second
center point voltage is obtained using each stator
winding of each phase of the brushless DC motor
which is conmected at one end to one another, the
difference between the first center point voltage
and the seecond center point voltage is integrated
by the integration means so that the integration
signal is obtained, the magnetic pole position of
a rotor of the brushless DC motor is detected by
the magnetic pole position detection means based
upon the integration signal, inverter control.
means for controlling an-inverter so that the
changing voltage which is advanced with respect to
the phase of the load torque is superposed upon
the average value voltage command in synchronism
with intermittence of the load torque for applying
to the brushless DC motor by the inverter control -
means using the inverter. And, during this
operation, the changes in peak value of the
integration signal are suppressed by the peak
value changing suppression means.

Therefore, -a disadvantage is greatly



suppressed in that beat phenonena is ge ated due to coincidence of the
integration signal and the notor cycle. nsequently, nagnetic pole

position detection signal is stabilized so that the driving range of the
brushl ess DC notor is enlarged. Further, efficiency of the brushless DC

Lo v SHBBLE S sed o045t b L hBR e L BBREAEREY At
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means. . Therefore, operations simlar to those of the 21-st enbodi ment
are perfoimrovedvvlen the brushl ess DC notor driving device of the 23-rd

cornt vort age. NEGHO £ el BrRiSRTRs ST IR L udaR, URiREg, I8 GBS

Connest cittie 22sneliiatinest et ghdine jochucpresenancine

obuﬂnaiiﬂV@Hi&@Hni&wempfbye , Tor suppressimg changes in .
the peak value of the integration signal, the
inverter interval is divided by the.division
means, and the level of the integratidén signal is
judged at every divided interval by the judgment.
means whether the level is great or small. And,
the inverter voltage phase is retarded responding
to the judgment result representing that. the level
of the integration signal is great and the
inverter voltage phase 'is advanced responding to
the judgment result representing that the level of
the integration signal is small by the inverter
voltage phase control means. .

Therefore, operations similar to those of the
21-st embodiment are performed.

When the brushless DC motor driving device of
the 23-rd embodiment according to the present
invention is employed, the first center point
voltage is obtained using resistances, each having
one end which is connected to an output terminal
of each phase of the inverter and another end
which is connected to one another, the second
center point veltage is obtained using each stator




‘wi ndi ng of each phase of the brushless DC notor which is connected at one
end to one another, and the difference l%ween the first center point

vol tage and the second center point voltage is integrated by the

i ntegration neans so that the integrati-on si‘gnal-is obtained, the nmagnetic
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Che- i ni et nglngnphase uwhich 1s a vanced With respect to
the phase of the load torque is superposed upon
the average value phase command in synchronism
with intermittence of the load torque for applying
to the brushless DC motor by the inverter control
means using the inverter. And, during this
operation, - changes in peak value of the _
integration signal are suppressed by the.peak
value changing suppression means. |

Therefore;, a disadvantage is greatly
suppressed in that beat phenomenon is generated
due to coincidence of the integration signal .and
the motor cycle. Consequently, the magnetic pole
position detection signal is stabilized so that
the driving range of the brushless DC motor is
enlarged. Further, efficiency of the brushless DC
motor is improved.

When the brushless DC motor driving device of .
the 24-th embodiment according to the present |
invention is employed, for suppressing changes of
the peak value of the integration signal, the
inverter interval is divided by the division
means, and the-integration signal is judged




whether its level is great or small for every divided interval by the

judgnent neans. And, the inverter voltad¢gQanplitude is increased responding
to the judgment resul t representing that the |evel of the integration :
signal is great and the inverter voltage anplitude is decreased respondi ng
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Therefore, operations similar to those of the )

23-rd embodiment are performed.

~

Brief Description of the Drawings _?-’

Figures 1 are charts illustrating relationship
between a position angle of a rotor and a torque,
relationship between the torque and d-, and g—axis
currents, and relationship between the position
‘angle of the rotor and-the d-, and g-axis
currents, respectively; g

Figures 2 are charts illustrating s1mu1at10n
results of changing components in voltage
amplitude and voltage phase under the condition
that a current phase is determined to be 0 rad in
a surface magnet arrangement brushless DC motor,
and a fundamental wave of a load torque,
respectively; :

Figures 3 are charts illustrating phase and
amplitude of motor current of each phase for
obtaining the d-, and g—axis currents illustrated
in Figs. 1, and the fundamental wave of the load
torque, respectively:



Figures 4 are charts illustrating the phase and anplitude of a notor
appli ed voltage of each phase for obtairf8@g the d-, and g-axis currents
illustrated in Figs. 1; Figure 5 is a block diagramillustrating an
enbodi nent of a synchr onous motor drjving device according to the present

i nventi on; ure 6 js a ro hart usgful n under st t he
bheration’ or i sliasodatio ehalts rildiissdating ihe phase s

Syne L?oﬁoﬁi’“ﬂoﬁhﬁm"%ﬁﬁﬁ?@f AHEEOR ADDT Thd YOI HRBe 0 6ach

Figure 8 phase ofolrrobteining ltheﬂdﬂnmandHwaxisucwrﬁent%
synchronogmtor drivi,ng de |II strated I n 7; Figure 9 is a

bl ock dia stixai |r3d1alﬁlflgSher enbodi ment of a synchr'onous not or

1 ovehart - user B BHLhagr tsfgn?rf FIGER, AT SENA0 Ll ust R ihk <B4 o0

driving deyilsedimestt abf) an dyactironous motor driviimekdbpsige

i|lustrating yet.another e nt of a sync ronous mot or  dTi Vi ng .
accor di ngaCC ke pngs ebo | entpmesent FLawent Z.OB,a flowchart useful in

et a2 Fg 8 %6 Ts2la, P e s R L ey b g v
e ubdoratatidigy hereperatdof of S sTelirotods
31 motor dr1v1ng device illustrated 1n Flg 5; ;
Figure 7 is a block diagram illustrating
another embodiment of a synchronous.motor driving
device according to the present invention;
Figure 8"is a flowchart useful in
understanding the operation of the synchronous
motor driving device illustrated in Fig. 7;
Figure 9 is a block diagram illustrating a
further embodiment of a synchronous motor driving
device according to the present invention;
Figure 10 is a flowchart useful in- .
understanding the operation of the synchronous
motor driving device illustrated in Fig. 9;
Figure 11 is a block diagram illustrating yet
-another embodiment of a synchronous motor driving
device'gccordihg to the present invention;
- Figure 12 is a flowchart useful in
understanding the operation of the synchronous
motor driving device illustrated in Fig. 11;
Figure 13 is a block diagram illustrating yet
further embodiment of a synchronous motor driving
device according to the present invention;
Figure 14 is a flowchart useful in



understanding the operation of the synchronous notor driving device

illustrated in Fig. 13;. Fi gure, 15 ig]a bl ock diagramillustrating a
further embodi ment of a synchronous notor driving device according to the
present invention; Figure 16 is a chart |IIustrat|ng the relationship
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|32 Fig. @ompre@%r_@; 23 is a diagramillustrating a control .
Figure 17 is a chart illustrating the

frequency distribution of the compression ftorque;

Figure 18 is a block diagram illustrating a
further embodiment of a synchronous motor driving
device according to the present invention;

Figure 19 is a flowchart useful in
understanding the operation of the synchronous
motor driving device illustrated in Fig. .18;

Figures 20 are charts illustrating changing in
torque, current amplitude, current phase when a
third order harmonic in a current waveform is
adjusted so that the third order harmonic which
has a size of about 10 % with respect to a size of
fundamental wave of the torque is superposed upon
the torque Waveform,

Figure 21 is an electric 01rcu1try diagram
illustratlng a yet further embodiment of a
synchronous motor driving device according to the .
present invention;

Figure 22 is a block dlagram illustrating an
arrangement of the microprocessor illustrated in
Fig. 21; :

Figure 23 is a diagram illustrating a control



nodel corresponding to F|g 21; Figure 24 is a flowhart useful in
under standing an interruption operatlonEﬁZ|IIustrated in Fig. 22

Figure 25 is a flowhart useful in understanding an interruption operation
2 illustrated in Fig. 22; Figure 26 is a flowhart useful in

~understandi ng an interruptiom-operatioms3 ill4gptrated in Fig. 22; |

Fi gures 2171%?6 Iﬁpff;esmnaehﬁ %.SQ éllgwa\ﬁerrrs of each section of ‘the

synchronous no [ 21z and Fig. 22;
Pty oo dgy cg flggpggéf@t dsEfyl2lia

Figures 28 are ratln I'ne Vol t'age anplltude

vmtagephnéenﬁ@andyngmanemnbeWEUpmlancopematiemE$ actual device
Is driven, co trolllag 1 he Dlta phase and vol tage anplitude, each

bei ng conﬂr ustryra nedi i td@ >0t her, based upon the~scope of the
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and voltag nplltu each bejng goptro not "I n connection to the
ot her, badddl usdkirade dcdﬂa 1€he 4&xi num tor que control; Figure 30 is
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accor di ngyrf Ehes BRIRGIhg Nuet i Aterruption operation 3 33 .

illustrated in Fig. 22; |

Figures 27 are charts illustrating sighal
waveforms of each section of the synchronous motor
driving device illustrated in Fig. 21°and Fig. 22;

Figures 28 are charts illustrating changes in
line voltage amplitude, voltage phase, phase -
current,” and inverter DC current when an actual
device is driven by controlling the voltage phase
and voltage amplitude, each being controlled in
connection to the other, based upon the scope of
the maximum torque control; <

Figures 29 are charts illustrating changes in
line voltage amplitude, voltage phase, -phase
current, and-inverter DC current when an actual
device is driven by controlling the voltage phase
and voltage amplitude, each being controlled not
in connection to the other, based upon the scope
of the maximum torque control;

~ Figure 30 is a block diagram illustrating an

arrangement of a microprocessor which is a main
section of a further embodiment of a synchronous
motor driving device accordlng to the present
invention; -




Figure 31 is a flowhart useful in understanding the operation of an

i nterruption operation 1 illustrated in g. 30; Figures 32 are charts
illustrating signal wavefornms of each section of the synchronous notor
dri-ving device illustrated in Fig. 21 and Fig, 30; Figure 33 is a block

ecti on of & oL SUF Ehes Lo [#3‘% ﬁﬁﬂﬂq&&cwﬁcﬂfééﬁif mdib Griving device
accor dl nqrhelaps g erativnUof Ad sintdpristiggel vl 1
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Fi gure 40seetiomrofl |austedt iffartieerr eémbudtgmlen’geb/ﬁea the integration.
signal |evel .
synchronous motor dr1v1ng dev1ce accordlng to the ..
present invention;

Figure 34 is a flowchart useful _in
understanding an operation for obtaining a
compensation phase amount command;

Figure 35 is a chart illustrating the !
relationship between the integration signal level
and the phase changing component amplitude; "

Figure 36 is a block diagram illustrating an
arrangement of a microprocessor which is a main
section of an embodiment of a brushless: DC motor
driving device according to the present invention;

Figure 37 is a flowchart useful in -
understanding an operation of the interruption
operation 1 illustrated in Fig. 36;
| Figure 38 is a flowchart useful in
understanding an operation of the interruption
operation 2 illustrated in Fig. 36;

Figures 39 are charts illustrating signal
waveforms of each section of the brushless DC
motor driving device illustrated in Fig. 36;

Figure 40 is a chart illustrating the .
relationship between the integration signal level



and -t he phase changi ng conponent anpl i tgfli Figures 41 are charts
illustrating an integration signal, speed, conpensation voltage
pattern, and conpensation phase pattern when the brushl ess DC notor drivi ng
device illustrated in Fig. 36 is appl i ed; Figures 42 are charts
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35 yoltage pattern when the 1nverter voltage phasewls
not changed;

Figure 43 is a block diagram illustrating an
arrangement of a microprocessor which is a main
section of another embodiment of a brishless DC
motor driving device according to the present
invention;

Figure 44 is a flowchart useful in _
understanding an operation of the interruption
operation 1 illustrated in Fig. 43;

Figures 45 are charts illustrating signal
waveforms of each section of the brushless DC
motor driving device illustrated in Flg 43, .and
operation contents,

Figure 46 is a block diagram 1llustrat1ng an
arrangement of a microprocessor which is a main
section of a further embodiment of a brushless DC
motor Hriving device according to the present
invention;

Figure 47 is a flowchart useful in
understanding an operation of a partial section of
the interruption operation 1 illustrated in Fig.
46;

Figure 48 is a flowchart useful in



under st andi ng an operation of a remaining section of the interruption
operation 1 illustrated in Fig. 46; gﬁgure 49 is a block diagram
illustrating an arrangenent of a mcroprocessor which is a nain section of
yet anot her enbodi ment of a brushless BC notor driving device according to
the prese nvention Figure 50 i a floywhart useful, i n under standi ng
anopaarunﬂersmandlmgsaa|®pafatmomn r @ptFeMakbRiNg osaction
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Figure 50 is a flowchart useful in s
understanding an operation of a partial section of .,
the interruption operatlon 1 illustrated in Fig.
49; and

Figure 51 is a flowchart useful in
understanding an operation of a remaining section
of the interruption operation 1 illustrated in_
Fig. 49.

Best Mode for Carrying Out the Invention

Hereinafter, referring to the attached
drawings, we explain the embodiments of the, .
present invention in detail. :

Fig. 5 is a block diagram illustrating an
embodiment of a synchronous motor driving device
according to the present invention.

Thls-synchronous motor driving device includes
a speed deviation calculation section 1 for
calculating a deviation between a speed command w *
and a motor speed w, a speed controlling section
2 for outputting an average value command of a
current amplitude by inputting the calculated
deviation and by carrying out a predetermined



operation (for exanple, Pl operation (proprtional and integral operation)},
a current anplitude conmand out put secti 3 for adding the average val ue
command of the current anplitude and a changi ng conponent of the current
anpl i tude at every rotation position output froma torque control sect.ion

thr e phaOD@r e hotk LHaEn Xl 617 r@liﬁﬁéﬁhﬁl "tfﬂwﬁﬁ?@i‘%mﬁl |
phase congmih Sf%u ect.‘%ﬁ@}aa?ﬁ?s@??a %SQ% Al for%%pm’éﬁgcﬁ”em

three phag@mnad anutgubnsemtmnm sEdnradding mthe (@verwageanyl e,

a current-f Il nverter

nputtin thethre Itern te current
command, Y¥a&ldéen eemiBa méﬂflﬁ'élé f t he

chol o ottt fETRE, (?9{@@?%"@%%"@3@%?& mmﬂ% A% fing

position angbeyl ero]tatqrcmrmsat@@nd catputt fworrai gopgiee inputting

the position angte [err] u at | out pytti ng tor speed
t her ef r onCQIMEL qlSsEG&ilt@Hl ct sarlﬁeaT ﬂate taﬁ @Y speed

Lo ] PnIREERCP i3I8 & Ehtrenitor ARl LR oAbl ATt ae. 1 uae

thairrt PUSERISH LGN AipngcglamE eemie o tge

ggrryl ng dmputming cb eocumem oamn atax epleomaneideanrdn aed
current phase command output from a current phase
command output section 11 (described later) and
for outputting a three phase alternaté current
command based upon a formula (8) for example, a .
current—fed inverter 5 for inputting the three
phase alternate current command, a synchronous
motor 6 to which is applied the output of the
current—fed inverter 5, a rotor position detecting
section 7 for detecting a pole position of a rotor
of the synchronous motor 6 and for outputting a
position angle & therefrom, a speed calculating
section 9 for inputting the position angle # and
for calculating and outputting a motor speed
therefrom, the torque control section 10 for
1nputt1ng the motor speed w and position angle &
, for carrying out a torque control-operation, and
for outputting a changing component of the current
amplitude at every rotation position, a phase
‘control section 8 for inputting the changing
component of the current amplitude at every
rotation position, for carrying out a phase
control operation (for example, a predetermined



coefficient is multiplied and a phase sRkifting operation is carried out),
and for calculating and outputting a chddgi ng conponent command of a
current phase, and the current phase comand output section 11 for adding
an average phase command * which is obtained by a manner which is known in
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command and for calculating and outputfing ‘the
current phase command therefrom.

jusIm -cos( @+ B)
iv=1m - cos( 9—23{1+ﬁ)

iw=Im-Ct-JS(9+2§I‘+B) ' | | -« - (8) :

Further, the rotor position detecting sectibn
7 is exemplified as a rotation position sensor
such as an encoder and a counter circuitry for the
output therefrom, a position detecting circuitry
for performing filtering to a motor terminal
voltage, a circuitry for carrying out p031tlon
calculation from electrical parameters of a motor
and the like.

