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Description
DEAD-TIME COMPENSATOR AND METHOD FOR

PERMANENT MAGNET SYNCHRONOUS DRIVES
Technical Field

The present invention relates to a dead-time compensator for PMSM (Permanent
Magnet Synchronous Motor) drives and a compensation method using the same. More
particularly, the present invention relates to an apparatus and a method for com-
pensating for distortion of output voltages resulting from dead time of a PWM (Pulse
Width Modulation) inverter, which drives the PMSM, and nonlinear characteristics of

semiconductor switches for power.

Background Art

In general, a PWM VSI (Voltage Stiff Inverter) is commonly used for a PMSM drive
controller having high-efficiency and high-performance characteristics.

FIG. 1 is a block diagram showing the construction of a conventional PMSM drive
controller.

Referring to FIG. 1, the PMSM drive controller includes an encoder 50 for detecting

the electrical position
0

of the rotor of the PMSM; a three-phase stationary/two-phase stationary coordinate

converter 71 for detecting three-phase stationary coordinate currents

! as

and
z bs
applied to the PMSM (detected by a current detector 72) and converting them into a

two-phase stationary coordinate current

-8

1

5
; a stationary/synchronous rotating coordinate converter 70 for converting the two-

phase stationary coordinate current

IRy

{

5

into synchronously rotating coordinate current

e

I

5

; a current controller 10 for receiving an input of current obtained by subtracting the

converted synchronously rotating coordinate current
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4

l

5

from a synchronously rotating coordinate reference current signal

i

N

(by a subtracter 11) and outputting synchronously rotating coordinate reference voltage
_e*

v
/b
; a decoupling control term generator 60 for calculating a decoupling voltage

vy

for feed-forward compensation of back-electromotive force induced on the g-axis by
the permanent magnet and electromotive force induced by coupling between d,g-axis
currents resulting from stator inductance by using the synchronously rotating co-

ordinate current

e

I

and the electrical angular velocity

2

»

; a synchronously rotating/stationary coordinate converter 20 for converting a syn-

chronously rotating coordinate reference voltage

—e*

v

N

of the PWM inverter, which is obtained by adding a decoupling voltage

vy
to the synchronously rotating coordinate reference voltage

_e*

Vi

, into a two-phase stationary coordinate reference voltage
—s*
5

of the PWM inverter; a PWM signal generator 30 for creating a three-phase voltage

reference signal

H: Bl H

Voar > Vo Ven

according to the reference voltage

_S*

v

$

and transmitting it to the PWM inverter 40; and a PWM inverter 40 for turning on and
off semiconductor switch devices for power according to the three-phase voltage

reference signal

* * e

v v

an > Y b ci?

to apply electricity to the PMSM.
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FIG. 2 is a block diagram briefly showing decoupled current control of the PMSM
with the output voltage error caused by nonlinear characteristics of the PWM inverter
in the synchronously rotating coordinate.

It is clear from FIGs. 1 and 2 that, although the decoupling voltage

generated by the PMSM is subjected to feed-forward compensation, distortion
resulting from dead time of the PWM inverter 40 and nonlinear characteristics of
switching devices are not compensated for.

In general, the above-mentioned PWM-VSI 40 adopts high-frequency switching
devices to increase the fundamental component of the output waveform and to
decrease the harmonic component. In addition, the PWM-VSI 40 gives switching
signals delay time (also called dead time) to prevent a short circuit when semi-
conductor switching devices for power, which consist of bridge circuits, are turned on
and off, respectively. The semiconductor switching devices for power have nonlinear
characteristics, because the switching delay time and the size of voltage drop of
switches and freewheeling diodes vary depending on the motor operating conditions
and environments (e.g. load condition, temperature environment).

However, the above-mentioned dead time and nonlinear characteristics of the
inverter involve distortion of the size of the three-phase stationary coordinate output
voltage of the PWM-VSI and harmonic distortion (so-called dead-time effect). This
results in distortion of current supplied to the motor and pulsation of torque. Such
distortion of the inverter output voltage seriously degrades a device for estimating the
flux, rotor position, or rotor velocity when applied to control the motor drive for the
purpose of high-performance of position sensorless control. This may decrease the
overall control performance of the PMSM drive controller.

