SPC-02-103/IEA-02-44

goodbobobodoogbnogbgbobbbooooooon

00 M* 00000 00ooooooooo

Performance Improvement of Direct Torque-Controlled Induction Motor

in Low-Frequency Operating Range

Satoru Fujita, and Toshihiko Noguchi (Nagaoka University of Technology)

Abstract

This paper describes a technique to improve operating characteristics of a direct torque-controlled induc-

tion motor in a low-frequency range, especially at zero speed. The conventional direct torque control system

is not applicable to the low-frequency operation because of degradation of flux control and flux estimation

performance. The former is caused by a withered flux level during zero-voltage vector output from the in-

verter. This phenomenon is observed even though the flux is estimated correctly. This paper focuses on the

phenomenon and describes a solution to overcome the problem through theoretical consideration and exper-

imental tests as well as computer simulations. Consequently, excellent controlability has been confirmed in a

position control application and an extremely low-frequency operation with continuous regeneration, which

proves feasibility of the proposed compensation technique.
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Fig. 1. Block diagram of direct torque control system.
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Fig.2. Three-phase voltage-source inverter and output
voltage vectors.
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Fig.3. Control of stator fulx linkage vector.
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Fig.4. Control of torque.
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Fig.5. Optimum switching mode selector.
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Fig.6. Phenomenon of withered flux and its compensation.
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Fig.7. Improved optimum switching mode selector.
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Table 1. Specifications and parameters of test motor.

Rated power 1.5 (kW) Stator resistance R 0.542 (Q)
Rated voltage 180 (V) Rotor resistance R, 0.536 (Q)
Rated current 8.1 (A) Stator inductance L _ 54.1 (mH)
Rated frequency 55 (Hz) Rotor inductance L, 51.0 (mH)
Rated torque 8.63 (Nm) Leakage inductance /,; 3.0 (mH)
Number of poles 4 Magnetizing inductance M | 51.0 (mH)
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Table 2. Test condition of position control.

v 0.427 (Wb) | oy, 0.02 (Wb) | AT 1.0 (Nm)
Kpp 1.2(1/s) | Kwp 1.5(Nm s/rad) | Kwi 15.0(Nm/rad)
" —>]
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Fig.8. Block diagram of position control system.
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9. Simulation results of position control.
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Fig.10. Simulation results of low-frequency regenera-
tive operation.
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Fig.11. Experimental system configuration.
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