Furthermore, in this embodiment and following
embodiments, the synchronous motor 6 is
exemplified as a surface magnet arrangement
brushless DC motor, an embedded magnet arrangement.
brushless DC motor, a reluctance motor and the
like. |

Fig. 6 is a flowchart useful in understanding
an operation of the synchronous motor driving
device illustrated in Fig. 5.



In step SP1, a rotor position (position angle) is input, in step SP2, a
rotation speed (notor speed) [err] is S8cul ated fromthe rotor position
in step.SP3, a difference between a real speed [err] and a speed comand
[err] * is applied a Pl operation (proportional, integral operation) and an
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current amplitude is obtained from a changing
component of the real speed, in step SP5, the
average current amplitude command and ‘the changing
component of “the current amplitude are added so as
to obtain and memorize an amplitude command, in
step SP6, the changing component of. the current
amplitude is multiplied with a coefficient, then
is shifted so as to obtain a changing component of
a current phase (wherein, the coefficient, and a
shifting amount are determined experimentally, for
example), in step SP7, an average phase command &
* from the exterior and the changing component of
the current phase are added so as to obtain and
memorize a phase command, in step SP8, the
memorized current amplitude and phase command are
supplied to the three phase alternate current
calculating section, in step SP9, a current of
each phase is obtained and is supplied to the
current—fed inverter, then the operation returns
to an original processing. '

Therefore, reduction in v1brat10n is realized

by adding the average current amplitude command



and t he changi ng conponent of the current anplitude so as to obtain the
anplitude command. Also, inprovenent irf3@fficiency is realized by adding
t he average phase command [err] * fromthe exterior and the changi ng

corrponent of the current phase so as to obtain the phase command. As a

resul t, clic intermtient load is ap I|e gue control ‘under a
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Fig. S Furth&igin Tids7a thtovkrditagramot kbastrating another .,
embodiment of the synchronous motor driving device
according to the present invention. .

This synchronous motor driving device is
different from the synchronous motor driving
device illustrated in Fig. 5 in that a current
deviation calculating section 5d for calculating a
deviation between the three phase alternate
current command and a winding current detection
value which is output from a winding current
detecting section bc (describes later),: a current
control section 5a for inputting the calculated
deviation and for carrying out current "control so
as to transform a current command into a voltage
command, a voltage-fed inverter 5b for inputting
the transformed voltage command, and the winding
current detecting section 5¢ for detecting a
winding current of a synchronous motor 6

~ (described later) are employed instead of the
current—fed inverter 5. The other arrangement
sections are similar to those of the synchronous
motor driving device illustrated in Fig. 5.
Further, in Fig. 7, the current control section




5a, voltage-fed inverter 5b, winding current detecting section 5c and
current deviation calculating section 5dlQQonstitute a current-fed inverter.
Fig. 8 is a flowhart useful in understanding an operationof the

~ synchronous notor driving device |IIustrated in Fig. 7. In step SP1, a
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operation,is carrled out by inputting the real speed [err] and the rotor
position inverte Bbt.ai n a changi ng conponent in current arplitude froma
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S T P S ol
the threespmed)al t W natis cogkoulated from the rotor posutlon
, in step SP3, a difference between a real  speed
and a speed command « * is applied.a PI operation
(proportional, integral operation) so’as to obtain
an average current amplitude command, in step SP4,
the torque control operation is carried out by,
inputting the real speed w and the rotor position
so as to obtain a changing component in current.
amplitude from a real speed changing component,
step SP5, the average current amplitude command
and the changing component in current amplitude
are added so as to obtain and memorize an . .
amplitude command, in step SP6, the changing
component in.current amplitude is multiplied by a
coefficient and then shifted so as to obtain a
changigg-compohent in current phase (wherein, the
coefficient, shifting amount are determined
experimentally, for example), in step SP7, an
average phase command & * and the changing
component in current phase are added so as to
obtain and memorize a phase command, in step SP8,
the memorized current command and phase command
are supplied to the three phase alternate current




cal cul ation section, in step SP9, each phase current is obtained and is
supplied to the current-fed inverter, tHEh the operation returns to an
ori ginal processing. Therefore, reduction in vibration is realized by
addi ng the average current anplitude conmand and the changlng conponenL in

t he current l4i t ude so as oobtal.nthea 0,
irrproverr;aﬁaf(gﬁgf ‘EélQﬁc rlé%llls zeklhy LAB rS;)lsghe h ﬁa comr"]rand
fo b 1o CHEFEREN, ?‘9%%%‘5@ Aoy ?ﬁ?ﬂ?@cﬁ‘% ﬂ?@? mttent T oad
i s apmlemnpemmr'@drmnvemxeyrnm @Hw ¢ife coperabidit i petiernst
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exterior and the changing component in the  current
phase so as to obtain the phase command. As a
result, a cyclic intermittent load is ‘applied
torque control under a maximum efficiency
condition so that vibration is reduced.

Further, the synchronous motor driving dev1ce
illustrated in Fig. 7 can be simplified in its
arrangement in its entirety, because the device
employs a voltage-fed inverter which has a main
circuitry arrangement which is more simple than
that of a current—fed inverter. C

Fig. 9 is a block diagram illustrating a
synchronous motor driving device of a further
embodiment according to the present invention.

ThlS synchronous motor driving device includes
a speed deviation calculating section 21 for
calculating a deviation between a speed command w/ *
and a motor speed w, a speed control section 22
for outputting an average value command of a
voltage amplitude by inputting the calculated
deviation and by carrying out a predetermined
operation (for-example, a PI operation), a voltage




anpl i tude conmmand out put section 23 for.adding the average val ue command of
the vol tage anplitude and a changi ng, codfdnent of the voltage anplitude at
every rotation position output froma torque controlling section 30 .
(described later) and for outputti ng a vol t age anplitude command, a three
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carried ob)- SitpAtting three phase alternate currert
command based upon a formula (9) for example, a
voltage—fed inverter 25 for inputting ‘the three
phase alternate current command, a synchronous
motor 6 to which is applied the output of the.
voltage-fed inverter 25, a rotor position n
detecting section 27 for detecting a pole position
of a rotor of the synchronous motor 6 and for
outputting a position angle @ therefrom, a speed
calculating section 29 for inputting the position
angle § and for calculating and outputting.a
motor speed @ therefrom, the torque control
section 30 for inputting the motor speed w and
position angle & , for carrying out torque
control operation, and for outputting a changing
component of the voltage amplitude at every
rotation position, a phase control section 28 for
inputting the changing component of the voltage
amplitude at every rotation position, for carrying
out a phase control operation (for example, a
predetermined coefficient is multiplied and a
phase shifting-operation is carried out), and for




cal cul ating and out putting a changi ngﬁrrponent command of a vol tage phase,
and the vol tage phase command out put tion 31 for adding an average phase
command [err] * which is obtained by a manner whi.ch is known in the past
and the chang| ng conponent command and for callrlcul ating and out putting the
vol t agep WW% ngg IP‘ED S breg npl i tude
[err] |s a vollt e ase r| n, dﬁll]ng e rB{thm% C@)m?or pngjtlon
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Wherin,' Vm is a voltage anplitude,hRis a voltage phase (9)
herin, Vm is a iy

Further, the rotor position detection section
27 is exemplified as a rotation position sensor
such as an.encoder and a counter circuitry for the
output therefrom, a position detecting circuitry
for performing filtering to a motor terminal
voltage, a circuitry for carrying out position
calculation from electrical parameters of a motor
and the like.

Fig. 10 is a flowchart useful in understandlng
an operation of the synchronous motor driving
device illustrated in Fig. 9. |

In step SPI, a rotor position (p031t10n angle)
is input, in step SP2, a rotation speed (motor
speed) o 1is calculated from the rotor position ¢
, in step SP3, a difference between a real speed
and a speed command o * is applied-a PI operation
(proportional, integral operation) so as to obtain
an average voltage amplitude command, in step SP4,
torque control -operation is carried out by



I nputting the real speed [err] and the rotor position so as to obtain a
changi ng conponent in voltage anplitude 44om a real speed changi ng
conponent, in step SP5, the average voltage anplitude-conmand and the
changi ng conponent in voltage anplitude are added so as to obtain and
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coefficient, shifting amount are determined
experimentally, for example), in step SP7, an
average phase command (A * and the changing
component in“voltage phase are added so as to
obtain and memorize a phase command, in step SPS,
the memorized amplitude command and phase command
are supplied to the three phase alternate current
calculating section, in step SP9, each phase
voltage is obtained and is supplied to the
voltage—fed inverter, then the operation returns
to an original processing.

Therefore, reduction in vibration is reallzed
by adding the average voltage amplitude command
and the changlng component in the Voltage
amplltude so as to obtain the amplitude command.
Also, improvement in efficiency is realized by
adding the average phase command X * from the
exterior and the changing component in the voltage
phase so as to obtain the phase command. As a
result, a cyclic intermittent load is applied the
torque control under a maximum efficiency.
condition so that vibration is reduced.



Fig. 11 is a block diagramillustrating a_synchronous notor driving device
of yet anot her enbodi nent, according to be present i nventi on. Thi s
synchronous notor driving device includes a speed deviation cal cul ating
section 41 for calculating a deviation between a speed command [err]* and

Za{'ﬁé"éoiﬁéﬁé’ 1n Blroes shalaigks thlastam il LASE ALl s onane
I

vol figéy'p%?léﬁ W?b%ﬁ?@cﬁﬁﬁlﬁﬁo SARICCAL it S S

command oembedimevt awse Bng ctansthe present ol nwentdonge phase

Cotr Vou”| ot AR By arCnEotic e tor, dESHiRE Hevaie ] neludese

Commnd aftl SR GaS TR LIS B TE T ating %t%”ﬂ?@él ?-Eﬁée i Fude

cmmﬁmiowambu%amrmgahfd@ﬁld%@oﬁﬂbekwmgpmﬁ gpi@d eammapéau*

phase alterngte curren connaqg based upon a for exanple
vol t age- i & elOLOLs SPpeadptyt,i ng tSpeed c€qinido |1Saee$t]eonur42nt

ot age. t SOTRA BB L THE! e, BBFakh w2l Ehe a4 1 far "

oo i OB phas i, PINAARC BleClel el S

for i nput dewidakiosi arm b}glea[rery]mgdo‘wt el priedetermd roedput ting .a

mnorSpeeperatlon (for example, % PI operation), a voltage‘
phase command output section 43 for.adding the
average value command of the voltage: phase and a
changing component of the voltage phase at every.
rotation position output from a torque control
section 50- (described later) and for outputting a
voltage phase command, a three phase alternate
current calculating section 44 for inputting the
voltage phase command and a voltage amplitude
command output from a voltage amplitude command

~output section 51 (described later) and for. .
outputting a three phase-alternate current command
based upon a formula (9) for example, a voltage-—
fed inverter 45 for inputting the three phase
alternate current command, a synchronous motor 6
to which is applied the output of the voltage—fed
inverter 45, a rotor position detecting section 47
for detecting a pole position of a rotor of the
synchronous motor 6 and for outputting a position
angle @ therefrom, a speed calculating section 49
for inputting the position angle # and for

calculating and outputting a motor speed



therefrom the torque control section 50 for inputting the notor speed
[err] and position angle for carrying torque control operation, and
for outputting a changing conponent of th% ol tage phase at every rotation
position, an anplitude control section 48 for inputting the changing
conponent of the voltage phase at every rotation position, for carrying out
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coefficient is multiplied and a phase shifting
operation is carried out), and for calculating and
outputting a changing component command of a
voltage amplitude, and the voltage amplitude
command output section bI for adding .an average
amplitude command Vm* which is obtained by a
manner which is known in the past and the changlng
component command and for calculating and
outputting the voltage amplitude command °
‘therefrom.
Further, the rotor position: detectlng section
47 is exempllfled as a rotational position sensor
such as an encoder and a counter circuitry for the
~output theréefrom, a position detecting circuitry
for performing filtering to a motor terminal
voltage, a circuitry for carrying out position
calculation From electrlcal parameters of a motor
and the like. .
Fig. 12 is a flowchart useful in understandlng
an operation of the synchronous motor driving
device illustrated in Fig. 1l.
In step SP1, a rotor position (position angle) &
is input, in step SP2, a rotation speed (motor



'speed) [err] is calculated fromthe rotor position [err] in step SP3, a

difference between a real speed and a sp command [err] * is applied a PI
operation (proportional, integral operati®oh) so as to obtain an average
vol t age phase command, in step SP4, torque control operation is carried out

by inputting the real speed [err] and the rotor position [err] so as to
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the changing component in voltage phase are added
so as-to obtain and memorize a phase command, in
step SP6,- the changing component in voltage phase
is multiplied by a coefficient and is then shifted
so as to obtain a changing component in voltage
amplitude (wherein, the coefficient, shifting
amount are determined experimentally, for
example), in step SP7, an average amplitude
command Vm* and the changing component in voltage
amplitude are added so as to obtain and memorize
an amplltude command, in step SP8, the memorized
amplltude command and phase command are supplied

.to the three phase alternate current calculating
section, in step SP9, each phase voltage is
obtained and is supplied to the voltage—fed
inverter, thén -the operation returns to an
original processing. -

Therefore, reduction in v1brat10n is realized
by adding the average voltage phase command and
the changing component in the voltage phase so as
to obtain the phase command. Also, improvement in
efficiency is realized by adding the average




anpl i tude command Vnt fromthe exterior and the changi ng-conponent in the
vol tage anplitude so as to obtain the anp%'tude_connand. As a result, a
cyclic intermttent load is applied the torque control under a maxi mum
efficiency condition so that vibration is reduced. Fig. 13 is a block
dlagran1lllustrat|n§ a synchronous nmot or driviing device of a yet further
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a speed deviation calculating section 61 for
calculating a deviation between a speed command w*
and a motor. speed w, a speed control section 62
for outputting an average value command of a
voltage amplitude by inputting the calculated
deviation and by carrying out a predetermined
operation (for example, a PI operation);. a voltage
amplitude command output section 63 for adding the
average value command of the voltage amplitude and
a changing component of the voltage amplitude at
every rotation-position output from a torque
control section 70 (described later) and for

‘~outputting a voltage amplitude command, a three

phase alternate current calculating section 64 for
inputting the voltage amplitude command and a
voltage phase ecommand output from a voltage phase
command output section 71 (described dater) and
for outputting a three phase alternate current
command based upon a formula (9) for example, a
voltage—fed inverter 65 for inputting the three
phase alternate current command, ‘a synchronous
motor 6 to which is applied the output of the




vol tage-fed inverter 65, a rotor position detecting section 67 for
detecting a pole position of a rotor of ége synchronous notor 6 and for
_‘outputting a position angle t herefrom speed cal cul ating section 69
for inputting the position angle [err] and for cal culating and outputting
a notor speed [err] therefrom the torque control section 70 for
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Gotooti ng contRyl ostratioh, *and®fof ittt tHE™ chengite
component 6f the voltage amplitude at every
rotation position, a phase control section 68 for
inputting an inverter input current detected by an
inverter input current detecting section 72
(described later), for carrying out a phase
control operation, and for calculating and
outputting a changing component command.of a
voltage phase, the voltage phase command output
section 71 for adding an average phase command
Of * which is obtained by a manner which is known in
the past and the changing component command and
for calculating and outputting the voltage phase
command therefrom, and the inverter input current
detecting section 72 for detecting the inverter
~ input current (one species of detection quantities
which are related to efficiency) which is supplied
to the voltage—fed inverter 65 from a commercial
power source 73.
Further, the rotor position detecting section
67 is exemplified as a rotation position sensor
such as an encoder and a counter circuitry for the
output therefrom, a position detecting circuitry



for performng filtering to a notor termnal voltage, a circuitry for
carrying out position calculation from el 5g]rical paraneters of a notor and
the |ike. Furthernore, it is possible at the current control is
carried out by adding a wi nding current detecting section and a current
controlling section. Also, it is possible that a current-fed inverter is
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| Fig. 14 is a flowchart useful in understanding

an operation of the synchronous motor driving

device illustrated in Fig. 13. -

In step SP1, a rotor position (position angle) &
is input, in step SP2, a rotation speed (motor
speed) @ is calculated from the rotor position &
, in step SP3, ‘a difference between a real speed w
and’a speed command @ * is applied a PI operation
(proportional, integral operation) so_as to obtain
an average voltage amplitude command, in step SP4,.
the torque control operation is carried out by
inputting the real speed w and the rotor position &

“so as to obtain a changing component in voltage
amplitude from a real speed changing component, in
step SP5, the average voltage amplitude command
and the changing component in voltage amplitude
are added so as to obtain and memorize an
amplitude™command, in step SP6, the changing
component .in voltage phase is applied for
controlling and operating in response to a size of
an inverter input current (for minimizing .the
inverter input current), in step SP7, an average




phase conmand [err] * and the changi ng conponent in voltage phase are
added so as to obtain and nenorize a phaﬁﬁ%connand, in step SP8, the
menori zed anplitude conmmand and phase co nd are supplied to the three
phase alternate current cal culation section, in step SP9, each phase
voltage is obtained and is suﬁglled to the voltage fed inverter, then the
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>2 Therefore, reduction in vibration is realized
by adding the average voltage amplitude command
and the changing component in the voltage
amplitude so as to obtain the amplitude command.
Also, improvement in efficiency by performing
control which takes iron losses into consideration
is realized by calculating the changing component
in voltage phase in response to the size of the
inverter input current (for minimizing the
inverter input current) and by adding the changing
component in voltage phase and the average
amplitude command Vm* from the exterior so as to
obtain the phase command. As a result, a cyclic

‘~intermittent load is applied the torque control

under a maximum efficiency condition so that
vibration is reduced.

