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A DTC-PWM Control Scheme of PMSM using an Approximated Voltage
Function of Voltage Vector

YunChang Kwak' and Dong-Hee Lee'

Abstract

An advanced direct torque control (DTC) with pulse width modulation (PWM) method is presented in this
paper. The duty ratio calculation of the selected voltage vector is based on the voltage functions of the selected
voltage vector according to the sector angle. The proposed DTC uses a conventional DTC scheme with six
sector divisions and switching rules. However, the winding voltages are supplied by the PWM approach.
Furthermore, the duty ratio of the switching voltage vector is determined by the flux, torque error, and motor
speed. The base voltage that shall determine the duty ratio can be calculated by approximate voltage functions
according to the voltage angle. For the calculation of base voltages, second-order quadratic functions are used
to express the output voltage of the selected voltage vector according to voltage angle. The coefficients for the
second - order quadratic functions are selected by the voltage vector, which is determined by the switching
rules of the DTC. In addition, the voltage functions are calculated by the coefficients and voltage angle between
the voltage vector and rotor position. The switching voltages from the calculated duty ratio can supply the
proper torque and flux to reduce the ripple and error. The proposed control scheme is verified through practical
experimental comparisons.

Key words: DTC-PWM(Direct Torque Control - Pulse Width Modulation), PMSM, Approximated voltage
function, Voltage vector analysis
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Fig. 1. 3-phase voltage vectors and sector divisions of
DTC.
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Fig. 2. The d-q axis voltage analysis of V, voltage vector.
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Fig. 3. The d-q axis voltages of selected voltage vector in
every sectors.
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TABLE II
THE COEFFICIENTS OF d-q AXIS APPROXIMATE
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POSITION
Coefficients of V7, Coefficients of V,,
Sd} Sr
ay by Cq a, b, ¢,
1 1 -019 | 0901 | -002 | -0.34 | -0.02 | 0819
71288 | 23533 | 19343 | 84241 | 02037 | 94215
1 1 -020 | -046 | 0721 | -034 | 0.770 | 0.390
31797 | 81145 | 05792 | 49306 | 39084 | 97534
1 1 -020 | 046 | 0721 | -034 | 0.770 | 0.390
31797 | 81145 | 05792 | 49306 | 39084 | 97534
1 1 -019 | 0901 | -002 | -0.34 | -0.02 | 0819
71288 | 23533 | 19343 | 84241 | 02037 | 94215
V,,,; 1
[pul 5o Varls) R

/ V,sl0,)

Fig. 4. d-q axis voltage and approximated voltage model
according to rotor position(s, = 1 and s, = 1).
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Fig. 5. Block diagram of the proposed DTC-PWM method.
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Fig. 6. Experimental results at 500[rpml.
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Fig. 7. Experimental results at 1000[rpml].
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(b) Experimental result of the proposed method
Fig. 8. Experimental results of transient response.
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