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Power 	ow calculation and short circuit calculation are the basis of theoretical research for distribution network with inverter
based distributed generation. �e similarity of equivalent model for inverter based distributed generation during normal and
fault conditions of distribution network and the di
erences between power 	ow and short circuit calculation are analyzed in this
paper.�en an integrated power 	ow and short circuit calculation method for distribution network with inverter based distributed
generation is proposed.�e proposed method let the inverter based distributed generation be equivalent to �� bus, which makes it
suitable to calculate the power 	ow of distribution network with a current limited inverter based distributed generation. And the
low voltage ride through capability of inverter based distributed generation can be considered as well in this paper. Finally, some
tests of power 	ow and short circuit current calculation are performed on a 33-bus distribution network. �e calculated results
from the proposed method in this paper are contrasted with those by the traditional method and the simulation method, whose
results have veri�ed the e
ectiveness of the integrated method suggested in this paper.

1. Introduction

�e reserved �niteness and destruction of environment by
fossil energy havemade the application of distributed genera-
tion (DG) widespread gradually [1]. �e grid-connected DG
in distribution network can reduce the loss of fossil energy
and network lines and improve the utilization of energy
and the reliability of customers. However, DG also brings
some unfavorable e
ects at the same time. For example,
in normal operation condition of distribution network, the
electrical states of distribution network will be changed due
to the random power output from DG. And the changed
installed position and installed capacity of DG may bring
some unfavorable e
ects on voltage and loss. In fault oper-
ation condition of distribution network, the magnitude and
direction of short circuit current 	owing through the line
could be changed too, and themisoperation and failure action
of traditional 3-sectional current protection could happen
[2, 3]. Power 	ow and short circuit calculation are the basis
of analyzing the normal and fault conditions of distribution

network, respectively. �erefore, it is important to study
the power 	ow and short circuit calculation for research of
distribution network with DG.

�e DGs in distribution network are mainly divided into
generator based DG and inverter based DG, of which the
inverter based DG is applied in distribution network widely,
such as photovoltaic (PV), permanent magnet synchronous
generator (PMSG), and energy storage system (ESS). �ere-
fore, it is signi�cant to study the power 	ow and short circuit
calculation methods for distribution network with inverter
based DGs. As the research focus in this paper, the DG
mentioned below without additional instruction referred to
is expressed as inverter based DG.

Both in power 	ow and in short circuit calculation, the
research at present mainly consists of building equivalent
model of inverter basedDG and putting forward correspond-
ing calculation method. Being unlike generator based DG,
the output characteristic of inverter based DG is mainly
dominated by its control unit. In power 	ow calculation,
the equivalent models of DGs under di
erent control are
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di
erent. In constant power control, the DG should be
equivalent to �� bus while in constant voltage control, the
DG should be equivalent to PV bus if the reactive power
output from DG is within limit. If the reactive power output
from DG is beyond the limit, the DG should be equivalent
to �� bus [4, 5]. �erefore, the equivalent model of inverter
based DG is mainly modeled as �� bus or PV bus. And
for calculation method, back/forward sweep method and
Newton method are generally used the same as traditional
power 	ow calculation [6–8].

In short circuit calculation, the present fault equivalent
models of inverter based DG have had the following three
forms. (1) At the assumption of constant active and reactive
power output from DG during a fault, DG should be equiva-
lent to constant powermodel [9]. (2)According to the current
limiting characteristic of inverter, DG should enter current
limiting status during a fault. As a result, DG can be equiva-
lent to constant current source approximately [10, 11]. (3)�e
fault equivalent model of inverter based DG is decided by
judging the current limiting status of DG. �e DG entering
the current limiting status is equivalent to constant current
model. Conversely, the DG is equivalent to constant power
model [12, 13]. As far as short circuit calculation method
is concerned, the superposition theorem, which calculates
the normal component and fault component of distribution
network, respectively, and superposes them [14], is usually
adopted.

From the researches introduced above, it can be seen
that, in power 	ow calculation, the equivalent model of
inverter based DG is processed ideally. �e current limiting
status of inverter based DG has not been considered. For
example, DGmay enter into the current limiting status when
the voltage stability of distribution network is analyzed with
power 	ow calculation for the loads increasing too much.
In this case, the control objectives of inverter cannot be
maintained. Hence, if the inverter based DG is still modeled
as �� or PV bus, the impact of DG on power 	ow cannot
be correctly included. Similarly, in short circuit calculation,
DG may enter into the current limiting status as well for
the decreased voltage at point of common coupling (PCC)
during a fault. At this moment, the inverter based DG should
be equivalent to current source, which has been mentioned
in some researches already. But the current source models
proposed in those researches are ideally for the simpli�ed
analysis of current output regulation. In addition, a lot of
inverter based DGs have been con�gured with Low Voltage
Ride �rough (LVRT) control at present [15]. �erefore, the
fault equivalent model of inverter based DG under LVRT
control should be studied.

