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Abstract. In order to improve the effect of power grid standby power supply auto-
matic switching device precision adaptive control, design a power grid standby
power supply automatic switching device precision adaptive control method.
Firstly, the inverter ismodeled, then the instantaneous power is calculatedwhen the
standby power is switched automatically, and the mathematical model of doubly-
fed induction generator is established. The experimental results show that the
proposed control method can ensure the stability of power supply and voltage
after control.
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1 Introduction

With the development of smart grid, the demand for power supply quality and reliability
is becoming higher and higher. In particular, some customers have high demand for
electricity, strict production processes and high level of automation. A sudden outage,
even if it lasts only a few minutes, can shut down the entire production line, while
resuming production takes a long time and is complex to operate. A sudden blackout
will also bring a lot of economic losses to enterprises. People’s lives have a tremendous
impact, so that the national economy suffers huge losses.

The automatic standby power supply device is an important measure to ensure the
continuity of power supply and improve the reliability of power supply. Using this device
can simplify the configuration of power grid wiring and relay protection device to save
equipment investment, reduce operational losses, and it has the advantages of simple
structure, low cost, wide application, so it is widely used in power systems.

However, these devices can not meet the requirements of substation automation and
unmanned shift, so a precision adaptive control method is designed for the standby
power supply automatic switching device. Firstly, the inverter model is constructed, and
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then the instantaneous power during the automatic switching of standby power supply is
calculated. Based on this, the mathematical model of doubly fed asynchronous generator
is constructed to realize the droop control and adaptive state tracking control of the
automatic switching device of power grid standby power supply. Finally, the accuracy
and effectiveness of the adaptive control method are verified by simulation experiments.

2 Calculation Model of Instantaneous Power During Automatic
Switching of Standby Power Supply

2.1 Inverter Modeling

The grid system consists of a number of inverter-based distributed generation units that
rely onmicropower sources for energy, such as fuel cells, micro gas turbines, DC storage,
etc., while voltage source inverters are commonly used interface modules [1–3].

Specifically, the power distribution controller generates the amplitude and frequency
of the inverter output voltage according to the droop characteristics. The voltage con-
troller simulates the current vector of the reference filter inductance of a conventional
synchronous generator, and the current controller synthesizes the instruction voltage
vector by a pulse width modulation module. The voltage and current control loop must
be able to provide sufficient damping to the filter composed of the filter and the coupled
inductor. The coupling inductance determines the output impedance of the inverter, thus
minimizing the coupling between active and reactive power [4]. Since the inverter of the
micropower supply is controlled by a pulse signal, there is only one and only one upper
or lower bridge arm on the same bridge arm, and they are alternately on each other, their
switching function Sn can be defined, as shown in the formula below:

{
Sn = 1 (n = a, b, c)
Sn = −1 (n = a, b, c)

(1)

In formula (1), n represents the conduction parameter.
The midpoint of the DC bus filter capacitor is the reference point of the system

shown, so the inverter bridge output phase voltage of the three-phase inverter can be
indicated by the following formula:

⎡
⎣Va

Vb

Vc

⎤
⎦ =
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⎣Sa
Sb
Sc

⎤
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2 (2)

Let the phase voltage of three-phase filter capacitor Cf and the current of three-phase
filter inductor Lf be the state variables of the system. According to Kirchhoff’s voltage
and current law, the voltage and current equations are established for the phase voltage
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of three-phase filter capacitor Cf and three-phase filter inductor Lf respectively.

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

Cf
d
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d
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Lf
d
dt ib = Vb − Vob − Rf ib

Lf
d
dt ic = Vc − Voc − Rf ic

(3)

In the formula (3), Va, Vb and Vc are the inverter bridge output voltage of the three-phase
inverter; ia, ib and ic are the current of the three-phase filter inductor Lf ; Voa, Vob and
Voc are the phase voltage of the three-phase filter capacitor Cf ; ioa, iob and ioc are the
current of the three-phase load.

Convert the above formula to a state space matrix [5, 6], which is represented as:
⎡
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(4)

Modeling the inverter based on the above process can provide a basis for the adaptive
control of automatic standby power supply switching device.

