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Relay Protection of Transmission Line in the Micro-Grid
Based on Frequency Modulation
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Abstract—In recent years, the development of the micro-grid
technology is promoted rapidly. In this paper, considering the
fault characteristics of the micro-grid and the insufficiency of
micro-grid relay protection, relay protection of transmission
line applied in the micro-grid based on frequency modulation is
proposed firstly. Then, differences between the micro-grid relay
protection and the traditional one are introduced. After that,
the operational principle and the whole working process of the
frequency modulation are analyzed. Finally, by simulation and
experiments, the novel proposed frequency modulation method
is proved correct and practical.

Index Terms—Miicro-grid, inverter, frequency modulation,
relay protection, frequency conversion.

. INTRODUCTION

As known, the distributed power generation technology
taking advantage of local renewable energy not only can
reduce reserve capacity of the power grid and increase the
reliability of power supply but can reduce environmental
pollution and alleviate the energy crisis. Based on
characteristics of the distributed power supply, when the fault
occurs in the power grid, the power grid will produce flow
effect if distributed power supply is not disconnected timely.
However, if it is disconnected timely, operation and control
of the power grid will become difficult. Because of this,
distributed power supply cannot be well used in power grid.
The researchers put forward the concept of micro power
grid that can solve the problem of distributed power grid in
recent years.

The micro-grid, as an autonomous network system, is
composed of a variety of distributed power supply, the
energy storage component unit, monitoring and protection
device. Through the Point of Common Coupling (PCC), it is
connected with low or medium voltage distribution network.
It has two running modes, parallel operation and islanded
operation.

At present, the study on relay protection of the micro-grid
has just started, there is still no suitable and practical
protection scheme. Some researchers put forward that
fault location and isolation need enough fault current
information provided by distribution network [1]-[4].
Someone thinks the DG terminal voltage THD (Total
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Harmonic Distortion) can also judge the fault position [5].
The paper [6]-[8] presents signal differential system
protection. According to the characteristics of the micro-grid
[9]-[11], formulatingthe related control method and
protection scheme is meaningful for the
large-scale application of distributed generation technology.

Il. THE ANALYSIS OF THE FAULT CHARACTERISTICS IN THE
MICRO-GRID

The micro-grid is usually a three-phase four-wire
neutral-ground system. Because the numerous interior
contact-line and feeder-line and diverse types of the load, the
micro-grid is prone to short circuit, overload, over-voltage
fault and so on.

If fault occurs, the micro-grid is divorced from the grid. As
the short circuit capacity of distribution network is not
enough and inverter power supply capacity is relatively small,
the internal fault current is very small in the micro-grid. At
the same time, there are a large number of distributed power
which is close to each other in the micro-grid. Relay
protection for the micro-grid is different from the traditional
power grid.

When fault occurs in the micro-grid, it will have an impact
on the protection of distribution network such as bidirectional
power flow and current effect.

A. Bidirectional Power Flow

In the micro-grid, distributed power supply may access to
both sides of the transmission line. Then, the power flow will
be two-way. As shown in Fig. 1, if a fault occurs at K, DG2
will provide short-circuit current to the fault point under the
condition of the same capacity. Reverse fault current flows
through R2 and R3. Supposing that the current is large
enough, R2 and R3 will be error operation.

B. Current Effect

In the distribution network, it is single supply at power
supply side while it is multiple-feed at one side in the
micro-grid [12]. All power supply will inject fault current to
the fault point in case of the short-circuit fault, which makes
fault current larger. So, selectivity of relay protection is
bound to be influenced. On the other hand, due to shunting
effect of the multiple-feed, the fault current will be very low
at front end. So, sensitivity of relay protection is bound to be
influenced as well. As shown in the figure below, the
occurrence of short circuit at K2 makes that power
generation DG1 and DG2 inject fault current to the point K2.
Large current at K2 leads R4 or R5 to be malfunction. At the
same time, fault current at R2 and R3 gets smaller. R2 and R3
will not act.
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Fig. 1. The fault characteristics of the micro-grid.
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1. THE THEORETICAL BASISE OF RELAY PROTECTION

BASED ON FREQUENCY MODULATION

A. The Principle of the Proposed Relay Protection

In essence, relay protection based on frequency
modulation puts the current induced increment in the failure
case to the frequency modulation. If so, inverter power
supply can output fault information without over-limit.
Through demodulation of the protection device, virtual short
circuit current can be regained. This value is close to the short
circuit current value of rotating electrical machines in case of
the same line impedance. As a result, we can analogy to
traditional over current protection relay protection. Not only
that, the virtual short circuit voltage can be known according
to the value of virtual short circuit current. Low voltage
protection works.

As shown in Fig. 2, once inverters reach the output limit
value, the output value will not change any more. The
frequency modulation reflects the line impedance. Then,
virtual short circuit current can be known based on sampling
frequency value. Its frequency value is 50Hz and its
amplitude reflects the line impedance as the dotted line
shown in the figure below.
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Fig. 2. The principle of frequency conversion control.

This paper is based on several assumptions as follows: the
output phase voltage value of rotary motor is a constant; the
maximum output value of inverter power supply is m times
rated current value and m is between 1.5 and 2.

