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Abstract. Microgrid protection is one of the crucial technologies of microgrid. In this paper, a new
microgrid protection scheme was proposed, which is suitable for microgrid working in both
grid-connected and island modes. We proposed a solution for the challenging problem in AC
microgrid, as the limitation for fault current level, the effect on the protection by the change of power
direction and the complexity of microgrid network structure .This paper also analyzed theory and
practical application of the protection scheme proposed, and the validity and good performance of the
protection scheme was validated.
Introduction
Microgrid is a small medium voltage and low voltage power network which is composed by many
distributed power supplies and regional loads [1]. It can operate when connecting to the large grid and
also can run in planned island mode. The microgrid should have perfect protection and control
function [2, 3, 4], in order to improve the power supply reliability of the load and utilization rate of the
distributed power supply. For the moment, many countries have demonstration project of microgrid,
microgrid protection is in research stage, and there is no unified standard. The function of microgrid
protection is limited, for example, it is not suitable for the complex structure of microgrid, and it is not
sensitive to high impedance ground fault protection. In this paper we use current phase comparison
differential protection as feeder main protection, the protection scheme is more applicable to
microgrid from the protection principle, and it also has higher sensitivity. In this paper, a backup
protection scheme for microgrid was also proposed, which is composed of low voltage and directional
elements.
General Method of Microgrid Protection
The literature [5] is an important document for microgrid protection. A protection scheme using
digital relays with a communication network was proposed for the protection of the microgrid system,
It used instantaneous current differential protection as feeder main protection, the two sampling
absolute value of the differential current exceed the setting value ,the protection device act outlet
tripping. Some papers take adaptive protection in microgrid such as literature [6], a centralized
controller was required to store several sets of protection setting values. The microgrid would change
to corresponding protection setting value in different running states. The protection need special
communication network which covering the main part of the microgrid, we consider that this kind of
protection is only applicable to microgrid which with small scale and simple structure, it will cause
setting calculation difficulty in large scale microgrid, and this kind of protection belongs to the
centralized protection, relatively easy to appear the entire microgrid operation accident. The literature
[7] proposed to detect the fault and fault types by the conversion of the three-phase voltage of the
microgrid to abc-dq changed. Some papers proposed the protection scheme based on negative
sequence current component, it can be used in simple microgrid, but the setting calculation will be
quite complicated in microgrid with complex structure. We also consider the method of using fault
current component to form the protection, in order to reduce the influence of load current of
differential protection.
© 2016. The authors - Published by Atlantis Press
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Protection Scheme of Microgrid We Proposed

Main Protection of Microgrid. As microgrid in Fig. 1, the preliminary simulation calculation is
carried out in the literature [3], for example we proposed the Protection scheme and use it in this
typical microgrid.
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Figure 1. Structure of the typical microgrid
The main protection of microgrid main protection refers to the main transmission line of microgrid,
as the main protection between the line 16 (the line between node 16 and node 10)and line 5(the line
between node 5 and node 3), in this paper, the current phase comparison differential protection was
used as the main protection of microgrid, the author proposed this kind of protection in literature [9],
the protection algorithm is given as: make combination after take multiply pair wise with the three
sample point value, protective action discriminate is as follow:

1
iM 1iN 1 + iM 3iN 3 - iM 2iN 2 = I M I N cos j ? 0
2

(1)

Take iM 1 ~ iM 3 and iN 1 ~ iN 3 as Data for every calculation, and the calculate window length is
4*5/3=6.67ms, the protection algorithm is simple, and the data window length is short, it is conducive
to the protection for fast action. The simulation is below.
[t,x,Ibus] = sim ('ex03_263',[0 0.08])
cri=Ibus(1,1)
s=length (0:0.02/12:0.08)
for n=1:s-2;
cri(n)= Ibus (n,1)* Ibus (n,2)+Ibus (n+2,1)* Ibus (n+2,2)-Ibus (n+1,1)* Ibus (n+1,2)
end
cri (s-1)=cri(s-2)
cri(s)=cri(s-2)
cri1=cri'
[t,x,Ibus] = sim ('ex03_268',[0 0.08],[],[t,cri1])
for n=1:length(cri)-2
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if cri(n)>0
trip(n)=1;
else
trip(n)=0;
end
end
trip(48)=trip(47)
trip(49)=trip(47)
Trip1=trip'
[t,x,Ibus] = sim ('ex03_271',[0 0.08],[],[t,cri1,Trip1])