2.2 Calculation of Instantaneous Power in Automatic Switching of Backup
Power

Based on the different topological structure of substation, different automatic bus switch-
ing models can be intelligently identified and generated by acquiring the real-time state
of power network. The main function is to determine the current mode of operation of
the system and to decide which model to use. The system combines the network analysis
and the running state of the switch to judge the running mode of the current system, so
as to decide which automatic switching mode to adopt. Therefore, the operation mode
of the system must be accurately judged to prevent the misoperation and rejection due
to misjudgment [7].

In order to reduce the maintenance workload and error rate effectively, the automatic
generation algorithm of backup automatic switching model is developed in the main
monitoring station of power network.

The design of the output inductance parameters is the core of the instantaneous power
calculation. Firstly, a parameter εL of the fundamental voltage drop of the inductance is
introduced, which is defined as the percentage of the fundamental voltage drop on the
inductance L and the rated phase voltage Ug of the grid system, namely:

εL = UL

Ud
× 100% = ωLIn

Ug
× 100% (5)
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In formula (5), ω is the angular frequency of the fundamental voltage of the power grid,
and In is the rated output current of the power grid. Since the system rated voltage is
certain, the capacity of the power grid determines the rated current.

The vector relationship between the output voltage, the grid voltage and the induc-
tance voltage. When connected to the grid, the minimum and maximum effective values
of the output voltage are as follows:

UImin = Ug − UL = (1 − εL)Ud (6)

If an unplanned isolated island occurs and the power grid fails, there is no power exchange
between the grid and the main grid, and the load is supplied separately at this time, then
the effective output voltage of the converter under the isolated grid is:

U ′
I = UL + U ′

pcc = εLUg + U ′
FCC (7)

In practical engineering, the ripple current on inductor L also has certain requirements
under the premise of satisfying the requirements of inductor fundamental wave voltage
drop [8, 9].

When the duty cycle reaches 50%, the current ripple is greatest, so there are:

�max = T

2
× di

dt
= TUdc

4L
= Udc

4Lfsw
(8)

From the above formula, the ripple current and the DC side voltage from the above
formula, the ripple current and DC side voltage Udc, inductance L and switching fre-
quency fsw are related. The DC side voltage is proportional to the ripple current, while
the inductance is inversely proportional to the switching frequency.

Define a ripple coefficient parameter ηL, which is one half of the maximum peak
ripple current as a percentage of the rated current In of the grid system, namely:

ηL = �imax

2In
× 100% (9)

In order to apply the droop control strategy, the instantaneous active and reactive power
output from the micropower interface must first be calculated, using the two-axis theory
[10], the instantaneous active and reactive components p and q injected are expressed as
follows:

p = vod iod + voqioq
q = vod ioq − voqiod

(10)

In order to have enough time span to separate power and current control loop and achieve
high power quality injection, the average active power, reactive power and the corre-
sponding fundamental component are affected by the control action. The instantaneous
power component is used to obtain the active power p and reactive power Q related to
the fundamental component through the lowpass filter shown in the following formula.

P = wc

s + wc
p,Q = wc

s + wc
q (11)

In formula (11), wc is the cut-off frequency of the filter.
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3 Precision Adaptive Control of Automatic Switching Device
for Standby Power Supply

3.1 Mathematical Model Construction of Doubly Fed Induction Generator

Double-fed asynchronous generator is a rising technical direction, mainly used in some
large variable-speed wind turbine. In doubly fed asynchronous motors, a voltage-type
transducer transmits power at differential frequencies to H-phase rotors, so the motor
receives energy from both stator and rotor ends. The generator model introduced in
this section ignores the hysteresis loss, eddy current loss and molten iron loss, and only
considers the fundamental current component of stator and rotor, not the harmonics. The
positive directions of the voltage, current and electromagnetic torque on the stator side
of the motor are specified in accordance with the generators’ practice; and the positive
directions of the voltage, current and electromagnetic torque on the rotor side of the
motor are specified in accordance with the electrification practice [11, 12]. According
to the equivalent circuit diagram of the double-feed generator, the basic equations are as
follows:

U̇1 = −Ė1 − İ1(R1 + jX1)
U̇ ′
2
s = −Ė′

2 + İ ′2
(
Ṙ′
2
s + jX ′

1

)
Ė1 = Ė′

2 = −İm(Rm + jXm)