Conventional technologies for compensating for the dead-time effect include a
method based on the average error value of the inverter output voltage, disclosed in
"On-line Dead-Time Compensation Technique for Open-Loop PWM-VSI Drives,"
IEEE Trans. Power Electronics, vol. 14, pp. 683-689, July 1999, and a method based
on PWM pulses, disclosed in "Pulse-Based Dead-Time Compensation for PWM
Voltage Inverters," IEEE Trans. Industrial Electronics, vol. 44, pp. 191-197, Apr.
1997, as well as other compensation technologies derived from these methods.

The above-mentioned compensation methods rely on polarity of the motor phase
current, and proper compensation is possible only when polarity of current is correctly
detected. However, in the vicinity of zero-crossing of current, there exists high-
frequency current pulsation resulting from high-speed PWM switching, and accurate

detection of current polarity requires complicated hardware or software configuration.
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Furthermore, the conventional technologies cannot accurately consider nonlinear
factors of the inverter, such as the switching delay time depending on the motor
operation condition, the varying voltage drop of switches and freewheeling diodes, etc.

In other words, the dead time cannot be compensated for accurately.

Disclosure of Invention
Technical Problem

Therefore, the present invention has been made in view of the above-mentioned
problems, and the present invention provides a dead time compensator for PMSM
drives, which can compensate for current distortion resulting from dead time of the
inverter and nonlinear characteristics by using a simple configuration so that easy ap-

plication is guaranteed, as well as a compensation method using the same.

Technical Solution

In accordance with an aspect of the present invention, there is provided a method for
compensating for dead time of a PMSM drive controller to compensate for an output
error of a PWM inverter (40) resulting from dead time and nonlinear characteristics of
the PWM inverter (40), the method including the steps of acquiring unit back-

electromotive force vector

e—S

8
of two-phase stationary coordinate from information regarding rotor position
0

of PMSM (5210); acquiring an increment
A8

of the rotor position
0

r

of the PMSM with regard to a unit sampling period
"

5

(S220); calculating an increment
Adg, Al

of a two-phase stationary coordinate current

IRy

{

applied to the PMSM with regard to the unit sampling period
I

and acquiring a two-phase stationary coordinate flux linkage increment

AL

¢
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by using the calculated current increment
Ail, APl

and a two-phase stationary coordinate reference voltage

_S*

v

of the PWM inverter (S230); acquiring an output error voltage
Ve
of the PWM inverter (40) from the acquired unit back-electromotive force vector

e

s
, the increment
AG

of the rotor position
0

, and the flux linkage increment

A,

s

(S240); and adding the error voltage

e

Vas

to the synchronously rotating coordinate reference voltage

v

5

of the PWM inverter(S260).

According to another aspect of the present invention, there is provided a dead time
compensator coupled to a PMSM drive controller to compensate for an output error of
a PWM inverter (40) resulting from dead time and nonlinear characteristics of the
PWM inverter (40), the dead time compensator including an error voltage estimator
(100) including a unit back-electromotive force vector calculator (120) for receiving an

input of a rotor electrical position
0

to acquire two-phase stationary coordinate unit back-electromotive force vector

e

, a rotor position increment calculator (130) for receiving an input of the rotor

electrical position
0

to acquire a rotor position increment
A8

with regard to a unit sampling period
T

3

, a flux linkage increment calculator (110) for calculating an increment
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;5 ;85
Aig, Al

of a two-phase stationary coordinate current

s

1

s

applied to the PMSM with regard to the unit sampling period
.

s

and acquiring a two-phase stationary coordinate flux linkage increment
AZ,

s

from the current increment
Aig, Adg
and a two-phase stationary coordinate reference voltage

—g*

v

$

of the inverter, an inverter error voltage calculator (140) for receiving the unit back-
electromotive force vector

e

, the rotor position increment

A,

, and the flux linkage increment

AZ,

acquired by the components (110, 120, and 130), respectively, to acquire an error
voltage

i

, and a low pass filter (150) for passing only a low band signal of the acquired error
voltage

i

and outputting a filter error voltage

i

; and an adder (22) for adding the filtered error voltage

Vi,

to the synchronously rotating coordinate reference voltage

v

8

of PWM inverter.

