SPC-13-038

Kax k- WHEER LT
7 T A KA —I)VETIRLL T AT B D FERERIE

o ERT PR E—

R ek WE F (REEMRERT)

Experimental Verification of the Flywheel Power Leveling System

Oriented to Low Cost and General Purpose Use

Kenta Tanaka™, Jun-ichi Itoh, Soya Matsuo, Noboru Yamada (Nagaoka University of Technology)

This paper introduces the performance of a power leveling system with a 3.0 MJ, 9500 r/min flywheel energy storage. In terms

of cost reduction, this system use low cost structure of flywheel and components of the general purpose products. Therefore, time

delay of the measurement circuit limits the control performance. In order to overcome this problem, time delay compensation

scheme based on Smith predictor is applied in the control to improve the control performance of the power regeneration. As a

result, the settling time is reduced by 40% compared to without a compensator. In addition, the effectiveness of power leveling

control in a prototype is evaluated by experiment. From the harmonics analysis, it was confirmed that the power fluctuation was

suppressed up to 84.6%. Furthermore, vibration analysis during the power leveling is performed using the acceleration sensor.

From the results, it was confirmed that the vibration level of the prototype is sufficiently small.
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Photograph of the prototype Flywheel system.

Table 1. Specification of the Flywheel system.

Rated voltage 200V
Rated current 126A
Rated speed of rotation 9500r/min

Accumulated energy 3.0MJ
Weight of FW 241kg
Diameter of FW 45cm

Energy density 0.0172)/mm’*

Bearing FAG HS7012C.T.P4S
30200V Bearing * 2UUfn case
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w : 1 | f'Lf_ | 4
PIC L. _I .1 P011 V;cuum
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Inverter FRENIC5000G11
Controller PIC16F887
Sampling Time 20ms

Fig.2. Configuration of the Flywheel system.
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(b) With smith predictor.
Fig.3. Block diagram of time delay compensation scheme based
on Smith predictor.
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Fig.4. Experimental results of the step response
with and without smith predictor.
(Rotation speed is 6000r/min)
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(a) Gain characteristic.
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Fig.5. Bode diagram of the demonstrated flywheel system when
Smith predictor is applied.
(Rotation speed is 6000r/min)
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Fig.6. Configuration of the experimental system for the

power fluctuation compensation.
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Fig.8. Harmonic analysis during the power fluctuation

compensation control.
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ig.10. Analysis of the vibration velocity during the power

fluctuation compensation control.
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