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Walsh Function Based Position Sensorless Control for Interior Permanent Magnet Motor
Drives using Ripple-Current of High-Frequency Triangular-Wave-Carrier PWM Inverter

Krit Choeisai, Student Member (Nagaoka University of Technology)
Naoto Kobayashi, Student Member (Nagaoka University of Technology)
Seiji Kondo, Member (Nagaoka University of Technology)

This paper proposes the Walsh function based position sensorless drive method of a PM motor by using high-
frequency 20[kHz] triangular-wave-carrier PWM inverter ripple-current. The proposed method uses the Walsh
harmonic of PWM inverter ripple-current to estimate the motor rotor position. By using the high frequency switching
ripple-current, the period of the rotor position estimation has been decreased and improves the step response of PM
motor. The Walsh function makes it possible to use a definite-integrator as the Walsh harmonic detector that can
separate the small ripple-current signal from the motor drive-current signal. The Walsh harmonic detector circuit
consists of less parts than that of the Fourier harmonic detector circuit. The validity of the proposed method was

clarified by several experimental results.
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Table 1. Walsh harmonics of inductance circuit.
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Table 2. Specifications of test motor.
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180[elec.deg]/div |

I

0-0 _est -
20[elec.deg]/div

1[s)/div

14 [alE 707 8 O HEE#SE (10[rpm])
Fig.14. Error of proposed rotor position estimation.

1 —

Oy e e
[B3F] 2 .00 VAl [— 2kS/s  50nsAliv

[
180[elec.deg]/div A

s

0-0_est o
20[elec.deg]/div

50[ms]/div

K15 s T-rE OH#EERZE (200[rpm])
Fig.15. Error of proposed rotor position estimation.

%3, No.53, 2000

FA A VA U TWalshBA3IZ & 2 = Akt
PWME RS HEEE O/ ERE] XFED,
Vol.120-D, No.8/9, 2000

-

(&)

S = R A SA
FEL X 7 2= i

{

(6) =% [ 7X=—NAT3 L Z DG, ETF@EY
e
=y



1500—
[rpm] R
0 —

1500—
[rpm]
0 —

i‘l
2[A]/div

1[s]/div

K16 fLEE v & OHERT » TIEE (00100[%])

Fig.16. Velocity step response by using position sensor.

iq
2[Al/div

K17 frEE s P ELOEERT v TIEE (00100[%])

Fig.17. Velocity step response by using proposed sensorless.

1[s]/div

1500—
[rpm] N ®
0 — 4
1500— - :
[rpm] : w_est : :
TP ........ i'q ....... ..... R
7 S N s o s WS S N
2[Al/div * : : ;
1[s]/div

K18 friEt o & DBAMAT v TINE (0100[%])

Fig.18. Load step response by using position sensor.

8/8

1500—
(rpm] . "
0 — 1
1500_} ................. Tl RN
[rpm] : : w est: :
0_); .......... _ .....
I L f
N R AR O N BN S -
2[Al/div *
A[s)/div

19 frfEE o ELOAM AT v FIRE (06100[%])

Fig.19. Load step response by using proposed sensorless.

FAIA YA

INR

210y b

(FAER) #A4 EELEEN,
PR 8AE3 H R BT AR R RS - B
T AT LT EREARE, FAI04E3
HEREMBERFRERFER - BF VAT
LMELRRRE T, FRI44E3 1 KM%
MR ERFTRALF— - BETLEEL
HLET, L t, Walsh Bz M
W7o B AR OFRAT - I O RFTE S
e+,

(FAER) WERA T, 2000483 7 FT
A L3 5 M AR RHE T, 2002
3 R M SR R R B e LR AR
BRAEFV AT LA LFEHIET, 2002
AR XA XU TE (BF) AL,

(EB) ZHBRAEh, W4843H
HEBRFTHHET TR A%, H
SEBLVERT,  BURCK AR BE B AR B SR AT &
BT, FAR3ELLA KW B AR KR
By B2 RV A R #d%, T,
B BRI 20 & NS B 2 s B
I DRI,