Advantageous Effects
The present invention is advantageous in that distorted current is compensated for not

by relying on polarity of the phase current of the motor, but by measured current
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[22]
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[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

supplied to the PMSM and its rotor electric position. This requires no complicated con-

struction for measuring current data in the zero-crossing range.
Furthermore, estimation of errors of the inverter output voltage makes use of a phase

current value, which sufficiently reflects dead time and nonlinear characteristics of the
inverter. This efficiently compensates for effects of dead time and nonlinear charac-

teristics of the inverter.

Brief Description of Drawings

The foregoing and other objects, features and advantages of the present invention
will become more apparent from the following detailed description when taken in con-
junction with the accompanying drawings in which:

FIG. 1 is a block diagram showing the construction of a conventional PMSM drive
controller;

FIG. 2 is a block diagram briefly showing decoupled current control loop of PMSM
with the output voltage error caused by nonlinear characteristics of the PWM inverter;

FIG. 3 is a block diagram showing the construction of a dead-time compensator
according to an embodiment of the present invention, particularly its error voltage
estimator 100;

FIG. 4 is a block diagram showing the construction of a PMSM drive including a
dead-time compensator according to an embodiment of the present invention;

FIG. 5 is a flowchart showing a method for compensating for dead time according to
an embodiment of the present invention; and

FIG. 6 shows a detailed experiment result obtained by applying an embodiment of

the present invention.

Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the present invention will be described with
reference to the accompanying drawings.

Referring to FIG. 2, which is a block diagram briefly showing decoupled current
control loop according to the prior art, a voltage equation of the PMSM is expressed by
using a synchronous reference frame as defined by the following Equation 1. The
voltage equation has a d-axis current (flux-related current signal) and a g-axis current
(torque-related current signal) as its input, and defines the d,q-axis voltage. Technical
information regarding this is obvious to those skilled in the art, and will be described

briefly.

—e* V;: R,s + Lsp - a)rl‘s Z(L;s‘ O V; ds
Vc = | = e + + ,7 '
‘ V;s a)r Ls Rs + va Z;,v pgrﬂ'm VZ[,qs
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(D)

[32] wherein, superscript 'e' denotes a value on a synchronously rotating coordinate
system, and respective physical quantities of FIG. 2 and Equation 1 are defined as
follows:

[33]

[34] e

: reference current vector of the stator

[35] i
e _ ds
l,s - . e
s
: current vector of the stator (d-axis current, g-axis current)
[36] p: differential operator
[37] L, R,
: stator inductance, resistance
38] 6., o
: rotor electrical position and angular velocity
[39] Aon
: rotor flux linkage
[40] :
—e Vcei,ds
¢ =

d,s —

e
Vd,qs
: error voltage vector of inverter output voltage resulting from dead time (d-axis

voltage, g-axis voltage)

ES =
‘ 2 r/lm

: back-electromotive force vector
[42] Referring to FIG. 2, in the PWM inverter 40, a distorted error voltage

—e

vd 8

occurs due to dead time and nonlinear operation characteristics of the inverter, and a
feed-forward compensation decoupling control voltage
‘_)ff

is added to the output voltage

—e*

Vi
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[43]

[44]

[45]

[46]

[47]

of the current controller 10 to compensate for a coupling term resulting from the rotor

angular velocity

2

»

and phase current

l~_€

$
, which can confirmed from the voltage equation of each axis in Equation 1. As a
result, vector control performance of each axis current controller 10 is obtained.
The present invention aims to compensate for the inverter's output error voltage

—e

vd 8

resulting from dead time of the PWM inverter 40 and its nonlinear operation charac-
teristics. To this end, error voltage

e

Vd .5

is estimated and is used to compensate for the reference voltage vector

v

outputted by the PWM inverter.

Prior to describing an embodiment of the present invention with reference to FIGs. 3
and 4, an equation for estimating the error voltage
Vi s

according to an embodiment of the present invention will be described in detail.

