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Abstract: Using a flywheel and a squirrel-cage induction motor, this paper proposes two
inverter-less applications for electrical power quality improvement by compromising a little
frequency fluctuations; (1) a voltage sag compensator using a capacitor self-excited
induction generator without semiconductor power converters, (2) blackout delay system for
industrial robots safety shutdown.
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INTRODUCTION
With the increased automation of factories, load side electrical power quality is becoming more
and more important. The main factors contributing to the electrical power disturbances are
divided into two parts. One is voltage sags (dips) which are approximately 0.2 seconds in
duration, and another is blackouts. From a statistics during 7000 day in Japan [1], 90% of
voltage sags are within 0.25 s. These power disturbances lead to serious errors in the
automation system of the factories. This paper deals with two different duration disturbances
(1) voltage sag compensator (2) blackout compensator fig. Block diagram. VOLTAGE SAGS AND
BLACKOUTS COMPENSATION

FIG.1 BLOCK DIAGRAM
CASE STUDY
In the protection mode, the SEIG generates the output voltage resonating with the self-excited
capacitor and its magnetizing inductor. The self-excited capacitor is an exciter of the induction
generator. Therefore, the output voltage of SEIG varies with the capacitance of self-excited
capacitor. In order to comprehend the output voltage characteristics with varying capacitance
of the self-excited capacitor and the load capacity, a basic test model composed of an 11-kW,
200-V (line-to-line rms) squirrel-cage induction motor with a heavy flywheel of 220kJ was
manufactured. Under the condition of idling mode after the flywheel speed becomes
approximately synchronous speed, the SW1 is opened and the flywheel discharges the stored
energy to a resistive load.
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Fig. 3 basic characteristics of flywheel

During 0.3 seconds after the open test starts, the flywheel keeps approximately synchronous
speed because of the test model with the heavy flywheel. Thus, optimal capacitances of selfexcited capacitor depending on the load capacity are investigated by measuring the line-to-line
load voltage at 0.3 seconds after the SW1 was opened.
Fig. 3(a) shows that the load voltage decreases with a heavy loading. Fig. 3(a) also indicates that
the optimal capacitances exist versus each load capacity in order to compensate the load
voltage as rated voltage of line-to-line 200 V. Experimental results are in good agreement with
steady state calculations
of the SEIG by an iterative method[5, 6]. Fig. 3(b) shows the optimal relationship curve between
the capacitance of self-excited capacitor and the load capacity. From these results, in order to
compensate the 10-kW resistive load, the capacitor of 630 μF (2.6 kvar/phase) is optimal. When
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the load capacity changes largely in the idling mode, shift to the optimal capacitance according
to the Fig. 3(b) is important.

CONCLUSION
This paper clarifies the following points about the inverter-less flywheel system;
(1) The optimal stored energy design for the inverter-less voltage sag compensator composed
of off-the shelf squirrel-cage induction motor and flywheel is established and experimentally
verified.
(2) The effectiveness of the flywheel system is confirmed by the voltage sag test using tap
changing of the auto-transformer.
(3) The concept of blackout delay system is proposed and the usefulness of this system is
experimentally verified by the field tests of the real industrial robot.
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