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Synchronous Mdtor Technical Field The present invention relates to a nethod
and apparatus for controlling a synchronous notor. Myre particularly, the
present invention relates to a novel nmethod and apparatus for controlling a
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not or nodel, and control a synchronous notor accur en | oad,
speed command val ue and torque comand vary Rel at @l”w ‘m’m@Whe past, a
synchr orBBECGEFBCAEI@ONI oyed as a driving sour ce arious

species .of devices. Inprovenent in voltage utilizati diffdte {enl argenent

in drivi e to qver al i,zi hi fficiency,
|rrproven@%th%fj@9%f qqlﬁ ?01‘(@9&9&%‘% %IHE}FE ﬁlgq\%@%wred for such
synchronous notor. Al so improvenent in reliability, decrease in cost due
to sensafscRAidHl Fgé‘g@pessary for detecting a rotational position of a

rotor, and re zin ccura are uired. T i sfy such
requi rements, ath HBVﬁ@tK 16‘58%&1& Aolle %kboci ‘%rm%amﬁor are
gr 0|toosgdf0r( Yorrtredh H«gr -a esynchronousonnoborl n (H‘eprpmriﬂeulansllyngthe

i stur c S éiaaﬂf}f‘s
illustra e%&%@qgﬁ%ﬁrf% Pefe@?ﬁt Fd())Irk? ?t%@?%ﬁ% %\i&ﬁor echnol ogy
synposi ufRRLED linghops, S.‘YW reRAus, m@§8r F’ST‘I gt Ptatdongd: r ol 1 i ng
met hod uposgtlmdl(sﬁ uabarat®robusingr sandnotor embodeht rahti ngomttdloua over

‘modul at i ancg%nﬁun@ehﬁgésb %fc%h%atﬂf%%ﬁ‘? wheaN 0Rd e syeedlohifingd Vol tage

of a non- determ ni ng’ a“conduct’i on period to

be 120 d¥§ ‘é%u?f:ﬁ‘iﬁgr B Wﬁﬂgpﬁ }%rl od forﬂm‘@ m“mm“m]m@ stator wi nding

of a synchronous rmt or detects a rot atlonal rot or fromthe
not or mR%q and controls the synchron ous ut
phase

vol t age ntrolJin en t he ,net hod S avoltae

utili gatl on E‘Opgﬁekhﬁngéﬁwé‘ |W%§WOB§CE&%®%L}% @Fﬁpﬁ?ﬂﬁ(i ofBi ﬁg is

enpl oyeddrifnugg | sowréeng ofh |euhlcedof/oIVagmLta/ depeciesi noft hdewi¢es. wi ndi ng
S M R o g
suffici eﬁ{in&ﬁ’ppF L] ofrp ePVEEL W&kﬁ%@ﬂ B é%ngerig‘lﬁ?hl Ci®REY:when t he

t or que comtpradeémenitsirceontesllability rrealmngshlwmme(}?dsmqmtednfom thin’
one rot a%hgﬂané&‘?ﬁléi"gﬁf t hadt64) '?&l%%pl } Vté}ﬁeﬁgnq?lctkgggl cannot
18

be enl arge VO on’r a cannot se t he

. e utirlil za a
r o] datraggedn erst GUE Lo ReRSITSDOE SNBCHEILLOT AREBCUREA ol | abl e

range i nrmbatmgfalph:&mtlm sofil & sotamaandDM(éﬂoth’rgl &3 s abCuracyr shravi ng a
r ot or V\/mrg magnet enbedded arrangenent) cannot be driven with
eff|C|ency

because onl y r a&?ﬁfb’ ﬁ‘ frlgﬁl{’l}%?tgg‘?exilﬁ%ong}?o' wrwéég(qggggiédggﬁﬁggurate
carried @ontrollmg synchronous motor are proposed:
(1) A sensor-less vector controlling is proposed using a
disturbance observer which takes induced voltage as disturbance,
asg is illustrated in “Sensor-less Controlling of IPM Motor”, Motor
Technology symposium B-5, 1999/3. This sensor-less vector
controlling is a controlling method using a disturbance observer
and current controlling without over modulation.
(2) A method is also proposed which observes an induced
voltage of a non-conduction phase of a motor by determining a
conduction period to be 120 degrees, the period being a period for
conducting a stator winding of a synchronous motor, detects a
rotational position of a rotor from the motor induced voltage, and
controls the synchronous motor by carrying out voltage phase
controlling.
When the method (1) is employed, a voltage utilization



The present invention was made in view of the above problenms. It is an

obj ect of the present invention to offer a nmethod and apparatus for
controlling synchronous notor which rgalizes inprovenent in
controllability, inprovenent in voltage utilization rate, decrease in

noi se, sufficient suppression in vibration, and inprovenent in efficiency,
with little affection of the notor characteristics. D sclosure O The

I nvention A nmethod for controlling synchronous notor .of claiml1 is a method
whi ch derate eaanai heiisaproyedheamiiss currenscondralingpis: emnleyes.
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the output voltages or output currents of the inverter to the
synchronous motor.
A method for controlling synchronous motor of claim 2 is a
method which detects a rotational position of a rotor using higher
harmonics of input terminal voltages, higher harmonics of




A method for controlling synchronous notor of claim11l is 4 a met hod

whi ch carries out the torque controlling by maintaining the current phase
to be constant and by varying the curyrent anplitude. A nethod for
controlling synchronous notor of claim12 is a nethod which drives a
conpressor for an air conditioner using the synchronous notor. A nethod for
controlling synchronous notor of claim13 is a nethod which controls a
synchronous notor under a condition where speed command val ue, torque
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A method for controlling synchronous motor of claim 10 is
a method which carries out the torque controlling by making

relevancy of the current phase and the current amplitude.
A method for controlling synchronous motor of claim 11 is



An apparatus for controlling synchronous notor of claim20 is an apparatus
whi ch enpl oys neans for controlling the synchronous notor within a range of
current phase which satisfies the equation of (La - Lg) is + [err] >0 ( La
represents daxi s inductance, Lg represents g-axis inductance, is represents
d-axis current, [err] represents rotor flux .linkage) as the inverter
controlling neans. An apparatus for controlling synchronous notor of claim
21 is an apparatus which enpl oys nmeans for detecting the rotational
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where speed command value, torque command or load changes
from moment to moment, which calculates a rotational position
of a rotor using input terminal voltages, currents of a
synchronous motor .and instrumental constants of the
synchronous motor, which controls output currents or output
voltages of an inverter based upon the rotational position
calculation result, and which supplies the output voltages or
output currents of the inverter to the synchronous motor.

A method for controlling synchronous motor of claim 15 is
a method which employs fixed coordinate motor model, which
calculates flux by integrating the motor voltage, and which
calculates the rotational position from the rotational position
information of the rotor included within the flux.