The error voltage

—e

vd .8

depends on the electrical position
0

»

of the rotor, and the motor voltage equation for estimating the error voltage

e

Vd .5

must be expressed as a two-phase stationary coordinate voltage equation (or

stationary model equation) including sufficient information regarding the rotor position
g

»

. The stationary model equation can be obtained from Park s transformation of the

above-mentioned Equation 1, and is defined by the following Equation 2.

g% S
vs :Plve

N 5

s* .8 s e s e s

vds Rs + Lsp O lds eds vd,dseqs + vd,qseds

= s | 0 R I .5 + pgrz’m s + e s e s
vqs K + sp lqs eqs - vd,dseds + vd,qseqs

-(2)

wherein, superscript 's' denotes a stationary coordinate value, 'P' denotes a differential
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[53]

[54]

[55]

[56]
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operator, and 'P' refers to a Park matrix for converting a stationary coordinate variables
into a synchronous rotary coordinate variables. The matrix P and its inverse matrix are
defined by the following Equation 3.

P cosd, sind, P cosf). —sind,
| -sing, cos@, |’ |sin@ cosd,

..(3)
Respective physical quantities of Equation 2 are defined by using the Park matrix P
as follows:
v v
—;* — a’.; — P—l a’.;
§ (4
Vis Vis

: two-phase stationary coordinate reference voltage vector of the PWM inverter
(d-axis voltage, q-axis voltage)
. §
l.— s lds _ P —1l-_e

A XY N

lqs

: two-phase stationary coordinate stator current vector (d-axis current, g-axis current)

o= 6% _ {— sin Qr}
€, cos &,

: unit back-electromotive force vector regarding
0,

Furthermore, assuming a discrete system having a sufficiently large sample
frequency, Equation 2 gives a difference equation, which can be used to express the
increment of stator flux linkage as d-axis and g-axis components, as defined by the
following Equations 4 and 5.

Aﬂ_ Mds (V;: - Rs];’s)]; _LsAj;s
U Ay || RN~ LA

qs s qs

) 1 AC s e Ae s
(Aer/lm + jsvd,qs )eds + jsvd,a’seqs
Ae K Ae K
(Aerﬂm + ];Vd,qs )eqs - ];Vd.dseds

.(4)

Mdv _ (Agi]‘m + zﬁs,qs)e;'s + Zﬁs,dse;s
My | [ (AGA,+ T3, et ~T0F 4

Us n

..(5)

wherein,
T

3
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is a sampling period, A is an operator indicating the increment of a corresponding

physical quantity occurring for the unit sampling frequency
T

b

,and

A,

.
Vi ds

and
Vi gs
are error estimation values of the inverter output voltage on the synchronous rotary co-
ordinate-based d-axis and g-axis.

[57] A process of solving the simultaneous equation of Equation 5 to obtain an equation
of

vV

e
d.ds

and

e

vd g5

is as follows. The d-axis component is multiplied by

¢
s

, and the g-axis component is multiplied by
G

. Then, the g-axis component is subtracted from the d-axis component, and the
following Equation 6 is obtained. In addition, the d-axis component of Equation 5 is
multiplied by
Y
, and the g-axis component is multiplied by

. Then, the g-axis component is added to the d-axis component, and the following

Equation 7 is obtained.

[58] 1 (e +el )= AL el —Ad, ¢,
(6)

(391 (ag4, + 70 0@ vy = A, + M e,
(7

[60] Finally, by using
et‘;xz + e;z = sin 9,.2 + cosf =1
, Equations 6 and 7 are arranged with regard to the estimated error voltage, and the

following Equation § is obtained.
[61]
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[64]

[65]

[66]

[67]

[68]

[69]

12

Se G;,ds _ (A}i’dse;x_A/lqse;x)/],s
e | [(Adel +AA el —ABA,)IT,

d,gs g5 gs

~ Ad, xe’ /T,
(AR, - —A8,4,)/T,

.(8)

wherein, vector operator x refers to outer product, and vector operator -refers to inner
product.