Furthermore, control for minimizing an
inverter input power may be carried out by adding
voltage détection and by calculating an inverter
input power, instead of controlling and operatlng
of the changing component in voltage phase in

" response to the size of the inverter input

current.



Fig. 15 is a block diagramillustrating a synchronous notor driving device
of a further enbodi nent according to the esent invention. Thi s
synchronous notor driving device includes a speed deviation cal cul ating
section 81 for calculating a deviation between a speed conmand [err] * and
a notor speed [err], a speed control sectjon 82 for_outputting an average
val ue command oft*hgvol 15gel hasebdypchpdl agyame I:]af[ushmitmng‘aaj on and
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operation (for example, a PI operation), a voltage
phase- command output section 83 for adding the
average value command of the voltage phase and a
changing component of the voltage phase at every
rotation position output from a torque control
section 90 (described later) and for outputting a
voltage phase command, a three phase alternate
current calculation section 84 for inputting the
voltage phase command and a voltage amplitude
command output from a voltage amplitude command
output section-91 (described later) and for |

outputting a three phase alternate current command
~based upon a formula (9) for example, a voltage-

fed inverter 85 for inputting the three phase
alternate current command, a synchronous motor 6
to which is applied the output of the voltage—fed
inverter 85, a rotor position degecting section 87
for detecting a pole position of ‘a rotor of the
synchronous motor 6 and for outputting a-position
angle & therefrom, a speed calculating section 89
for inputting the position angle ¢ and for
calculating and outputting a motor speed




therefrom the torque control section 90 for inputting the notor speed
[err] and position angle , for carrying o8f3 t or que control operation, and
for outputting a changi ng conponent of the voltage phase at every rotation
position, an anplitude control section 88 for inputting an inverter input
current detected hy an inverter input current detecting section 92

(descri bed fﬁﬁ&?@ nem, cathg nfoxiguen contirade secttborwddatfor, and for
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winding curfeft calculating and outputtfng a changing
component command of a voltage amplitude, the
voltage amplitude command output section 91 for
adding an average amplitude command {X * which is
obtained by a manner which is known in the past
and the changing component command and for
calculating and outputting the voltage amplitude
command therefrom, and the inverter input current
detecting section 92 for detecting the inverter
input current (one species of detection quantities
which are related to efficiency) which is supplied
to the voltage-fed inverter 85 from a commercial
power source 93. - |

Further, the rotor position detecting section
87 is exemplified as a rotation position sensor
such as'an encoder and a counter circuitry for the
output theréfrem, a position detecting circuitry
for performing filtering to a motor terminal
voltage, & circuitry for carrying out position
calculation from electrical parameters of a motor
and the like. - - '
Furthermore, it is possible that current

control is carried out by adding a winding current



detecting section and a current control section. Also, it-is possible that
a current-fed inverter is enployed insteg? of the voltage-fed inverter.
Further, a control for mnimzing an inv er input power may be carried
out by addi ng detection of voltage and by cal culating an inverter input
power, instead of controlling and operating of the changing conponent in

vo tage phdstontimpiaedbion and of chrrent canfeol coerbion. |
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to be the fundagental 16 jg g chart illustratng change in load
torque corresponding to the rotation angle of one
cylinder compressor, while Fig. 17 is a chart
illustrating the frequency distribution of the
load torque. - . |
As is apparent from these figures, an actual
intermittent load includes many frequency
components. When a torque control is carried out
for' completely compensating the frequency’
components and for suppressing speed change which
is a cause of ,vibration, a disadvantage arises in
that an effective value and a peak value of a
motor current are increased. . |
' Wherein, as to torque intermittent component
of higher harmonics, the speed change becomes
- small and gives little influence to vibration
because of the-flywheel effect due to the moment
of inertia of a synchronous motor and a load.
Therefore,» an unnecessary current for dealing with
torque intermittence which gives little influence
to vibration can be omitted by determining the
frequency of intermittent torque for compensating
using the torque control to be the fundamental



wave and | ower harnonics, so that nore efficient control of the synchronous
notor is realized by conbining with the a e synchronous notor driving
devi ce, synchronous notor driving nethod. ecifically, it is easily dealt
with by applying a filtering function to the torque control section which
is included in the above synchronous notor driving device, for exanple.
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which is transmitted to the housing of an outdoor
section is realized by designing a shape of each
pipe for connecting a heat exchanger and the
compressor, by realizing supporting using a rubber
foot member, or the like. Therefore, little
problems arise in practice even when the frequency
of intermittent torque for compensating .using the
torfue control is limited to only the fundamental
wave, so that more efficient control is realized.
Of course, an.operation similar to the above
operation is realized when the _synchronous motor
driving device is applied to an apparatus other

* than the air conditioner, such as a refrigerator
or the like, for example.

Fig. 18 is a block diagram illustrating a
synchronous Totor driving ‘device of a yet further
embodiment according to the present invention.

This $ynchronous motor driving device includes
a speed deyiation calculating section 101 for
calculating a deviation between a speed ‘command w *
and a motor speed w, a speed control section 102
for outputting an average value command of a



vol tage anplitude by inputting the cal cul ated deviation and by carrying out
a predeterm ned operation (for exanple, | operation), a voltage
-anplitude command out put section 103 fora{é di ng the average val ue conmand
of the voltage anplitude and a changi ng conponent of the voltage anplitude
at every rotation position output froma voltage anplitude changing
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PO | nput ¢ (VAR LIOMAGIANIY & GEI EyREd Olib & \Brieqe Lol 36

ohd'for ontheat 1np ok RAb Ik, e TF, oifetat L0 %d‘fsﬁ}nf?ge
o 2 (o] P Cc‘?;‘““%dg?‘féﬁg%?vﬁ?etmgr 103! fort addimet i e
the out put - fqmv?mag@ %ﬁmev%@mﬂ%ma o r g‘ﬁ'bﬁé i%agedamprlh ude
mtor 6 ?Ecan pﬁlﬁhg%gﬁgppéém%@he%ﬁ  OF othe helthe® éﬁﬁ!ﬁ@fﬂﬂe
cal cul ati n%’iﬁ?%@?&&t ?I gé; i;tght fp(ﬂ% ﬁpﬁgf%pbtgjuwg‘t%%;é’]co ‘qé}ge
TR A et T am“p"’ﬁﬂsﬁ??ﬁwcﬁﬁgi .
ggm)(r)glentseg ﬂﬁcfdlb@&i 31‘3 158 3‘?@1% Q‘éitﬁu % 1J38i @ o¥O (‘L‘E‘
“at every Hﬁ@& i%ﬁ&@rdﬁﬂméhﬂgEhc%ﬁﬁb@Jﬁ@$§@6§1ﬁbfﬁh¥@edﬂ?féﬂﬁ?
~ calculating section 104 for inputting the voltage
amplitude command and a voltage phase command
output from a voltage phase command output section
111 (described later) and for outputting a three
phase alternate current command based upon a
formula (9) for example, a voltage—fed inverter
105 for inputting the three phase alternate
current command, a synchronous motor 6 to'which is
applied the output of the voltage—fed inverter
105, a rotor position detecting section 107 for
detecting a pole position of a rotor of the
synchronous motor 6 and for outputting a position
. angle @ therefrom, a speed calculating section 109
for inputting the position angle & and for
calculating and outputting a motor speed
therefrom, a terque control section 110 for
inputting the motor speed # and posrtlon angle &
, for cartying out a torque control operation, and
for outputting a changing component of the voltage
amplitude at every rotation position, a 'phase
control section 108 for inputting a changing
component of voltage amplitude at every rotation




position output fromthe voltage anplitude changi ng conponent out put
section 113, for carrying out a phase conk ol operation (for exanple,

mul tiplied by a predeterm ned coefficient, 'and carried out phase shifting

" operation), and for calculating and outputting a changi ng conponent conmmand
of a voltage phase, the voltage phase conmmand, out put section 111 for addi ng
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and the changing component command and for
calculating and outputting the voltage phase
command therefrom, a third harmonic generation
section 112 for inputting the position angle &
and for generating a third order harmonic, and the
voltage amplitude changing component output
- section 113 for adding the changing component of
voltage amplitude output from the torque °
controlling section 110 and the third order
harmonic and for outputting the changing component
of voltage amplitude at every rotation position.
Further, the rotor position detecting section
107 is exemplified as a rotation position sensor
such as an encoder and a counter circuitry for the
output therefrom, a position detection circuitry
for performinhg-a filtering to a motor terminal
voltage, a circuitry for carrying out position
calculation from electrical parameters of a motor
and the like. - -
Fig. 19 is a flowchart useful in understanding
an operation of the synchronous motor driving
device illustrated in Fig. 18.




In step SP1, a rotor position (position angle) [err] is input, in step.
SP2, a rotation speed (notor speed) [err%gis cal cul ated fromthe rotor
position [err] in step SP3, a differen between a real speed [err] and
a speed conmand [err] * is applied a Pl operation (proportional, integral
operation). so as to obtain an average voltage anplitude command, in step

SP4, ~a torque cont ipteppedRi,onai ?f@wreposlitmon' n@gbtsr’gmﬁ
speed [err], and the rotqr pomhog{i%éo as obta.l nac anGd gconpon nt |n
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amplitude from a real speed changing component, in
step SP5, for adding a third order harmonic of
phase for reducing a peak to the changing
component of voltage amplitude so as.to calculate
a new changing component of voltage amplitude, in
'step SP6, the average voltage amplitude command
and the new changing component in voltage
amplitude are added so as to obtain and memorize
an amplitude command, in step SP7, ‘the new
changing component in voltage phase is multiplied
by a coefficient, the product is then shifted, so
that a changing component of voltage phase is
. obtained (wherein, the coefficient, and shifting
amount are determined experimentally, for
example), in step SP8, an average phase command
ok* from the e€xterior and the changing component in
voltage phase are added so as to obtain and
memorize & phase command, in step SP9, the
memorized amplitude command and phase command are
supplied to the three phase alternate current
- calculation section, in step SP10, each phase
voltage is obtained and is supplied to the



vol tage-fed inverter, then the operation returns to an original processing.
Therefore, reduction in vibration is real%sfd by addi ng the average voltage
anpl i tude conmand and the changi ng conpon in the voltage anplitude so as
to obtain the anplitude command. Al so, inprovenment in efficiency is

reali zed by adding the average phase command [err] * from - the exterior and

t he changi ict@gee-rfe Yovteot amas Isena h mg
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60 phase so as to obtaln the phase command. As a
result, a c¢yclic intermittent load is applied a
torque ‘control under a maximum efficiency
condition so that vibration is reduced.
Furthermore, a current control may be carried
out by adding a winding current detecting section
and a current control section. Further, in the
- embodiments illustrated in Fig. 18 and Fig. 19,
the’ third order harmonic is superposed upon the
- voltage command, but the third order harmonic may
be superposed,upon the current command. In this
case, current—fed inverter or current'control type
inverter which comprises a voltage—fed inverter, a
“winding current detecting section in addition, and
a current control section in addition, for
performing current controlling. And, in each
case, a supeiposing degree of the third order
harmonic is determined based upon the
specificabion of the synchronous motor driving
system. -~ '
- Figs. 20 are charts 111ustrat1ng torque
waveforms {refer to Fig. 20(A)}, current amplitude
waveforms {refer to Fig. 20(B)}, and current phase



waveforns {refer to Fig. 20(C)} when the third order harnonic of the
~current waveformis superposed so that t third order harnonic of about 10
%wth respect to the fundanental wave of Torque is superposed upon the
torque waveform Wierein, in each figure, a represents a waveform which is
obt ai ned by super posi ng the third order harno b represents a waveform
which is nwtaven?@pmd{r@f i rjoortdeg. haZ&{C)} awden r thesthira
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As is apparent from the figures, a peak of the
current amplitude (a peak of the motor current) is
suppressed -by superposing the third order
harmonic. Therefore, driving with a shifted
operation point caused by a limitation in the
current capacity of an inverter element is not
needéd, and a control of the synchronous motor
driving device, and synchronous motor driving
method illustrated in Fig. 5 to F1g 15 is
realized in wider range.

When the control is carried out for
superposing the third order harmonic as the above

 control, the third order harmonic may not be
included in the load torque, or the third order
harmonic may increase speed change in the case
where the amplitude relationship or the phase
relationship is different from the above
relationship. But, this does not raise a problem
in practice and this has the above advantage so
that it is preferable that the superposing of the
third order harmonic is applied to a synchronous
motor driving device and a synchronous motor



driving nethod, by taking the flywheel effects being great and the

vi bration preventing design which is applgged at the installing tine into
consi derati on. Fig. 21 is a block dié@ﬂan1illustrating a synchronous
mot or driving device of a further enbodi nent according to the present

I nventi on. In this synchronous notor driving device, three serial
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Thr ee re5|%§ é&%? %ﬁ%v and 122w which are connected ina Y-
connection arralgenen st at or, mnﬂolngs 6u, d 6w of a synchronous
mot or 6 which ar 1gonn2c1t eisi g abt-eo erha(gram:m mtratangnaect ed to
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to a reverse input ternpinal "of the operatiqn ampl,ifier l123a throu
resi stance haFee SeEidst asonnention eidedd bst adee oonnoc%&&.mmt

termnal and a0 PYRPH t16 W% aflother between terminals %f a
direct current power source 120 so that a voltage-
fed inverter 121 is constructed, each serial
connection-circuit being constructed by connecting
two switching transistors in series. . Further, a
diode for protection is connected in parallel to
each switching transistor. Three resistances
122u, 122v and 122w which are connected.in a Y-
conhection arrangement, and stator windings 6u, 6v
and 6w of a synchronous motor 6 which are
connected in a Y-connection arrangement, are
connected to a-center point of each serial
connection circuitry. Further, 6a represents a

“ rotor. A first center point voltage VN obtained
at a center point of the resistances 122u, 122v
and 122w is supplied to a non-reverse input
terminal of "an-operation amplifier 123a, and a
second center point voltage VM obtained at a
center point of the stator windings 6u, 6v and 6w
is supplied to a reverse input terminal of the
operation amplifier 123a through a resistance
123b. A resistance 123c is connected between the
reverse input terminal and an output terminal of



the operation anplifier 123a. Therefore, a difference voltage VNM .
corresponding to a difference between th 2irst center point voltage VN and
t he second center point voltage VMis obﬁé ned at the output term nal of
the operation anplifier 123a. The difference voltage VNMis supplied to an
integration circuitry in which a resistance 124a and a condenser 124b are

connect ed |ﬁh€erqﬁ??a)tirama cgiril'-fia 1 le@@tlogl‘hmeWt @bt ai ned at

a center poln re5|si and the con ser 124b 1s supplied to
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illustrating an arrangenent of the ro pro essor ,126.
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. 124a and the condenser 124b is supplied to a non-
reverse input terminal of an operation amplifier
125, and -a reverse input terminal of the operation
amplifier 125 is connectéd to a ground, so that a
Zero—cross comparator is constituted. An output -
signal from the zero—cross comparator is supplied
to a micro—processor 126 as a position 'signal
(magnetic pole detection signal). The integration
signal {VNodt is supplied to an integration
signal level detection circuitry 127. A detection
signal from the integration signal level detection
circuitry 127 is supplied to the micro—processor
: 126. A speed command and a speed changing command
are also supplied to the micro—processor 126. The
micro—processor 126 outputs signals for
controlling “the inverter 121 through a base
driving circuitry 128. -
Fig. 22 is a block diagram 111ustrat1ng an .
arrangement of the micro—processor 126.
This micro—processor 126 includes an interval
measurement timer 131 for carrying out a stop,
reset and restart by an interruption processing 1




due to receiving of the position signal, a position signal interval

cal cul ating section 132 for calculating a$3| nterval of the position signal
by inputting a timer value of the interval “nmeasurenent tinmer 131 at the
stopping tim ng a speed cal culating section 133 for carrying out speed-
operation by inputting the interval of the position signal output fromthe
posi tion siipal tot eee lsal ng aoifngthectposn‘ezoahdsucgnadl cubating and
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| deviation calculating section 134 for calculating
a difference between a speed command given from
the exterior and the present speed output from the
speed calculating section 133 and for outputting
this difference as a speed change, a changeover
signal calculating section 135 for calculating and
outputting a changeover signal by inputting the
speed change output from the deviation calculating
section 134 and a speed change command given from
the exterior, ,a first order component compensation
model calculating section 136 for calculating and
outputting a first order component compensation