A method for controlling synchronous motor of claim 16 is
a method which employs a motor having magnetic salient pole as



synchronous notor driving a | oad having periodic torque variation and

i nstrunmental constants of the synchronous notor, filter nmeans for obtaining
a rotational position correction res%It using a filter based upon the
rotational position detection result, canceling neans for canceling del ay
of the filter receiving the rotational position detection result as the

i nput or delay due to response speed of the rotational position detection,
and inverter controlling neans for controlling output currents or output
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current phase which satisfies the equation of (La - Lg) id + [err] >0 ( Ld
represents d - axis inductance, Lq represents g-axis inductance, is

represents d-axis current, represents rotor flux linkage). , Therefore, the
rotational position of the rotor can be detected securely in addition to
t he operation and effect of claiml. 9 When the method for controlling

synchronous notor of claim4 is enployed, the nethod detects the rotational



When the nethod for controlling synchronous notor of claim5 is enpl oyed,
the nmethod controls a notor which is small in ~ L~ -- Lg ~ . Therefore,
the rotational position detection error is prevented fromgeneration in
addition to the operation and effect %f claim4. Wen the nethod for
controlling synchronous notor of claim®6 is enployed, the nethod detects
the rotational position using fixed coordi nate notor nodel. Therefore, the
operation and effect sinmlar to those of claim1l1 or claim3 are realized by
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+17 to the present invention; Figure 7 is a block diagramillustrating an
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operated at high speed, in addition to the operation and effect of
one of claim 1 through claim 11.
When the method for controlling synchronous motor of
claim 13 is employed, the method controls a synchronous motor
under a condition where speed command value, torque command
or load changes from moment to moment, detects a rotational
position of a rotor using input terminal voltages, currents of a
synchronous motor driving a load having periodic torque
variation and instrumental constants of the synchronous motor,
obtains a rotational position correction result using a filter based
upon the rotational position detection result, cancels delay of the
filter receiving the rotational position detection result as the
input or delay due to response speed of the rotational position
detection, controls output currents or output voltages of an
inverter based upon the rotational position correction result or
the value canceled the delay, and supplies the output voltages or
output currents of the inverter to the synchronous motor.
Therefore, the method can deal with either small delay case or
great delay case so that the speed variation of the synchronous
motor can be prevented from occurrence or can be greatly
suppressed. As a result, the method realizes improvement in
controllability, improvement in voltage utilization rate, decrease
in noise, sufficient suppression in vibration, and improvement in
efficiency, with little affection of the motor characteristics.
When the method for controlling synchronous motor of




Figure 20 is a diagramillustrating sinulation result of 18 change in
passage of tine of estimted angle error obtained by the synchronous notor
controlling apparatus of Fig. 17, Figyre 21 is a diagramillustrating
sinmulation result of change in passage of time of current phase obtai ned by
t he synchronous notor controlling apparatus of Fig. 17; Figure 22 is a
diagramillustrating sinulation result of change in passage of tine of
current phase estimation value within the controller obtained by the
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claim 15 is employed, the method employs fixed coordinate motor

model, the method calculates flux by integrating the motor

voltage, and calculates the rotational position from the rotational

position information of the rotor included within the flux.

Therefore, the method can sufficiently follow the high speed

variation, and can prevent or greatly suppress the speed

variation of the synchronous motor. As a result, the method

realizes improvement in controllability, improvement in voltage

utilization rate, decrease in noise, sufficient suppression in

vibration, and improvement in efficiency, with little affection of

the motor characteristics.

When the method for controlling synchronous motor of

claim 16 is employed, the method employs a motor having

magnetic salient pole as the synchronous motor, and the method

calculates a rotational position using higher harmonics of input

voltage and higher harmonics of current. Therefore, the method

can carries out the rotational position detection without error for

rapid load variation in addition to the operation and effect of one

of claim 13 through claim 15. ‘

When the method for controlling synchronous motor of
claim 17 is employed, the method drives a compressor for an air
conditioner wusing the synchronous motor. Therefore, the

compressor for an air conditioner can be driven in a stable



19 But, it is possible that output currents of an inverter can be
controlled. ' Fig. 1 is a block diagramillustrating a synchronous notor
controlling apparatus of an enbodi nepj according to the present invention.
Thi s synchronous notor controlling ,apparatus conprises a converter 2,

I nverter 3, current detection section 5a, voltage detection section 5b,
p05|t|on and speed detection section 6, speed difference cal cul ation
section 'la, speed _controlling section 7b, torque controlljing section 7c,
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realizes improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of
the motor characteristics.

When the apparatus for controlling synchronous motor of
claim 19 is employed, the apparatus detects a rotational position
of a rotor using higher harmonics of input terminal voltages,
higher harmonics of currents of a synchronous motor driving a
load having periodic torque variation and inductance distribution
of the synchronous motor by the rotational position detection
means, and controls output currents or output voltages of an
inverter based upon the rotational position detection result so
that speed variation of the synchronous motor due to the periodic
torque variation is denied, by the inverter controlling means.

Therefore, the speed variation of the synchronous motor is
prevented from occurrence or is suppressed greatly by reducing
the error even when the load has periodic torque variation. As a
result, the method realizes improvement in controllability,
improvement in voltage utilization rate, decrease in noise,
sufficient suppression in vibration, and improvement in efficiency,
with little affection of the motor characteristics.

When the apparatus for controlling synchronous motor of
claim 20 is employed, the apparatus employs means for



The phase controlling section 8 receives the torque controlling current
command and the phase command given fromthe exterior as input, carries out
phase controlling operation so as tojgutput final current conmand. The
current controlling section 9 recevies the detected rotor position, notor
current and final current command as input, carries out current controlling
operation so as t output voltage command for suppliying to the inverter 3
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quant i t i ebmim 23 agtlhmpleygde the-apparatusemplays means for-gdeteeti

el ectri ctheardigitionaeposition using fixed coordinate motor model as the
rotational position detection means. Therefore, the operation
and effect similar to those of claim 18 or claim 20 are realized by
simple processing.

When the apparatus for controlling synchronous motor of
claim 24 is Employed, the apparatus employs a motor which is
greatin | Ly — Lq!| as the synchronous motor. Therefore, the
operation and effect similar to those of claim 23 are realized by
applying the method to a motor having a great salient pole ratio.
The method cannot be applied to the motor when the method
employs rotating coordinate motor model.

When the apparatus for controlling synchronous motor of
claim 25 is employed, the apparatus employs means for carrying
out the torque controlling by determining a feedback gain for
frequency component of rotational speed variation to be infinite
as the inverter controlling means. Therefore, rotation speed
variation can be suppressed securely in addition to the operation
and effect of one of claims 18 through claim 24.
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used to Ol G.he torque controlling current command by bei ng superposed
to the curr enth@éfﬁafNe apparatus for controlling synchronous motor of
claim 28 is employed, the apparatus employs means for carrying
out the torque controlling by maintaining the current phase to be
constant and by varying the current amplitude as the inverter
controlling means. Therefore, the control can be simplified in
addition to the operation and effect of one of claim 18 through
claim 26.

When the apparatus for controlling synchronous motor of
claim 29 is employed, the apparatus employs a motor for driving
a compressor for an air conditioner as the synchronous motor.
Therefore, the compressor for an air conditioner can be driven in
a stable condition which has great load variation and is needed to
be operated at high speed, in addition to the operation and effect
of one of claim 18 through claim 28.

