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Abstract

The output characteristics of variable speed pumped storage are different from conventional hydropower and constant
speed pumped storage units. The continuous increase of installed capacity of variable speed pumped storage, poses a severe
challenge to the safe and stable operation of the local power grid. Proposed in this paper is a kind suitable for multi-node
containing variable speed pump machine storage unit electric power network transient stability method, considering the
variable speed pumped storage units by the end of the instantaneous failure prone to sudden drop transient power, the power
network with more nodes each busbar voltage stable operation as the goal, according to the regional power grid data under
typical operation modes, Based on the power system analysis software package, an electromechanical simulation model of
the 7-node power grid with variable speed pumped storage unit was established. The influence on the transient stability of
a 7-node power grid is analyzed by removing variable speed pumped-storage units and three-phase short-circuit faults. The
transient stability of the power grid can be maintained under the conditions of removing variable speed pumped-storage
units and three-phase short-circuit faults, but some bus voltages are higher than the specified voltage upper limit. The reac-
tive power compensation device is installed to improve the voltage stability of the power grid system, which can prevent the
overvoltage accident caused by the fault of the communication system, achieve the purpose of multi-node power network
stability, and improve the safety and stability of the regional power system when the fault occurs.
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1 Introduction

The variable-speed pumped-storage power station can be
used as a way of indirectly storing electric energy. It is a
hydropower station formed to properly handle the contra-
diction between supply and demand between the trough
and the peak of the power grid. The hydropower station
has dynamic functions such as emergency backup, phase
modulation, and frequency modulation. In the power grid,
the strong support to ensure the stable, safe, and economi-
cal operation of the power grid is the reason for the offi-
cial completion of the pumped storage power station. The
pumped storage power station can play a key and core
role in an all-around way during this process. The pumped
storage power station is suitable for smoothing the output
fluctuation of renewable energy power generation, and
can fully reflect the characteristics of a fast ramp rate and
strong peak-shaving ability. The advantage of the variable
speed unit is that the speed of the unit can be adjusted.
To take advantage of the above, it is necessary to select
the optimal speed of the unit according to the require-
ments to realize the efficient operation of the unit. The
choice of rotational speed when the unit is operating in the
pump condition is related to factors such as the optimal
operating range (water head) of the unit’s pump condition
[1-3], the frequency regulation of the power system, and
the active power regulation of the power system. Through
the research on multi-objective control strategies, it is con-
cluded that the choice of rotational speed when the unit is
operating in the power generation condition is related to
factors such as the optimal operating range, safe operating
range, power system frequency regulation, and power sys-
tem active power regulation of the unit’s power generation
condition. In reference [4-6], this multi-objective control
strategy for optimal rotational speed generation is studied.

Both Europe and Japan have carried out in-depth work
on the research and application of variable-speed pumped
storage units. Japan accounts for 76.26% of the world's
total capacity of variable speed units and is the coun-
try that has carried out the largest number of studies on
continuous variable speed AC excitation energy storage
units. In addition to Japan, Germany accounts for 18.33%
[7-9]. Since the 1990s, the basic role of Japan’s pumped
storage power station has changed from peak shaving and
valley filling to a power grid dispatch management tool.
To improve the power quality and ensure the smooth and
safe operation of the power system, the Japanese side pro-
duced seven variable speed units with an installed capac-
ity of 1711.5 MVA in the 1990s. By the end of 2010, 10
continuous-speed AC excitation pumped-storage units had
been installed in 7 power stations, with a total capacity of
2746.5 MVA. Among these 10 units, the two 395 MVA
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units installed in this power station had the largest sin-
gle-unit capacity. At the same time, two 576—624 r/min,
360 MVA variable speed units were installed in Xiaow-
anchuan pumped-storage power station, and now they are
officially put into operation at the highest speed. The 3rd
and 4th units of the Geyechuan Pumped Storage Power
Station will be put into operation in 2017. The unit uses
a 475 MVA 480-520 r/min variable speed unit and will
become the world's largest variable speed unit in the
future. In addition to Japan, Germany located in Europe
is an important distribution area for the application of
variable speed units. In 2004, the German Jingu Pumped
Storage Power Station put into use two 331 MVA vari-
able speed units. The lignite-fired power plant can operate
under the optimum working condition through the adjust-
able load performance of the speed-adjusted unit through
the pump working condition, and the overall economic
benefit of the power grid can reach the optimum. Slovenia
equipped its AVCE-pumped storage power station with
195 MVA variable speed units in 2009 [10-13].

