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RTDS simulation and improvement of excitation-loss protection for pumped storage units
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Abstract: A pumped storage unit has the functions of peak load, frequency, and phase regulation as well as emergency
standby. Thus it plays an important role in the safe and stable operation of a power grid. Because of the large capacity,
complex structure and expensive cost of a pumped storage unit, it is impossible to carry out a large number of fault and
abnormal operation tests on site and physically model them. Based on RTDS, a simulation model of a pumped storage
unit is built to simulate internal and external faults as well as the abnormal operation of the unit such as excitation-loss
under various working conditions and load levels. It is verified that the existing stator impedance judgment criteria of
excitation-loss protection is defective and the unit excitation cannot be switched in time when excitation-loss occurs under
the condition of pump phase regulation. This is not conducive to the stable operation of the system. Based on the
simulation analysis, a new KP impedance circle criterion is proposed to improve excitation-loss protection, so as to realize
the excitation-loss protection without a dead zone in the whole working condition of the unit. The criterion can be used as
a reference for relevant relay protection practitioners.
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Key words: pumped storage; excitation-loss protection; pumped phase modulation; RTDS

0 35

7K & RENLAL (LA T e Al 8 LA o 15 bRk,
HRRE . R, A LS St TS ThRE, X
REVRFRANAT L X 1) 22 2 g g 1e AT B ZE A/ IS,
PR K Rl B8 LA R 37 T T 32 3 7 AT
ML, Sxb sk LA R I GeTh R B, R AL OR S

ESWH: BERAARMAFLST A T8 (U1804252)

Hh R DR 7 B A I BUR 2 HLR Bh ik 8o & 1A,
H A% T A LR REOR 37 I B A AR A LR BEAR P 1)
BF Fe e 2 18091, {EUxT il & WL AL R G OR 9 B F FUAR
b, SCHR[0I MBS AT f B M 1 AR b AR 30 A
A,

MEPHR RN, SRR, Ghratt. B17
THEZ:, A MYEER Y ERR A T KRR
Wk J e e AT e . SR ) R G SE 0 kAT
SN RS E RS AE, S B 2 GH A AT .



PUEIE, &

S HKERENLA RTDS 17 5 5 M LRI ek i 7 - 159 -

B LA AR T A AIAE S AR O AR G fif
KPR LZH e B R S 2 A0 A5 e W 48 AT 0L
BETTSE I LA 4K RS BRI T . AL
F£T RTDS AT H, UEWIILA I R OR3P I HE 2
TR AR L0 B R AR A 6hEE, AR RS0
FESEIBAT o SR T — AT I O R RE PR Y ) KP BH
PR I, mTseBlah B HLA 4 T AE X ) R
(73

1 HENERPEE

MBEVAEAFPIZIT IO, WA ELRP
R A E R BT e S8R S), FEREEE R
ThRe I BZ AR, 3 1 v RAhE fauh 300 MW HL4L
RS R E, HERIPICERENE. A%s
P, RMBIZES, REIBTRPEERE. K
i

&1 AHENENRIPECE RIREASIZE

Table 1 Protection configuration and function
locking logic of a pumped storage unit
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Fig. 1 Logic diagram of loss of excitation protection

MEVHRARE 2 s R R TR M
AT, SRPIRES T R T, RIRES T
WS TC ) o 3B AT TOUEE i HR BE ORI AR R
2%, HATSZ X E PLAL R BRI BT
1.0

~

P~

~

FHLAE A B <

R L A

AN

;o0
s

ity
------------------ K

— = — i

10
& 2 mENAEMNKREITREE
Fig. 2 Four quadrant operation of pump-storage unit
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Fig. 3 Simulation model for a 300 MW pump

4 HERERDH

4.1 HEKETIE
] S b B B4t i 8 LA SRR R G I S 2 il
f T B BT R 23, e AR I R LA XA b
b, RGRHEISSFIERRE, ANRE. R24H T
AR A Sy 7K (38 23 1056 T H
*=2 MoyRBmE

Table 2 Some test items
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Fig. 4 Simulation waveform of total loss of excitation
for generating condition
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Fig. 5 Simulation waveform of total loss of excitation for
pumping and phase modulation overexcitation
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Fig. 8 Logic diagram of phase modulation loss of

excitation protection
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