When the apparatus for controlling synchronous motor of
claim 30 is employed, the apparatus controls a synchronous
motor under a condition where speed command value, torque
command or load changes from moment to moment, and the
apparatus detects a rotational position of a rotor using input
terminal voltages, currents of a synchronous motor driving a load
having periodic torque variation and instrumental constants of
the synchronous motor by the rotational position detection means,
obtains a rotational position correction result using a filter based
upon the rotational position detection result by the filter means,




The phase command is given fromnonment to nonent in response with the
control ling purpose such as maxi num efficiency, maxi numtorque, field
weakeni ng control ling. Operation and;gffect of the synchronous notor
control ling apparatus having the above arrangenent are as follows. The
rotor position ( 0 ) and speed are detected by detecting the notor currents
and voltages and by supplying themto the position and speed detection
section 6. Then the current comrand is obtained by supplying the speed
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speed variation, and can prevent or grea y suppress the speed
variation of the synchronous motor. As a result, the apparatus
realizes improvement in controllability, improvement in voltage
utilization rate, decrease in mnoise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of
the motor characteristics.

When the apparatus for controlling synchronous motor of
claim 32 is employed, the apparatus employs means for using
fixed coordinate motor model, for calculating flux by integrating
the motor voltage, and for calculating the rotational position from
the rotational position information of the rotor included within
the flux, as the rotational position calculation means. Therefore,
the apparatus can sufficiently follow the high speed variation,
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li ke areappara¢ugssmny carries out the rotational position detection
without error for rapid load variation in addition to the operation
and effect of one of claim 30 through claim 32.
When the apparatus for controlling synchronous motor of
claim 34 is employed, the apparatus employs a motor for driving
a compressor for an air conditioner as the synchronous motor.
Therefore, the compressor for an air conditioner can be driven in
a stable condition which has great load variation and is needed to
be operated at high speed, in addition to the operation and effect
of one of claim 30 through claim 33.

Brief Description Of The Drawings

Figure 1 is a block diagram illustrating a synchronous
motor controlling apparatus of an embodiment according to the
present invention;

Figure 2 is a block diagram illustrating an example of an
arrangement of a position and speed detection section;

Figure 3 is a block diagram illustrating another example of
an arrangement of a position and speed detection section;

Figure 4 is a diagram illustrating simulation result for
speed variation improvement effect between the presence and
non-presence of the torque controlling; -

Figure 5 is a block diagram illustrating a synchronous
motor controlling apparatus of another embodiment according to
the present invention;

Figure 6 is a block diagram illustrating a synchronous
motor controlling apparatus of a further embodiment according
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Figure 18 is a diagram illustrating simulation result of
change in passage of time of load torque obtained by the
synchronous motor controlling apparatus of Fig. 17;

Figure 19 is a diagram illustrating simulation result of
change in passage of time of rotation speed obtained by the
synchronous motor controlling apparatus of Fig. 17;

Figure 20 is a diagram illustrating simulation result of
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Best Mode For Carrying Out The Invention

Hereinafter, referring to the attached drawings, we

explain embodiments of a synchronous motor controlling method

and apparatus thereof according to the present invention in

detail. In each of the following embodiments, cases are

explained in which output voltages of an inverter are controlled.
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difference calculation section 7a, speed controlling section Tb,
torque controlling section 7¢, multiplication section 7d, phase
controlling section 8, and current controlling section 9.

The converter 2 receives AC source 1 as input and obtains
DC power.

The inverter 3 receives the DC power as input and obtains
AC power and supplies the AC power to a synchronous motor 4
which is a species of synchronous motors.

The current detection section 5a detects a motor current
supplied to the synchronous motor 4.

The voltage detection section 5b detects a voltage at a
terminal of the synchronous motor 4.

The position and speed detection section 6 is determined a
motor model therein, receives the motor current and voltage as
input, carries out predetermined operation, and detects a
rotation speed of a rotor (hereinafter, simply referred to as speed)
and rotation position of the rotor (hereinafter, referred to as rotor
position).

The speed difference calculation section 7a calculates a
difference between the detected speed and a speed command
given from the exterior. ,

The speed controlling section 7b receives the speed
difference as input, carries out speed controlling operation, and
outputs current command so that average speed becomes the
command speed.

The torque controlling section 7c receives the speed
difference as input, carries out torque controlling operation, and
outputs current amplitude modulation signal for compensating
the current command.

The multiplication section 7d multiplies the current
command and the current amplitude modulation signal so as to
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obtain torque controlling current command.
The phase controlling section 8 receives the torque
controlling current command and the phase command given {from

the exterior as input, carries out phase controlling operation so
ag to output final current command.

The current controlling section 9 receives the detected
rotor position, motor current and final current command as input,
carries out current controlling operation so as to cutput voltage
command for supplying to the inverter 3.,

Fig. 2 is a block diagram illustrating an arrangement of
the position and speed detection section 6 of an example.

This position and speed detection section 6 comprises a
three phase — vy § conversion section 61, three phase — v §
conversion gection 62, motor reverse model section 63, difference
calculation section 64, filter 65, position detection section 66, and
differential section 67.

The three phase — vy 0 conversion section 61 receives
the three phase voltages as input in response with the rotor
position ( ~ 0 ), carries out y 6 conversion (carries out
conversion from three phase voltages to d-q axes voltages,
multiplies the matrix (1) to the d-q axes voltages, and carries out
conversion to the estimated axes y - 6 axes voltages, the
estimated axesy -0 axes having deviation by — 6. in electric
angle in a rotation direction from the d-q axes) so as to outputy
6 voltage vector.

costl, -sinb,
sinf,  cos0,

Matrix (1)

The three phase — +y 0 conversion section 62 receives
the three phase currents as input in response with the rotor
position (= ), carries out v § conversion so as to outputy 8
current vector.

The motor reverse model section 63 receives the vy 0
current vector as input and outputs a voltage vector therefrom.

The difference calculation section 64 calculates a
difference between the voltage vector output from the motor
reverse model section 63 and the voltage vector output from the
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The differential section 67 receives the rotor position ( ~
0 ) as input and carries out differential operation so as to output

speed.

In Fig. 2, various quantities are defined as illustrated in
the formula (2).
Definition of Various Quantities
0 :electric angle == "1 Owl 0= i cosf, -4,
o :electric angular speed L * | sinG, cosd,
vV, Vs 1 v 0 axesvoltage Vya’::’("y"’a)r '. .
i,i5: v & agescurrent iYBE(iy,ia)T oy oy 0
£, €51 v 0 axesinduced voltage e e, Ny R
¢ : armature flux linkage LY_“ d 0 B | B, 0
R : armature resistance " 0 L ] 0 Bs .
g, Ly : dg axes inductance L, —:lo -—l-q']
s represents differential operator ld 0.
hat =~ represents estimationvalue @ 9, 8- " ¢

formula (2)

In this case, the rotor position (~ 0 ) is detected using the
rotating coordinate motor model.

Also, in this case, it is preferable that a motor which is
small in | La — Lq | (so-called synchronous motor with surface
magnet arrangement in which permanent magnets are mounted
on the surface of the rotor) as the synchronous motor 4 so that
error is prevented from generation. Description is made in more
detail for this point.