Transient stability of a power system generally refers to
the ability of each synchronous generator to maintain syn-
chronous operation and transition to a new or return to the
original operating state when the power system suffers from
large disturbances such as a short circuit of transmission
lines. Transient instability can be manifested as first pen-
dulum instability or subsequent swing instability for large
systems. The time range of transient stability research is
generally 3-5 s after the disturbance, and the large system
considers the interconnected mode oscillation can continue
to 10-20 s [14, 15].

In literature, Lung et al. [16] derived the mathematical
model of a doubly-fed variable speed pumped storage unit
by using the improved induction motor model of wound
rotor AC excitation and the theory of magnetic field ori-
ented control, and verified the correctness of the proposed
model by comparing the simulation results with practical
examples. About, Teshager et al. [17] proposed a detailed
dynamic model of rigid and elastic dynamics suitable for
pumped storage. In the power generation condition, the sys-
tem adopts the conventional modeling method of hydraulic
turbine, and in the pump condition, the pump head curve
is used to model the system. The simulation results show
that the rigid model is suitable for studying the transient
dynamics of the system. The elastic model is suitable for the
study of long-term dynamics. The operation characteristics
and control strategies of variable speed pumping and storage
units have also been actively explored in China. Accord-
ing to the two different working conditions of the unit, the
control strategies of unit efficiency optimization, primary
frequency modulation, and combined control of speed regu-
lation and excitation are proposed in the literature [16], and
the control strategies of variable speed pumping and storage
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unit are simply explored. Literature [18] studies the math-
ematical model of a pumped storage power station and AC
exciter unit and verifies the control strategy of the grid side
and rotor side under different working conditions by simu-
lation, and the results prove the applicability of the control
strategy. Literature [19] studies an optimization method to
determine the optimal combined daily operation strategy of
pumped storage. Improved economic returns and reduced
active power fluctuations due to the intermittency of wind
energy resources. In reference [7], Shu Zhengyu et al. pro-
posed the use of pumped storage to solve the emergency
low-frequency problem caused by large-scale wind power
grid connection, and selected different pumping strategies
for pumping storage units according to dynamic frequency
characteristics. The equivalent single-machine model of the
power grid is established, and the simulation curves under
different permeability are verified and analyzed by PSASP
software. The results show that the large-scale wind turbine
permeability affects the frequency of the power grid, and
then affects the cutting pump selection scheme, and the pro-
posed optimization scheme is better than the unoptimized
one. Above research, the emphasis is focused on the speed
of the pumped storage unit itself characteristic research, and
variable speed pumped storage units with the new energy
joint operation of the unit. This paper innovatively puts the
number of variable speed pump energy storage units in many
nodes in the network to analyze its variable speed pumped
storage units under extreme conditions, such as cutting
machine, and voltage stability of three-phase short-circuit
fault time. Then, the voltage stability of each node is ana-
lyzed, and the reactive power compensation device is inno-
vatively proposed to improve the stability of the multi-node
network with a variable speed pumped storage unit.

In this paper [20], a method and system for evaluating
the transient stability of the power grid are proposed. The
node energy is obtained by bringing the pre-obtained node
data into the preset energy-saving model. The stability of
the node is determined according to the node energy and
the preset judgment index; The transient stability of the
power grid is evaluated based on the stability of the nodes.
The method provided in this question provides technical
support for accurately providing a power system transient.
Complement the prior art's technical defects. In Article
[20], the transient stability of the power grid is assessed
directly through node energy, which is difficult to measure
directly and difficult to use in practice. In this paper [21],
the power grid transient stability evaluation method based
on energy function is proposed. The power grid transient
stability evaluation method based on energy function is
used to collect data by a wide area measurement system and
establish the transient energy function model. The system
data in the transient process was collected, and the transient
energy function model was constructed to obtain the energy

sum of n generators in the system. According to the energy
change trajectory of the secondary disturbance process, the
quantitative index model of transient stability based on the
secondary disturbance is constructed. Construct the energy
margin index and judge Ts(t) according to the energy margin
index. With the help of the wide-area measurement system
parameters online access and the calculation of the energy
function itself advantages, can improve the calculation
speed, simplifying the calculation process, further improve
the direct method in the application of power system, aim-
ing at the shortcomings of the existing technology, provide
with variable speed pumped storage units of regional power
network transient research plan, previous studies only con-
sider basic variable speed pumped storage unit itself, Or only
the multi-node power network itself is considered, and the
transient characteristics of the multi-node power network
with variable speed pumped storage unit are not systemati-
cally analyzed. Moreover, the reactive power compensation
device is innovatively introduced in this paper, which greatly
improves the stability of the power system.