İ1 = İ ′2 − İm

(12)

In the formula (12), R1 and X1 are the equivalent resistance and equivalent reactance
of the stator winding; Ė1, U̇1 and İ1 are the induced electromotive force, voltage and
current of the stator side winding respectively; Ṙ′

2 and Xm are the equivalent resistance
and equivalent reactance of the rotor winding respectively converted to the value of the
stator side; Ė1 and Ė′

2 are the value of the induced voltage and current of the rotorwinding
converted to the value of the stator side respectively; U̇ ′

2 is the value of the voltage of
the rotor side excitation source converted to the value of the stator side respectively; Rm

is the excitation resistance.
Double-fed wind turbines are a multivariable, strongly dependent, hierarchical

system. In order to simplify the analysis and calculation, it is generally assumed that:

1. Stator windings of H phase with symmetrical distribution and spatial difference
of 120 degrees, which ignore the influence of harmonics and magnetic saturation,
generatemagnetokinetic potential with sinusoidal distribution along air gap [13–15];

2. H phase winding of the rotor is of symmetrical structure;
3. Ignoring the influence of temperature, ignoring the iron loss and the skin effect.

3.2 Sag Control

After the above foundation treatment, the sag is controlled. It can be seen from the basic
concept and flexible structure of power grid that the variable operation mode of power
grid and the power supply service of high power quality depend on its perfect control
system.
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Master-Slave Control and Master-Slave Control are the control methods based on
control strategy for isolated island power network. The reference voltage and frequency
are provided by one or a limited number of micro-power sources, which can support
the voltage and frequency of the power grid system [16]. At present, the master-slave
control strategy still has some disadvantages: the fluctuation of load is balanced by the
master power, so the master power is required to have certain capacity; the slave power
is controlled by the master power, so the master power is too dependent on the master
power; the master-slave control relies on communication, so it is restricted by the cost,
complexity and reliability of communication.

Peer to Peer control, Peer to Peer control, means that there is no subordinate rela-
tionship between distributed generation and a distributed generation in the system use
droop control method to regulate active and reactive power. At present, the problems
of the equivalent control method are: the steady-state error can not be zero because of
the instantaneous change of load; the harmonic distribution caused by non-linear load
can not be coordinated; the droop characteristic method can not solve the problem that
the reactive power of the system is affected by the line impedance; for the system with
linear and non-linear load, the equivalent control method will not be applicable when
the control mode changes due to the change of topology structure [17].

Multi-agent technology, with the rapid development of artificial intelligence, multi-
agent system has been widely used. Multi-agent technology is suitable for decentralized
and complex control of power network. Therefore, it can be applied to power system
reconfiguration, power supply restoration, power market transaction and energy opti-
mization and intelligent management. But at present, the application of multi-agent
technology in power grid is mainly focused on the coordination of market transactions,
power supply recovery and energy management, etc. In order to make multi-agent tech-
nology play a greater role in power system control systems, there is still a lot of research
work to be done.

In order to ensure the normal operation of different kinds of micro-power supply,
the power control method of the inverter interface of micro-power supply will use sim-
ilar parallel power control method, even using similar method to the droop control of
synchronous generator. This control method has the following advantages:

The micro-power supply in the power grid can be installed in any position, and will
not be disturbed by some uncontrollable factors [18].

In the case of active power and reactive power balance of power grid, any micro-
power supply can be integrated into or separated from the power grid, and this will not
have a great impact on the power grid system.

When anymicropower supply in the grid fails, the grid system canmaintain the faulty
micropower supply without stopping operation, and can guarantee the uninterrupted and
reliable power supply to the grid load.

When the communication fault occurs between the micropower control unit and the
central control unit of the power grid, the power grid system can still operate normally
to ensure the reliability of the system.

Different from the traditional sag control method applied to synchronous genera-
tors, it is difficult to apply the sag control method to micro-power inverter. The self-
characteristic of synchronous generator accords well with the droop characteristic, that
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is, when the input power of the prime mover is invariable, the increase or decrease of
the load will make the speed of synchronous generator decrease or increase automati-
cally to achieve balance. Unlike synchronous generators, micropower inverters cannot
be balanced by regulating the generation of micropower, but rely on their own control
strategies to achieve this balance [19, 20] (Fig. 1).