Ag is illustrated in Fig. 8, when the rotating ccordinate
motor model is used, when a difference 0 . between the true rotor
angle (rotor position) 6 and the estimated rotor angle
(estimated rotor position )0 and when a salient pole ratio is
great ( | La — Lq | is great), the difference 6 . is multiplied with
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The torque controlling section 7c generates periodic torque
variation waveform (current amplitude modulation signal) based
upon the speed difference so that the periodic speed variation is
suppressed. This periodic torque variation waveform is used to
obtain the torque controlling current command by being
superposed to the current command.

The phase command is given from moment to moment in
response with the controlling purpose such as maximum
efficiency, maximum torque, field weakening controlling.

Operation and effect of the synchronous motor controlling
apparatus having the above arrangement are as follows,

The rotor position ( 0 ) and speed are detected by detecting
the motor currents and voltages and by supplying them to the
position and speed detection section 6.

Then the current command is obtained by supplying the
speed difference between the detected speed and the speed
command to the speed controlling section 7.

Also, the periodic torque variation waveform is generated
by supplying the speed difference to the torque controlling
section 7c.

The current command (final current command) applied
phase controlling is obtained by superposing the current
command thus obtained and the waveform signal and by

supplying the superposed result to the phase controlling section 8.

This final current command is supplied to the current controlling
section 10, while the motor currents and the rotor position (6 )
are also supplied to the current controlling section 10, so that the
voltage command is obtained. Then the inverter 3 is controlled
by the voltage command, and the synchronous motor 4 is
controlled by supplying the output from the inverter 3 to the

o
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It is also possible that the current controlling section 9 is
omitted and that the speed controlling gystem is arranged so as
to create the voltage command directly.

Fig. 3 is a block diagram illustrating an arrangement of
the position and speed detection section 6 of another example.

This position and speed detection section 6 is mainly
different from the position and speed detection section 6 of Fig. 2
in that the fixed coordinate motor model is employed instead the
rotating coordinate motor model.

This position and speed detection section 6 comprises a
three phase — two phase conversion section 71, three phase —
two phase conversion section 72, motor reverse model section 73,
rotor position calculation section 74, and differential section 75.

The three phase — two phase conversion section 71
receives the three phase voltages as input, multiplies the matrix
(3) to the three phase voltages, and outputs «  voltage vector
on the two phase orthogonal stator coordinates.

: Y
S o

2 | matrix (3)



SSLI70CC~0sin01sIn0-"CO~ 0~ 111 0CO0 SO0 Q5 0 51172 0
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calculates the difference between the integration result and the
operation result based upon the o 8 current vector and the g
axis inductance Li.
'The rotor position calculation section 74 outputs the rotor
position (~ 0) by ecarrying out tan~! operation for the output
from the motor reverse model section 73.
The differential section 75 receives the rotor position (
6 ) as input, and carries out differential operation so that the
speed is output.
In Fig. 3, various quantities are given by the formula (4).

va,vpB : a B axesvoltages Ve =(vg, vy)!
1,18 : «a B axes currents yT

o

iugs = " i[3
formula (4)

In this case, the rotor position ( ~ 0 ) and the speed can be
detected similarly to the position and speed detection section 6 of
Fig. 2. The arrangement and the operation can be simplified in
comparison to Fig. 2 because the rotating coordinate conversion
and the like are not necessary.

There are no error propagation paths similarly to that of
Fig. 8 in this case, therefore a motor having a greater salient pole
ratio (so-called synchronous motor with embedded magnet
arrangement in which permanent magnets are mounted in the
interior of the rotor) can be employed as the synchronous motor
4.

Fig. 4 ig a diagram illustrating simulation result for speed
variation improvement effect between the presence and
non-presence of the torque controlling. Motor constants are as
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1, respectively, a block diagram of the controlling systemusing the torque
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estimated rotor position. In the position and speed detection
section having feedback of estimated speed, as is illustrated in
“Expanded Induced Voltage Observer For Sensor-less Controlling
For Salient Pole Brush-less DC Motor”, Chin Shiken et al., Heisei
11 nen (1999) Denkigakkai Zenkokutaikai, error is generated
when the estimated speed changes because the position
estimation result changes depending upon the estimated speed.

When feedback utilizing the estimated rotor position or
estimated speed is used for obtaining the rotor position, the
position and speed detection section 6 cannot be dealt with the
rapid change of the command value, torque command, load and
the like.

But, no error can be generated for rapid change of the
command value, torque command, load and the like by directly
obtaining the rotor position based upon the input terminal
voltage and current of the synchronous motor, and the
instrument constant of the synchronous motor.

Specifically, the estimated rotor position can be made
unrelated with the motor model by employing the position and
speed detection section 6 of Fig. 3. Therefore, the estimated
speed can be made unrelated with the motor model in the order



~Fromthe formula (1.7), it is understood that the conponent of frequency c~
1 of the disturbance . TL does not transfer to the speed w, and that the
conponent of frequency c~ 1 of the spged command c~ ~ is identical with the
speed Fig. 13 is a block diagramilluUstrating a synchronous notor
controlling apparatus of a further enbodi nent according to the present
invention. This synchronous nmotor controlling apparatus is different from
the synchronous notor controlling apparatus of Fig. 1 in that a torque
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IFig. 5 is a block diagram 111ustrat1ng a synchronous motor
controlling apparatus of another embodiment according to the
present invention.

This synchronous motor controllmg apparatus is different
form the synchronous motor controlling apparatus of Fig. 1 in




Therefore, it is preferable that one of the above synchronous notor
controlling apparatus is enployed as the synchronous notor controlling
apparatus for controlling a synchronggs notor for driving a conpressor for
an air conditioner so that the conpressor for an air conditioner can be
driven in a stable condition which has great |oad variation and is required
to be driven at high speed. Fig. 17 is a block diagramillustrating a
synchronous notor controlling apparatus of a further enbodi ment according
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with the thr esWh@mbﬁwsyxMomnhs shetéheontteldingmmestatars having esponse
W th the (paMAIPbmRHE s employed, the detection accuracy in the

rotation position and speed is improved due to the removal of

noises by the filter 10. The voltage utilization rate is improved.

The affection of the motor characteristics is greatly reduced.

The rotation position detection can be made to be minute and

accurate so that the controllability is improved. The reduction

of noises and improvement of efficiency are realized. Further,

the synchronous motor 4 can be driven without change in speed

so that sufficient suppression in vibration is realized by

additionally carrying out the torque controlling even when the

load has periodic torque variation.

Fig. 6 is a block diagram illustrating a synchronous motor
controlling apparatus of a further embodiment according to the
present invention.

