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## 4570326721 : MAJOR POWER ELECTRONICS
KEY WORD: V/F INVERTER/ AUTOMATIC TORQUE BOOST / AUTOMATIC SLIP COMPENSATION /
OVERMODULATION
THANADTHA SAINAK : PERFORMANCE IMPROVEMENT OF GENERAL PURPOSE V/F
INVERTERS: LOW-SPEED TORQUE BOOST, SLIP COMPENSATION, AND OVERMODULATION.
THESIS ADVISOR : SOMBOON SANGWONGWANICH D.Eng, 88 pp. ISBN 974-17-6256-9.

Nowadays, the general purpose V/F inverters are widely used for induction motor
drives in the industry. However, there are some performance limitations: 1) the degradation
of low-speed driving torque caused by the voltage drop across the stator resistance, 2) the
rotor speed variation due to slip frequency and 3) the decrease in the fundamental voltage
in the over-modulation region of PWM. The objectives of this thesis are to improve the
performance of V/F inverters on these three aspects. Firstly, the automatic torque boost
(ATB) scheme is developed by regulating the induced-EMF magnitude, and the design
guidelines of the PI controller applied in the ATB scheme are given. Secondly, the automatic
slip frequency compensation is introduced into the V/F scheme. The compensating slip
frequency is calculated from the estimated motor torque and by using the linear relationship
between the motor torque and the slip frequency approximated from the information on the
motor's name plate. Lastly, the voltage compensation method in the overmodulation region
is proposed. The correlation-between the-modulation index and the fundamental component
of the inverter’s voltage in the overmodulation region is firstly derived, and its inverse relation
is tabulated in a look-up table which is used by the microcontroller to calculate the
compensated voltage. Simulation and experimental results illustrate clearly the performance
improvement of the V/F inverter. Using the ATB scheme, the system can nicely drive up to
the rated load in-low-speed-range. With the slip. compensation scheme, the rotor speed is
regulated satisfactorily within'the speed error of 4 rom at the rated load. Finally, with the
overmodulation compensation, the inverter can now supply the maximum fundamental

output voltage equal to the utility line voltage.
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AL AURNLLVINAL 380) , VDC = 538.9 V

*

Wseu ¥, M Vi e tine =V _tine %THD
(rms) (pu) (rms) (rms)
98.72 0.3 99.02 -0.30 3.33
131.63 0.4 132.83 -1.23 2.82
164.54 0.5 166.19 -1.65 3.88
265.36 0.8 267.88 -2.52 1.77
331.18 1.0 333.96 -2.78 1.13
337.70 1.02 341.14 -3.43 1.58
344.32 1.04 346.55 -2.23 1.61
350.86 1.06 354.23 -3.37 2.78
357.47 1.08 360.28 -2.81 1.66
366.08 1.10 368.79 -2.71 2.01
372.09 1.12 374.55 -2.46 1.66
377.23 1.14 379.69 -2.46 1.75
380.50 1.15 382.8 -2.30 1.83
382.47 1.16 385.12 -2.65 1.91
386.17 {~=" 387.35 -1.18 1.72
389.47 1.18 390.98 -1.51 2.05
392.77 1.19 393.90 -1.13 3.23
396.07 1.20 397.55 -1.48 4.08
399.37 1.21 399.30 -0.07 4.71
402.67 1.22 402.49 -0.18 6.37
405.97 1.23 406.49 -0.52 8.27
408.27 1.24 408.93 -0.66 10.25
415.87 1.25 413.07 2.8 14.18
414.58 1.26 415.05 -0.47 18.88
41917 1.27 417.29 1.88 22.52
420.16 1.273 418.14 2.02 24.01
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A5 4.2 HANNINARBINIIUIALINAUAIRIAFN] NIllEnsTAEe AU AUATE

TAeILI9AUANEWINAL 3807 , VDC = 538.9 V

IEX Nl M Y e Viee =V iine %THD

(rms) (pu) (rms) (rms)
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408.27 1.24 397.08 11.19 3.74
415.87 1.25 398.26 17.61 3.88
414.58 1.26 397.76 16.82 4.51
41917 1.27 398.55 20.62 4.43
420.16 1.273 399.63 20.53 4.67
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Abstract

Nowadays general purpose V/F inverters are well acceptable as
the elementary devices for industrial motor drives. Nevertheless, the
performance of the V/F inverter is still limited by two main aspects: 1)
the degradation of low-speed driving torque caused by the voltage drop
across the stator resistance, and 2) the rotor speed variation due to slip
frequency or mechanical load torque. This paper aims to acheive
performance improvement of the V/F inverters for the two aspects. The
driving torque in low-speed range is enhanced by regulating the induce-
EMF magnitude, while the speed error.can be reduced by providing an
automatic slip-frequency compensation scheme. The performance
improvement of V/F inverters is clearly observed in the given

experimental results.

Keywords: V/F inverters, automatic torque boost (ATB),
slip frequency, compensation
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