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Abstract. The assumptions and parameters required in modeling a microgrid depend on the platform,
among other variables. It is therefore pertinent to verify the response of a modeled testbed to establish its
validity. This work reports on verification of the response of a wind turbines-based microgrid to
symmetrical and non-symmetrical short circuits. The testbed consists of 2 units of 5.5 kW 400 V wind
turbines capable of connecting to the utility. Short circuits are introduced at 6.00 second and withdrawn at
8.00 second, measuring the dynamic response of the testbed while the microgrid is in islanded mode
alternately under voltage and reactive power control strategies. The response is shown to be consistent,
symptomatic of the type of short circuit and therefore suitable for short circuit detection and diagnosis,
verifying validity of the microgrid testbed. The testbed can therefore be used for short circuit related studies,

design optimization and performance prediction.

1 Introduction

A power system operator is primarily concerned with
production and processing of sufficient energy to meet
declared demand, resulting in need for optimal operation
of the system. Optimal operation of power system is
dependent on frequency of shutdown occasioned by open
circuit and short circuit faults. All short circuit faults,
symmetrical or non-symmetrical, result in low impedance
and high current which lead to insulation failure and
consequent damage of the system if the short circuit is
not interrupted sufficiently quickly. Protective devices
are employed to interrupt short circuits by isolating, if
possible, only affected sections of the system [1]-[4].
Every short circuit protective device includes a detection
network or circuit. The detection network measures
critical variables and detects onset of short circuit by
comparing the variable with reference or preset variable(s)
[5]. Protective devices function to ensure:

1. minimal damage and repair costs in an event of

fault.
2. safeguard of the system to ensure supply
continuity.

3. safety of personnel [6]-[10].

A statutory requirement of a protective device is
reliability, low cost, high response speed, capability to
select between faulted and normal segments of the system,
and be sufficiently sensitive to faults [11].

Using dynamic analysis, this work presents
verification of the responses of a microgrid testbed to
short circuits of the type: line-to-ground, line-to-line,
double line-to-ground, bolted three phase and cross-
country. Dynamic analysis depicts the sub-transient,
transient and steady-state variation of critical parameters
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of the system [12]. In addition to protective systems,
power systems require control devices for optimal
operation [13]. Design of engineering systems require
performance prediction and optimization using system
models [14]-[17].

The testbed is modeled to operate under two control
strategies; voltage (V) and reactive power (Q) controls.
The controller maintains 4 % droop under V control while
it maintains constant reactive power at the grid under Q
control even when the system is stressed with short
circuit(s). The microgrid consists of two wind turbines
(WTs) servicing two local loads.

2 System modeling

The system is modeled in SimPowerSystems using a 100
MW 13.8 kV utility and connected to the microgrid
through a point of common coupling (PCC). The
microgrid consists of two microsources, each rated 5.5
kW 400 V. The distribution feeders are modeled using
lumped parameter method. Figure 1 provides a block
representation of the modeled system. The three-phase
stator voltage of each WT is transformed to stationary dc
reference frame using Edith Clarke’s transformer
presented in equation (1).
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where,
Vqp, (t) is a vector representing the &, £ and
¥ components of the transformed voltage.
v, (t), v, () and v (t) represent components
of voltage in abc reference frame.
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Fig. 1. Block diagram showing the major elements of the
modeled system

3 Simulation of short circuits and

system responses

Four types of short circuits are applied at different
positions of the microgrid when the PCC is open, i.e.
when the microgrid is islanded. The short circuits are
bolted three phase, single line-to-ground, double line-to-
line and three phase cross-country. The three-phase cross-
country involves applying three phase short circuit across
terminals of both wind turbine 1 (WT1) and wind turbine
2 (WT2). The dynamic response plots of the three-phase
WT stator voltage in stationary dc reference frame under
short circuits in both control strategies are presented. The
short circuit is applied at 6.00 second and withdrawn at
8.00 second.