In order to prevent measurement noise, which is generated when current is detected
by the current detector 72, from being amplified and outputted in the process of cal-
culating the error voltage
Vi

, the calculated error voltage

e

"’d,.\
is preferably filtered by a low pass filter to obtain a compensation voltage, as defined
by the following Equation 9, so that dead time and inverter nonlinearity can be com-

pensated for.

v = LPF(V;))

(9

A dead-time compensator for a PMSM drive, which includes the low pass filter, and
a compensation method using the same will now be described with reference to FIGs.
3 and 5 in connection with the above-mentioned equation for estimating error voltage

—e

vd 8

(Equation 8) according to the present invention.

FIG. 3 is a block diagram showing the construction of a dead-time compensator
according to an embodiment of the present invention, particularly its error voltage
estimator 100.

FIG. 4 is a block diagram showing the construction of a PMSM drive controller
including a dead-time compensator according to an embodiment of the present
invention.

FIG. 5 is a flowchart of a method for compensating for dead time according to an
embodiment of the present invention.

Referring to FIG. 3, the error voltage estimator 100 receives an input of a two-phase

stationary coordinate actual measurement stator current

s

{

5

, an inverter output reference voltage
_S*

§
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[74]
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, and a rotor position

6,

, estimates an error voltage

Vi s

, subjects it to lower pass filtering, and outputs it. To this end, the error voltage
estimator 100 includes a stator flux linkage increment calculator 110 for realizing the
above mentioned equation for estimating the error voltage

—e

vd .8

(Equation 8), a unit back-electromotive force vector calculator 120, a rotor position
increment calculator 130, an inverter error voltage calculator 140, and a low pass filter
150 for removing measurement noise.

Referring to FIG. 4, the dead-time compensator for a PMSM drive according to an
embodiment of the present invention includes the error voltage estimator 100, and an
adder 22 for adding the filtered error voltage
iy

, which is outputted by the error voltage estimator 100, to the decoupling control

component voltage

—e'
Vi

This will be described in detail with reference to the above-mentioned Equations 4,
8, and 9.

The unit back-electromotive force vector calculator 120 receives an input of the rotor
electrical position
0,

and calculates a two-phase stationary coordinate unit back-electromotive force vector
(S210).

s :
. ey | | —sind,
Coel cos 6,

qs

The rotor position increment calculator 130 receives an input of the rotor position
6

and calculates a rotor position increment
A,

with regard to a unit sample period
I

(5220).

The flux linkage increment calculator 110 obtains the increment
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Aig, Al
of the two-phase stationary coordinate current
T8

{

of stator current applied to the PMSM with regard to the unit sample period
T

3

, and calculates a two-phase stationary coordinate flux linkage increment from the
obtained current increment
Aiy, Al

and the inverter output reference voltage
—s*

k)

, as defined by the following equation (S230).

[76] AT - Ady | |5 = RaZ T, — LA,
| AL |68 - RN, - LA

&
stqs qs

[77] The inverter error voltage calculator 140 receives the unit back-electromotive force

vector

e—S

8
, the rotor position increment
A8

, and the flux linkage increment

AA,

, which have been calculated by the above components 110, 120, and 130, re-

spectively, and calculates error voltage

Ze
Vas

according to the following equation (S240).

78 [ N XE T,
‘V frd ) frd _
.| AL -AQANT,

[79] The low pass filter 150 solely passes low band signals of the calculated error voltage

Ze
Vd, s

, and outputs a filtered error vector

~

e
Vy

with noise removed (S250).
[80] The filtered error voltage

A

e
vy

o8

outputted from the low pass filter 150 of the error voltage estimator 100 is added to
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the decoupling control component voltage

‘_)ﬁ“

of the decoupling control term generator 60 the adder 22. In other words, the filtered
error vector

Vi,

and the decoupling control component voltage

Vi

are added to the synchronously rotating coordinate reference voltage

A

by the adder 21, and a synchronously rotating coordinate PWM inverter output
reference voltage

v

(5260).

