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SUMMARY

Faced with environmental issues, many countries around the world have
changed their obligations to reduce greenhouse gases, which were only applied
to advanced countries, to a universal system in which all countries participate in
reflecting their circumstances through the Paris Agreement in 2015. As a result,
renewable energy resources are being installed in microgrids such as islands.

One of the ways to increase the penetration rate of renewable energy
resources in a stand-alone microgrid is that the ESS generates a reference
voltage through CVCF controller. However, this method can’t supply the fault
current in the event of a phase to earth or phase to phase short circuit fault.
Therefore, the protective relays are impossible to operate.

In this paper, a protection system is proposed that only the fault feeder can
be eliminated in the event of an asymmetrical fault when ESS generates a
reference voltage. The proposed protection system can only eliminate fault feeder
through low voltage and negative sequence current when over current 1is
generated by a fault. The PCS outputs a low voltage when an over—current is
measured and determines if the fault has been resolved through the negative
sequence current. The feeder’'s protective relay is opened when a low voltage
and the negative sequence current are detected. This method requires no
communication between the PCS and the protective relay, and protection
cooperation can be established by the user.

To verify the proposed protection system, a stand-alone microgrid was
modeled through the PSCAD/EMTDC program. The simulation was performed

by dividing cases by phase to earth and phase to phase short circuit fault.
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Table 1 Voltage factor C, according to IEC 60909-0: 2016-10[27]

Voltage factor ¢ for calculation of

Nominal voltage, U, Maximum short-circuit Minimum short-circuit
currents(c,, . ) currents(c,, )
If tolerance
Low 1.05 0.95
volt +6%
oltage If tolerance L10 0.9
100-1000V 110% . .
High volt
187 vottage 1.10 1.00
>1-35kV
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Zy = 3R, + X, + 2+ 3R, (15)

Fig. 7 Zero sequence circuit model
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Fig. 12 Protective relay flow chart

Table 2 PCS & Feeder protection setting

Classification Setting Condition
Control voltage V.=V
PCS Change to protection mode L">1 or I,,>1,

1, is bigger than [, in the

protection .
Negative sequence current
normal mode
Protective relay of negative 4, is bigger than 7, in the
Feeder sequence current normal mode
rotection Protective relay of low
P Vi >V, = 1)
voltage
It is possible to use the
Other

conventional protective relay
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Fig. 13 Stand-alone microgrid PSCAD/EMTDC model

_19_



411 9ARA7] w3

Vref [pu]
E< 1.0 O

Vref

Exciter (ST5B;
VT

1.0 [MVA]
0.48 [KV] / 13.8 [kV]
#2()#1 )
out

A ¥

1.0 [ohm]

= HETH

IC Engine

[Main] Operating || >k

Fig. 14 650 kVA diesel generator PSCAD/EMTDC model

Fig. 14% PSCAD/EMTDC 3]#7]7]bk wdr] wdz fAddxs  E3)
TEE gAwdr] 2de 2AE Al AE VFASS A
T £ A 7R HA7I FEeS A PCSv FF5HA] g =

vty o] tigk wev = Table 3¢ 2t

Table 3 Parameters of the generator

Parameters Value Unit
Rated capacity 650 kVA
Rated voltage 0.48 kV
Rated current 781.83 A
Rated frequency 60 Hz
Time constant of inertia 1 sec
Generator -
Amature Resistance 0.005 pu
Potier Reactance 0.163 pu
Unsaturated Reactance 1.014 pu
Unsaturated Transient Reactance 0.314 pu
Unsaturated Sub—Transient Reactance 0.250 pu
Winding type Y-A -
Rated capacity 1 MVA
Transformer Turn ratio 0.035
Positive sequency leakage reactance 0.050 pu
Grounded resistance 1 Q
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wE 5 E

Fig. 15 650 kVA PCS PSCAD/EMTDC model

Fig. 156 PCS RE9= IGBT x2xE &3] =93l =Hw 2 Level WHE
AWME R FAFHAT 714 AWME EFEe] CVCF Aloji= PR Aloj71& &3
oot HIEAI~HE ALal Al dAHFe AHF ASS T AG ARAE
vFol ReEaS Fdsith. PCSol tigh dupvE 9 1o F2 A4 gh& Table