Based on the power system analysis software package
(PSASP), an electromechanical simulation model of a
7-node power grid with variable speed pumped storage units
is established. We analyzed the influence on the transient
stability of a 7-node power grid by removing variable speed
pumped-storage units, three-phase short-circuits faults, and
short-circuit faults. The transient stability of the power grid
can be maintained under the conditions of removing variable
speed pumped-storage units and three-phase short-circuit
faults, but some bus voltages are higher than the specified
voltage upper limit. In addition, the reactive power compen-
sation device is installed to improve the voltage stability of
the power grid system.

2 Calculation Analysis of Power System
Transient Stability

The main indicators of whether the power system can con-
tinue to maintain stable operation after a large disturbance
are: first, whether the relative angular swing between units
is gradually attenuated; second, whether the voltage level
in local areas is within an acceptable range. Usually, there
are two possible outcomes in the transient process after a
large disturbance: one is that the relative angle between the
rotors of the generators changes with time in a swaying state,
the oscillation amplitude gradually decays, and the relative
speed between the units finally decays. When it is zero, the
voltage of each node gradually rises to a value close to the
normal value, and the system returns to the operating state
before the disturbance, or transitions to a new operating
state. In this operating state [22-25], all generators still keep
running synchronously. In this outcome, the power system
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is transiently stable. Another outcome is that the relative
angle between the rotors of some generators increases with
time during the transient process, causing the generators
to lose synchronization between them or the voltage in the
local area to be low for a long time. In this outcome, the
power system is transiently unstable, or the power system
loses transient stability. After the generator is out of syn-
chronization, a strong oscillation of power and voltage will
be generated in the system, which will force some generators
and loads to be cut off, and even lead to the decoupling or
disintegration of the system in severe cases. Article [26, 27]
improves the stability of converter system from the perspec-
tive of photovoltaic, which has a good reference value for
this paper.

To ensure the safety and stability of the power system,
transient stability calculation and analysis are needed in the
process of system planning, design and operation. Power
system transient stability calculation is to determine the
purpose of the system is a big interference (such as short-
circuit fault occurs, the instantaneous load larger mutation,
removal of the large capacity of power generation, trans-
mission and substation equipment, etc.), the system each
generator is to maintain synchronization operation and based
on a complete analysis of system transient stability. Its main
application scope includes: post-analysis of complex and
serious accidents, reproducing the dynamic response of the
system after the accident, understanding the cause of stabil-
ity failure, and studying the correct anti-accident measures;
In the planning and design stage, the ability of the system to
withstand extreme serious failures, that is, serious failures
beyond the normal design standards, is assessed to reduce
the frequency of such serious failures and prevent the occur-
rence of malignant accidents; Analyze and evaluate the tran-
sient voltage stability of power system [7, 28]; From the
point of view of system failure capacity, such as N-1, N-2
accidents, fault critical cutting time and transmission power
limit of the system, the configuration of dynamic compo-
nents and their influence on transient stability is considered,
such as electrical braking, rapid adjustment valve, cutting
machine, single-phase reclosing and so on. Especially with
the development of large-capacity long-distance transmis-
sion and large network interconnection and the operation of
new components, the study and calculation of the transient
stability of power systems is a crucial topic [28].

As mentioned above, transient stability is to study the syn-
chronous operation stability of a system subjected to large dis-
turbances. Transient stability calculation mathematical model
including the mathematical description of a grid (network
equation) and generator, excitation regulators, speed regula-
tors, power system stabilizers, loads, reactive power compen-
sation, dc transmissions, and relay protection devices such as
primary equipment and secondary dynamic characteristics of
the mathematical description of the (differential/difference
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equations), and a variety of possible perturbation method and
measure of stability simulation, etc. Therefore, the mathemati-
cal model of PSASP transient stability calculation (ST) can be
divided into the following three parts: the mathematical model
of the power grid, namely, the network equation. The mathe-
matical model of generator, load, and other primary equipment
and secondary automatic device, namely differential equation.