In this paper, the equivalent model of inverter based
DG in normal and fault operation conditions of distribution
network and the di
erence between power 	ow and short
circuit calculation are analyzed at �rst. �en, an integrated
power 	ow and short circuit calculation method of distribu-
tion network with inverter based DG is proposed according
to the similarities between equivalent models of inverter
based DG in normal and fault operation conditions. Finally,
the proposed method is veri�ed in an example. It is conve-
nient to use the integrated calculation method to calculate
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Figure 1: Control block of inverter.

power 	ow or short circuit current in practical engineer-
ing.

2. Equivalent Model of Inverter Based DG

�e output characteristics of inverter based DG during nor-
mal and fault operation conditions of distribution network
are associated with the control strategy of inverter. �e dual-
loop control is usually adopted, which outer loop control
targets are usually constant active and reactive power or
constant DC voltage and reactive power. �e output signals
from outer loop are reference signals of inner ring, which
mainly adopt �-� decoupled control [16, 17]. �e control
principle of inverter with current limiting function, which
orients �-axis to grid voltage vector, is shown in Figure 1.

In Figure 1, �ref , �ref , and �dc.ref are the references of
active power, reactive power, and DC voltage, respectively.�, �, and �dc are the actual values of active power, reactive
power, and DC voltage, respectively. �� is PCC voltage of
DG. 	�, 	� are the �-� components of output current of
inverter, respectively. 	�ref , 	�ref are the references of 	� and 	�,
respectively. 
 isangular frequency and � is �lter inductance
of AC side.

�us, whatever the outer loop control target is, the inner
loop control for inverter is current control invariably. Accord-
ing to the instantaneous power theory, the active and reactive
power exchange between DG and grid can be calculated with
[18]

� = ��	�,
� = ��	�. (1)

Inverter based DG usually works under constant power
control in normal operation condition. In this case, it can
be equivalent to �� bus because the active and reactive
power output from DG is known. However, the distribution
network with heavy loads will reduce network voltage. At this
moment, the�-axis and �-axis currentwill increase according
to (1), and the output currentmaximum �max fromDG is usu-
ally less than 1.2∼1.5 times of its rated current according to its
maximum allowable current threshold. A�er inverter enters
into current limiting status, the output current magnitude of
DG will be a constant. Along with the decreasing voltage,
the output power fromDG cannot follow the constant power
control, which means that the DG cannot be equivalent to�� bus anymore. In fault operation condition of distribution
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network, the DGmay enter into the current limiting status in
the same way easier due to the decreased PCC voltage caused
by fault.

A�er inverter enters into current limiting status, the
magnitude of output current from DG is �max. In unit power
factor control mode, the phase di
erence � between output
current and PCC voltage of DG is 0∘, while in nonunit power
factor control mode, the power factor is given normally,
which means the phase di
erence � is known. Accordingly,
DG can be equivalent to �� bus at current limiting status.� is �max and � is the phase di
erence between the output
current and PCC voltage of DG. Hence, the equivalent model
of inverter based DG should be changed from �� bus to ��
bus when inverter enters the current limiting status in both
power 	ow and short circuit calculation.

3. The Difference between Short Circuit
Calculation and Power Flow Calculation

�rough the analysis of equivalent models for inverter based
DG during normal and fault conditions of distribution
network, it can be seen that the similarity between them is
that DG should be modeled as �� and �� buses, respectively,
before and a�er inverter entering current limiting status.
Hence, an integrated power 	ow and short circuit calculation
method is proposed in this paper, which takes the idea of
power 	ow calculation into short circuit calculation. �is
method can calculate both power 	ow and short circuit
current of distribution network. Since the power 	ow calcu-
lation method of this paper is only applicable to symmetric
system, the integrated calculation method based on it is
only applicable to symmetrical fault calculation. In addition,
short circuit calculation itself is di
erent from power 	ow
calculation whereby the following two problems have to be
solved in short circuit calculation.

3.1. �e Modi�cation of Bus Admittance Matrix for Distribu-
tion Network. In three-phase short circuit calculation, the
node admittance matrix should be modi�ed by following
three reasons.

(1) Loads Model. �e loads of distribution network are
omitted in three-phase symmetrical short circuit calculation
usually. If the impacts of loads on short circuit current have
to be taken into consideration, the loads model should be
changed from constant power model to constant impedance
model. �is is because the calculation would not converge
due to the unbalanced power 	ows in downstream distribu-
tion network of fault point. �en, the bus admittance matrix
of distribution network should be modi�ed a�er the loads
model is changed. �e short circuit calculation in this paper
has ignored the loads of distribution network.

(2) Grounding Resistance. Since fault point only exists in fault
condition of distribution network, the circuit structures of
distribution network during normal and fault conditions are
di
erent. In fault condition, the fault happens in somewhere
of distribution network, whichmeans that a grounded branch
is connecting to the fault point, as shown in Figure 2. 
� in
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Figure 2: Equivalent circuit of distribution network in fault condi-
tion.