Figure 2 presents the nominal response of WT1
during normal operation under both control strategies. In
each of Figure 3 to Figure 10, the three-phase active
power [P(W)] in Watts and three-phase reactive power
[Q(var)] in var are presented.
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Fig. 2. Normal response of WT1 under V and Q controls

Figures 3 and 4 present the responses of WT1 when
its terminals are short-circuited at 6.00 second while the
3-phase short circuit is withdrawn at 8.00 second under V
and Q controls respectively.

«10" P(W) 2 «10° Qvar)

{ ]
-4 X: 50
Y: -2.842e+04

0 50 0 50
Time(s) Time(s)

a)us voltage, V(pu] axls voltage, V(pu) af_axis voltage, V(pu)

i

50 1] 50
Time(s) Time(s) Time(s)

Fig. 3. Response of WT1 to 3-phase short circuit under V
control
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Fig. 4. Response of WT1 to 3-phase short circuit under Q
control

In Figures 5 and 6, the responses of WT2 when 3-
phase short circuit is applied to the terminals of MS1
under V and Q controls are depicted respectively. Figure
5 shows that response of MSL1 is instant, indicating high
speed of short circuit detection. Figure 6 shows non-
response of WT2 to short circuit at WT1, indicating
selectivity and sensitivity in the response of the testbed.

5 «10* P(W) 5 «10* Q(var)
1 1
— L
0 X: 50 o} [ ]
Y. 5114 X: 50
-1 -1 Y:-118.4
-2 -2
0 50 0 50
Time(s) Time(s)

08 axis voltage, V(pu)e g axis voltage, V(pu) 13 axis voltage, V(pu)

0 50 0 50 0 50
Time(s) Time(s) Time(s)

Fig. 5. Response of WT2 to line-to-ground short circuit at WT1
under V control
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Fig. 6. Response of WT2 to line-to-ground short circuit at WT1
under Q control

In addition to application of 3-phase bolted short
circuit at each WT, the end of feeder a (at PCC) is short-
circuited while measuring the response of WT1. During
this short circuit condition, the responses of WT1 under V
and Q controls are depicted in Figures 7 and 8
respectively.
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Fig. 9. Response of WT1 to 3-phase cross-country short circuit

under V control
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Fig. 7. Response of WT1 to line-to-line short circuit at feeder a

under V control
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Fig. 8. Response of WT1 to line-to-line short circuit at feeder a

under Q control

Figures 9 and 10 present responses of WT1 to cross-
country (WT1 and WT2) 3-phase short circuit under V
and Q controls respectively.
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Fig. 10. Response of WT1 to 3-phase cross-country short circuit
under Q control

4 Discussion of results

When the testbed is free of short circuit, either of the
wind turbines generates 5.114 kW, representing 92 % of
its nominal active power (Figure 2). This is regardless of
control strategy. Note that reactive power demand is
more in V control than in Q control, indicating that the
internal capacitor bank supports its reactive demand. This
is indicative of superior reactive power management
under Q control than under V control. In Figures 3 and 4,
the 3-phase short circuit triggers voltage oscillation
which is more disruptive under V control. At 50.00 s after
the short circuit is withdrawn, WT1 is unable to achieve
steady-state due to virulence of the disturbance under V
control. In Figures 7 and 8, WT1 responds to the short
circuit at feeder a with superior performance under Q
control. Consistent trend of response of WT1 to the short
circuits is observed in Figures 5 to 10. In Figures 2 to 10,
the pattern of the per-unit @—, 8 — and ¥ — voltage is
consistent with the location and type of short circuit. This
is symptomatic of the short circuit and therefore suitable
for short circuit detection, classification and diagnosis.
The figures have also shown that the response of the
testbed to short circuit satisfies requirements of high
speed, selectivity and sensitivity. Dynamic response of
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the testbed to the short circuits is therefore verified to be
valid and consistent with established short circuit theory
[18]-[21].

5 Conclusion

This work simulates symmetrical and non-symmetrical
short circuits in an islanded microgrid. The dynamic
response of the testbed is measured pre—, during— and
post-short circuit under voltage and reactive power
control strategies. The response is shown to be consistent,
symptomatic of the type of short circuit and therefore
suitable for short circuit detection, classification and
diagnosis. The dynamic response of the testbed to the
short circuits is therefore wverified to be wvalid and
consistent with established short circuit theory.
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