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Abstract -~ This paper presents a digital speed
sensorless control system for Reluctance
Synchronous Motor (RSM) drives with direct
torque control (DTC). The system consist of

stator flux observer, rotor speed estimator,
torque estimator, two hysteresis band
controllers, an optimal switching look~up table,
IGBT voltage source inverter, and
TMS320C31DSP  controller by using fully
integrated control software. The stator flux

observer is based on the combined voltage and
current model with stator flux feedback
adaptive control that inputs are current and
voltage sensing of motor terminal with
estimated rotor angle for wide speed range. The
rotor speed is estimated by the observed stator
flux-linkage space vector. The estimated rotor
speed can be determinated by differentiation of
the rotor position used only in the current
model part of the flux observer for a low speed
operating area. In order to prove the suggested
speed sensorless control algorithm, There are
some simulation and testing at actual
experimental system. The developed digitally
high- performance speed sensorless control
system are shown a good speed control
response characteristic results and high
performance features using 1.0Kw RSM.
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Fig. 4. Simulation Results of proposed
sensorless system at *1000(rpm)
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Table 2. Applied system parameters

Current sampling time
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(d) Lissajous Figure for Stator Flux

Fig. 5. Experiment Results of Proposed Sensorless
Drive system at £1000rpm

8. &e
2 d7dAMe 99 571 A¥71(RSM)9] nd%
01% HA3t HY iaﬂl°1°ﬂ g 92 HEel ge
Aol 26l AAEEE AAE AN zwle BPL
AZE7) A5k Algdoldxn 49& dAstfen, 4
#ddn AMNE gndFH FEA2FL nHIFAH
g A % FH 540] Ao S B FU

(1) %18, 44§, 'DSPS 01%15} F=AE7 AL A
A" d=419) 8833 =83, Vol. 3, No. 1, pp.
9-15, 2000

(2] Bz, AdE, A9E, FY 23 9 A% Add 9@
FEAE7 AXA] A2 i A7 =8A, A
49PA A2% pp.22-28, Cct 2000

(3) D. W. Novotny, T. A. Lipo "Vector control and
dynamic of AC drives” Oxford University Press, 1996

{4) Jehudi Maes. Jan A. Melkebeek, "Speed-

sensorless Direct Torque Control of Induction

Motors Using an adaptive flux observer”, IEEE

Trans. [A. Vol. 36, NO. 3, pp778-785, May/June

2000

Cristial Lascu, Ion Boldea, Fred Blaabjerg, "A

modified Direct Torgue Control fot Induction

Motor Sensorless Drive”, IEEE Trans. IA.

Vol. 36, NO. 1, pp. 122-130, Jan 2000

{6) Bimal K. Bose. "Power Electronics and Variable
Frequency Drives, IEEE Press, 1997

(7) Peter Vas, "Sensorless Vector and Direct Torque
Control”, Oxford Press, 1998

(8) Iron Boldea “Electric Drives”, CRC Press, 1999

[9) Perer Vas "Artificial-Intelligence-Based Electrical
Machines and Drives”, Oxford Press. 1999

(10] Rolf Lagerquist, Ion Boldea, and Tim J. E.
Miller, “Sensorless Control of the Synchronous
Reluctance Motor” IEEE Trans. on IA, Vol. 30,
No. 3, pp.673-682, May, 1994

(11} H-D Lee, S-J Kang, and Seung-Ki Sul,
"Feeiciency-Optimized Direct Torque Control of
Synchronous Reluctance Motor using Feedback
Linearization” IEEE Trans. on IE, Vol. 46, No.
1. pp.192-198, Feb. 1999

(12) Alfio Consoli, Galogero Cavallaro “Sensorless
Torque Control of Syncrel Motor Drives” IEEE
Trans. on PE, Vol. 15, No.l, pp. 28-35, Jan.
2000,

(13) H. Murakami, Y. Honda, S. Morimoto, Y.
Takeda, "Performance Evaluation of Synchronous
Reluctance Motor and the Order motors with the
Same Distributed Winding and Stator
Configuration”, T.IEEE Japan, Vol. 120-D
No.8/9, pp. 1062-1074, 2000

(14) Iron Boldea "Reluctance Synchronous Machines
and Drives”, CLARENDON Press,1996

(5

iy

- 164 -