‘~model by inputting the speed change output from
the deviation calculating section 134 and the
changeover signal output from the changeover
signal calculating signal 135, a PI operation
section 137 for carrying out a PI operation by
inputting “the speed change output from the
deviation calculating section 134 and for
outputting an operation result therefrom, an adder
138 for adding the first order component .
compensation model output from the first order




conponent conpensati on nodel cal culating section 136 and the operation
result output fromthe Pl operation secti 137 and for outputting the sum
as a voltage command, a tiner val ue calcgﬁgting section 139 for cal cul ating
and.outputting a tinmer value by inputting the interval of the position
signal output fromthe position signal interval calculating section 132 and
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output from.the timer value calculating section
139, is started by the interruption processing 1
due to réceiving of the position signal, and
outputs a count—over signal therefrom by carrying
out counting of the set timer value, a conduction
width control timer 141 which is set by the timer
value output from the timer value calculation
section 139, is started by an interruption
processing 2 due to the count-over signal output
from the phase correction timer 140, and outputs a
count—over signal therefrom by carrying out
counting of the set timer value, an inverter mode

‘~selection section 142 for reading out from a
memory 143 and outputting a voltage pattern by the
interruption processing 2 due to the count—over
signal outpd% from the phase correction timer 140
or by an interruption processing 3 due to the-
count—over signal output from the conduction width
control timer 141, a PWM section 144 for carrylng
out pulse width modulation by inputting ‘the
voltage command output from the adder 138 .and for
outputting switching signals therefrom, a delay




processi ng section 145 for shifting the first order conponent conpensation
nodel output fromthe first order conpon conpensati on nodel calculating
section 136, a coefficient device 146 fo | tiplying a predeterm ned
coefficient to the shifted first order conponent conpensation nodel out put
fromthe delay processing section 145 and for outputting a conpensation
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coefficient. device 146 and an average phase amount
command given from the exterlor and for outputting
a phase amount command.

The primary component compensatlon model
calculating section 136 carries out the
compensation operation using gains which are 0 for
components other than the first order component.
Therefore, no problems arise even when a speed
change is employed as an input of the, first order
component compensation model calculating section
136. That is, “the speed command becomes constant
(direct current) under a steady condition, and the

“ output from the first order component compensation
model calculating section 136 is zero even when a
direct current (or a signal which has a frequency
different from-a frequency of an output signal
from a signal model) is input to the.first order
component “compensation model calculating section
136. In other words, the output from the first
order component compensation model calculating
section 136 is determined based upon only .the
motor speed even when the speed change { = (motor



speed) - (speed conmand)} is enployed as an input of the first order
conponent conpensation nodel cal cul ating egftlon 136. Therefore,
controlling performance is not influenced al | . Fig. 23 is a
schematic diagramillustrating a control nodel of a systemin which a
conpressor is drlven usi ng a synchronous notor mhlch |s drlven by t he
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section 201 for calculating a difference between
- the speed command and the rotation speed of the
synchronous. motor 6, a PI control section 202 for
carrying out proportional control and integral
control (PI control) by inputting the difference
output from the subtraction section 201 and for
outputting a proportional control result and an
intégral control result therefrom, a speed change
average value calculating section 203, for
calculating a size 4w of an average of the speed
change durlng N-rotations (N is a natural number)
by inputting the difference output from the
~subtraction section 201, a changeover section 204
for outputting 0 or 1 by inputting the size aw of
an average of the speed change output from the
speed change™awverage value calculating section
203, a multiplication section 205 for-multiplying
the rotation speed of the synchronous motor 6 and.
the output_from the changeover section 204 and for
outputting a multiplication result, a variable '
arrangement first order component compensation
section 206 for carrying out first order component



conpensation by i'nputting the multiplication result output fromthe

mul tiplication section 205 and for outpu ng a conpensation val ue, an
addition section 207 for adding the prop tlonal control result, the
integral control result and the conpensation value and for outputting a
vol t age conmmand, an anplifier 207" for perform ng conpensation by inputting
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outputting a difference between an output voltage
output ‘from the amplifier 207" and a partial part Ee-
giving influence to generation of current for
torque among a motor speed electromotive voltage,
voltage—current transfer function (first order
delay element determined based upon resistance and
induc¢tance of motor windings) 209 of a motor for
outputting a current by inputting the difference
output from the subtraction section 208, a
subtraction section 210 for calculating and
outputting a difference between the. current output
from the voltage—current transfer function 209 of

“a motor and a current Ep- equivalently

representing a torque error component following
non—direct control of a current waveform
(phase/amplitude) corresponding to the rotor
position, current-torque transfer function 211 of
a motor for outputting a motor torque by inputting
the difference output from the subtraction section
210, a subtraction section 212 for subtracting a
compressor load torque from the motor torque
output from the current—torque transfer function




211 of a notor and for outputting a conpressor axial torque, and :
torque-speed transfer function 213 of a or- for outputting a speed by

i nputting the conpressor axial torque ou t fromthe subtraction section
212. Further, the subtraction section 208, voltage-current transfer
function 209, subtraction section 210, current-torque transfer function

211, subt i2tli apfsertin 2 t g ttrian Qngg'
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Fig. 24 to Fig. 26 are flowcharts useful in
understanding the operation of the micro—processor
126. Wherein, Fig. 24 explains the interruption
processing 1, Fig. 25 explains the interruption

processing 2, and Fig. 26 explains the |
interruption processing 3. | o

The operation of the flowchart illustrated in
Fig: .24 is carried out at every acceptance of the
position signal. §

In step SP1, a value for the phase correction
timer 140 is calculated from the phase amount
command, in step SP2, the phase correction timer

~value is set in the phase correction timer 140, in
step SP3, the phase correction timer 140 is
started,” in step SP4, the interval measurement
timer 131 is™stopped, 'in step SP5, a value of the
interval measurement timer 131 is read, in step
SP6, the value of the interval measurement timer
131 is reset, then the interval measurement timer
131 is started for the next interval measurement.
In step SP7, an interval of the position signal is
calculated, in step SP8, a motor rotation speed is



calculated fromthe calculation result of the interval of the position
signal, in step SP9, speed change is caﬁ | at ed based upon the notor
rotation speed and the speed command, tep SP10, the Pl operation is
carried out to the speed change, and the average voltage anplitude comand
Is calculated, in step SP11, the average val ue of the S|ze of t he speed
change | e adavlaired Protiethiengadven | Bien | Fauuyl psofhuon i he
abt ai ned aver age step a conpensation voltage anplitude is
cal cul at amﬁﬁ@vaﬁpooft h’eﬂﬁaeposh’a&mamgnalc,hamosdxe i §BP, in step

arol | udSDBRY eﬁéﬁ%%ﬁ%&ﬁuﬂ%ﬁedﬁ%@e@&cﬁbéﬁﬁ {he Moteramie, .
vol tage 3 ?ﬁfggﬁséﬁ%a"ﬁh%dﬁhbséﬁﬁ%ﬁ Eomiehy e LRRPRE, Wis o
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mul tiplyi a predeter coefficlent e coeffl devi ce
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signal fraomthe phase correct I mer 1 an i nverter

‘nmode i s angaoner sSegna sltSapOIltputolbamaatupom c‘bhreaspondl ng to
the advangsed{Med *hvBrade vaTaY 1R %E8p SP12, a
compensation voltage amplltude is calculated based
upon the speed change and the changeover signal,
in step SP13, the compensation voltage amplitude
is added to the average voltage amplitude, in step
SP14, the delay processing is carried out {for
example, the compensation voltage amplitude is
memorized, and the compensation voltagekamplitude'
is Tead out which is prior to M samples (wherein,
M:is a positive integer)}, in step SP15, a
compensation phase is calculated by multiplying a
predetermined coefficient by the coefficient
device 146, in step SP16, the compensation phase
“is added to the average phase command and the sum
is- memorized as the next phase command, then the
operation is returned to an original processing.
The procéssing of the flowchart illustrated in
Fig. 25 is carried out at every output of the
count—over» signal from the phase correction timer
140. - | S
In step SP1, an inverter mode is advanced by 1
step, in step 2, a voltage pattern corresponding
to the advanced inverter mode is output, in step

d



SP3, a tinmer value of the conduction-width control timer 141 is calculated
fromthe conduction width command, in sz) p. SP4, the tinmer value { = a tiner
value for (conduction angle - 120) degre€s} is set to the conduction width
control timer 141, in step SP5, the conduction width control tiner 141 is

started, then the operation_is returned to an original processing. The
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|IIustraoq:d1 i ead. I;f(j@eslsilm |nterrupt|on pr ocessi ng 1 based upon the
position si gnﬁl}Fe And, the conduct contr ol t{ 141 start as
g

i1 lTustrated i pnaggssmﬂgrq *Ine’ owchart 1llustrate
Fig. 26 is carried out at every output of the
count—over ‘signal from the conduction width
contrel' timer 141.

In step.SP1, an inverter mode is advanced by 1
step, in step SP2, a voltage pattern corresponding
to the advanced inverter mode is output, then the
operation is returned to an original processing.

Figs. 27 are charts illustrating signal
wavéforms of each section of the synchrondus motor
driving device which is illustrated ip Fig. 21 and
Fig. 22. .

When the compressor is driven by the
synchronous motor 6, the difference voltage VNM is

“obtained as illustrated in Fig. 27(A), the
integration signal VNOdt is obtained as
illustrated in Fig. 27(B), and the position signal
is obtained as -illustrated in Fig. 27(C).

The phase correction timer 140 starts as
illustratéd in Fig. 27(D) {refer to starting
points of arrows illustrated in Fig. 27(D)} by the
interruption. processing 1 based upon the position
signal.. And, the conduction width control. timer
141 starts as illustrated in Fig. 27(E)  {refer to




starting points of arrows illustrated-in Fig. 27(E)} at every output of the

count -over signal {refer to endi ng poi nt of arrows illustrated in Fig.
27(D)} fromthe phase correction tiner 1 which is controlled the tiner
val ue which is set based upon the phase anmount command as illustrated in
F:lg 27(M. The inverter nmpde is advanced by every 1 step as

I 1l ustrat NgFFO dij i S chiinm, :
transi storgg-'%EfTI gjé?htigl(q 121\/2%;12%%2!!%}?8"3 t\%gil n\:/lerter
circuitry2ip l}e afaneveryr ndpput counterowede 84 gnAdst rat ed

the piase @ féﬁlf F'@%ﬂéﬁ&ﬁ@@mﬁﬁ&h DL @O nid ThhFaed ™ n’ oM
i |l ustrat uct | orl(]&7¥iD)ﬂréﬁg }—1 Yg{]‘;m%t ;feétécmw‘ﬂméfr §ddpal

fromthe th "con

er,to enﬁl ng, poj nts of
arrows il ighs cdt ells rconk 1o lEe ‘Ehet hblmaacves]mecrw dchaissssetis
appl i ed CIEI pper, contr ol th PV\M section, 144 based upon theqinv tef
out put vo ed 1 upon: &dien gsez@mpunﬁn&@m\%adJ@S |1f& ii['&l ad

Cedtiom ?slﬁ BB n@ L T he i { Puctrated in Bin. D7(L) repteabnt e the
cuipyt (sompendheotnorter modehi: advanvedcbyoovermitostepn
g(z)nt r ol sﬁSem]c\fUlSﬁI‘ e Ida| E“yl.gn é)LZt( oall m—mr processi ng.
- conditions of the switching tran31stors 121ul,
121u2, 121vl, 121v2, 121wl, 121w2 of the inverter
circuitry 121 are changed corresponding to the
inverter mode as illustrated in Fig.- 27(F) to Fig.
27(K), at every output of the count—over signal
from the phase correction timer 140 {refer to
ending points of arrows illustrated in Fig. 27(D)}
and at every output of the count—over signal from
the *conduction width control timer 141 {refer to
ending points of arrows illustrated in Fig.
27(E)}. Further, each switching transistor is
applied chopper control by the PWM section 144
based upon the inverter output voltage illustrated
.in Fig. 27(). The dashed line illustrated in
Fig. 27(L) represents the output (average voltage)
from the PI operation section 137, and the solid
‘line illustrated in Fig. 27(L) represents the
output (compensation voltage) from the first order
component “compensation model calculating section
- 136. - S
Further, the phase control becomes a control
system with 1 sample delay in connection to the
timer processing.



Figs. 28 are charts illustrating a line voltage anplitude waveform {refer
to Fig. 28(A)}, a voltage phase vvaveforn'g refer to Fig. 28(B)}, a phase
current waveform{refer to Fig. 28(C}, d an inverter DC current waveform
{refer to Fig. 28(D)} when.a conpressor is driven by controlling the-

vol tage phase and the voltage anplitude, each being relative to one -

aﬂot her, IIbasedftl;p thlg&ca}gfeo t@xli‘(;jl.TUS‘tml tgollirf@gs. 29 are
Sg?ki}s Vil itagep aup Lsbide riEvesoT HEetRrato ?%aiégﬁ)shf
Lo Fi g 28t o P hees nlidse @@%@M {Beban ) IR 8B Bioce

and the v agRiireder wvefirg nbi AL s Pg gne 238‘(0)9} band

upon the ?cope; of ﬁb mtorque contro Furt]rt the driving
condi.ti ondaR anvenbexr Dowqurrent wavetera rlrefer stesdig. 13

CAEET T q@npm%gmmvarmegeﬁséfaa@a th
Mhver tor CF@%FE%"?E@? o, am@eier yu L tepblamplad tiflay 2‘?%@3‘ &
et more fredng cre ta M;:‘?aﬁszaeﬂﬁ}eza‘y’ﬁu% Basedrupon e
secgl on ofSGO %c&rﬁnggﬁn@@g %@mu@:e @%ﬁrfﬂrthe LESodi tare
according dRahlhesPiePtistrating a line voltage @mplitude
waveform {refer to Fig. 29(A)}, a voltage phase
waveferm {refer to Fig. 29(B)}, a phase current
waveform {refer to Fig. 29(C)}, and an inverter DC
current waveform {refer to Fig. 29(D)} when a
compressor is driven by controlling the voltage
phase and the voltage amplitude, each being not
relative to one another, based upon the:scope of
the *maximum torque control. Further, the 'driving
condition is as follows; low pressure: 5 kg/cm’
high pressure:, 13 kg/cw’, rotation number: 20
r.Dp.S.. .
When Figs. 28 and Figs. 29 are compared to one
.another, it is understood that the peak value of
. the motor winding current is smaller and the DC
current flowing into the voltage—fed inverter is
also smaller~in Figs. 28. - In other words, it is
understood that more efficient dr1v1ng is realized
in Fig. 28 |
Fig. 30 is a block diagram illustrating an
arrangement of a micro—processor which is a main
section of a synchronous motor driving device of a
further embodiment according to the present



-invention. Further, arrangement other than the mcro-processor is the sane
as the arrangenent of the synchronous ??§or.driving device illustrated in
Fig. 21, therefore, description thereo s omtted. Thi s
m cr o- processor includes an interval neasurenent tiner 151 for carrying out
a stop, reset and restart by an interruption processing 1 due to receiving

of the fogidretivmnal  Fawbher onayrpangemenitalothex! ¢lian sghi on 152

for calculating an interval @f the position signal %y‘ i nputting a tiner
val ue ofil BLOTPTOEIC 3B derthe nsames1a8 the sanrangement. ofspeed
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control oy tibed.ti ng a speed command given fromthe exterior and the
pr eésent spee tput fromthe eed cal cul ati ng section, 153 and for

out put ting agrﬁaiﬁ a@&@ﬁﬂ"é@gﬁw a6 €& iahn p'l:iﬁi@flf;&_ i ci ent )
oere  \ReRSCAHC/FP, AR T P HAPERIHTORECR "SEGhEI S )
2oﬁ3gﬁ§§i?r?"€oﬁ¥§§q§%§%ﬁ%ftgﬁyha? AATFETTATIoNn DrocesETAR 1™ on
the speaiiieal tol areoe 3vangn ab3the cposhiaonn $hEIa pat t&rn node