3 Model Establishment of Variable Speed
Pumped Storage Unit

The variable speed pumping storage unit adopts the doubly-
fed motor excited by AC. The principle of the variable speed
pumping storage unit is similar to that of the ordinary constant
speed pumping storage unit, but the difference lies in the rotor
structure and excitation system of the generator motor. Differ-
ent from conventional synchronous and asynchronous motors,
the variable speed pumping storage unit rotor side is connected
with ac frequency conversion excitation power, which can real-
ize the decoupling control of the unit speed and power. The
variable speed pumping storage unit is equipped with three-
phase AC excitation windings in the rotor slot, and the exci-
tation system of the variable speed pumping storage unit is
replaced by the ac frequency conversion device instead of the
common SCR DC rectification device of the conventional con-
stant speed unit. The pump turbine has its mechanical gover-
nor, which is the prime mover or load of the system, the impel-
ler forward rotation of the turbine to drive the generator, and
the reverse rotation of the motor to drive the pump rotation.
The control device is used to generate power and speed-given
signals to control the converter and guide vane respectively.
In the normal operation of the variable speed pumping storage
unit, the excitation winding in the rotor slot will also generate
arotating magnetic field relative to the rotor through the three-
phase ALTERNATING current. Because the stator magnetic
field frequency needs to be kept at 50 Hz, the variable speed
pumping storage unit can run at a constant frequency only by
adjusting the frequency of the input rotor excitation current
when the rotor rotation frequency changes. According to the
energy conversion law, the speed of the stator magnetic field
is the sum of the mechanical speed of the rotor and the rotat-
ing speed of the rotor magnetic field. At this time, the relative
speed of the rotating magnetic field of the rotor is proportional
to the frequency of the excitation current, as shown in Formula
(1-3). In summary, the purpose of VSCF can be achieved by
adjusting FR. The specific formula is as follows:

h=hL+h (1)
ny=n,+n, )
n, = 60f,/p 3)
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where f, is the stator magnetic field frequency, which is
50 Hz; £, is the rotor rotation frequencys f, is the frequency
of rotor excitation current; N1 is the speed of stator magnetic
field; n, is the mechanical speed of rotor; n, is the rotating
magnetic field speed of the rotor; p is the polar logarithm
of the motor.

The reversible pump turbine is the most commonly used
unit in pumped storage power stations and can be used as
the core equipment of electromechanical energy conversion
in variable speed units. The reversible pump turbine in the
traditional pumped storage works on the active guide vane
in the power generation mode and the fixed guide vane in the
electric mode. It can be regarded as a fixed load in the sys-
tem, so the operation efficiency of the normal speed-pumped
storage power station is low and the speed regulation range
is small. The reversible pump turbine in a variable-speed
pumped-storage unit can adjust the opening and speed of the
guide vane according to the actual situation, so it has a high
energy utilization rate and large power adjustment range.

Variable speed pumped storage system by variable speed
unit, pump-turbine governing system, circuit breaker parts,
such as variable speed pump storage unit USES is the
doubly-fed motor, the wind generator, and doubly-fed type
mathematical model, the research theory has been relatively
mature, the face of doubly-fed motor, speed control system
and the mathematical model of pump-turbine analysis and
research.

Doubly-fed motors, also known as ac excitation asynchro-
nous motors with synchronous characteristics, are famous
for their ability to feed both stator and rotor to the grid. Dif-
ferent from a traditional induction motor, a doubly-fed motor
has independent excitation winding, and adjustable power
factor, and the speed does not change with the load, which
is a relatively superior performance of the motor.