This synchronous motor controllmg apparatus is different
form the synchronous motor controlling apparatus of Fig. 1 in
that the position and speed detection section 6 outputs flux T =
(La — Lg) ia + ¢ in addition to the rotor position and speed,
that a ¥ = 0 detection section 11 is further provided, and that



The current controlling section 9 receives the selected rotor position,
notor current and final current command as input, carries out the current
controlling operation so as to outpuig t he voltage command, and supplies the
vol tage conmmand to the inverter 3. The selection section 13 and sw tchover
section 14 3'7 constitute a canceling neans. \Wen the synchronous notor
control ling apparatus having this arrangement is enployed, and when the
shifting in the rotor position renoved noise therefrom becones greater,
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The invention of claim1l has characteristic effect such that the Speed
variation of the synchronous notor is prevented fromoccurrence or is
suppressed greatly even when the | oag, has periodic torque variation, and
that the nmethod realizes inprovenment in controllability, inprovenent in
voltage utilization rate, decrease in noise, sufficient suppression in

vi bration, and inprovenent in efficiency, with little affection of the

not or characteristics. The invention of claim2 has characteristic effect
such that, the speed variation of the synchronous notor is prevented from
occurrence or is suppressed greatly by reducing the error even when the

| oad has periodic torque variation, and that the nethod realizes

i nprovenent in. controIHabiIity, ~ inprovenment in voltage utilization rate,
decr ease iy RpilsE,) =suf-fici ent; pr Fen, f-n_vi f‘tquF“ang i mprovenent in
efficiency, with I)ittlémasze%tl?%g ‘d’f@?@nn&{; t%ﬁ'*chgf’%lct erf ét{}@?} The
invention of claim3 has characteristic effect such that,the, rot iona
position of the rotor can be detected securely in 39 agdatom {d) the

ef fect of cJaintlu 7." he inﬁﬁntion o{\clain14 has effect simlar to those
of claim1 of=reldildr3oRhektivensionof (sthint & thas cchakadderi stic effects
such that the rotational position detection error is preyented frg
generation in addition to the effect of claim4. The invedt 1 g}ain16
has effect simlar to those of claim1 or claim3 by sinple processing. The
-invention of claim7 has effect simlar to those of claim®6 by applying the
met hod to a notor ﬁawj@gqa:gwg@@+s%gﬂgQQ)pq%p ratio. The nmethod coul d not
be applied to the notor when the nmethod enploys rotating coordi nate notor
nodel . The invention of claim8 has characteristic effedﬂgungMQKQQt
rotation speed variation can be suppressed securely in addition to the
effect of one of claiml1l through claim 7. The invention of claim9 has
effect simlar to those of one of claim1l through claim7. The invention of
clai m 10 has char aftleri\st { cos®f ectssngnc dhat inprovement in efficiency is
realized in additiog.tg t §i§@fec%09§90¥; §f claim1 through claim9. The

i nvention of claim1l has characteristic%ffects such that the control can
be sinplified in addition to the effect of one of claim21 through claim9.
The invention of claim 12 has characteristic effects smaqfﬁhﬂbrﬂﬂkﬂ)
conpressor for ~n air conditioner can be driven in a stable condition which
has great |oad_varjation and is needed to be operated at high speed, in
addition to thénefifiget?,oft oiepsesents mn elacsuin anglem w1, rapresanignt i on of
clai m 13 chag| i@ @iBAlIsh] gpebdegls vouahpraabne! W1gr aBklvdlehgy gase or

great del.ay case can be dealt With’ sd that the speed variatio he
synchr ondus FRPEEREBAN e pRSEENEHETEREM Boour t end@IFEEIM Be ¢r &KAY,

suppr essgdiand thektalgle, ~Rb OViRiRAsentsC @t r arhebiditd Vilukmiiekagent R n
vol t age utlllza%kgn rate dﬁprease k n0|seg&$uiL|C|ent SUﬁpFESSIOH in
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af f ect i oninshuctianceptoreprasente diffierential operator, and represents
eatimation value, respectively. I, v, ;, 1, 5,¢ .5, L1, Iy, 06, T(O
o), a1, B1,ldq, Vaqin Fig. 7 are represented in formula (11).

Vo, VOO ' T (84 = [ o080, -
(.

i
T D
N » — O(l

| . i = 0 s —sin@,
v iv, 1) in®o. Cos 0.
L, E#d O“ o= “E\L-.: 0 | B
O LI L L__(_) (¢4 B—H
Lj = ['b ~TLa Br= [p, 0]
___L d O . 0 B 5
0 = 9-"49 tdg= (id, iq) "  Formula(11)
vdg= (vd, vq) "



The invention of claim14 has characteristic effects such that the high
speed variation can sufficiently followed, and that the speed variation of
t he synchronous notor can be preventﬁp or 40 greatly suppressed, and that
i nprovenent in controllability, inprovenent in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and inprovenent in
efficiency are realized, with little affection of the notor
characteristics. The invention of claim15 has characteristic effects such

that dt he hi ghWheﬁd f%l@r irﬁiﬂ-ﬁﬁl@@lﬂ él@&ﬁéﬁt@niﬁ Ve ﬁ%@ﬂfbw%@ Jooapd dri@?t the
speed varigtion e SVIC e eye r a
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utilizati om rats wdvecﬂeasblmd{ narsangsoiénti ﬁﬂms‘mﬂtmde oig.n &iter ati on,
and i npr,oyengay in efficiency are realized, with little affectlon of the
nmot or char act |st|cs. The, i nvention of claim 16 s,char.acter. st.ic effects
such that the St%n%‘r‘ﬂzﬁr E}B‘%l(iqlb??%re(& 132 G kN Ak 1dp 4§ PRFI0ENout
error fasingpithd dddckamrapingemenddeft Fog. th t e, efibegiven drye tdfe cl ai m 13
t hr ough r tic effects such
e oush Skl PLaT Mo b MRS S BRRRR L o1 o

condi tion which has great |load variation and is needed to be operated at

hi gh speed, in additi on to the effect of one of claim 13 through claim16.
The |nvent|o(|2 |m 1 hasnjg zr teristi.c effects such that the speed
vari ation of* tyhe s é‘hr onous t i s Pre e\?'esnt‘ebfl frlom occurrence or is
suppressed greatly even when the Ioad has periodic torqlermmla(ldy, and
that the nmethod realizes i rrprovenent in controllability, inprovenent in

vol t age utlllztlon rat e, cres suf fi nt su ession in
Vbration. andiioieansARtER el B8 Ttemior; of (€, SRR he

not or cr(ﬂr?éc‘itseﬂo sht IEI(LsSlIIhé) irnvent com Of1 chaidn 10 sHaeichaactiori Btit effects

such thal, the spged é{zarg.lq{ (9110_]‘_ FthQe%y reduonogq}eﬁg)t gxl Sb@é@fh%%ﬂ'ﬁg from

occurre ce I .S “su great cin Fror éven when the
| oad hasP$® ﬁ%@rénuiaﬁé’v%van ation, and that the nmethod realizes

inprovenent in controllability, inprovenent in voltage utilization rate,
decrease in noise, sufficient suppression in vibration, and inprovenent in
efficiency, with little affection of the notor, _characteristics. The

i nvention of clain120 has characteristic effects such that the rotational

posi tiqn_of the roto n/n%)e detected securely 1 in addition to the

ef f ect “8F 2e¥°di 18 %H@ ention of claim?21 h?s EPFRGMyi lar to those
of cl ai rﬁﬁ%eeﬁ f0} Gi'rh 20« €7FH@ deavioh® | Bhndt 1 cl ai m 22 has ghgsact eri stic
ef f ect s +qugh; Hhatedhens oL abienal / ppsbtipdn detection error is prevented from

gener at i,qn 4, addi 4,91y 4 Pafdle) €1h8GH, Of ¢l ai m 21 —and order

+((aicesc—aisers) /2+a0e2:) c0S2 # 1
+( (a1sezctarcezs)2/5in3 §1+(aicesc—a1sezs)/2c0s3 01 «~3rd order