Saemt”%b??%i%h signal interval calCuféting section 152

- for calculating an interval of the position signal
by inputting a timer value of the interval |
measurement: timer 151 at the stopping timing, a
speed calculating section 153 for carrying out a
speed operation by inputting the interval of the
position signal output from the position signal
interval calculating section 152 and for.
calculating and outputting a present speed, a

- speed calculating section 154 for carrying out a
speed control by inputting a speed command given
from the exterior and the present speed output
from the speed calculating section 153 and for

outputting an average voltage command, a
compensation phase coefficient generation section
155 for -generating a compensation phase
coefficient by -inputting the present speed output
from the speed calculating section 153, a
compensation voltage coefficient generation
section 161 for generating a compensation voltage
coefficient by inputting the present speed output
from the speed calculating section 153, a .
compensation phase pattern mode selection section



156 and a conpensation voltage pattern mode - sel ection section 165 which
operate by the interruption proceSS|ng7 .due to the receiving of the
position signal, a rmultiplication sect n 157 for mul ti plying the average
phase anmount command given fromthe exterior, the conpensati on phase
coefficient output fromthe conpensation phase coefficient generation

._iﬁﬁ{o'eﬁé‘lﬁ A e PRI AN AL AR o vl fade "B e B B oot pucti ng o
conpensgi g cien mlmImMﬁtthéhoro etral’ééfrbggft @' adding the

aver age,phase anounf conmmand given tfragm the “‘exteri e conpensation
phase alBEeT mmpmmomnmmocesslmg 1dueitait eemeaelﬁﬂngmoﬁn

thcfi‘étn*c%appé?iiaﬁ atd m pﬁit‘fif@ﬁla A Lo SGct6h tl5%P ne
cal oul a1 Oy TOEL B l?‘z’l (e %@?%%@ hhakeaiofs, S -G
158, a guanserp mnurmhen mtemw chthe seonpentsation! Lphatseut from
the tiner calculatin ct 5 IS started by.the iQgterruption
processCQﬁ dk@ltaﬂ tgﬂfg (ﬁr@me éae. tGOHDRERHL lﬁﬂi PGS a
been pgﬁﬁﬁﬁﬁéie@’ﬂ%é@ﬁ&%ﬁ%ﬁﬁﬁ@}%ﬁn&ﬁ%m &S st the ti mer
(S TREBLION, phise puptementcit s setooted by
75 compensatlon p ase pattern mode selection
| sectlon 156. and for outputting a compensation
phase:amount command therefrom, an adder 158 for
adding the average phase amount command given from
the exterior and the compensation phase amount
command output from the multiplication section 157
and for outputting a phase amount command |
therefrom, a timer value calculating section 159
for calculating and outputting a timer value by
inputting the interval of the position signal
output from the position signal interval
calculating section 152 and the phase amount
command output from the adder 158, a phase
" correction timer 160 which is set the timer value
output from the timer value calculating section
159, is started by the interruption processing 1
due to acceptance of the position signal, and
outputs a count-over signal when a counting
operation for the set timer value has been
performed,..a conduction width control timer 168
which is set the timer value output from the timer
value calculating section 159, is started by the
interruption processing 2 due to the count—over




signal output fromthe phase correction tinmer 160, and outputs a

count -over signal when a counting opeéﬁiion for the set tiner value has
been perforned, an inverter node sele on section 162 for reading out
and outputting a voltage pattern froma menory 163 by the interruption
processing 2 due to the count-over signal output fromthe phase

count - ovSt EngTs OBREAL “Frbif, tﬁ%ﬁ%&”&&ﬁﬂfﬁ%ﬁmﬂiﬁéﬁ 160,
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Fig. 31 Lllustragtes the rru tion roce55|ng . er
nterrupfrem the conduc width eentrol 1merl{é
multiplicatjion sectlon 166 for multiplying the
average voltage command output from the speed
control section 154, the compensation voltage
coefficient output from the compensation voltage
coefficient generation section 161, and a
compensation voltage pattern selected by the .
compensation voltage pattern mode selection
section 165 and for outputting a compensation
-voltage command, an adder 167 for adding the
average voltage command output from the speed
controlling section 154 and the compensation
voltage command output from the multiplication
“section 166, and a PWM section 164 for carrying
out pulse width modulation by inputting the
voltage command output from the adder 167 .and the
voltage pattérn output from the inverter mode
selection section 162 and for outputting switching
signals therefrom.
Fig. 31 is a flowchart useful in understandlng
an operation of the micro—processor illustrated in
Fig. 30. Fig. 31 illustrates the interruption
processing 1 only. Further, the interruption




processing 2 and interruption proce55| ng 3 are simlar to flowharts
illustrated in Fig. 25 and Fig. 26, efafore illustrations thereof are
omtted. Qperation of the rovvt:hart | lustrated in Fig. 31 is carried
out at every acceptance of the position signal. In step SP1, the

i nterval measurenent timer 151 is stopped, in step SP2, the value of the

i nt erval t 1
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speed ofFO th&iﬂ' ed jfsliﬂs Eadal 001St § I‘@;ijt a’e the

i nt erval (fﬁ gl:]‘ﬁeﬁosmlon Si gnal in step SP6, the conpensati on phase
pattern IS ]r’ ased upon the conpensation phase pattern node, in step

SP7, the com@petrigbigmsehatie nfiwipclmedvaptie d@grla’e‘e@ i F4eP.

SP8, the c]grrpensatlon .phase coefficient Is read on_the present
speed, t &8 PATYRE omﬁmsatoewemyeamceptamcmnmfsthemnatmiby

Thd E'eyt%?ﬁﬁ@ﬂ 58818 opensat | on phase pattorn in step SP10. The.
P omand and. t a c el Tt o ohle TNer vl MeAsHreRat it MRE' | .,
val ue of [tk g@sstmppaed; omnl eteps SPE,cathe an{[ﬁeor@fhet]q@ase anmount
command, .in, ste P12, the correcti
1nter6%i measurement %1mer 151 is read, in step
SP3, the value of the interval measurement timer
151 is «reset, and the interval measurement timer
151 is started for the next interval measurement.
In step SP4, the interval of the position signal
is calculated, in step SP5, the present speed of
the motor is calculated from the calculation
result for the -interval of the position 81gna1 in
step .SP6, the compensation phase pattern is read
based upon the compensation phase pattern mode, in
step SP7, the compensation phase pattern mode is
advanced by 1 step, in step SP8, the compensation
phase coefficient is read based upon the present
 speed, in step SP9, the compensation phase amount
command is calculated by multiplying the
multiplication result of the average phase amount
command and the. coefficient to the compensation
phase pattern, in step SP10, the phase amount
command i& calculated by adding the average phase
amount command and the compensation phase amount
command, in step SP11, the timer value of the
phase correction timer 160 is calculated from the
phase amount command, in step SP12, the correction



timer value is set to the phase correction tinmer 160, in step SP13, the
phase correction tiner 160 is started, Hﬁf step SP14, the speed control is
carried out based upon the speed commanddl and t he present speed, and the
average voltage command is cal cul ated, in step SP15, the conpensation
voltage pattern is read based upon the conpensati on voltage pattern node,
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driven icompensatdonr yeliageepatiewns mode Figs advaneedaby 1
bp U EED, 4R SR $P17) tHe Sompensation Voltage
COfolClth%iS read based upon the present speed,
in step SP18, the compensation voltage pattern is
multiplied by the multiplication result of the
average voltage command and the coefficient, and
the compensation voltage command is calculated, in
step SP19, the compensation voltage command is
added to the average voltage command, then the
operation returns to the original processing.
 In this synchronous motor driving device, the
voltage amplitude changing component is determined
so as to reduce vibration, and the phase changing
component is determined so as to improve
~efficiency, and the voltage amplitude changing
component and the phase changing component are
determined to be in patterns, respectively, and
the voltage amplitude changing component and the
phase changing component in patte;ns.are read out.
Therefore,  the control operation can preferably be
‘simplified _when an intermittent load is driven in
which load torque scarcely changes. ' '
Figs. 32 are charts illustrating signal
waveforms of each section of the synchronous motor




driving device which is illustrated in Fig. -21 and Fig. 30. When t he
conpressor is driven by the synchronoqf8m)tor 6, the difference voltage

VNM i s

obtained as illustrated in Fig 2(A), the integration signal

[err]VNOdt is obtained as illustrated in Fig. 32(B), and the position

si gnal
timer 1
of arro

I's obtained as illustrated in Fig. 32(C). The phase correction
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based upp ¢ WSI'[IOI’I signal. And, the conduction width control tiner
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169 starts 'S

ustrated in Fig. 32(E) {refer to startlng poi nts of

arrows illust When ithe comeresser asrdriven by tthaount-over signal

{refer t
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and mcrntegmatwnofslgmas gltrarssu@bqyamgdlagzluz 121v1,
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t put 21160 {refer
to end ﬁ%%ﬂ@?ﬂ?@?@@?ﬁ kv e g @%Bﬁe B20% "ever OB[SU? r
of the count-Tlee P s@fcmrreetmomxtnmemﬂQGOCGtath'%% 169 {refer

to

illustrated in F1g °32(D) {refer to starting
points of arrows illustrated in Fig. 32(D)} by the
interruption processing 1 based upon the position
signal. "And, the conduction width control timer
169 starts as illustrated in Fig. 32(E) {refer to
starting points of arrows illustrated in Fig.
32(E)} at every output of the count—over signal
{refer to ending points of arrows illustfated in
Fig: .32(D)} from the phase correction timeér 160
for which is controlled the timer value which is
set based upon the phase amount command as
illustrated in-Fig. 32(M).

~ The inverter mode is advanced by every 1 step

as illustrated in Fig. 32(N), and ON-OFF

conditions of the switching transistors 121ul,
121u2, 121vl, 121v2, 121wl, 121w2 of the inverter
circuitry 121 are changed corresponding to the
inverter mode as illustrated in Fig. 32(F) to Fig.
32(K), at every output of the count—over signal
from the phase correction timer 160 {refer to
ending points of arrows illustrated in Fig. 32(D)}
and at every output of the count-over signal from
the conduction width control timer 169 {refer to



endi ng points of arrows illustrated in Fig. 32(E)}. Further, each sw tching
transistor is applied chopper controlﬁp the PWM section 164 based upon the
inverter output voltage illustrated i fiig. 32(L). The dashed Iine
illustrated in Fig. 32(L) represents the output (average voltage) fromthe
speed control section 154, and the solid line illustrated in Fig. 32(L)

Seot orengki g BeNES CEEkcs A TR thRdRY SRR st emwi i 1
3 agr e @}r”af Otk ey ang%?@? §W ELMPRR erans i Ron s i n

secti onapip w}mp motgondmoeln 1% the PWM Secthdonntb@idrent
accordlng to the pres% i pventi on. IS S ncqﬁﬁnous nnuﬁi.dr|V|n devi ce
i s dif fRASed iepOIhe ﬁﬁmamﬁemiamt@uhpu/ny tiagei 1 liustratedig

bt a1 i BB dod ot 0% (g B LS sl o8 L E LS LS 3B i ng ¢ ne

S gnal af% S??S@! et J’??f????;t@ ?1%‘2?‘“?% (evprageniaslzage)

. conpens frigm e 3 nCOM IO I r SeCHd an at ian ’bhepSthld node

coet 11 cLdmBodnbliy brat el PHT I B S oL ?@ﬁ%@%&@ﬁﬁéa&ﬁé‘iﬁﬁm
coel i cottpit p(fcdmpréﬁéaﬁfa?fn@efb tagelsfrom the

| multiplication section 166.

Further, the phase control becomes a control
system with 1 sample delay in connection to the
timer processing. .

Fig. 33 is a block diagram 111ustrat1ng an
arrangement of a micro—processor which is a main
section of a synchronous motor driving device of a
further embodiment accordlng to the present
invéntion.

This synchronous motor driving dev1ce is
different from the synchronous motor driving
device 111ustrated in Fig. 30 in that a
compensation phase coefficient generation section

168 for obtaining and outputting a compensation
phase coefficient by inputting the integration
‘signal level detection signal output from the
integration §ignal level detecting circuitry 127
(refer to Fig. 21) and the compensatlon phase
pattern output from the compensatlon phase pattern
mode selection section 156 is employed instead of
the compensation phase coefficient generation '
section 155, and wherein the compensation phase
coefficient output from the compensation phase



pattern node sel ection section 156 and the conpensation phase coefficient
output fromthe -conpensation phase ccgéfici ent generation section 168 are
multiplied so as to obtain and out put conpensati on- phase anount
conmand. Fig. 34 is a flowhart useful in understanding the operation
for obtaining a conpensation phase anount conmand. - In step SP1, a
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Dhase. Qﬁﬁmﬁ%mﬁdt Ee[ o] sinlerriny. then the operationie O
il ISP e aSipn phaterpas chp et
detecti &8 read, 1n step é%Z a cempensation phase pattern
(for example, sin # n) is read based upon the
compensation phase pattern mode, in step SP3, an
integration. signal level detection signal is
compared with a predetermined value so that it is
judged whether or not the integration signal level
detection sighal is greater.
When it is judged that the 1ntegrat10n 31gna1
level detection signal is greater, in step SP4, a
compensation phase coefficient K is ipcreased by
85111 # n. On the contrary, when it is judged that
the integration signal level detection signal is
smaller, in step SP5, the compensation phase
~coefficient K is decreased by § sin #n. Wherein,
ig- a constant which is experimentally determined.
After the processing in step SP4 or step SPbH
has performed, -in step SP6, the compensation phase
pattern is multiplied by the coefficient so as to
calculate a compensation phase amount command ( =
K X sin #n), then the operation is finished.
Therefore, the pattern of the phase changing
component is successively corrected so as .to
determine the integration signal level detection



signal to be a predeterm ned value, as a result, control with efficiency is

securely carried out. Qperation ig4described in nore detail. Fig.
35 is a chart illustrating a relati on®® p between an integration signal
| evel 'and a phase changi ng conponent. Wierein, a dashed line illustrated in

Fig. 35 is an integration signal |evel which nakes an efficiency to be a
__ Eﬁé'sg“p@?ﬂﬁ e P g T?@%‘S&%@W asel cn’aéhﬁgﬁéﬁiiﬁﬂ' .
T S A
val ue, the K o e t conpensation
Phe phase adude: ng oo SRATdal 1uSEALiTe, & FRIALISHSHIN ™
Comon%tfweeﬁpandsmzngMMcsg@ait'.be Imd@ggﬁas@'y the

|ntegra3hon si,gnal | evel det er when t he

i nt egr @NaMgilg@ camponasitact i eil"@ﬂan i As Bed ha.ri]n
FLEdﬁéﬁémigtﬁtM 13 BIR < 3Fel s aflednEaRrtin Filds T
S YD, HILEIT, B BRI, U8 8. M oo
perlodX3 Qgg;@gmegtly the integration signal level is

Therefore, when .a polarity of the compensation
phase pattern sin & n is negative (the phase
changing component corresponds to advancing
compensation period),

(1) when the integration signal level .
detection signal is greater than the predetermined
value, the coefficient K is determined to be
smaller and the compensation phase amount is
determined to be smaller (it is equivalent to
determining the phase advancing amount to be
smaller, because the phase change component
corresponds to -advancing compensation period).
Consequently, the integration signal level is

. determined to be smaller.

| (2) when the integration signal level
detection signal is smaller than the predetermined
value, the coefficient K is determined to be
greater and the compensation phase améunt is
determinedrto be greater (it is equivalent to
determining the phase advancing amount to be
greater, because the phase change component
corresponds to advancing compensation period).
Consequently, the integration signal level is




determ ned to be greater. On the contrary, when a polarity of the
conpensati on phase pattern sin [err] 22 positive (the phase change
conmponent corresponds to del ayi ng comr)g ation period), (1) when the
integration signal |evel detection signal is greater than the predeterm ned
val ue, the coefficient Kis determned to be greater and the conpensation
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83 greater and the compensation phase amount is
determined to be greater (it is equivalent to
determining the phase advancing amount to be
smaller, because the phase change component
corresponds. to delaying compensation period).
Consequently, the integrdtion signal level .is
determined to be smaller.