B. Modulation of Virtual Short Circuit Current

When the fault occurred, the maximum output current of
the inverter is restricted to two times rated current so we
assume that the aptitude of output current
lrefm 1S €qual to mly.

Fig. 3. The equivalent circuit diagram.
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The line impedance can be expressed as:

Um

X=XS+XZ=XS+ni]—I.SNzXS+ 1)

mly
where U,, is the aptitude of voltage detected at the output
port, X, is the intrinsic impedance of electrical source and Xy,
is the line impedance.

After reduction, virtual short circuit current can be derived
as follows:
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where
E is the rated-output Phase-voltage of rotating machine.
Relationship of virtual short circuit current and the
reference frequency is given by:

I'=mly + k(fy = fref) (©)

where

fy is the rated frequency of current and k is the
modulation factor of frequency conversion.

In conclusion, frequency-conversion modulation could be
construed as: I* is compared with the actual current by
hysteresis loop. Then the turn-on pulse is produced. As the
voltage source convert achieve the pulse, we can detect the
current that its aptitude is 21y and its frequency is changeable.
Through calculation, we can know the current with the
frequency of 50Hz. Thus by the traditional current protection
of power grid, the transmission line protection for micro grid
is attainable.

C. Demodulation of Virtual Short Circuit Current

As mentioned above, after modulation, the aptitude of
current detected is fixed and the frequency is not 50Hz.
Supposing that the frequency of the current is f, the aptitude
is I,. According to the formula, the current can be converted
into three-phase short-circuit current of electrical machinery.
Then traditional three-section current protection can be used
as follow:

r'=Iy+k(fy —f) (4)

According to previous analysis, when faults occur, voltage
and frequency in the micro-grid will exceed the limitation. If
V/f control method is still used, the transmission line
impedance is going to reduce and the current is going to
increase greatly. If PQ control method is used, the current is
going to increase greatly as well since the voltage collapses.
Therefore, control method in fault condition should be
changed to ensure output current not to exceed the limit. But
if we just limit the output aptitude of Inverter power supply,
the selectivity requirement of output current is unable to be
met.

Inverter power supply do not have the mechanical inertia
compared with rotating machine power supply. It responses
quickly so the output value could be changed as soon as the
fault occurs. Because of the Specificity of frequency, fault
information can be easily achieved and Implementation of
relay protection becomes possible.
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IV. SIMULATION AND EXPERIMENTS OF THE PROPOSED
RELAY PROTECTION

A. The Design of the Inverter-Power-Source Controller

Internal wiring of wiring way in the micro-grid have three
kinds: emanate supply type, two-end supply type and ring
supply type. For Study on The applicability and rationality of
the control strategy after the fault, single-end supply type is
used in the simulation.

The output voltage and current can be detected by the
voltage transformer and current transformer respectively.
The reference virtual short-circuit current of frequency
conversion  will  be  produced byshort circuit
current modulation based on the reference voltage and
control signal. The variable frequency control module of
VSC generates a control pulse by hysteresis control

according to the reference current and the measured current i.

The pulse can control the switch of the VSC. Then, current at
DC side can be converted into current at AC side. In addition,
the aptitude of the output short-circuit current of inverter
power supply is fixed and the frequency is variable.

B. The Analysis of the Simulation and Experiments

We can assume: output voltage of rotary motor power
maintains 310V; when no failure occurs, voltage hysteresis
control can ensure that the output port of the phase voltage is
220V. After the three-phase short circuit fault occurs, current
hysteresis control can ensure the aptitude of output current is
20A. Then, the output of the inverter will not exceed the
limits. The experimental results consist with our hypothesis.

As can be seen from Fig. 4 and Fig. 5, when there is no
fault, the aptitude of output current is 20A. Also, the output
phase voltage of inverter power supply maintains 220V and
its frequency is 50Hz as expected. After the three-phase short
circuit fault occurs, for making sure that the output of the
inverter will not exceed the limits, voltage drops significantly
as the line impedance decreases. According to the obtained
modulation function, we can know the frequency is about
45Hz.
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Fig. 4. The output voltage of inverter power supply.

As can be seen from the figure above, current frequency is
within 35Hz when no fault occurs but when the three-phase
short-circuit fault occurs, the frequency drops to about 10Hz.
This process reflects that the output aptitude becomes
constant and frequency becomes variable in the use of
frequency conversion control. Through the virtual short
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circuit current demodulation process of the next, the
frequency of the output current is constant and aptitude is
large. The simulation process reflects the fault characteristics
of the inverter power supply.
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Fig. 5. The output current of inverter power supply.
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Fig. 6. The frequency of output current.

The comparison chart of virtual short-circuit current and
rotating machine short circuit current can be shown in Fig. 7.
The current is nearly the same as expected.
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Fig. 7. The comparison chart of current.

V. CONCLUSION
From the experiment and simulation, regardless of the
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faults, virtual short-circuit current can always guarantee to
equal with the rotating machine output current. Therefore, the
relay protection scheme of frequency conversion proposed in
this paper successfully solves the problem of output-current
limitation. The inverter can provide useful fault information
for the relay protection. Because of it, traditional relay
protection methods can still be applied in the micro-grid.
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