The dynamic mathematical model of a doubly-fed motor
is very complicated because of the mutual inductance in the
three-phase coordinate system. The equation can be simpli-
fied by using a two-phase rotating coordinate system with
two-phase winding orthogonal so that mutual inductance is
0. The positive direction selection of stator windings and
rotor windings conforms to motor conventions. In the two-
phase rotating coordinate system, the voltage, current and
flux chains of the stator and rotor of the doubly-fed motor
should be changed to the d-q coordinate system, with sub-
scripts “s” to represent the amounts of stator and “r” to rep-
resent the amounts of the rotor. Subscripts “d” and “q” are
used to represent the d-axis and g-axis components respec-
tively. The doubly-fed motor includes a voltage equation,
flux equation, torque equation, motion equation, and power
equation. The mathematical models in the two-phase step
rotation dq0 coordinate system are as follows:

€699

(1) Voltage equation

Uy = Rsisd + Py — W1Yq
usq = Rsisq +pwsq + WY

; 4
Upg = errd + PV — a)‘yllqu
urq = Rrirq +pl//rq + wsl//rd
(2) Flux equation
Y Ls 0 Lm 0 2%
Vsq 0 L 0L,|:i
= . 5
Wy L, 0L O iy )
0L, 0L,
Yig Irg
(3) Torque equation
Te = ptle(i.vqird - isdl.rq) (6)
(4) Equation of motion
dw,
2HM = Tw - Te - Der (7)
dt
(5) Power equation
P — 3 . .
s = E(uxdlsd + l,lsqlxq)
3 ®)

Qs = E(usqis‘d - usdisq)

wherein 1 is the synchronous angular velocity, whose
value is equal to the coordinate system speed o dqS. ®
S is the slip angular velocity, which is the speed of the
dqO0 coordinate system relative to the motor rotor, and its
formula is. P is the differential operator. Is and Lr are the
self-inductance of the stator and rotor respectively, and
Lm is the mutual inductance of the stator and rotor. Pn is
the polar logarithm of the motor, HM is the inertia time
constant and DM is the damping coefficient.

A pump turbine is a very important part of variable-
speed pumping and storage system. Its mathematical
model generally adopts the ideal rigid water hammer
model. To approach the actual results, the dynamic char-
acteristics of the pump-turbine can be modified by the flow
correction coefficient Ky. The model describes the rela-
tionship between the output mechanical moment MT of
the turbine and the guide blade opening G, and the formula
is as follows:

1 -kT,s
m, = — G (9)
1+ 0.5ky T,s
where is the water flow inertia time constant, represents the
characteristic time of the flow inertia in the pipeline under-

rated working conditions, generally ranging from 0.5 to 4 s,
s is the Laplace transform operator.
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Fig. 1 Transfer function diagram of pump-turbine
Ht
0 . . .
2

Fig.2 Schematic diagram of head and water flow characteristic curve

In the case of small fluctuation, the turbine transfer func-
tion can be expressed by the following formula

Am, =e¢,,Ag +e,,An+e¢,,Ah

Aq, = e, Ag +e,,An+ ey, Ah (10
where €., € €mhs Emns €gn ad €, are transfer functions of
mechanical torque and water flow on guide vane opening,
speed and head respectively. For ideal pump-turbine, e, =1,
em=1¢,,=150 ¢e,,=1 ¢,=0.50, eqgh=0. These coet-
ficients are static characteristic coefficients of the pump-
turbine, so they are only suitable for small fluctuations. Fig-
ure 1 is the transfer function diagram of the pump-turbine.

Speed control system mainly includes a governor and
electro-hydraulic servo system. First of all, generally by
changing the speed to adjust the input power of the pump-
turbine, the specific implementation method is to use a PID
governor, that is, with a proportional integral—differential
link of the controller, the PID controller through the speed
deviation constantly adjust and control to achieve the goal,
relatively high reliability (Fig. 2).

Because the hydraulic link sometimes moves too fast
under the condition of fluctuation so that the amplitude
exceeds the full stroke position, it is necessary to con-
sider the follow-up system, which is connected to the

‘mh> ~mh>
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governor. The relay is the main controlled device of the
electro-hydraulic servo system. The control of the main
pressure distribution valve can be represented by integral
links. Once the piston of the main pressure distribution
valve deviates from the middle position, the relay begins
to move with the piston and is proportional to the offset
value. The dead zone includes the mechanical transmis-
sion dead zone, the main pressure distribution valve lap
volume dead zone, etc., used to deal with the error value.
The rate-limiting function of the follow-up system is the
limiting amplitude fluctuation limit, and the saturation link
is used to represent the working stroke of the relay, and its
range is from full on to full off. The whole governor and
electro-hydraulic servo model have high reliability.