Formula (13)

Though 0. cannot be detected, the DC component and
first order component of x,, are controlled to be 0 instead (k, —
oo is needed), then eo, e, e1. are adjusted so that the dashed line
section within,the formula (12) becomes 0. To realize the object
(eo0 = e1s = e1c = 0) from the formula (12), it is sufficient that ap #
0, and that ajs = aic = 0. The former is equivalent to the fact
that the average value of {¢ + (La — L) 1a }o i8 not O, while
the latter is equivalent to the fact that the first order component”
and second order component of {¢p @ + (La — Lg) [ws — 8] iaq}



The invention of claim23 has effect simlar to those of claim18 or claim
20 by sinple processing. The invention of claim?24 has effect simlar to

t hose of claim 23 by applying the hod to a notor having a great salient
pole ratio. The nethod could not be @pplied to the notor Wen the nethod
enpl oys rotating coordi nate notor nodel. The invention of claim25 has
characteristic effects such that rotation speed variation can be suppressed
securely in addition to the effect of one of claim 18 through claim24. The
inventi gpeod, clEhin 76 eadvaléetttosilie lfaet thatheseidtonreant, anal M4l

t hrough_claim24. The invecnt_i on of claim27 has characteristic effects such
that i nprtgdtell 9 ATEFGARS ty is realized in addition to the effect of one
of claim 18 t#ouhreswlty toe  sulficiendntdosdisfore| fo1m 28 Ohas>chérai eri sti c
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The invention can be applied to various field enplaying a synchronous notor
as driving source so that inprovenent in controllability, inprovenent in
vol tage utilization rate, decrease ifgynoise, sufficient suppression in

vi bration, and inprovenent in efficiency are realized, with little
affection of the notor characteristics. Wiat |Is Cained Is: 1. A nethod for
controlling synchronous notor is a nethod which detects a rotational
position of a rotor using input term nal voltages, currents of a
synchronous notor (4) driving a | oad 43 havi ng periodic torque variation
and i nstrunentyal € nchrpn motor - G4, Lchyg rols
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motor ( Hhreb d?éﬁﬂff(frox control ling synchronous notor as set forth in
claim1l, v% wagﬁd control the }/ hr onous not or fA)E., élna
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Lg ~ . od for controlling s nchronol Xxs notor as set forth in claim
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Description is made further.

When complex variable of Laplace transform is
represented with s, speed is represented with v, speed command
is represented with o * disturbance is represented with TL,
torque controller is represented with K(s), transfer function from
the output to input of the torque controller is represented with
G(s), rational function being a component of K(s) is represented
with C(s), frequency to be suppressed is represented with wl,
respectively, a block diagram of the controlling system using the
torque controller becomes the block diagram illustrated in Fig. 11,
and gain characteristics (output/input) of the torque controller
becomes the characteristics illustrated in Fig. 12.

) As is understood from Fig. 12, the gain for the frequency
o 1 is infinite.
Therefore, the formula (15) is satisfied.



44 8. A nethod for controlling synchronous notor as set forth in one of
claim1 through claim7, wherein the nethod carries out the torque
controlling by determ ning a feedbagk gain for frequency conponent of
rotational speed variation to be infinite. 9. A nethod for controlling
synchronous notor as set forth in one of claim1 through claim'l, wherein
the nmethod previously stores current or voltage pattern according to |oad
variation, and the nethod outputs corresponding current or voltage pattern
according to the rotational position detection result so that speed
variation due to thi lloadoviariatdeon is reduced. 10. A Wejrbadld ¢15)
controlling synchronous notor as set forth in one of claim2l through claim
9, wherein the method carries out the torque controlling by making
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Formula (17)



which coritrols output currents or output voltages of an inverter (3) based
upon the rotational position calculation result, and which supplies the

out put voltages or output currents of,the inverter (3) to the synchronous
notor (4). 15. A method for controlling synchronous notor as set forth in
claim13 or claim 14, wherein the nethod enpl oys fixed coordi nate notor
nodel , cal culates flux by integrating the notor voltage, and cal cul ates the
rotational position fromthe rotational position information of the rotor
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47 rotational position detection result so that speed variation due to the
| oad variation is reduced. 27. An apparatus for controlling synchronous
notor as set forth in one of claim 18 through claim 26, wherein the

i nverter controlling nmeans ("Ib)('1c)(8)(9) carries otzt the torque
controlling by mal ~ing rel evancy of the current phase and the current
anplitude. 28. An apparatus for controlling synchronous notor as set forth
in one of claim18 through claim2G wherein the inverter controlling nmeans
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48 currents of Figsyhcky andiagramoillusirating thettorame patterstefntheof the

synchr ONEyih R0 3o hnvedirecop@itiotidr ngndeaneragd ( eféf an
controll | n oufegut currents or output voltages of an inverter based upon

the rotaf¥ osition calculation result. 32. An apparatus for
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posi ti onCOSrgy PaGhies 1% xeqpared for 4Ihgar cool ng;m%thd hi gher harnoni cs of
current. Therefore, it is preferable that one of the above
synchronous motor controlling apparatus is employed as the
synchronous motor controlling apparatus for controlling a
synchronous motor for driving a compressor for an air conditioner
so that the compressor for an air conditioner can be driven in a
stable condition which has great load variation and is required to
be driven at high speed.

I'ig. 17 is a block diagram illustrating a synchrenous
motor controlling apparatus of a further embodiment according
to the present invention.

This synchronous motor controlling apparatus comprises a
converter 2, inverter 3, current detection section Ha, voltage




An apparatus for controlling synchronous notor as set forth in one of claim
30 through claim 33, wherein the synchronous notor (4) drives a conpressor
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terminal of the synchronous motor 4.

The position and speed detection section 6 is determined
the motor model therein, receives the motor current and voltage
as input, carries out the predetermined operation, and detects
the speed of the rotor and rotor position.

The speed controlling section 7b receives the detected
speed and the speed command given from the exterior as input,
carries out speed controlling operation, and outputs the current
command so that the average speed becomes the instructed
speed.

The phase controlling section 8 receives the current
command as input, carries out the phase controlling operation,
and outputs the final current command.

The noise filter 12 removes noise from the detected rotor
position.

The selection section 13 selects the detected rotor position
or the rotor position removed the noise therefrom.

The switchover section 14 compares the difference between
the detected rotor position or the rotor position removed the noise
therefrom with the threshold value, and controls the selection
section 13 in response with the comparison result.

The current controlling section 9 receives the selected
rotor position, motor current and final current command as input,
carries out the current controlling operation so as to output the

voltage command, and supplies the voltage command to the
inverter 3.

The selection section 13 and switchover section 14
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constitute a canceling means.

When the synchronous motor controlling apparatus having
this arrangement is employed, and when the shifting in the rotor
position removed noise therefrom becomes greater, over-current
and decrease in torque are prevented from occurrence by
employing the rotor position which is not removed noise
therefrom.

Description is made further.