[81] The synchronously rotating coordinate PWM inverter output reference voltage

—e*

v

N

created according to an embodiment of the present invention will be described in

detail. Back-electromotive force induced on the g-axis by the permanent magnet is

_e { O }
ES =
a r;Lm

, and a coupling term including electromotive force caused by coupling between

d,g-axis currents due to stator inductance is

-5
|:_ L\' lq‘\'a))' :|
-5
Ls ldso)r

. Then, decoupling control component voltage

Vﬁ-

becomes
.5
= _ _leqsa)r O
= Li, " N
slclsa)r mr

[82] As such, the estimated error voltage
Vi,
is added to the decoupling control component voltage
vy

, and the resulting modified decoupling control component voltage



WO 2010/010987 PCT/KR2008/005275

[83]

[84]

[85]

16

—e _ —e Ze
is added to the output voltage

.8

_e*

v
/b
of the current controller 10 by the adder 21. As a result, the synchronously rotating co-

ordinate PWM inverter output reference voltage

v

5

is given by the following Equation 10.

—e* __e*

Ve = vj,, +\T;f = \T;,, +(\TJ; +v;,)

=V + {_ qua)} + { 0 } + ‘idds
lec}sa)r ﬂ’ma)r vd,qs
..(10)

In addition, the PWM inverter output reference voltage

v

defined by Equation 10 is converted into a two-phase stationary coordinate reference

voltage
—g*

5

by the rotary/stationary coordinate converter 20, and is inputted to the PWM signal
generator 30. As a result, a three-phase inverter output reference voltage is outputted.
This compensates for the error voltage

e

vd .8

generated by dead time resulting from switching operation of the PWM inverter 40
and the nonlinear operation characteristics.

It is to be noted that, although measurement of rotor position
0

r

by the encoder 50 has been assumed with regard to FIGs. 1 and 3, the present
invention is also applicable to a sensorless drive controller having no encoder 50. Fur-
thermore, the drive controller, to which the present invention is applicable, is not
limited to the PMSM drive controller shown in FIG. 1. As described with regard to an
embodiment of present invention, a two-phase stationary coordinate actual mea-

surement current

IRy

{

5

, an inverter output reference voltage
—g*

5
, and a rotor position
0

»
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are received as an input to estimate an error voltage
Vi s
, which is added to the synchronously rotating coordinate stator reference voltage

—e*

v

N

FIG. 6 shows a detailed experiment result obtained by applying an embodiment of
the present invention.

Particularly, FIGs. 6a and 6b show experiment results before and after dead time
compensation, respectively. The experiment conditions are as follows: the PMSM has
a rating of 750W, dc-link voltage supplied to the inverter is 310V, the pulse period of
the PWM is 6645, dead time is 38, stator current is 3A, rotor velocity is 200r/min
(10Hz, electrically), and the sample period for compensation is 33/s.

It is clear from FIG. 6a that the stationary coordinate dg-axis current has a hexagonal
shape due to distortion caused by dead time, as shown as x-y plot, and serious ripples
occur in the a-phase current and in the synchronous rotary coordinate-based d-axis and
g-axis currents. The result of analysis of the frequency component of the a-phase
current distorted by the ripple component shows that the 5" and 7 harmonic
components appear more markedly than the fundamental component.

It is clear from FIG. 6b, which shows a state after dead time compensation, that the
stationary coordinate dq-axis currents have a sinusoidal shape as shown as x-y plot,
and the ripple component of the a-phase current and that of the synchronously rotating
coordinate d-axis and g-axis currents have decreased substantially compared with FIG.
6a. The result of analysis of the a-phase current frequency component shows that the 5
t and 7* harmonic components have decreased by about 20dB.

FIG. 6c shows a synchronously rotating coordinate distorted voltage measurement
estimated by the error voltage estimator 100. It is clear from FIG. 6c that the size of
dg-axis error voltages caused by distortion is about 20V. The dg-axis error voltages are
theoretically calculated as 19.5V according to the prior art disclosed in "On-Line
Dead-Time Compensation Technique for Open-Loop PWM-VSI Drives", IEEE Trans.
Power Electronics, vol. 14, pp. 683-689, July 1999. This confirms that the error
voltage estimated by the present invention is very close to the theoretical value.