Because variable speed pumping and storage unit is the
focus of this paper, variable speed pumping and storage
unit play a major role in regulating the power delivery
capacity of the combined system, it is necessary to study
the power regulation capacity of variable speed pumping
and storage unit. According to the power of wind turbines
deficiency and excess power, variable speed pump storage
unit operation in power generation and pumping condi-
tions respectively, for two kinds of working conditions
affect the ability of the variable speed pump storage power
unit static factor analysis respectively, find the key factors
affecting the mechanical power output, it is important to
note that in this case, the influence on the power active
power.

1. Power generation conditions

The mechanical energy of a variable-speed pumping stor-
age unit is converted into electrical energy through a water
turbine. For different water heads, the speed and output
power of the water turbine can be approximately expressed
by a linear relation

w, = —0.05 + 1.25(P,, — 0.8) — 0.25(1 — 0.8) (11)

After simplification, we get:

P,, = 0.80, +0.2h + 0.68 (12)

Under different water heads, the guide vane opening and
output power of the turbine can also be approximated by
the following linear relationship:

P,=G+h-08 (13)

It can be seen from the approximate relationship that
the output mechanical power of the hydraulic turbine is
related to head, speed, and guide vane opening, and the
relationship is a linear increase. According to the text-
book, the mechanical power of the turbine also meets the
following relations:
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P, = pgH,Q,n, (14)

where p is the density of water (kg/m3), g is the gravitational
acceleration (m/s?), Hm, Qs N Water head (m), water flow
(m>/s) turbine efficiency respectively. Where, there is a cou-
pling relationship between the water flow and the opening
of the head and the guide vane, and there is a formula: G is
the opening of the guide vane (mm).

When the variable speed pumping and storage unit is
operating under electric conditions, the pumping process
of electrical energy being converted to mechanical energy
is mainly completed by the water pump. At this time,
the output power of the water pump meets the following
relationship:

pgHQ
Pe — = ¢=¢ (15)
e
Only H, represents the pump head and 7, pump operat-
ing efficiency, and subscript E represents an electric work-
ing condition. Wherein, the pump head is related to rota-
tional speed and water flow, and its specific formula can
be expressed as follows, where a,, a;, and a, are constants.
H, = ayo’ + a,0,0, + a,0? (16)

The above formula can be fitted to a descending conic.

4 Transient Stability Analysis of Variable
Speed Pumping Storage Connected
to the Power Grid

4.1 Model Overview
Figure 3 shows the single-line diagram of the CEPRI 7-node

system. The system consists of 5 generators, 4 transformers,
4 ac lines, 1 DC line, 1 load, and 1 shunt reactor.

Fig.3 Single-line diagram of 61
CEPRI 7-node system 18.0

® D

b
12.00+53. 00 50.010

The multi-node grid electromechanical simulation model
includes the first thermal power unit, the second thermal
power unit, the first transformer T2W9, the second trans-
former T2W10, the third transformer T2W 11, the fourth
transformer T2W12, and the reactor. In the attached Fig. 1,
G1 is the first 18 kV bus, G2 is the second 18 kV bus,
B2-220 is the 220 kV bus, S1 is the 220 kV bus, B1-500 is
a 500 kV bus, B3-500 is the 500 kV bus, B4-500 is 500 kV
bus.

The first thermal power unit T1 is connected to the first
18 kV bus G1. The first 18 kV bus G1 is connected to bus
B1-500 through the middle of the first transformer T2W9.
Bus B1-500 is connected to bus B4-500 through two alter-
nating current lines, and bus B3-500 is connected to bus
B4-500 through two alternating current lines. The middle
of bus S1 and bus B3-500 is connected through the fourth
transformer T2W 12, the middle of bus B2-220 and bus
B1-500 is connected through the third transformer T2W11,
the middle of bus B2-220 and bus B3-500 is connected
through a DC line, Bus B2-220 is connected to the second
18 kV bus G2 through the second transformer T2W10 in
the middle, where the second thermal power unit T2 is con-
nected to the second 18 kV bus G2, and the first thermal
power unit T3 is connected to the bus B2-220 (not shown in
the attached picture), and the variable speed pumped storage
unit V1 is connected to the bus S1. The load is connected to
bus B2-220 and the reactor is connected in parallel to bus
B4-500 (Table 1).