49 2t

Table 4 Parameters of the PCS

Parameters Value Unit
Rated capacity 650 kVA
Rated voltage 0.44 kV
Rated current 852.90 A
DC link voltage 0.80 kV
Rated frequency 60 Hz
Switching frequency 2500 Hz
Filter type LC filter
PCS Filter inductance 1 mH
Filter capacitance 550 uF
Proportional gain of PR controller(4),) 1
Integration gain of PR controller(X;) 151.51
Design of the Overcurrent setting(Z,) 15 kA
suggested Low voltage setting( V}) 0.35 kV
protection system Negative current setting(Z,,) 60 A
Winding type Y-A
Trans Rated capapity 1 MVA
Turn ratio 0.035
~former Positive sequency leakage reactance 0.050 pu
Grounded resistance 1 Q

_2’|_



4.1.3 Y353t
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nﬂl%

=

watulde] shebulelE Table 59 2om A4

o]
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o A=

T

0.17+j0.49 [$/kml],

A4 dudaE 0174196 [Q/AkmlZ AT Jdet e & GgE A
47 e 5 AR ddstgen, W A AAYE A% Aol 10 kV wrh
Sold g msAzglel FAREs HAvh MIAA/E BIEH Nsv
HASHH 50ms o] % A E =5 Ry Qi)
Table 5 Parameters of feeders
Parameters Value Unit
Load capacity 30 kW
Rated voltage of the load 0.38 kV
Feeder #1 fundamental frequency 60 Hz
Positive sequence impedance 0.26+70.74 Q
Zero sequence impedance 0.26+72.94 Q
Load capacity 30 kW
Rated voltage of the load 0.38 kV
Feeder #2 fundamental frequency 60 Hz
Positive sequence impedance 0.34+;0.98 Q
Zero sequence impedance 0.34+33.92 Q
Positive sequence impedance 0.20+;0.59 Q
Feeder #1-2 Zero sequence impedance 0.20+;2.35 Q
Load capacity 300 kW
Rated voltage of the load 0.38 kV
Feeder #3 fundamental frequency 60 Hz
Positive sequence impedance 0.20+;0.59 Q
Zero sequence impedance 0.20+30.59 Q
Rated capacity 0.3 MVA
Grounded resistance 1 Q
Transformer Turn ratio 36.32 —
Winding type Y-Y -
Positive sequence leakage reactance 0.05 pu
Set value of the low voltage( V) 10 kV
. Set value of negative sequence
PI‘Otef:UOl’l current in the feeder(Z, ) 0 A
setting Set value of negative sequence
current in the load(Z,,; ;) g A
Fault Resistance 0.001
Protective . )
Breaking time 50 ms
relay
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Fig. 17 Case 1-1 simulation result: Generator output voltage
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Fig. 18 Case 1-1 simulation result: Generator output current
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Fig. 19 Case 1-1 simulation result: Current of the fault feeder in the

generator source
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Fig. 20 Case 1-1 simulation result: Current of the normal feeder in the

generator source
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Fig. 21 Case 1-2 simulation result: PCS output voltage
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Fig. 22 Case 1-2 simulation result: PCS output current
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Fig. 23 Case 1-2 simulation result: Current of the fault feeder in the PCS

source

Feeder #2
= Jag = Ibg = Icg

-
B e ————
Y

seC  0.650 0.675 0.700 0.725 0.750 0.775 0.800 0.825 0.850 0.875 0.900
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Fig. 25 Case 1-3 simulation result: PCS output voltage
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Fig. 26 Case 1-3 simulation result: PCS output current
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Fig. 27 Case 1-3 simulation result: Current of the fault feeder

Feeder #2
= Tag |- Ibg = Ica

6.0
2.0 4
0.0 H h

-2.0

-4.0

6.0
seC  0.650 0.675 0.700 0.725 0.750 0.775 0.800 0.825 0.850 0.875 0.900 0.925 0.950

