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Abstract. The voltage of power grid will drop when the units pump water in the pumped storage 
power station.This paper uses the method of simulation and field test to study effect of reactive 
power regulation on the power grid in the pumped storage power station,which will provide 
reference for voltage regulation of pumped storage units and meet the peak load regulation of power 
grid and acceptance of wind power requirements. 

Introduction 
With capacity of wind power increasing, the units in pumped storage power station is required to 

operate under the pumping condition in order to improve ability of the peak load regulation of 
power grid and accept more clean energy,which will cause the bus voltage of power station too low 
to meet the operation requirement of power grid.Therefore, it is urgent to study effect of reactive 
power regulation on the power grid in the pumped storage power station in order to meet the peak 
load regulation of power grid and acceptance of wind power requirements. 

Brief introduction to the the operation principle of pumped storage units 
As a kind of synchronous motor, the pumped storage units can be operated under the condition 

of generator and motor. The vector diagram of the pumped storage unit is shown in fig.1. 
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Fig.1 The vector diagram of the pumped storage unit 

When the armature resistance is neglected, the electromagnetic power of the pumped storage 
unit is: 

coseP mUI ϕ≈                                                               (1)         

The following formulas can be deduced form the vector diagram of fig.1: 
0ϕ ψ δ= −                                                                   (2)         
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0 cosd dI X E U δ= −
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According to the above formulas, it can be deduced that: 
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According to the formula 6, the power angle characteristics of pumped storage unit can be 
drawed, as shown in fig.2. 

 
Fig.2 The diagram of power angle characteristics 

The fig.2 shows that the pumped storage units will be operated under the condition of generator 
if 0 180δ° ≤ ≤ °  and when 180 0δ− ° ≤ ≤ ° ,the pumped storage units are operated under the 
condition of motor. 

The Parameters of pumped storage units and situation of field test 

The capacity of pumped storage power station is 4×300MW，the main technical parameters 
are shown in table1 and table2. 

Table 1 The main technical parameters of generator/motor 

Name UN/kV IN/A cosϕ ULN/V ILN/A 
Generator/ 

Motor 18 10691/ 
10662 

0.9/ 
0.975 268 2060 

Table 2 The main technical parameters of transfomer 

Name Type 
rated 

transformation 
ratio /kV 

Transformer 
tap 

actually 
Transformation 

ratio /kV 
S/MVA 

transformer SSP-360000/500 515±2×2.5%/18 3 515/18 360 

There are 3 pumped storage units are operated under pumping condition at the same time in the 
field test, auxiliary power maintains normal operation mode and automatic excitation runs stably. 
Gradually increasing the excitation current,the output of reactive power will be risen.It is needed to 
record the initial operating parameters when the reactive power Q=0MVar,which is shown in 
table3. 

Table 3  The field test data of pumped storage units 

Serial 
number 

PG 
/MW 

QG 
/MVar 

US 
/kV 

UG 
/kV 

IG 
/kA 

UL 
/V 

IL 
/A 

1 900 0.3 515.4 17.19 10.47 150.2 1487 
2 900 21.9 516.5 17.45 10.30 159.0 1589 
3 900 38.5 516.7 17.59 10.23 170.2 1656 
4 900 58.9 517.9 17.80 10.20 181.0 1769 
5 900 70.0 518.3 18.08 10.18 185.0 1796 

During the field test, the voltage varies with the reactive power changing which is shown in 
fig.3 and fig.4. 
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Fig.3 the voltage change curve when reactive power drops 

 
Fig.4 the voltage change curve when reactive power rises 

The voltage harmonics produced in the field test are shown in Figure 5. 

 
Fig.5 the column of voltage harmonics 

Conclusions 
This paper illustrates that the pumped storage units can be operated under the condition of 

generator and motor.The pumped storage unit consumes a large amount of reactive power when it is 
operated under the pumping condition,which will lead to the dorp of power system voltage.So the 
wind power will be abandoned if the pumped storage unit can not be operated under the pumping 
condition,which will effects the peak load regulation of power system. The reactive power can be 
produced by the pumped storage unit under the pumping condition, which will raise the system 
voltage. Therefore, the conclusion of this paper has guiding significance for the operation of 
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pumped storage unit. 
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