4.2 Effect of Cutting Machine Disturbance
on Transient Stability of the System

Transient stability of a power system generally refers to the
ability of synchronous generators to maintain synchronous
operation and transition to the new or return to the original
operating state when the power system is subjected to a large
disturbance. The main indicators of whether the power sys-
tem can maintain stable operation after large disturbance are

%jjll 020

18. 00+30. 00

30,007

13.59+;0.00

B1-500 B4-500 B3-500 51
v ~
525.0 525.0 (. 004+j0. 041 5¢
0.004+30. 041 7 ey
- ~ j0.005
0.004+30. 041 0. 004+ 0. 041
——")
QEL) 12.81+30.00
= 0867
B2-220
230.0 I
(2]
3.00+j2.00

@ Springer



Journal of Electrical Engineering & Technology

Table 1 Simulation parameters

Bus name  Reference Upper voltage Lower voltage Bus type
voltage (kV) limit (kV) limit (kV)
B1-500 525 550 490 AC
B2-220 230 230 200 AC
B3-500 525 550 490 AC
B4-500 525 550 490 AC
Gl 18 18 15 AC
G2 18 18 15 AC
S1 230 230 200 AC
4. 500 -
—-— Bus Voltage B1-500
4. 000 . Bus Voltage B2-220  '..........
A Bus Voltage B3-500
3. 500 —— i, Bus Voltage B4-500 =
—we— Bus Voltage G1
. 000 - Bus Voltage G2

e Bus Voltage S1

Fig.4 Voltage fluctuation of each bus after cutting machine

as follows: first, whether the relative angular swing between
each unit gradually attenuates; the criterion of power Angle
stability is whether the relative power Angle difference of
the generator is greater than 180°; when the power Angle
difference is less than 180°, the transient power Angle is sta-
ble; otherwise, the system is unstable; The second is whether
the voltage level in local areas is within the acceptable range.
The criterion of transient voltage stability is that the cen-
tral point voltage is not less than 0.8 pU and the duration
is not more than 1 s after the system is disturbed, and the
amplitude of voltage oscillation gradually decreases until it
disappears.

The connection of variable speed pumped storage unit
indirectly affects the stability of the power Angle of the sys-
tem. Variable speed pumped storage units contain a large
number of power electronic equipment, and the reactive
power support capacity is weak during the disturbance,
which has a great influence on the transient voltage stability
of the system (Figs. 4, 5, 6 and 7).

In the multi-node network of a multi-node electrical and
mechanical simulation model of a multi-node power grid,
the connection between variable speed pumped storage
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Fig.5 The cutting machine disturbs the generator relative work
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Fig.6 Power, voltage, voltage, and current of bus policy of post-cut-
ting variable speed pumped storage unit

unit V1 and bus S1 is cut off. Under the condition that
variable speed pumped storage unit V1 is cut off, The bus
voltages of bus B1-500, bus B2-220, bus B3-500, bus
B4-500 the first 18 kV bus G1, the second 18 kV bus G2,
and bus S1 in the multi-node network of the multi-node
electrical and mechanical simulation model of the multi-
node power grid are collected and connected to the first
18 kV bus G1 and the second 18 kV bus G2. The relative
power angles of the first thermal power unit station T1,
the second thermal power unit station T1, and the variable
speed pumped storage unit V1 on bus S1 are collected. The
port active power S1_PO of the variable speed pumped
storage unit and the port reactive power S1_QO of the vari-
able speed pumped storage unit are collected. The port
voltage S1_V1tO0 of the variable speed pumped storage unit
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Fig.7 Location diagram of the

B1-500

B4-500 B3-500 s1

short-circuit fault in the multi-
PN
node network 7. 64441, 06
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3.00+32. 00

B2-220

and port current S1_It0 of the variable speed pumped stor-
age unit are analyzed in the power system analysis com-
prehensive program database.

Set S1 as the pumped-storage power station and other
buses are connected as the thermal power station. Observe
the changes in the voltage of each bus in the multi-node
network, the relative power Angle of each station, and the
changes in the active power, reactive power, and voltage
and current of the pumped-storage power station itself after
the pumped-storage power station is removed. The value
is the standard unit value. It can be seen that the voltage of
each node in the multi-node network fluctuates greatly when
the machine is switched off. The relative power Angle also
gradually increases, and the active power, reactive power,
voltage, and current of the bus connection with the variable
speed pumped storage energy all fluctuate greatly.