The noise filter 12 is incorporated for eliminating the
affection of noise included within the detected rotor position
signal. The noise filter 12 inevitably has delay so that shifting
is inevitably generated in the rotor position when rapid speed
change has occurred. But, in this embodiment, the switchover
section 14 controls the selection section 13 for selecting the
detected rotor position so that over-current and decrease in
torque due to the time lag in rotor position are prevented from
occurrence under the condition that the difference between the
detected rotor position and the rotor position removed noise
therefrom is greater than the threshold value.

Next, simulation results by the synchronous motor
controlling apparatus of Fig. 17 and simulation by the
synchronous motor controlling apparatus without the canceling
means are illustrated from Fig. 18 though Fig. 22, and from Fig.
23 to Fig. 27. Iigs. 18 and 23 illustrate the change of the load
torque TL following passage of time, Figs. 19 and 24 illustrate
the change of the rotation speed W following passage of time,
Figs. 20 and 25 illustrate the change of the estimated angle error
The following passage of time, Figs. 21 and 26 illustrate the
change of the current phase beta following passage of time, Figs.
22 and 27 illustrate the change of the current phase estimation
value betahat following passage of time, respectively.

When the synchronous motor controlling apparatus
without the canceling means is employed, the change of the
rotation speed is generated following the increase in load torque,
so that great deviation is generated in estimated angle. Thus,
the current phase is greatly shifted. Finally, the torque is not
output so that the synchronous motor stalls and stops. On the
contrary, when the synchronous motor controlling apparatus of
Fig. 17 is employed, the change of the rotation speed is generated
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synchronous motor is prevente rom occurrence.

Fig. 17 illustrates the condition in which the noise filter 12
is separated from the position and speed detection section 6.
Therefore, the arrangement of Fig. 17 cannot be employed when
the noise filter is incorporated in the position and speed detection
section in a separation impossible manner.

In such case, shifting of the position due to the rapid speed
change can be compensated by the following operation as is
illustrated in Fig. 28: supplying the detected rotor position to the
differential element s so as to'detect the speed; supplying the
speed to the delay element At so as to delay the speed,;
supplying the detected speed and the delayed speed to the change
quantity detection section 15 so as to detect the change quantity
of speed; supplying the change quantity to the correction
quantity calculation section 16 so as to calculate the correction
quantity for correcting the rotor position; and supplying the
detected rotor position and the correction quantity to the addition
section 17 so as to obtain the corrected rotor position.

The invention of claim 1 has characteristic effect such that
the speed variation of the synchronous motor is prevented from
occurrence or is suppressed greatly even when the load has
periodic torque variation, and that the method realizes
improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of
the motor characteristics.

The invention of claim 2 has characteristic effect such that
the speed variation of the synchronous motor is prevented from
occurrence or is suppressed greatly by reducing the error even
when the load has periodic torque variation, and that the method
realizes improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of
the motor characteristics.

The invention of claim 3 has characteristic effect such that
the rotational position of the rotor can be detected securely in
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1 or claim 3.

The invention of claim 5 has characteristic effects such
that the rotational position detection error is prevented from
generation in addition to the effect of claim 4.

The invention of claim 6 has effect similar to those of claim
1 or claim 3 by simple processing.

The invention of claim 7 has effect similar to those of claim
6 by applying the method to a motor having a great salient pole
ratio. The method could not be applied to the motor when the
method employs rotating coordinate motor model.

The invention of claim 8 has characteristic effects such
that rotation speed variation can be suppressed securely in
addition to the effect of one of claim 1 through claim 7.

The invention of claim 9 has effect similar to those of one
of claim 1 through claim 7.

The invention of claim 10 has characteristic effects such
that improvement in efficiency is realized in addition to the effect
of one of claim 1 through claim 9.

The invention of claim 11 has characteristic effects such
that the control can be simplified in addition to the effect of one
of claim 1 through claim 9.

The invention of claim 12 has characteristic effects such
that the compressor for an air conditioner can be driven in a
stable condition which has great load variation and is needed to
be operated at high speed, in addition to the effect of one of claim
1 through claim 11.

The invention of claim 13 has characteristic effects such
that either small delay case or great delay case can be dealt with
so that the speed variation of the synchronous motor can be
prevented from occurrence or can be greatly suppressed, and that
improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency are realized, with little
affection of the motor characteristics.

The invention of claim 14 has characteristic effects such
that the high speed variation can sufficiently followed, and that
the speed variation of the synchronous motor can be prevented or
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sufficient suppression in vibration, and improvement in efficiency
are realized, with little affection of the motor characteristics.

The invention of claim 15 has characteristic effects such
that the high speed variation can sufficiently be followed, and
that the speed variation of the synchronous motor can be
prevented or greatly suppressed, and that improvement in
controllability, improvement in voltage utilization rate, decrease
in noise, sufficient suppression in vibration, and improvement in
efficiency are realized, with little affection of the motor
characteristics.

The invention of claim 16 has characteristic effects such
that the rotational position detection can be carried out without
error for rapid load variation in addition to the effect of one of
claim 13 through claim 15.

The invention of claim 17 has characteristic effects such
that the compressor for an air conditioner can be driven in a
stable condition which has great load variation and is needed to
be operated at high speed, in addition to the effect of one of claim
13 through claim 16.

The invention of claim 18 has characteristic effects such
that the speed variation of the synchronous motor is prevented
from occurrence or is suppressed greatly even when the load has
periodic torgque variation, and that the method realizes
improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency, with little affection of
the motor characteristics. .

The invention of claim 19 has characteristic effects such
that the speed variation of the synchronous motor is prevented
from occurrence or is suppressed greatly by reducing the error
even when the load has periodic torque variation, and that the
method realizes improvement in controllability, improvement in
voltage utilization rate, decrease in noise, sufficient suppression
in vibration, and improvement in efficiency, with little affection
of the motor characteristics.

The invention of claim 20 has characteristic effects such
that the rotational position of the rotor can be detected securely
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The invention of claim 27 has characteristic effects such
that improvement in efficiency is realized in addition to the effect
of one of claim 18 through claim 26.
The invention of claim 28 has characteristic effects such
that the control can be simplified in addition to the effect of one
of claim 18 through claim 26.
The invention of claim 29 has characteristic effects such
that the compressor for an air conditioner can be driven in a
stable condition which has great load variation and is needed to
be operated at high speed, in addition to the effect of one of claim
18 through claim 28.
The invention of claim 30 has charactems’uc effects such
that either small delay case or great delay case can be dealt with
so that the speed variation of the synchronous motor can be
prevented from occurrence or can be greatly suppressed, and that
improvement in controllability, improvement in voltage
utilization rate, decrease in noise, sufficient suppression in
vibration, and improvement in efficiency are realized, with little
affection of the motor characteristics.
The invention of claim 31 has characteristic effects such
that the high speed variation can sufficiently be followed, and
that the speed variation of the synchronous motor can be
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Industrial Utilization

The invention can be applied to various field employing a
synchronous motor as driving source so that improvement in
controllability, improvement in voltage utilization rate, decrease
in noise, sufficient suppression in vibration, and improvement in
efficiency are realized, with little affection of the motor
characteristics.