(2) when the integration signal level
detection signal is smaller than the predetermlned
value, the coefficient K is determined to'be
smaller and the compensation phase amount is
determined to be smaller (it is equivalent to
determining the phase advancing amount to be
greater, because the phase change component

. corresponds to delaying compensation period).
Consequently, the integration signal level is
determined to be greater.

As a result, controlling with efflclency is
securely carried out. -

Fig. 36 is a block diagram 111ustrat1ng an
arrangement of a micro—processor which is a main
section of a brushless DC motor driving 'device of °
an embodiment of the present invention.

Arrangement of a section other than the micro—



processor is simlar as that of the arrangenent illustrated in Fig. 21,

therefore detailed descriptionis omtteg. Further, -a brushless DC notor is
enpl oyed as the synchronous notor. Furt®@rnore, this brushl ess DC notor
driving device carries out a speed control using a voltage anplitude. A

magneti c pol e position detection signal output froma position. detector is
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timer 1866361 BiGhsCAXT @S vAUE B speedi epntrolelusing ahevoddage
pol e pos] E qﬁié tion signal and supplies the tinmer value to a position
si gnal . ifter ! CUIatlng section 19b which is included in a CPU 19. The
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pat t er nsotrt Pt of nemdiangpOBLL 118w eptornd suupp ki edsi tioonan
84 exterior interruption terminal of the micro-
processor. _ In the micro—processor, an:
interruption processing for a phase correction
timer 18a, interval measurement timer 18b, and
compensation voltage pattern mode selection
‘section 19¢’°, and an interruption processing for
a compensation phase pattern mode selection
section 19m (refer to interruption processing 1 in
Fig. .36) are carried out by the magnetic pole
‘position detection signal supplied to_the exterior
interruption terminal. Wherein, the phase
correction timer 18a is set a timer value by a
timer value calculating section 19a (described
" later). The interval measurement timer 18b
obtains a timer value by measuring an interval of
the magnetic pole position detection signal and
supplies the“timer value to a position signal
interval calculating section 19b which is included
~in a CPU 19. The position signal interval
" calculating section 19b receives the timer value
from the interval measurement timer 18b,: |
calculates intervals of voltage patterns of stator
windings 13u, 13v and 13w, and outputs a position

--1




signal interval signal which represents an interval. The phase correction
timer 18a supplies a count-over signgg to an inverter node selection
section 19c which is included in the 19 and carries out an
interruption processing (refer to the interruption processing 2 in Fig.
36). The inverter node selection section 19c reads out a corresponding

voltagesa_@g frm’e:_af r a u ttern
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i'on 19b, so as to outpuf a ositi |nterv signal.
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section 19¢’’ reads out a_correspondlng
compensation voltage pattern from the memory 18c
and outputs:the compensation voltage pattern
therefrom. The compensation phase pattern mode
selection section 19m reads out a corresponding
compensation phase pattern from the memory 18c and

- outputs the compensation phase pattern therefrom.
In the CPU 19, an calculation is carried out based
upon the timer value by the position signal
interval calculating section 19b so as to output a -
position signal interval signal. The position
signal interval signal is supplied to the timer
~value calculating section 19a and a speed

calculating section 19e. The speed calculating
section 19e calculates a present speed based upon
the position™signal interval signal from the
position signal interval calculating.gection 19b
and supplies the present speed to a speed control
section 19f. A speed command is also supplied to
the speed control section 19f. The speed control -
section 19f outputs an average voltage command
based upon the speed command and the present speed




fromthe speed: cal cul ati ng section 19e. The conpensati on phase pattern

out put fromthe conpensation phase pat n node sel ection section 19m and
an average phase anmpunt comrand are sugglri ed to an adder 19n, and a sum of
the both is supplied as a phase ampunt command to the tiner value

cal culating section 19a. The timer value calculating section 19a cal cul ates

upon t nd FAHE L BE PR i TR e B R PO EP Bl Oin or VhES gnal from
“the posigompenseetion eph’asealpaitenem ssatiput1%rometinsr age vol tage

command and”t he conpensation vol tag_' patterncﬁJ put, from the conpensation
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functio he copponent segctio Those 86
182 Dbase upon the nhase amount command and the
position signal 1nterva1_slgna1 from the position
signal ‘interval calculating section 19b. The
average voltage command and the compensation
voltage pattern output from.the compensation
voltage pattern mode selection section 19g’° are
supplied to an adder 19h, and a sum of the both is
output as a voltage command. And, the voltage
pattern output from the inverter mode selection
~section 19c and the voltage command output from
the adder 19h ,are supplied to a P¥M (pulse width
modulation) section 18d. The PWM section 18d
outputs voltage commands for three phases. These
' yoltage commands are supplied to a base driving
circuitry 20. The base driving circuitry 20
outputs control signals each of which is to be
supplied to each base terminal of switching
transistors 121ul, 121u2, 121vl, 121v2 121wl and
121w2 of the inverter. Further, in the above
descriptian, each component section included
within the CPU 19 is merely represented ‘its
functional section for performing corresponding
function as the component section. Those




conponent sections do not exist in the CPU 19 under a condition that each
conponent section is clearly distinguuggf Then, an operation of the
brushl ess DC notor driving device ill ated in Fig. 36 is descri bed by
referring to waveformdiagrams illustrated in Figs. 39. The position
signal which is reversed its |level periodically is output, as is '
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to the ttpﬁr valgg)calculatlng section 19a aS the phase ampunt conmand, and
the timer V8Bue the phase correction timer 18a is determnmi ned based upon -
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Fig. 39(A). The interruption processing 1 is |
carried out. at timings corresponding to standing
and falling of the position signal. The
compensation voltage pattern mode is changed, as
is illustrated in Fig. 39(C), so that the -
compensation voltage pattern which is illustrated
in Fig. 39(B) is output. The compensation phase
pattérn mode is changed, as is illustrated in Fig.
39(E), so that the compensation phase pattern
which is illustrated in Fig. 39(D) is output. The
compensation phase pattern is determined so that
changing of peak value of the integration signal
is reduced which is illustrated in Fig, 42.
“*  The sum of the compensation phase pattern and
the average phase amount command is supplied to
the timer value calculating section 19a as the
 phase amount” command, and the timer value of the
phase correction timer 18a is determined based
upon the 6utput from the timer value calculating
section 19a, so that the timer value is increased
or decreased, as is illustrated in Fig. '39(F).
Though, the phase correction timer 18a has its
timer value determined by the timer value



cal cul ating section 19a, the phase correction tinmer 18a is count-over when
t he phase correction tiner perforns a é%pnting operation for the determ ned
timer value {refer to the '‘ending point®{of the arrows in Fig. 39(F)}. The
interruption processing 2 is carried out at every occurrence of the
count-over of the phase correction tinmer 18a, so that the inverter node
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the inverter mode is selected in the order o
rouugrrgr - wgrr179r  The ON-OFF
condition of the switching transistors 121ul,
121u2, 121vl, 121v2, 121wl and 121w2 is
controlled, as illustrated in Figs. 39(G) to.
39(L), corresponding to each inverter mode, by
advancing the inverter mode by 1 step by the _
interruption processing 2.

*Further, the integration signal level ‘and the
inverter voltage phase have a relationship such
that the level of the integration signal is
increased by advancing the inverter voltage phase
and that the level of the integration signal is

- decreased by delaying the inverter voltage phase,
as is illustrated in Fig. 40. Therefore, the beat
phenomenon in the integration signal is greatly
reduced, as is-illustrated in Figs. 41, by
carrying out the processing based_updh the device
illustratéd in Fig. 36, so that the position
signal (integration signal) is stabilized and the
driving range of the brushless DC motor ‘'is '
enlarged when the torque control is performed.
Figs. 42 are charts illustrating the integration



~ processing 1

signal, notor speed and conpensation voltage pattern when the determ nation
of the tinmer val ue based upon the corrpggsation phase pattern is not -carried
out. The beat phenonenon to sone degre s generated in the integration
signal. Further, Figs. 41 illustrate the integration signal, notor speed,
conpensati on voltage pattern and conpensati on phase pattern. Ther ef or e,
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copor co S BRMH oSt AT R he e op AR tREE A", 1 ved because
| e e O A e e L oo s aee ) hterrupt Sons
o Hhere QR Eer halt i Sl emgtoaﬂi thet: the beat
phenomenon is greatly reduced by comparing Figs.
41 and Figs. 42. Furthermore, higher motor
efficiency is realized in Figs. 41 than in Figs.
42. . .

- VWhen the beat phenomenon of the integration
signal is great, disadvantages arise in that
detection of zero—cross becomes impossible because
the level of the integration signal is tdo small
so that detection of the position signal cannot be
performed, and in that a normal integration ‘
operation becomes impossible due to saturation of.

a device so that detection of the position signal
cannot be performed,. for example. And, the
“brushless DC motor may stall due to those. But,
such disadvantages are prevented from occurrence
by employing the brushless DC motor driving device
illustrated in Fig. 36. As a result, a vibration
suppression affect can be improved and motor
efficiency is improved because the torque control
amount can_be determined to be greater. _

"~ Fig. 37 is a flowchart useful in understanding

the operation of the interruption processing 1.
An external interruption requirement 1is




accepted at standing edges and falling edges, respectively, of the magnetic
pol e position detection signal (corresggwdl ng to the excitenent change-over
'signal) fromthe position detection se In step SP1, the phase
amount command i s cal cul ated based upon the sum of the average phase anmount
(average phase correction angle) fromthe exterior and the conpensation
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cal cul ated 186 e&pﬁ e compensation pattern Tode
selection section 19m, in step SP2, the value of
the phase correction timer 18a is calculated based
upon the phase amount command, in step SP3, the
correction timer value is set in the phase .
correction timer 18a, in step SP4, the phase
correction timer 18a is started. In step SP5, the
interval measurement timer 18b is stopped which
has *started by the previous interruption
processing 1, in step SP6, the interval
measurement timer value is read (is memorized).
The operatiohs~in steps SP5 and SP6 are operations
for detecting an interval of edges of the position

signal. Therefore, after the reading of the

interval measurement timer value, in step SP7, the
interval measurement timer 18b is immediately
reset and is“started again for the next interval
measurement. In step SP8, calculation of the -
memorized “position signal interval (for example,
calculation of a count number per 1 degree in
electrical angle) is carried out, in step SP9, the"
rotation speed at the present time of the .
brushless DC motor 13 is calculated based upon the



position signal interval calculation result, in step SP10, the speed
control is carried out based upon the 9med command so as to calculate the
average vol tage command, in step SP11, e conpensation voltage pattern is
added to the average voltage command and the sumis output, then the
operation returns to an original proce55| n Fig. 38 is a flowhart
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o ot ot it RERECORRR B Foff f Bt Sl tbS hn o BE LN 2oephase.
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Fig. 38 is a flowchart useful in understanding
the operation of the interruption processing 2.
The interruption processing 2 is accepted at
every-count—over of the phase correction timer 18a
which has started in the interruption processing
1. ' . ;

In step SP1, the inverter mode previously
determined in the memory 18c is advanced by 1
step,” in step SP2, the voltage pattern
cortresponding to the advanced inverter mode is
output, then the operation returns to_an original
processing. ., :

Fig. 43 is-a block diagram illustrating an
arrangement of a micro—processor which is a main
.section of a brushless DC motor driving device of

another embodiment according to the present
invention. - A portion other than the micro-—
processor has a similar arrangement to that in
Fig. 21, therefore description in detail is
omitted. “Further, this brushless DC motor driving
device performs the speed control using a voltage
phase. . ! '

This brushless DC motor driving device is
different from the brushless DC motor in Fig. 36



in that a speed control section 19f for outputting an average phase anount
command by inputting the present speed Quzput fromthe speed cal cul ati ng

section 19e and the speed conmand from exterior is enployed.instead of
the speed control section 19f, that the conpensati on phase pattern output
fromthe conpensati on phase pattern node sel ection section 19m and the

?XZ?%&@“E%WFM%@% ¢h®€ﬁ§li§%&ﬁibﬁﬁm oo ?Zdt?o"?h‘é‘;”
Hgﬂ%gb&%ﬂ‘g?%}lgoﬁgeg&ggﬁ Pﬁ@ﬁg%e pattern ou ?{df?)ymc?hmgan
APuiERmEling fhesbrbaintscbecd vutyut ron:sheumiostl
Irr;t glrjpglr eg ﬁ?iﬁmﬁf gg%%gifay@@ g%#iésmed&;?gmg ry{ing to
wavef or %1 |gs Tprif%gg oﬁg 3 \S{ﬁ %d
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falling @atmﬁbaa@u&putmémomh n@@Mﬁ@Hﬁﬂt&Qﬁg@h@ﬂ@rp&$

chanses ke SHUSCELGH  Seof Fom Yl Yh S APA 0 2
b eon et coangs aro supybled, 4o thefagero 100 80 as
o2 " "o obtain the phase amount “command and the phase
amount command is supplied to the timer value
calculation section 19a, and that the average
voltage command from the exterior and the
compensation voltage pattern output from the
compensation voltage pattern mode selection
section 19g’’ are supplied to the adder 19h so as
to obtain the voltage command and the voltage
comnand is supplied to the PWM section 18d.
The operation of the brushless DC motor
driving device illustrated in Fig. 43 is described
by referring to waveforms illustrated in Figs. 45.
The position signal which is reversed in level
 periodically, is illustrated in Fig. 45(A). The
interruption processing 1 is carried out at every
timing of standing and falling of the position
signal, the compensation voltage pattern mode
changes, as is illustrated in Fig. 45(E), so that
the compensation voltage pattern illustrated in
Fig. 45(D)..is output. Also, the compensation
phase pattern mode is changed, as is illustrated
in Fig. 45(C), so that the compensation pattern
illustrated in Fig. 45(B) is output.




The sum of the-conpensati on phase pattern and the average phase anount
command out put fromthe speed control g&gtion 19f' is supplied as the phase
amount command to the tinmer value calc ting section 19a so that the tiner
value in the phase correction tiner 18a is determ ned by the output from
the tinmer value calculating section 19a. Therefore, the tiner value is

correotion (e soatf Ofe ki CAmHEhRAT Tom SphEkE. patters "ehdion
"19a, thelpbaspvesragel iphdseeanéant commagydr owtpubefitvoge the ection

timer 18a has,perforned, a count, oper on for the ter ned timer val ue
{refer nspeleaie@mm‘gr niseet ion Jraé%vxs 18 ISIQD a&e’th& erruption

Pl oer siitase naffohn®  ComBaric i cPld ; fitlet! .‘%ﬁi@aiﬁvéﬁiéici he.
sel ect S?ﬂ@‘%e afiaghseEbign, 19 spythat M hiﬁgiet”ﬁaa]'é'héo%n
condi ti ghef phasei wrrr@ctamSmﬂnemwa 1psuzletzmmined hyi21w
and 121wz i's co trolled corregpon to ea h inverdter e, as |I ustrated
in Fi gs.LDeQULPUE( HT OB ﬁB\% % hda Wt@ﬂt@ﬂ&@%lﬂ]gt ep by the
i SRBPLIGITIONS, L Thyr b ShiCE e AT 2,
(i ntegrathersaged) o d@@r@asé&mdagwlwwylimstm&teﬂtﬁﬂtFmgﬂess
DCrmtor r the jorque control s enlarged, as ,Js
g?ﬁ} hougﬁ this phase correction timer 18a is
determined by the timer value calculating section
19a, the phase correction timer 18a is count—over
when the phase correction timer 18a has performed
a count operation for the determined timer value
{refer to the ending points of the arrows in Fig.
A5(F)}. The interruption processing 2 is carried
out at every count—over of the phase corfeption
timér 18a so that the inverter mode selection
section 19c¢ advances the inverter mode by 1 step.
That is, the inverter mode is sequentially
selected in the order of ”“2773774” ... 707"1772”
.. . And, the ON-QOFF condition of the switching
“tran51stors 121ul, 121u2, 121vl, 121v2, 121wl and
121w2 is controlled corresponding to each inverter
mode, as illustrated in Figs. 45(G) to 45(L), by
advancing thé inverter mode by 1 step by the
interruption processing 2. -

Therefore, the beat phenomenon of the
integration signal is greatly reduced so ‘that the
position signal (integration signal) is stabilized
and the driving range of the brushless DC motor
under the torque control is enlarged, as is



simlar as the brushless DC notor driving device illustrated in Fig. 36.
Fig. 44 is a flowhart useful in und%astanding the operation of the

i nterruption processing 1. The extern interruption requirenent is
accepted at every standing edge and falling edge of the nagnetic pole
position detection signal (corresponds to the above excitenent change over
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18b is stopped, in step SP2, interval measurement
timer-value is read. The operations in steps SP1
and SP2 are.operations for detecting an interval
of edges of the position signal. Therefore, after
reading of the interval measurement timer value,
in step SP3, the interval measurement timer 18b is -
immediately stopped and is started again:for the
next .interval measurement. In step SP4, -
calculation of the memorized position, signal
interval (calculation of a count number per 1
degree in electric angle) is carried out, in step
SP5, the present rotation speed of the brushless

“DC motor is calculated based upon the position

signal interval calculation result, in step SP6,
the average phase amount command is calculated by
carrying out~the speed control based upon the
speed command, in step SP7, the phase‘amount
command i$ obtained by adding the compensation
phase pattern to the average phase amount command,
in step.SP8, the timer value to be .set in the
phase correction timer 18a is calculated based
upon the phase amount command, in step SP9, the



cal cul ated timer value is set in the phase correction timer 18a, in step
SP10, the phase correction tinmer 18a.is started, in step SPll, the voltage -
command i s output by adding the conp 4at|on voltage pattern to the average
vol tage command, then the operation returns to an original processing.