4.3 Influence of short circuit fault on transient
stability of the system

It can be seen from Fig. 8, 9 and 10 that the bus voltage
drops to different degrees when faults occur, and the bus
voltage that is closer to the electrical point of fault is more
affected, and the bus voltage can return to a stable state after
faults are removed. During the three-phase short-circuit
fault, the maximum power Angle difference of each unit
is greater than 180°, and the power Angle curve between
each unit shows that the oscillation amplitude decreases with
time, and the system is transient unstable.

4. Weak links between power grid stability and improve-
ment measures

4.1 Influence of short circuit fault on transient stability
of the system
4.2 Improvement measures

The three-phase short-circuit fault power grid system has the
problem of over-limit voltage. A reactive power compensa-
tion device is adopted to improve the stability of the system.
The measures are as follows:

2 X 2.5 mvar inductive reactive power compensation
device is installed at bus S1;

Bus B3-500 is equipped with inductive reactive power
compensation device 3 Mvar;

A 2 X 1.5 mvar inductive reactive power compensation
device is installed at bus B4-500.

When a reactive power compensation device is added,
the relative power Angle curve of the three-phase short-
circuit fault power grid system is shown in Fig. 11. The
voltage fluctuation of each bus is shown in Fig. 12. The bus
policy power, voltage, and voltage current of variable speed
pumped storage unit are shown in Fig. 13 after a short circuit
fault increases reactive power compensation.

According to “Standard voltage (GB/T 156-2007),
220 kV bus of the power plant and 500 kV substation: under
normal operation mode, the allowable voltage deviation is

5000. 000
—&— G181

—— G251

4000. 000 s b
—&—: S1.81

3000. 000

2000. 000

1000. 000

0.000

-1000. 000

2000. 000

~3000. 000 1 I I I
0.00 1.00 2.00 3.00 1.00 5.00
t(s)

Fig.8 Relative power Angle curve of short-circuit fault generator
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Fig.9 Voltage fluctuation of each bus after short circuit fault

0~+10% of the rated voltage of the system; The operation
mode of the accident is —5% to+ 10% of the rated voltage
of the system. Maintain periodic stability, can keep balance
with the original load value, cut the variable speed pumped
storage unit V1 condition, all parameters can be restored to
the stable range.

5 Conclusion

The purpose of this paper is to: Aim at the shortcomings of
the existing technology, and provide variable speed pumped
storage units of regional power network transient research
plan, previous studies only consider basic variable speed
pumped storage unit itself, or only consider the node power
network itself, is not to contain the variable speed pumped

800. 000 -
. Alternator S1_P(p.u.)
700. 000 —— Alternator SIQ(.u)  eeeeeiiiinnn
—A— Alternator SLVt (p.u.)
AMternator S1Tt (p.u.)
600. 000 F L I
—e— Alternator S1_Efd(p. u.)
500,000 -+ TR TR TR

(DU ) 400,000 |- vvvveee st P T L
300. 000
200. 000

100. 000

0. 000

~100. 000 I I I I
0.00 1.00 2.00 3.00 1,00 5.00

t(s)

Fig. 10 Power, voltage, voltage, and current of bus policy of variable
speed pumped storage unit after short circuit fault
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Fig. 11 After adding the reactive power compensation device, the
relative power angle curve of the three-phase short-circuit fault power
grid system

storage units multi-node system analysis, power network
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Fig. 12 The short circuit fault increases the voltage fluctuation of
each bus after reactive power compensation

transient characteristics and the reactive power compensa-
tion device, introduced in this paper, the innovative, The
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-
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Fig. 13 Short circuit fault increases bus policy power, voltage, volt-
age, and current of variable speed pumped storage unit after reactive
power compensation
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influence of excised variable speed pumped storage unit
and three-phase short-circuit fault on the transient stability
of 7-node power grid is analyzed. The transient stability of
the power grid can be maintained under the conditions of
excised variable speed pumped storage unit and three-phase
short-circuit fault, but some bus voltages are higher than the
specified voltage upper limit. The reactive power compen-
sation device is installed to improve the voltage stability of
the power grid system, which can prevent the overvoltage
accident caused by the fault of the communication system,
achieve the purpose of multi-node power network stability,
and improve the safety and stability of the regional power
system when the fault occurs.
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