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Analysis and Compensation of Current Measurement Error in Digitally
Controlled AC Drives
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ABSTRACT

This paper addresses the current measurement issue of all digital field oriented control of ac motors. The
paper focuses on the effect of low-pass filter and also on the sampling of the fundamental component of the
motor current. The low—pass filter, which suppresses the switching noise of the motor current, infroduces
variable phase delay according to the current ripple frequency. It is shown that the current sampling error
consists of the fundamental component and high frequency ripple components. In this paper, the dependency of
this current sampling error on the reference voltage vector is investigated analytically and a sampling technique
is proposed to minimize the error. The work is based on the three phase symmetry pulse width modulation
inverter driving an induction machine. With this technique, the bandwidth of current regulator can be extended
to the limit given by the switching frequency of the inverter and more precise torque regulation is possible.

Key Words : AC motor drive system, Digital current control, Pulse width modulation, Current sampling
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Fig. 12 Torque generation characteristics during
acceleration (experiment).
{a) Without delayed sampling. (b) With delayed
sampling. (From top to bottom) the motor speed,
the reference/feedback of torque current, and
the current sampling error. (c) Comparison of
speed responses.
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Fig. 12 Torque generation characteristics during
acceleration (experiment).
{a) Without delayed sampling. (b) With delayed
sampling. (From top to bottom) the motor speed,
the reference/feedback of torque current, and
the current sampling error. (c) Comparison of
speed responses.

5.

M)
i

¥t Alis PWM I E 2 28 5%

-
2

o)
u

24 0wy off

ot S
A,

2

>

a8

okm

=)

O -

o
=2
e
=
o
R
iy
|
_|_"
1o
Ay
~
m“r\
r%
0
AN
-
!
Z 7
2 Hdu T
S

2

o

[

e

vﬂh

)

N,
1o
o
|

o o alo oly 2w

=12 to

Z oX rR r@ % oo ox

1o

o
AL
R
i
oy
-
X
-{“d
Ao

O
o

r\
e

[
=
ihJ
Rl

i
12
~0

h“
=T
o2

"

~ 9 o
X
i

do i 12 of
i)
=

. ©

L 2
2

ola) k= o)l st #AlH S RAba]
J we ARkE it A
J 5

Sdel ARelol A 49 g Fel
o
1

Ol
=
>

y >
=

1

|

L)

ol

—

=9

£

oo T

oo nf o
ox

o]
-~

kol

A v ALk
11 kW 29438 fre A7 4 <5 714 £21500 mm,
AU EF5 6000 rpm,
Rs-0040, Rr=0.01750, Ls-66mH, Lr=66mil,
1.m=6.45mH.

B. eI
DC &= A 310V, IGBT PWM W], A9 Sl
25 kllz, AEY F35 5 Kz

C. @4F dolv] 2 PWMW4
AN AT WS Ege TV A P da Aol

3 |
ghd V1A 5 kHz MEE, 39 ol 23t i) PWM

[1] David M. Brod and Donald W. Novotny, "Current
Control of VSI PWM Inverters”, IEEE Trans. on Ind.
Appl., vol. TA 21, no. 4, May/June, pp.o62~570, 1985.

[2] Timothy M. Rowan and Russel ]. Kerkman, "A New
Synchronous Current Regulator and an Analysis of
Current -Regulated PWM Inverters”, IEEE Trans. on
Ind. Appl, vol. TA-22, no. 4, July/Aug., pp.678~690,
1966.

[3] Robert D. Lorenz and Donald B. Lawson, "Performance
of Feedforward Current Regulators for Field-Oriented
Induction Machine Controllers”, IEEE Trans. on Ind
Appl, vol. TA 23, no. 4, Julv/Aug., pp.597~602, 1987

{4] Dong-Choon Lee, Seung-Ki Sul and Min-Ho Park,
"High Performance Current  Regulator  for  a
Field-Oriented Controlled Induction Motor Drive”,
I[EEE Trans. on Ind. Appl, vol. A 30, no. 7,
Sep./Oct., pp.1247~1257, 1994



gxg Ao} 7 A7 7

S EEEY

©
I

2h a4 8l Bay 473

(5] Jong Woo Choi, Ileui-Wook Kim and Seung-Ki Sul,

"New Current Control Concept Minimum  Time
Current  Control the  Three Phase PWM
Converter”, IEEE Trans. on Power Electronics, vol.
PE-12, no. 1., pp. 124~131, 1997.

Y. Yamamoto, T. Kodama, T. Yamada, T. Thioka,
T.Niwa, "Digital Current Control Method of Induction
Motor Using Synchronous Current Detection with
PWM Signal”, Tr. of IEE-Japan, Vol. 112-D, No. 7,
pp. 613~622, 1992 (in Japanese).

il

[7] A Mertens and D. Eckardt, "Voltage and Current

(8l

Sensing in Power Electronic  Converters  Using
Sigma Delta A/D Conversion”,  1EEE TAS  Annual
Meeting Conf. Rec., pp. 1092~ 1098, 199%6.

V. Blasko, V. Kaura and W Niewiadomski, "Sampling
Methods for Discontinuous and  Current
Signals and Their Influence on Bandwidth of Control
Loops of Electrical Drives”, IEEE APEC Conf. Rec.,
pp. 520~526, 1997.

Voltage

9] L van der Droeck, 1L Skudelnv, . V. Stanke,

[10]

"Analysis and Realization of a Pulsewidth Modulator
Based on Voltage Space Vectors”, 1EEE Trans. Ind.
Appl, vol. 24, no 1, Jan./Feh. 1983, pp. 142~170.
Dae-Woong Chung, Joohn Sheok Kim and Sceung - Ki
Sul, "Unified Voltage Modulation Technique for Real
Time Three Phase Power Conversion”, IEEE Trans.
on Ind. Appl, vol. JA-34, no. 2, Mar./Apr., 1998, pp.
374~380.

[11] Raymond B. Sepe and Jeffrey 11 Lang. "Implementation

{12}

of Discrete Time Field Oriented  Current  Control”,
IEEE Trans. Ind. Appl, vol. 30, no 3, Mayv/June 1994,
pp. 723~727.

S, H Song, J. W. Chol and S. K. Sul. "Current
measurement  of digital field oriented  control”,
Conf. Rec. [AS'95, pp. 334~338 1996.(to
appeared in Industry Applications Magazine.)

n

of be

N
a
ne
0z

c o
o o]

Blis
qt
B e
4

oH
= o
Qo
y

=
niv. of Wisconsin-Madison
i M2dstn Zoicist

ol

Zoq
=

%‘(I‘HH.

9804 MEdistn
19861 = of
1986 ~

=N

o