The operation contents of the interruption processing illustrated in Fig.
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Fig. 36_in that gfensatson vol tage coeff icient generation section 19i
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sect i opHOEESS ingput 1msbrmtﬂdm¥myF1g 43 is similar to 95
the operation of the flowchart in Fig. 38,
therefore description thereof is omitted.

Fig. 46 is a block diagram illustrating an
arrangement. of a micro—processor which is a main
section of a brushless DC motor of yet another
embodiment according to the present invention.

The block diagram illustrates the brushless DC
“motor driving device in Fig. 36 in more detail.
Further, the arrangement other than the micro-
processor is similar to the arrangemept in Fig.
21, therefore .description thereof is omitted.
Furthermore, this brushless DC motor driving
device performs the speed control based upon the
“yoltage amplitude.
' This brushless DC motor driving device is
different from the brushless DC motor driving
device in Fig. -36 in that a compensation voltage
coefficient generation section 19i’ for outputting
a previously determined compensation voltage
coefficient (a value between 0 and 1) based upon
the present speed from the speed calculating
section 19e, and a compensation phase coefficient
generating section 19p for outputting a previously




determ ned conpensati on phase coefficient (a value between 0 and 1) based
upon the present speed from the speed | cul ating section 19e are further
provided. A multiplication section 19] 9?'5:9i further provided for outputting
a conpensation voltage pattern by inputting the average voltage conmand
output fromthe speed control section 19f, the conpensation voltage
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i nterru@@6ibion 187 the compensation voltage pattern

output frommthe compensation voltage pattern mode
selection section 19¢’°. A multiplication section
19q is further provided for outputting a
compensation phase pattern by inputting the
average phase amount command given from the
exterior, the compensation phase coefficient
output from the compensation phase coefficient
genération section 19p ‘and the compensation phase

- pattern output from the compensation phase pattern
mode selection section 19m. Thus, the average
voltage command output from the speed control
section 19f and the compensation voltage pattern

“output from the multiplication section 19j are
supplied to the adder 19h and the sum of the both
is output as the voltage command, and the average
phase amount command given from the exterior and
the compensation phase pattern_ouﬁpuﬁ*from the
multiplication section 19q are supplied to the
adder 19n and the sum of the both is output as the
phase amount command. '

Figs. 47 and 48 are a flowchart useful in

“understanding an operation of the interruption




96 processing 1 in Fig. 46. The external interruption requirenent is
accepted at standing edges and falling edges of the magnetic pole position
detection signal (corresponds to the alde excitement change-over signal )
of the position detection section. In step SP1, the interval
nmeasurenent timer 18b is stopped, in step SP2, the interval measurenent:

timer value is read. Tae Oﬁer];ghl ons n st SP1. nd SP2 are operations for
det ect i NBTACERSLNE df 1 ges theT&% el'llﬁ | . Therefore, after

it er val LIRErD o FodlF PEmeRY,, %ﬁ"%Cﬁ?s@feQdaieSﬁﬁdiﬁ%ai "
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pre'sent a) % 8 2 d 35 _E _
posi ti ondSIQKE eXGLEEMERS Change TQR¥eR:  SLgha 3 , conpensat i on
o 23%%313"%%2@%&@%??3‘2%@&S‘pé;ﬁé‘*iﬁﬁgé? o advanced by 1 step. In
step 5p, Lnelnsdept SRlghatheoiifier vl | maasuementodniafeerpr esent
ijI tipli %OESeSmemafﬁdﬁv&B@Bptgéée 13%1.61 ylmd thg yine
SPio. ' nBeASEEsifE i valuR.cPEraeal o tﬁﬁf‘éﬁﬂmﬁsﬁ%ep
in steps SPl and SP2 are operations for detecting
an interval.of the edges of the position signal.
Therefore, after the reading of the interval
measurement. timer value, in step SP3, the interval
measurement timer 18b is immediately reset-and is
started again for the next interval measurement.
In step SP4, calculation of the memorized position
signal interval (for example, calculation of a
count number per 1 degree in electric angIe) is
carried out, in step SP5, the present.. speed of the
brushless DC motor is calculated based upon the
position signal interval calculation result, in
step SP6, the compensation phase pattern is read
“based upon the compensation phase pattern mode, in
step SP7, the compensation phase pattern mode is
advanced by 1 step. In step SP8, the compensation
phase coefficient is read based upon the present
speed, in step SP9, the compensatlon-phase is
calculated by multiplying the multiplication
result of the average phase amount command and the
compensation phase coefficient to the compensation
phase pattern, in step SP10, the phase amount
command is calculated by adding the compensation




97 phase and the average phase anobunt command, in step SP11l, the tinmer

val ue whi ch should be set in the phaseg/iorrection timer 18a is cal cul ated
based upon the phase. anmount conmand, i¥istep SP12, the timer value is set
in the phase correction tiner 18a, in step SP13, the phase correction tiner

18a is started. In step SP14 t he average vol tage corrmand I s cal cul ated by
perfor E’?ﬁ enifg om t he
_exteri gp%ﬁ E)l I’?é]t e co%‘géﬂls 'on v?@ag}% pattern Iq/’ ased upon
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dri vi ng gtsmitaeoiln IFagedeuponr ethezesp andhngen:ﬁm om driving

Geviee heMexterior. In step SPIS, the compensation

voltage pattern is read based upon the
compensation voltage pattern mode. In step SP16,
the compensation voltage pattern mode is advanced
by 1 step. In step SP17, the compensation voltage
coefficient is read based upon the present
rotation speed. In step SP18, the compensation
voltdge is calculated by multiplying the '
multiplication result of the average voltage
amount command and the compensation vpltage
coefficient to the compensation voltage pattern.
In step SP19, the voltage command is calculated by
adding the compensation voltage and the average

" yvoltage command, then the operation returns to an
original processing. |

The operation contents of the interruption
processing 27 in Fig. 46 is similar to the
operation of the flowchart in Fig, 38; therefore
description thereof is omitted.

Therefore, operations and effects which are
similar. to those of the brushless DC motor driving
device in Fig. 36 are realized when this brushless
DC motor driving device is employed.




98 Further, in this enbodi nent, the conpensation phase pattern node
sel ection section 19m selects the corrégsat I on phase pattern so as to
suppress the beat phenonenon of the i gration signal. But, it is

possi ble that the inverter interval is divided, the |evel of the

I ntegration signal is judged whether it is great or small at every
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~ conpensajidgmentagee sudft, citdre (iqlver@erewirt@g@ncp desedgupon  the
present speged fromjhe s ed cal culat |
dé aye when Lthe level” of’ the integration signal
is great, ar the inverter voltage phase is
advanced when the level of the 1ntegrat10n signal
is small.: -

Fig. 49 is a block diagram illustrating an
arrangement of a micro—processor which is a main
section of a brushless DC motor of a yet further
embodiment according to the present invention. |
The' block diagram illustrates the brushless DC
motor driving device in Fig. 43 in more detail.
Further, the arrangement other than the micro-
processor is 51m11ar to the arrangement in Fig.
21, therefore description thereof is omitted.

 Furthermore, this brushless DC motor driving
device performs the speed control based upon the
phase amplitude.

This brushltess DC motor driving device is
different from the brushless DC motor driving
device in"Fig. 43 in that a compensation voltage

coefficient generation section 19i’ for outputtlng
a previously determined compensation voltage
coefficient (a value between 0 and 1) based upon
the present speed from the speed calculating



99 section 19e, and a conpensati on phase coefficient generating section

19p for outputting a previously detern1g conpensatlon phase coefficient
(a val ue between 0 and 1) based upon the“present speed fromthe speed

cal cul ating section 19e are further provided. A multiplication section 19
is further provided for outputting a conpensation voltage pattern by
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phase anmbunt conmmand” out.put fromthe speeq conttol sect
omprGivaintt i il fons  lhoutonponenstenvod tage:
supplt ed dReli® 84%Eh M CutBut" 20 *the cOfpensation Yoltake ®
coefficient, generation section 19i’ and the
compensation voltage pattern output from the
compensation voltage pattern mode selection
~section 19¢’°. A multiplication section 19q is
further provided for outputting a compensation
phase pattern by inputting the average phase
amount command output from the speed controlling
section 19f, the compensation phase coefficient
output from the compensation phase coefficient
generation section 19p and the compensation phase
pattern output-from the compensation phase pattern
mode selection section 19m. Hence, the average
" voltage command given from the exterior and the
compensation voltage pattern output from the
"multiplication section 19j are supplied to the
adder 19h and the sum of the both is output as the
voltage command, and wherein theiavefage phase
amount command output from the speed control
section 19f and the compensation phase pattern
output from the multiplication section 19q are
supplied to the adder 19n and the sum of the both
is output as the phase amount command.




100 Figs.-50 and 51 are a flowchart useful in understanding an
operation of the interruption processi 1in Fig. 49. The external
interruption requirenent is accepted dﬂ?@tanding edges and falling edges of
t he magnetic pole position detection signal (corresponds to the above

exci tenment change-over signal) of the position detection section. In
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cal cul at} BH&F ﬂ-ﬂ% AEHdr TRAUIIEHEIRTsilghaAGGED agﬁ
| cul at | d
R %@g#%?@ﬁetg%emﬁg@émm@ curiss
based UF]DOStl iprsi Ievbesj’tgmlnlsugnal cétortrespones! to i tlreep SPS,
the aver hase a nt (of0) i s cal cul at ed. b for t he speed
control & u@?ﬁcﬂ- é?giaﬁlﬁﬁgmf r&hgw xt@? &'QhGI n step SP7,
th " d th at’ h
batt or n Higaa LI, g?%%?ﬁhil Seshiotfon pEQSE battorn mode i o advanced
by 1 step. |fnstebefPoSPhe dheerisatiarvall aqnemrlemer@tltmei based
upon th esent speéd, | ste SP10, Eﬁ; conpensati on pha
18b 15 s opped, in step SP2, the interva
measurement, timer value is read. The operations
in steps SP1 and SP2 are operations for detecting
an interval. of the edges of the position signal.
Therefore, after the reading of the interval |
measurement timer value, in step SP3, the interval
measurement timer 18b is immediately reset and is
started again for the next interval measurement.
In &step SP4, calculation of the memorized position
 signal interval (for example, calculation of a
count number per 1 degree in electric angle) is
carried out, in step SP5, the present speed of the
brushless DC motor is calculated based. upon the
" position signal interval calculation result, in
 step SP6, the average phase amount command is
calculated by performing the speed control based
upon the speéd-command given from the exterior, in
step SP7, the compensation phaseﬁpattern is read
based uponr the compensation phase pattern mode, in
step SP8, .the compensation phase pattern-mode is
advanced by 1 step. In step SP9, the compensation
phase coefficient is read based upon the present
speed, in step SP10, the compensation phase is



101 calculated by multiplying the nultiplication result of the average
phase anobunt command and t he conpensat<§T phase coefficient to the
conpensati on phase pattern, in step SF{ t he phase anmount conmand is
cal cul ated by adding the conpensati on phase and the average phase anount
command, in step SP12, the tinmer value which should be set in the phase

tep P ITALER J@Vuﬁﬁiﬂ@éﬂﬁﬁ? Gttt SR

‘step SPiesibbtphage ther erverag e haei amoantedcommared $fid the
conpensation volta %e pattern is read,hased upon the gconpensation voljage
pat t er n GOEENSaLIOBP aSﬁaG&&ﬁgiﬂlentthxﬁ tcampansamaon

ead baRHASEn HAhL b iﬁflﬁﬁ?%tﬁﬁ%ﬁ@@ ftﬁ’lét @*%Ségﬁsﬁéﬁi%éﬁé‘ét | on
;Sgﬁggg v%p?g%fwiaigﬂt@§g¥%%2 q%hh%g%gggg tion v Sﬁﬂh |C|ent to
tcglecﬁf)gpah&seoran |t‘rfilge gvemagﬂ phage semount mmm&n p\r/rrﬂang i s
conmmand, §£§&X Sﬂggerﬁﬁ% E&@?@f é’%l,% @ﬁﬁg‘sﬁaléﬁﬁﬂam SO It %ﬂ@
Op”al”%h@ﬁ?hﬁéeﬂqg %1pnptpmg¥01§? ?mne me gaﬁgdsbﬁﬁbﬁ”

to the opéra art 1n escri pt
t her eof Upomi thee. p asmeamcmn cxpennmand; ai) eSteps Sk f athei i | ar

tOthoaﬁghé?eéﬁTﬂgeT%tge '2h %he Bhase correction timer
18a, in step SP14, the phase correction timer 18a
is started. In step SP15, the compensation
voltage pattern is read based upon the
compensation voltage pattern mode, in step.SP16,
the compensation voltage pattern mode is advanced
by 1 step. In step SP17, the compensation voltage
coefficient is read based upon the present
rotation speed, in step SP18, the compensation
voltage is calculated by multiplying the |
multiplication result of the average voltage
amount command-and the compensation voltage
coefficient to the compensation voltage pattern,

“in step SP19, the voltage command is calculated by

adding the compensation voltage and the average
voltage command, then the operation returns to an
original processing:

The operatlon contents of the interruption
processing 2 in Fig. 49 is similar to the
operation ©f the flowchart in Fig. 38, therefore
description thereof is omitted. '

Therefore, operations and effects which are
similar to those of the brushless DC motor driving



102 device in'Fig. 43 are realized when this brushless DC notor driving
device is enployed. Industrial Appli Aty The present invention
can realize the torque control for re ng | ow speed vibration of a cyclic
intermttent load with a maxi num efficiency condition and with a practi cal
arrangenment, and is applicable to various applications in which a cyclic
interm ad A sRdrd-vey us a u r + ar

| nterm gepi c9ad n SFA'gY IS eifle A AT 208 SWHREP nggh[g brusiless
‘'synchr oB@ismotor ddidivingt devioerisi remployeeh of super posing a
varyi ng anmount upon an anplitude and a phase of a current wavef or m or

vol t age waveform when torque .control - is performed for suppressing speed
~change onous nmotor (6) controlled with an
|nvertewﬁgp@igﬁﬁéBS?mﬁg')f)‘%@gf%@w(105) (121) which notor (6) drives a
| oad having a cyclic torque change. . A synchronous notor driving
met'hod as set forth in claim1l, wherein a varyi nﬁ anount_ in phase is

control I ed badae vaesaemir ylmfemiwonl canntéaldezehithe stocrrque | ed
e Al Yhr AR ol VIRIALTRRE B e o«
vary; ”9@35’8?1'1(0 r1n1:erm11:1:en1: 1oad with a maximum efficiency
condition and with a practical arrangement, and is
~applicable to various applications in which a
cyclic intermittent load is driven using a
synchronous motor or brushless DC motor.



anplitude is controlled based upon a-varying anount in phase which is
controll ed based upon an output of aqtohque control section (50) (90).
4. A synchronous notor driving nethoJ— set forth in claiml, wherein a
varying amount in anplitude is controlled based upon an output of a torque
control section (10) (30) (70) (110), and a varying anmpunt in phase is

control efki-on amount which is related to efficiency.
5. A symag“ﬁ Eg ﬁ??yﬁ%gﬁ/ % met hod as set forth i'n claim1l, wherein a
‘varying anount in .phase is controlled based upon an output of a torque -

control sectipon (50) (90), and a varying amount .,in anplijude is controlled
based upon al. SYI’lChI'OHOUS motom m*a:‘émgmm @Awhich is

Lilb ﬁéédéé)miz:fi%'rfﬁé.yrthﬁe sten ofs 1 1o 5 ahereraan anount s eh'l | S
s ompl oyed AUPRE DO LIE sRoner I e BIBLULE, Hipdn. 6, AOETY e

met hod andmaf asien ofe af ciirrent wavefoEneioraveldagerich linits
a band to a f ndarren al wgygof aloadtor ue wavef o mlse oyed as the

varyi ng V¥t 0T WlER Eﬂ%o@@%ﬁi’@ ddiyi @I'forth in

SR ot B mwﬂazwﬁmnys

(rjr:)]E ?;ren f?@c}% f er, !]_]_Cédl Wdlt}f condf\ﬂen er, poi nt
voI_tage ( ) &1_)%\8 ng() €4%;sfg5t)dé8%(§[ 10&r(ﬁl3 Mﬁd&SMOﬁﬂ)]ﬁf (zf% ot or
drives a load having a cyclic torque change.