What Is Claimed Is:

1. A method for controlling synchronous motor is a method
which detects a rotational position of a rotor using input terminal
voltages, currents of a synchronous motor (4) driving a load
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which controls ou pu>sc currents or output voltages of an inverter
(3) based upon the rotational position detection result so that
speed variation of the synchronous motor (4) due to the periodic
torque variation is denied, and
which supplies the output voltages or output currents of the
inverter (3) to the synchronous motor (4).
2. A method for controlling synchronous motor is a method
which detects a rotational position of a rotor using higher
harmonics of input terminal voltages, higher harmonics of
currents of a synchronous motor (4) driving a load having
periodic torque variation and inductance distribution of the
synchronous motor (4),
which controls output currents or output voltages of an inverter
(3) based upon the rotational position detection result so that
speed variation of the synchronous motor (4) due to the periodic
torque variation is denied, and
which supplies the output voltages or output currents of the
inverter (3) to the synchronous motor (4).
3. A method for controlling synchronous motor as set forth in
claim 1, wherein the method controls the synchronous motor (4)
within a range of current phase which satisfies the equation of
(La — Lg) ia + ¢ > 0 ( La represents d—axis inductance, Lq
represents q-axis inductance, ig represents d-axis current, ¢
represents rotor flux linkage).
4. A method for controlling synchronous motor as set forth in
claim 1 or claim 3, wherein the method detects the rotational
position using rotating coordinate motor model.
5. A method for controlling synchronous motor as set forth in
claim 4, wherein the synchronous motor (4) is a motor which is
smallin | La — Lq|. :
6. A method for controlling synchronotis motor as set forth in
claim 1 or claim 3, wherein the method detects the rotational
position using fixed coordinate motor model.
7. A method for controlling synchronous motor as set forth in
claim 6, wherein the synchronous motor (4) is a motor which is
greatin | Lg — Lq|.
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8. A method for controlling synchronous motor as set forth in
one of claim 1 through claim 7, wherein the method carries out
the torque controlling by determining a feedback gain for
frequency component of rotational speed variation to be infinite.
9. A method for controlling synchronous motor as set forth in
one of claim 1 through claim 7, wherein the method previously
stores current or voltage pattern according to load variation, and
the method outputs corresponding current or voltage pattern
according to the rotational position detection result so that speed
variation due to the load variation is reduced.

10. A method for controlling synchronous motor as set forth in
one of claim 1 through claim 9, wherein the method carries out
the torque controlling by making relevancy of the current phase
and the current amplitude.

11. A method for controlling synchronous motor as set forth in
one of claim 1 through claim 9, wherein the method carries out
the torque controlling by maintaining the current phase to be
constant and by varying the current amplitude.

12. A method for controlling synchronous motor as set forth in
one of claim 1 through claim 11, wherein the method drives a
compressor for an air conditioner using the synchronous motor..
13. A method for controlling synchronous motor is a method
which controls a synchronous motor (4) under a condition where
speed command value, torque command or load changes from
moment to moment,

which detects a rotational position of a rotor using input terminal
voltages, currents of a synchronous motor (4) driving a load
having periodic torque variation and instrumental constants of
the synchronous motor (4),

which obtains a rotational position correction result using a filter
based upon the rotational position detection result,

which cancels delay of the filter recelvmg the rotational position
detection result as the input or delay due to response speed of the
rotational position detection,

which controls output currents or output voltages of an inverter
(3) based upon the rotational position correction result or the
value canceled the delay, and

which supplies the output voltages or, output currents of the
inverter (3) to the synchronous motor (4).
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15. A method for controlling synchronous motor as set forth in
claim 13 or claim 14, wherein the method employs fixed
coordinate motor model, calculates flux by integrating the motor
voltage, and calculates the rotational position from the rotational
position information of the rotor included within the flux.
16. A method for controlling synchronous motor as set forth in
one of claim 13 through claim 15, wherein the method employs a
motor having magnetic salient pole as the synchronous motor,
and calculates a rotational position using higher harmonics of
input voltage and higher harmonics of current.
17. A method for controlling synchronous motor as set forth in
one of claim 13 through claim 16, wherein the method drives a
compressor for an air conditioner using the synchronous motor.
18. An apparatus for controlling synchronous motor comprising:
rotational position detection means (6)(6’) for detecting a
rotational position of a rotor using input terminal voltages,
currents of a synchronous motor (4) driving a load having
periodic torque variation and instrumental constants of the
synchronous motor (4); and
inverter controlling means (7b)(7¢)(8)(9)(11) for controlling output
currents or output voltages of an inverter (3) based upon the
rotational position detection result so that speed variation of the
synchronous motor (4) due to the periodic torque variation is
denied.
19. An apparatus for controlling synchronous motor comprising:
rotational position detection means (6)(6’) for detecting a
rotational position of a rotor using higher harmonics of input
terminal voltages, higher harmonics of currents of a synchronous
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23. An apparatus for controlling synchronous motor as set forth
in claim 18 or claim 20, wherein the rotational position detection
means (6)(6') detects the rotational position wusing fixed
coordinate motor model. l
24. An apparatus for controlling synchronous motor as set forth
in claim 23, wherein the synchronous motor (4) is great in | Lqa
— Lq |.
25. An apparatus for controlling synchronous motor as set forth
in one of claim 18 through claim 24 wherein the inverter
controlling means (7b)(7¢)(8)(9) carries out the torque controlling
by determining a feedback gain for frequency component of
rotational speed variation to be infinite.
26. An apparatus for controlling synchronous motor as set forth
in one of claim 18 through claim 24, wherein the inverter
controlling means (7b)7c)(8)9) previously stores current or
voltage pattern according to load variation, and outputs
corresponding current or voltage pattern according to the
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ﬁlter means (12) for obtaining a rotational position correction
result based upon the rotational position detection result;
canceling means (13)(14) for canceling delay of the filter receiving
the rotational position detection result as the input or delay due
to response speed of the rotational positien detection; and
inverter controlling means (7b)8)(9) for controlling output
currents or output voltages of an inverter (3) based upon the
rotational position correction result or the value canceled the
delay.
31. An apparatus for controlling synchronous motor is an
apparatus which controls a synchronous motor (4) under a
condition where speed command value, torque command or load
changes from moment to moment, the apparatus comprising:
rotational position calculation means (6)(8’) for calculating a
rotational position of a rotor using input terminal voltages,



48

currents of a synchronous motor (4) and instrumental constants
of the synchronous motor; and

inverter controlling means (7b)(8)(9) for controlling output
currents or output voltages of an inverter based upon the
rotational position calculation result. .

32. An apparatus for controlling synchronous motor as set forth
in claim 31, wherein the rotational position calculation means
(6)(6’) uses fixed coordinate motor model, calculates flux by
integrating the motor voltage, and calculates the rotational
position from the rotational position information of the rotor
included within the flux.

33. An apparatus for controlling synchronous motor as set forth
in one of claim 30 through claim 32, wherein the synchronous
motor (4) is a motor having magnetic salient pole, and the
rotational position calculation means (6)(6’) calculates a
rotational position using higher harmonics of input voltage and
higher harmonics of current.

An apparatus for controlling synchronous motor as set forth in
one of claim 30 through claim 33, wherein the synchronous motor
(4) drives a compressor for an air conditioner.