Figure 2. Simulation model of main protection
The protection used in this paper is based on the principle of the current phase on the two sides of
the line [10]. From the point of view of the protection principle, the magnitude of the line current is
not related to the action of protection. In practical applications, the effect of line current amplitude on
protection is very small, so it is suitable for the complex microgrid, which can protect the microgrid in
grid connected operation and isolated operation, and the protection setting value do not need to switch
in these two ways. This protection is better than the general phase current differential protection; it is
more suitable for the operation of microgrid current amplitude changes frequently.
The main protection of the proposed algorithm was applied to the main circuit of the microgrid.
The Matlab/Simulink software was used in analysis and simulation. Given several Period line current
of line 5 In the simulation, from 0 to 0.1 seconds system operat normally, short circuit fault happen
began in 0.1 seconds. The influence of short circuit fault was considered, as the current was power
frequency before the fault, the frequency of both sides of the fault was decreased, and the frequency
was not synchronous, one side of the frequency was 49 Hz, and the other side was 48Hz.
The sampling value curve of one phase current is presented at here (12 times per power cycle). In
0~0.1 seconds, the effective value of the line flowing through the normal load current is about 29A,
and the phase of the two sides of the line is reversed. Three phase short circuit occurs on the line in 0.1
second, the effective value of the current on both sides of the line is about 90A and 45A, and both
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sides of the current are close to the same phase. The output value of the protection criterion (about
-800) is shown at 0~0.1second in Fig. 3, the protective action discriminant is not established, The
output value of the protection criterion is +3750 after 0.1 seconds, the protective action discriminant
is established.
The output value of the protection criterion is not determined in a short time after 0.1 second. Fig.
3 shows the protection of the three consecutive set of action to set up the situation, the output result is
1 after 0.107 second, it means that short circuit fault signal, and it can be used to tripping out to clear
the fault. And at 0~0.1 seconds, the output result is 0, the protection is reliable without action. It can
be seen in the more serious fault conditions, the protection is still able to correct action.

Figure 3. Waveform of single phase short circuit and main protection action
The output value of the protection criterion is not determined in a short time after 0.1 second. Fig.
3 shows the protection of the three consecutive set of action to set up the situation, the output result is
1 after 0.107 second, it means that short circuit fault signal, and it can be used to tripping out to clear
the fault. And at 0~0.1 seconds, the output result is 0, the protection is reliable without action. It can
be seen in the more serious fault conditions, the protection is still able to correct action. The above
analysis is based on the single phase circuit analysis, but the protection is based on the phase
connection, each phase of the trip is connected in parallel, so the protection is also suitable for react
phase to phase short circuit fault.
Backup Protection of Microgrid. Backup protection of microgrid transmission line is only in the
case of the main protection refused to operate or quit running, with more than 0.5 seconds of action
delay, this paper intends to adopt the following methods:
When a short circuit fault occurs, the ring network in the microgrid is considered to form radial
networks with multiple micro power sources. The points of system splitting should be set up properly,
so as to keep power balance of each branch, and be close to the downstream of the transmission line.
A power directional element is arranged at the upstream side of each radial network near the upper
reaches, as install a power directional element at the side of node 2 on line 3(between node 2 and node
3).
The low voltage protection device will be arranged on each line of the radial network, the low
voltage components of each protection can be set at minimum operating voltage, e.g. 0.8 times of the
rated voltage, the low voltage protection device will be arranged on each line of the radial network,
the low voltage components of each protection can be set at minimum operating voltage, e.g. 0.8
times of the rated voltage.
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Figure 4. Protection diagram for line 3_5
Load-way Protection of Microgrid. The structure of the low voltage line (as line7 and line 4) of
the microgrid user load is basically the same as the low voltage load line of the distribution network,
residual current device should be used to protect the line, it has high sensitivity, it can be
instantaneous cut on the ground short circuit fault or short circuit load line, and cut down leakage
equipment, it make the fault will not affect the other parts of the microgrid. Because of the length of
the paper, the protection of the other effects which involved in 3.2 will be discussed in the later article.
Summary
This paper had referred to the main information of the current microgrid protection; the characteristics
of microgrid faults and feasibility of the existing schemes adopted by microgrid are analyzed. A new
protection scheme for microgrid was presented. The protection scheme was based on the
communication network, the protection scheme was simple and reliable, and had a small amount of
calculation. It was suitable for the complex microgrid, which can protect the microgrid in grid
connected operation mode or in isolated operation mode. This paper also put forward the specific
algorithm of the protection, and the simulation program and model were established. The simulating
result verified that the protection had better performance.
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