2. * A synchronous motor driving method as set
forth in claim 1, wherein a varying amount in
phase is controlled based upon a varying amount in
amplitude which is controlled based upon an output
of a torque control section (10) (30) (70) (110).

3. A synchronous motor driving method as set
forth in claim 1, wherein a varying amount in
amplitude is controlled based upon a yarying
amount in phase which is controlled based upon an
output of a torque control section (50) (90).

4. A synchronous motor driving method as set

“forth in claim 1, wherein a varying amount in
amplitude is controlled based upon an output of a
torque control section (10) (30) (70) (110), and a

 varying amoufit <in phase is controlled based upon a
detection amount which is related to.efficiency.

5. A “synchronous motor driving method as set
forth in claim 1, wherein a varying amount in
phase is controlled based upon an output'of a
torque control section (50) (90), and a varying
amount in amplitude is controlled based upon a
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(6a) of the synchrono (6) the first center point voltage bei ng
obt ai ned by r% nﬁ (122v) ibzlg each chis
connected to a ﬂ nal of ea hase of A ( and
anot her "end Whl d to one anot her, _t he Rf@&-ﬁﬁﬁpcent poi nt

vol t age bei ng obtai ned by connecting one end of a Stator w ndi ng (ou) (6v)
(6W) of o} I )ad O e 10. A
._corrpressor %%]Tﬁﬁﬁ éﬁg‘gnqy%hlw dé?\ﬁélgtgﬂoﬁﬁyﬁ%]@rcy

conpressor ufi.ng d sEYIC mnousomd‘mmdmvmgr merthwd hassyset onous

nmot or dr|V| rrethod acco n t.0 on ims 41 to

105 - arlmsl tm i c@VhSﬁﬁla A amouR&ter

(3561 gﬁ@%ﬁéﬁhﬂ@@%@(é?zﬁﬁﬁ@a@@t@ i o8 188enics) (12)

so as t asmempes ai @wrempl oyedt agothe var ime ambappase of a

current wave r volt vvaveformvx/nen t que control Js erformed for
ed e nSyRChin

suppr essi ng peed hSYJRCATONE LS e M5t 6T riﬁﬂrthﬁ

motor (E0EEH oL OB G G Faiul 3 Cth,5e o) véﬁé#géf?f éﬂ“iémﬁiﬁ% e
A e T T A PR 1 %@)d%ﬂ@ﬁ?%% Tage B emfThasdsgrs
(108) (1;11& (\ﬂaﬁ)ylngrr@mgurmt controlling a varying anount in phase based
Hpon @ W”y'gla@ﬁ syfichronous motor driving method as set
forth in one of claims 1 to 5, wherein a third
harmonic is superposed upon the varying amount in
amplitude:
9. A synchronous motor .driving method as set
forth in one of claims 1 to 8, wherein a .
difference between a first center point voltage
and a second center point voltage is 1ntegrated SO
as to detect a magnetic pole position of a rotor
(6a) of the synchronous motor (6), the first
center point voltage being obtained by resistances
(122u) (122v) (122w), each having one end which is
connected to an output terminal of each phase of
“the inverter (121) and another end which is
connected to one another, and the second center
point voltage being obtained by connecting one end
of a stator winding (6u) (6v) (6w) of each phase of
the synchronous motor (6) to one another.
10.  A»compressor driving method .is a method
for driving a one cylinder compressor using a
synchronous motor (6) which is driven by' the
synchronous motor driving method according:. to one
of claims 1 to 9.
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anplitude which is controlled based upon an output .of a torque control

section (10)(30)(110). 13. A syncarogous not or driving device as set
forth in claim11l, wherein the invert 0%ontrol neans (48)(50)(126) is

means for controlling a varying anmount in anplitude based upon a varying
anount in phase which is controlled based upon an output of a torque

Forth in ol a1l AnsEREroRanEr HOTES, M Thitle ey s (155 °7
"SFaQStLFr%%ﬁ?O%?F‘B?QgeC?. on 1705, and Tor CpatFal kin AcvaL KLg aRount |1
phase, baged apmrer er coné ol means €§5 G)i)é) &g) (lébl) 84@50 ,
I U LG Sl
[ nvertebgﬁlttf@ 1 & S aryi ng
anount &553 Zl&f})l upon an out put of & torque control sect’i &F? and

for cont r80gasoia sumfppas.eeaaavarmmgaamumton anmount
cot Tor tDoRY AR AhbLIEide andoa hBARE BE R, ilré?db%'t "o Coeans
(29 ﬁvﬁm@mﬁw%ﬁ@%g@m%f@@%@gw ROL
tor que eyeperformned vor nsuppressing 15péesdyng Iam e witth qIIIVI ng
devi ce as séet f rth i n ope of clai 11 to 15, V\,herel he i nverte trol
means (meomo PahomePis0R EynChroBYEsomAteN 1 leniﬁmi Sdn
amount W % an inverter (5) (5b) (25) (45) (65) (85) (105) (121)
- which motor (6) drives a load having a cyclic
torque change. |
12. A synchronous motor driving dev1ce as set
forth in claim 11, wherein the inverter control
means (8) (10) (28) (30) (48) (50) (68) (70) (88) (90) .
(108)(110) (126) is means for controlling:a varying
amount in phase based upon a varying amount in
amplitude which is controlled based upon an output
of a torque control section (10) (30) (110).
13. A synchronous motor driving device as set
forth in claim 11, wherein the inverter control
“'means (48) (50) (126) is means for controlling a
varying amount in amplitude based upon a varying
amount in phase which is controlled based upon an
output of a Torque control section (50). |
14. A synchronous motor driv}ng.aevice as set
forth in ¢laim 11, wherein the inverter control
means (68)(70) (126) is means for controlling a
varying.amount in amplitude based upon an output
of a torque control section (70) and for
controlling a varying amount in phase based upon a

——__-_’___‘___________. ’
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| i mits &higShedt Has Been ntal wave of a load torque vvaveformasthe
varyi ng i Asynchronouid&tor Ar Lol ap=—a aeeedt forth in
one of cl wherein the rter mtScﬁHEﬁ'ara '.“

(30) (48) (50) (68) (70)(88)(90) (108)(110)(126) ik meaMEPLAGER upe
third harnmonic of a |load torque waveform upon e Ing anount in

o Bt e 10 u?ﬁ@#ﬁ?nﬁﬁﬁfﬁgﬁ@éﬂi%éc@) %%ﬁ?‘fﬁ%?\é?{igz'w? “oach
“ having one 4|, wﬂkhs hr@nbustm@morﬂ FJVEng”'eViG@CESmS%¢Of

t he |n¥‘erteh (121) nd whj ch i,s connected to one another so
107 (FQTEN it ebakn ,m raini the: daverten oconbiohs (6u)

conhectitiatls ofBRREHD ?Agﬁiofﬁﬂr%ﬁﬁﬁt f‘&ﬁeebﬁijti‘mﬁfrhé‘“ﬁ“vgft age
L&ﬁé’éﬁ“ﬁglﬁgiﬁ‘aﬁgqﬁ’ﬁ TerpHase Mé@”‘%ﬁ H?%%Qén o g"f‘tglﬁe%[‘fige
cns Totapue) sonbued szoction dl) andrdon icomtroblingra
(6a) oW ART & nabustr s afip bidhdes Based, s odeledtion 2o
Qiﬁﬁﬁﬁi‘ﬁﬁaﬁn{?ﬁﬁﬁ?ﬁ@f@?@?t@ B%iféy?il%@@?c%ﬂ?iérc%? Chre driven
bxé the synctr@nousAmgynchirenoudenctorccdrd ving device! agssdtto
forth in one of claims 11 to'15, wherein the
inverter control means (8).(10) (28) (30) (48) (50) (68)
(70) (88) (90) (108) (110) (126) employs an amount
corresponding to a furndamental wave and lower
harmonics as the varying amount. :

17. A synchronous motor driving device as set
forth in one of claims 11 to 15, wherein the

 inverter control means (8)(10)(28)(30)(48)(50)(68)
(70) (88) (90) (108) (110) (126) employs an amount |
corresponding to a fundamental wave as the varying
amount. . | |

18. A synchronous motor driving device as set
forth in one of claims 11 to 15, wherein the

inverter control means (8) (10) (28) (30) (48) (50) (68)
(70) (88) (90) (108) (110) (126) is means for
superposing a third harmonic upon the varylng
amount in amplitude.

19. A synchronous motor driving.device as set
forth in ome of claims 11 to 18, further
comprising.resistances (122u) (122v) (122w), each
having one end which is connected to an output
terminal of each phase of the inverter (121) and
another end which is connected to one another so
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21. A brushl ess DC notor driving, device conprising; resi stances (122u) -
(122v) (122w), each having one end mhdfbﬁ;s connected to an output terninal
of each phase of an inverter (121) an ot her end which is connected to

one another so that a first center point voltage is obtained, st at or

wi ndi ngs (6u) (6v) (6w) each corresponds to each phase of a brushless DC

end to oiEfothet S EnGEREr BB yolLaRe I abtATHE cq ' 0"
} nt ggrgtesnttbela}begﬁvdlmegSZ‘(lﬁuﬁ 6V EBII ionf %S?CH 121'3?2235?2"251}?30” |
cmﬂer[ﬁVﬁCﬁ&QE@M&anBORm(ﬁmNeg&h 0ﬁé@hﬁ@hnb$gmmnnec tednetic -
bl e Porat Rdnfehid, JEoaRR. AR bRk CSbe it haY. Jaleacand R erteron "
o B el Rl dncmﬁmz@@ L2
cat o s aghﬂﬁmr Samiatemstnp ot fwopmeuon
b shi oot DRt Eddos b 5 ENEAT° DS Lnaicvinl LRk eBd o bHS e Pngans
i Goegy ' bgﬁz’gﬁﬁf;@z%ﬁo%ﬁﬂmmmm@ g (e
21, wherdirtegrationaisignal, and magnetic pole position
detection means (125) for detecting a magnetic
pole position of a rotor (6a) of the synchronous
motor - (6) based upon the integration signal.
20. A compressor driving device comprising;
a one cylinder compressor, and
a synchronous motor for driving the one
cylinder compressor which is driven by the
synchronous motor driving device accordlng to one
of ¢élaims 11 to 19.
- 21. A brushless DC motor driving, device
comprising;
resistances (122u) (122v) (122w), .each having
one end which is connected to an output terminal
“of each phase of an inverter (121) and another end
which is connected to one another so that a Tirst
center point voltage is obtained, '
stator windings (6u) (6v) (6w) each corresponds
to each phase of a brushless DC motor- (6), each of
which stater windings (6u) (6v) (6w) is connected at
one end to.one another so that a second center
point voltage is obtained, '
integration means (124a) (124b) for integrating
a difference between the first center point
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- change suppression nmeans (19m (19n) (19a) includes division neans for
dividing an inverter interval, judgne means for judgi ng whet her the

i ntegration signal level is great or |1 for every divided interval, and
i nverter vol tage phase control neans (19m (19n) (19a) for retarding the

I nverter vol tage phase respondlng to the judgment result representing that .

ol t age FRIABR BRI GG BRCPDE ATl Br POARE L AR anche | evel
Sgﬁgg'ﬂ@ﬁiébﬁglﬂfﬁg éﬁ Tﬁ%bgrat13ﬁ éﬁéﬂﬁil&ﬁ DC notor driving

resi stances (122u)
(122v) (122wWmagasbthiegi MO gibion i de%ec@i@ﬁtmeﬁnsmémzﬁﬁrmna

of each:ﬁgase of an |nverter }9? and anolher end i's.connected to
one anothet sdetracting € magaethmpo ﬂf@@ﬂkid@ﬁlﬂﬁ a rodietor

“#;)[‘.S‘r”?éi Bkt £(m%ﬁ5ifh§&f§§%8“lﬂg hofata. (el basSed MR’ Then
end to :pcond center point voltage is obtalned
|ntegrat|on ngans }or |nté%r§f a dlfferenCéhbetmeen t he flrst center

poi nt voIUnwlmvermere@mnhxm emears gi@mdd@ntxm . Ig%an
|ntegrat nal I ¢_pol p05|t|o det ecti on
(124a) ( ?l ¥ ter g@f@i&. ngOa r}ﬂaﬂg%&gt’v rotor (6a)
Ofthetﬁhﬁﬁﬁ?ﬁéﬁadvanced with respect to a phase of a
load torque is superposed upon an average value
voltage command in synchronism with intermittence
of the ‘load torque for applylng to the brushless
DC motor (6}, and

peak value change suppression means
(19m) (19n) (19a) for suppressing change in peak
value of the integration signal.

22. A brushless DC motor driving dev1ce as
set ‘forth in claim 21, wherein the peak value _
change suppression means (19m) (19n) (19a) includes
division means, for dividing an inverter interval,
judgment means ‘for judging whether the integration
signal level is great or small for every divided

interval, and inverter voltage phase control means
(19m) (19n) (19a) for retarding the inverter
voltage phase responding to the judgment result
representing that the level of the integration
signal is great and for advan01ng the- inverter
voltage phase responding to the Judgment result
representing that the level of the integration
signal is small. ‘

23. A brushless DC motor dr1v1ng device
comprising; | | -
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notor (6) based upon the integration signal, I nverter control means
(18) for controlling the inverter (12]]{ QO that a changi ng phase which is
advanced with respect to a phase of.a Q d torque is superposed upon an
average val ue phase command ‘in synchronismw th internttence of the |oad
torque for applying to the brushless DC notor, and peak val ue change -

9 i |
o he Tt e ?Slnss?g%ﬁ%f%@ 0122g) “X@"ﬂf@%@% SAER, HaiPtig, 7 o
?itg m])‘ oEtdnen ehd wwhichhersi cohnecbed atoe anhmt];)}lrgpr%ema%bns
|V

for divi @(alaﬁ npgl:aiége@fem| invegker obad oan dgnt Eé‘?‘h@nals
o0 SRR CHONY LA LT o o Apb e ot #RA RiFTI

vol t age @apit ¢vd og_qppncpr@];ttgggehqsuggb@wln@ It representing that the
vel thge anph ’s%éai%i‘é WAndNES f(@guﬁ?iﬁiﬂ?(éwiu?éér bresanting that  the
level of, 1hs-sRUShA AR t8"¥ath PRHse of a brushless DC
motor (6) each of which stator windings
(6u) (6v) (6bw) is connected at one end to one
another so that a second center point voltage is
obtained,
integration means for 1ntegrat1ng a difference
between the.first center point voltage and the
second center point voltage and for obtaining an
integration signal, o
| magnetic pole position detection means |
(123a) (124a) (124b) (125) for detecting a magnetic
polé position of a rotor (6a) of the brushless DC
motor (6) based upon the integration signal,
inverter control means (18) for controlling
the inverter (}21) so that a changing phase which
is advanced with respect to a phase of a load
“torque is superposed upon an average value phase
command in synchronism with intermittence of the
load torque for applylng to the brushless DC
motor, and — -~
peak value change suppression means
(19m) (19n)"(19a) for suppressing change in peak
value of the integration signal.
24. A brushless DC motor driving deV1ce as
set forth in claim 23, wherein the peak value
change suppression means (19m) (19n) (19a) includes
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division means for dividing an inverter interval,
judgment -means for judging whether the integration
signal level is great or small for every divided
interval, and inverter voltage amplitude control
means for increasing the inverter voltage
amplitude responding to the judgment result
representing that the level of the integration

-~ signal is great and for decreasing the inverter
voltage amplitude responding to the judgment
result representing that the level of the
integration_signal is small.
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