Although several exemplary embodiments of the present invention have been
described for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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Claims

A method for compensating for dead time of a PMSM drive to compensate for an
output error of a PWM inverter (40) resulting from dead time and nonlinear
operation characteristics of the PWM inverter (40), the method comprising the
steps of:

acquiring two-phase stationary coordinate unit back-electromotive force vector

-5

4

8

from information regarding rotor position
7

I3

of a PMSM (S8210);

acquiring an increment
AO,

of the rotor position
g

of the PMSM with regard to a unit sampling period
I

(S220);

calculating an increment

Ais, AL

of a two-phase stationary coordinate current

LA

4

s

applied to the PMSM with regard to the unit sampling period
T

s

and acquiring a two-phase stationary coordinate flux linkage increment

AJ,

by using the calculated current increment
Adg, Aig
and a two-phase stationary coordinate PWM inverter output reference voltage

—g*

v

(S230);

acquiring an output error voltage

Vi,

of the PWM inverter (40) from the acquired unit back-electromotive force vector

=5

e

S

, the increment
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AO,

of the rotor position

0,

, and the flux linkage increment

AT,

(S240); and

adding the error voltage

Vi,

to the synchronously rotating coordinate PWM inverter output reference voltage

—e*

(S260).

The method as claimed in claim 1, further comprising a step of filtering the
output error voltage

Vi,

of the PWM inverter (40) acquired in step S240 by a low pass filter (150) and
conducting step S260 by using the filtered output error voltage

5

(S250).

The method as claimed in claim 1, wherein the two-phase stationary coordinate
unit back-electromotive force vector

=5

e

S

in step S210 is

s :
. e, _{—sm@r}
5 - s -
e, cos O,

, the flux linkage increment

A4

s

in step 230 is acquired by equation

AZ Aj“ds (V(S; - Rsi;s )j; - LSAI;S
S| Ad || - RN - LA

qs s qs a8

, and the output error voltage
A@
vd,s

of the PWM inverter (40) in step S240 is acquired by equation

2o _ Vi _ N e /1]
P (M-8 -AQANT,
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A dead time compensator coupled to a PMSM drive controller to compensate for
an output error of a PWM inverter (40) resulting from dead time and nonlinear
operation characteristics of the PWM inverter (40), the dead time compensator
comprising:

an error voltage estimator (100) comprising a unit back-electromotive force

vector calculator (120) for receiving an input of a rotor electrical position
0

r

to acquire two-phase stationary coordinate unit back-electromotive force vector

e—S

8
, a rotor position increment calculator (130) for receiving an input of the rotor

electrical position
%

,
to acquire a rotor position increment
A6,

with regard to a unit sampling period
T

, a flux linkage increment calculator (110) for calculating an increment
Ais, AfL
of a two-phase stationary coordinate current

=g

{

of stator current applied to the PMSM with regard to the unit sampling period
I

and acquiring a two-phase stationary coordinate flux linkage increment

AJ,

5

from the current increment
Ais, AL

and a two-phase stationary coordinate inverter output reference voltage

s

, an inverter error voltage calculator (140) for receiving the unit back-
electromotive force vector

=5

4

, the rotor position increment
A8,
, and the flux linkage increment

A,
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acquired by the components (110, 120, and 130), respectively, to acquire an error

voltage
i,
, and a low pass filter (150) for passing only a low band signal of the acquired

error voltage

;and

an adder (22) for adding the filtered error voltage
Vi
to the synchronously rotating coordinate-based PWM inverter output reference

voltage

—e*

v

5

The dead time compensator as claimed in claim 4, wherein the error voltage

estimator (100) receives the rotor electric position
0

»

, the two-phase stationary coordinate current

Iy

4

s

, and the inverter output reference voltage
—g*
S

, acquires the unit back-electromotive force vector

ES

s

according to

s :
e—s _ edx _ —Sm Hr
tolel cos 4,

qs

, acquires the flux linkage increment

AJ,

5

according to

A)_L, = |:A/161S:| _ |:(V;: - va;[v )Tv - LYAZCZV:|
’ A/’i’qs (V;v - RS lt;\‘ )T\‘ - LVAZ;\‘

, and acquires the error voltage

Ze
vd,s
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Ze ‘/}Z,dx _ AZXé;/Y;
" V] (M8 -AQANT,
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[Fig. 6]
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