Self investment 
model library

network model

Simulation platform

Interface read

data acquisition Power flow 
calculation

Simulation platform Strategy distribution

Fig. 1. Sagging control content

To sum up, the active power output of micropower can be regulated by controlling
the output frequency, and the reactive power output can be regulated by controlling
the output voltage amplitude of micropower [21]. Therefore, some researchers proposed
using the droop controlmethod to control themicro-power inverter. In order to realize the
power distribution function in the parallel inverter system, the traditional droop control
characteristics are introduced. The droop characteristics based on voltage frequency and
output voltage amplitude are shown as follows:

w = w∗ − mP (13)

V = V ∗ − nQ (14)

In the formulae (13) and (14),w∗ and V ∗ shall be the rated frequency and voltage setting
points; m and n shall be the static sag gain.

Under the sag control strategy, the active and reactive power output of the inverter
unit is detected, then the rated frequency and voltage are obtained, and finally the active
and reactive power output is reversely adjusted.

It can be seen from the sag characteristics that when the active power of the microp-
ower output is larger, the output active power of the micropower output can be reduced
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by reducing the output frequency, whereas, when the active power of the micropower
output is smaller, the output active power of the micropower output can be improved
by increasing the output frequency; when the reactive power of the micropower output
is larger, the output reactive power of the micropower can be reduced by reducing the
output voltage amplitude, and vice versa, the output reactive power of the micropower
output can be improved by increasing the output voltage amplitude. Through the adjust-
ment of the above droop control strategy, the micropower in the power grid can realize
the reasonable distribution of its active and reactive power.

3.3 Adaptive State Tracking Control Implementation

Before the 1960s, adaptive control was mainly used in aviation and space applications.
Adaptive control focuses on the attitude control of aircraft, and many kinds of flight
control schemes are proposed and realized. After the mid-1960s, adaptive control began
to be gradually extended to the field of industrial control. Since the 1970s, adaptive
control has been widely used in many fields. Now, adaptive control has been used in
various fields maturely. The most commonly used definition of adaptive control is that
an adaptive control system is one in which, when operating conditions are uncertain or
change over time, it is able, during the control period, to implement effective controls
based on information accumulated from online observations of reachable inputs and
outputs, and to modify the parameters and control effects of the system structure so that
the system is in a prescribed (and generally near-optimal) state.

Based on the idea of self- adaptive control, it is applied to the automatic switching
device control of standby power supply. Uncertainties exist widely in practical con-
trol systems, and switched systems are no exception. Adaptive control is an effective
method to deal with uncertain parameters, because the parameters of control are adjusted
continuously according to control effect or on-line identification. Adaptive control of
switched systems is a new research direction in five years, which has attracted more and
more attention from the academic circles at home and abroad. With the development of
research, the research on adaptive control of linear switched systems has gained some
results. Consider nonlinear switched systems [22]:

ẋ = fσ1(x) + θσ1fσ2(x) + Bσu (15)

In formula (15), fσ1(x) represents the state vector of the system, θσ1 is the matrix of
unknown constants, Bσu is the matrix of known inputs, and fσ2(x) is a known continuous
function. The control objective of this paper is to design switching signals for switching
systems, and to design adaptive controllers and adaptive laws for all subsystems so that
the signals of closed-loop systems are bounded while lim

t→∞ x(t) = 0.

Considering that all subsystems can not be stabilized by designing state feedback
adaptive controller, it is necessary to keep the stabilizable subsystem active all the time
to achieve the goal of control. For each i ∈ �, the matrix K∗

i1 satisfies [23, 24]:

∂Vi

∂x

(
fi(x) + BiK

∗
i1
i(x)

) +
∑
j �=1

βij(x)
(
Vj(x) − V1(x)

)
< 0 (16)
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Fig. 2. Control the algorithm process

In the formula (16), Vj(x) is positively definite and radially unbounded (Fig. 2).
The hyperstability theory is rooted in the theory of dissipation and passivity, which

states that if the system is passive (strictly passive) with a finite input of external energy,
the state of the system itself is bounded (bounded and convergent). The adaptive system
can be regarded as the feedback interconnection structure of the control error system
and the adaptive controller. In the design process, the hyperstability theory is applied to
the system. In other words, the controller structure is chosen to make the control error
system passive, and the adaptive law is chosen to ensure that the energy of the control
error system is limited.

