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Analysis of Doubly Fed Variable-Speed Pumped Storage Hydropower Plant
for Fast Response

Jinlei Sun!, Joungjin Seo!, and Hanju Cha™

Abstract

A pumped storage power station is an important means to solve the problem of peak load regulation and
ensures the safety of power grid operation. The doubly fed variable-speed pumped storage (DFVSPS) system
adopts a doubly fed induction machine (DFIM) to replace the synchronous machine used in traditional pumped
storage. The stator of DFIM is connected to the power grid, and the three-phase excitation windings are
symmetrically distributed on the rotor. Excitation current is supplied by the converter. The active and reactive
power of the unit can be quickly adjusted by adjusting the amplitude, frequency, and phase of the rotor-side
voltage or current through the converter. Compared with a conventional pumped storage hydropower station
(C-PSH), DFVSPS power stations have various operating modes and frequent start-up and shutdown. This
study introduces the structure and principle of the DFEVSPS unit. Mathematical models of the unit, including a
model of DFIM, a model of the pump-turbine, and a model of the converter and its control, are established.
Fast power control strategies are proposed for the unit model. A 300 MW model of the DFVSPS unit is
established in MATLAB/Simulink, and the response characteristics in generating mode are examined.

Key words: DFVSPS(Doubly Fed Variable-Speed Pumped Storage), DFIM(Doubly Fed Induction Machine),
Vector control, C-PSH(Conventional Pumped Storage Hydropower stations), Power model
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Fig. 2. Structure diagram of the DFVSPS.

Pump-Turbine

+ T i
Nt Governor [ Servo system and Penstock o DFM 4—G"d
_ Water Dynamics
i f

Fig. 3. Schematic diagram of pump-turbine regulating
system.
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Fig. 4. Hydraulic speed governor dynamic model.
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Fig. 6. Rigid water dynamics for a  separate
tunnel-penstock.
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Fig. 7. Influence of parameter 7, on the output power of
the unit to the power grid.
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Fig. 8 DFIM block diagram based on stator voltage
orientation.
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Fig. 9. Fast power control strategy.

n
Nref & \

Speed ira
Control Conve rter
P et
= Gover nor | Servomotor|
+

Fig. 11. Power control block diagram of fast power control
strategy.
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TABLE 1
PARAMETERS OF DFIM
Parameters Value
rated power 300 MW
rated voltage 18 KV
frequency 50 Hz
stator resistance RS 0.00103 2
stator inductance Ls 0.000194 H
rotor resistance Rr 0.00065 2
rotor inductance Lr 0.000267 H
mutual inductance Lm 0.00567 H
inertia J 4,000,000 lcgm2
pole pairs P, 12
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Fig. 12. Models of Turbine and DFIM Control Systems.
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Fig. 13. Governor and servomotor system model.

TABLE I
PARAMETERS OF TURBINE, GOVERNOR AND
PENSTOCK SYSTEM

parameters Value
Servo gain K=5
pilot Vqlue and servomotor T =005
time constant r
permanent droop R,=0.05
temporary droop R,=0.593
reset time T5=2.625
main servo time constant 7,007
turbine gain A,=1.136
initial steady-state value of H H=1
penstock frictional coefficient £,=0.01
tunnel respectively £,70.01
water starting time 7,05
Power Control PI gains £,=0.00005
Power Control PI gains K;=0.0005
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Fig. 14. Turbine, tunnel and penstock water dynamics
model.
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Fig. 15. Simulation waveforms in the generating mode.
(a) Speed response  (b) Guide vane opening response
(¢) Power command (d) Power response.
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Fig. 17. Actual dynamic responses for Ohkawachi hydro

stoarge plant in generating mode.
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Fig. 18. Response waveform of the fast power control to
the step signal.
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Fig. 19. Response waveform of the fast speed control to the
step signal.
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