Fig. 28 Case 1-3 simulation result: Current of the normal feeder
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Fig. 29 Case 1-3 simulation result: Maximum negative sequence current of
the fault feeder
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Fig. 30 Case 1-3 simulation result: Maximum negative sequence current of
the load in the fault feeder
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Fig. 31 Case 1-4 simulation result: PCS output voltage
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Fig. 33 Case 1-4 simulation result: Current of the fault feeder
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Fig. 34 Case 1-4 simulation result: Current of the normal feeder
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Fig. 35 Case 1-4 simulation result: Current of the normal load
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Fig. 36 Case 1-4 simulation result: Current of the fault load
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Fig. 37 Case 1-4 simulation result: Maximum negative sequence current of
the fault feeder
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Fig. 38 Case 1-4 simulation result: Maximum negative sequence current of
the load in the fault feeder
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Fig. 39 Case 2-1 simulation result: Generator output voltage
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Fig. 40 Case 2-1 simulation result: Generator output current
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Fig. 41 Case 2-1 simulation result: Current of the fault feeder in the

generator source
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Fig. 42 Case 2-1 simulation result: Current of the normal feeder in the

generator source
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Fig. 43 Case 2-2 simulation result: PCS output voltage

PCS
= Ja_PCS |- Ib_PCS = Ic PCS

= —
=Y
< -12 U M

20 —j

-30
-40
-50
sec 0,650 0.675 0.700 0.725 0.750 0.775 0.800 0.825 0.850 0.875 0.900

Fig. 44 Case 2-2 simulation result: PCS output current
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Fig. 45 Case 2-2 simulation result: Current of the fault feeder in the PCS

source
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Fig. 46 Case 2-2 simulation result: Current of the normal feeder in the

PCS source
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Fig. 47 Case 2-3 simulation result: PCS output voltage

= Ja_PCS |- Ib PCS = Ic_PCS

TR v

seC  0.650 0.675 0.700 0.725 0.750 0.775 0.800 0.825 0.850 0.875 0.900 0.925 0.950

Fig. 48 Case 2-3 simulation result: PCS output current
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Fig. 49 Case 2-3 simulation result: Current of the fault feeder
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Fig. 50 Case 2-3 simulation result: Current of the normal feeder
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Fig. 51 Case 2-3 simulation result: Maximum negative sequence current of
the fault feeder
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Fig. 52 Case 2-3 simulation result: Maximum negative sequence current of
the load in the fault feeder
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Fig. 53 Case 2-4 simulation result: PCS output voltage
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Fig. 54 Case 2-4 simulation result: PCS output current
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Fig. 55 Case 2-4 simulation result: Current of the fault feeder
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Fig. 56 Case 2-4 simulation result: Current of the normal feeder
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Fig. 57 Case 2-4 simulation result: Current of the normal load
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Fig. 58 Case 2-4 simulation result: Current of the fault load
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Fig. 59 Case 2-4 simulation result: Maximum negative sequence current of
the fault feeder
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Fig. 60 Case 2-4 simulation result: Maximum negative sequence current of
the load in the fault feeder
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w2 A s2S AT PCS HaA| 28" 52 & Case 2-3v 0.012 %, Case
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Table 6 Operating time by cases

Classification Operating Time [sec] Cycle

Case 1-3 PCS protection mode 0.727

(Feeder #3 Single phase Feeder#3 Circuit breaker open 0.796 85
to earth fault) PCS normal mode 0.872
Case 1-4 PCS protection mode 0.728

(Feeder #3 Phase to Feeder#3 Circuit breaker open 0.796 85
phase short circuit fault) PCS normal mode 0.875
Case 2-3 PCS protection mode 0.738

(Load #3-2 Single phase Load#3-2 Circuit breaker open 0.750 55
to earth fault) PCS normal mode 0.803
Case 2-4 PCS protection mode 0.728

(Load #3-2 Phase to Load#3-2 Circuit breaker open 0.737 5
phase short circuit fault) PCS normal mode 0.809
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