The basic idea is that the boundedness and convergence of the state are obtained
by the boundedness and convergence of the energy of the system in the study of the
traditional non-switched systems. This section focuses on a single subsystem to consider
the problem, by studying the energy changes of the subsystem to obtain the hyperstability
of the switching system. For each subsystem, the energy storage function is affected by
the external energy input during the activation period, and the energy change is restricted
by the state evolution of other subsystems during the non-activation period. Connecting
the activation and non-activation periods, we can get the energy change of the subsystem
in the continuous time domain, so we can study the properties of the system from the
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energy point of view. Consider linear switching systems:

ẋ = Aσ x + Bσu
y = Cσ x + Dσu

(17)

In formula (17), Aσ x is the output of the system, Cσ x is the input of the system, Bσu is
the state matrix, and Q is the input matrix.

Let Vi(x) be the energy storage function of the i subsystem. If the switched system
is dissipative, it has:

Vi(x(t)) − Vi(x(s)) ≤
∫ t

s
ωi
i(u(τ ), y(τ ))dτ (18)

In the formula (18), Vi(x(s)) represents the self-energy supply rate when the i subsystem
is activated, and dτ represents the interactive supply rate.

Basedon the aboveprocess, the adaptive control of power supply automatic switching
device precision is completed.

4 Simulation Experiment

In order to verify the validity of the precision adaptive control method of the standby
power supply automatic switching device, the experiment was carried out and compared
with the traditional controlmethod. The simulation parameters applied in this experiment
are shown in Table 1:

Table 1. Experimental parameters

Serial number Parameter Value

1 Active power capacity of power grid 20 kW

2 Rated voltage of power grid 220 V

3 Grid voltage angle frequency 50 × 2π rad/s

4 DC side voltage 700 V

5 Switching frequency 10 kHz

4.1 Comparison of Voltage Stability After Control

The fastest single opening and closing time of the power grid standby power supply
automatic switching device is 225 ms, and the device is used in the substation, with large
working current and arc extinguishing time of more than 65 ms. In addition, judging the
loss of voltage by detecting AC, the “standby automatic switching” can complete the
power supply switching within 512 ms at the fastest; By optimizing the device structure
and changing the application scenario, the single bounce time of solid-state permanent
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magnet structure is 20 ms, the arc extinguishing time is 8 ms, the calculated DC zero
crossing time is 6 ms, and the starting and closing time is 20 ms. The proposed method
is compared with the traditional method. The results of voltage stability comparison
between the proposed method and the traditional method are shown in Fig. 3.

Research methods traditional method
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Fig. 3. Comparison of voltage stability after control

It can be seen from the analysis of Fig. 3 that the voltage stability of the adaptive
control method in this study is better, and the overall value is more stable, while the
voltage stability of the traditional method is obviously poor, and the fluctuation is more
obvious.

4.2 Current Comparison After Control

The current comparison results of the two methods are shown in Fig. 4.
Based on Fig. 4, it can be seen that after the control of this research method, the

current value is relatively stable, which can make a smooth transition and meet the good
power supply quality of the load, which is more stable than the traditional method. It
can be proved that the control effect of the adaptive control method is good.
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5 Conclusion

With the acceleration of the construction of “one strong and three excellent”, it is the
responsibility of power grid enterprises to continuously improve the power supply relia-
bility of power grid. Reasonable power grid structure and operation mode are the basis to
ensure the safe and stable operation of power system. Whether relay protection devices
can play an effective role is closely related to the power grid structure and operation
mode, which must be considered as a whole. Therefore, according to the actual situation
of power grid, the precision adaptive control method of automatic switching device of
power grid standby power supply is designed, which is a powerful guarantee to improve
the reliability of power supply.

With the development of smart grid technology, a large number of energy storage
and distributed generation will be connected to the distribution network; In case of “N-1”
fault under equipment maintenancemode, the power transfer mode between lines will be
more flexible after the standby automatic switching action. How to establish the optimal
configuration model of standby automatic switching for intelligent distribution network
compatible with distributed generation and energy storage is the focus of the next step.
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