5 &K

AIERIBKRER - KNREBIATLEZRS
NI—=IL 7Oy A5

Power Electronics Technologies for Adjustable-Speed Pumped-Storage
and Conventional Hydropower Systems
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Toshiba put the world's first adjustable-speed pumped-storage hydropower system into practical use in 1990 applying a high-voltage, large-
capacity cycloconverter realized through the progress of power electronics technologies. Since then, we have developed several types of self-
commutated inverters for adjustable-speed pumped-storage hydropower systems, including the neutral point clumped (NPC) type and joint reactor
type. We have also completed the development of a kW-class adjustable-speed system for conventional hydropower systems and are now developing
a MW-class system.

The input power control function in pumping mode and quick response function of these systems contribute to the suppression of frequency and
voltage fluctuations caused by renewable energy generation systems, as well as to the effective utilization of hydropower resources by improving
efficiency and achieving wide-range operation. We have been promoting the development of adjustable-speed pumped-storage and conventional

hydropower systems with higher performance in conjunction with the progress of power electronics technologies.
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Actual and planned deliveries of Toshiba adjustable-speed pumped-storage
and conventional hydropower systems
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Comparison of constant-speed and adjustable-speed pumped-storage
hydropower systems
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Configuration of center-tap reactor type AC exciter

AE
U7

DFMG : ZE#aBR BB

AIERIGKHEE - KNREBIVATLEXAB/NT—IL Y bOZY AEAM




0.6
0.4 i
0.2 I

-02
-04

-06 | | J
0 0.1 02 0.3 0.4

B¥fiE (s)

UMBEE (pu)
o

VABEE (pu)
o

0 0.1 0.2 0.3 0.4

B fiE (s)

UV #RFEIEE (pu)
o

12 | | | J
0 0.1 0.2 0.3 0.4

B (s)
pu : per unit

3. FEVFZVNMVEROEANEEDH — 5 E) 727 by,
NPC i L M ORBUROMBEIE R L Z LA TE, M2 R T
&%,

Examlpes of output voltage of center-tap reactor type converter
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Pumping head vs. input and rotation speed characteristics curve in pump-
ing mode
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Configuration of MW-class adjustable-speed hydropower system
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Example of water turbine characteristics curve
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