Figure 2 is grounding resistance (
� = 0 under ideal metallic
short circuit).

From Figure 2 it can be seen that there is a new added
grounding admittance at fault point 	. So that, in short circuit
calculation, the self-admittance of fault point 	 needs to be
modi�ed according to the following equation:

���.� = ���.� + 1
� , (2)

where ���.� and ���.� are the self-admittance of bus 	 of
postfault and prefault distribution network, respectively.

(3) DG in Downstream of the Fault Point. In distribution
network, the fault may occur in any position of line. If
there are multiple DGs in same distribution network, the
DGs can be divided into two categories which are DGs in
upstream of fault point and DGs in downstream of fault
point. In past short circuit calculationmethod of distribution
network withDG, the short circuit current contribution from
DG in downstream of fault point has not been taken into
account generally [19]. �is is because the power capacity
of DG in distribution network is small. Hence, the DG
in downstream of fault point would be disconnected from
distribution network under low voltage protection. Although
the DG still connects to distribution network, the short
circuit current from DG is small enough, thereby only the
short circuit current contribution from DG in upstream of
fault point is usually considered.

However, short circuit current from the DGs in down-
stream of fault point is larger, if moreDGs are installed in that
area. In addition, DG is requested to keep grid-connection
for a period of time during a fault.�erefore, the short circuit
current contribution from DGs in downstream of fault point
should not be ignored.

For example, theDG in Figure 2 is located in downstream
of fault point, and an isolated circuit is formed between
fault point and DG. At this moment, the output current
from DG fails to follow its control target, since the output
characteristics of DG are only associated with line impedance
characteristics. To simplify the calculation, the DG in down-
stream of fault point should be regarded as current source
and modeled as �� bus with � = �max, � = 0∘. �en the
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parameters of the lines between DG and fault point should
be updated from complex impedance to impedance modulus

value 
 (
 = √�2 + �2). And the bus admittance matrix of
distribution network needs to be modi�ed.

3.2. LVRT Fault Equivalent Model of DG. Both in normal
and in fault operation conditions of distribution network,
the equivalent model of inverter based DG mentioned above
is analyzed based on the assumption of DG under constant
power. However, in order to make full use of reactive power
capacity of inverter when a fault takes place, the DG has
usually had the ability of LVRT [20]. �e fault equivalent
model of DG with LVRT control is more complex because
the reactive power outputs from DG and � are variable.

It is important to note that the output characteristics of
DG in downstream of fault point are only associated with
line impedance characteristics, so that the LVRT model can
only be applied to the DG in upstream of fault point. In order
to take the short circuit current contribution from DG with
LVRT control into consideration, it is necessary to analyze the
LVRT equivalent model of inverter based DG.

Although the LVRT standards of di
erent types of
inverter based DG are di
erent, the control idea of them
is the same. When a fault occurs in distribution network,
whether the DG adopts the LVRT control or not is decided by
PCC voltage detected by control system. In LVRT control, the
reactive current reference value of control system is adjusted
according to the PCC voltage.�en the reactive power output
from DG can be adjusted too. In this paper, the LVRT fault
equivalent model of DG is described as follows.

(1)�	
 ≥ 0.9 ��. In this situation, DG still maintains original
constant power control, and the LVRT control cannot be
switched on. �e fault equivalent model is

�DG = �DG0,
�DG = �DG0, (3)

where �DG is the PCC voltage of DG, �DG and �DG are the
active power and reactive power output of DG, respectively,
and �DG0 and�DG0 are the prefault active and reactive power
output of DG.

(2) 0.4 �� < �	
 < 0.9 ��. In this situation, the PCC voltage
of DG drops below 0.9 pu and DG starts to output reactive
power current according to expression as follows:

�� = � (1 − �DG) ��, (4)

where �� is the per unit rated current of inverter basedDG.�
is the voltage adjustment coe�cient of reactive power current
output from DG. For example, � = 2 means the voltage
dropped 1% based on 1 pu; the reactive power current output
from DG increased 2% of rated current. With an increase
in reactive current output from DG, the DG may enter the
current limiting status due to themaximumallowable current
threshold. �e judgment of current limiting status is the key

toDG converting to �� bus from�� bus.�e current limiting
status can be determined by the following equation:

√(�DG0�DG

)2 + (� (1 − �DG) ��)2 > �max. (5)

If (5) is not satis�ed, the DG is not current limited. DG
can still be equivalent to �� bus. �e fault equivalent model
is

�DG = �DG0,
�DG = ���DG. (6)

If (5) is satis�ed, the DG is current limited. DG should be
converted into �� bus. �e fault equivalent model is

�DG = �max,
�DG = arcsin

���max

. (7)

(3) �	
 ≤ 0.4 ��. In this situation, the PCC voltage of
DG drops below 0.4 pu. In order to support voltage for
distribution network adequately, DG should output reactive
power current only. At this moment, the phase di
erence �
between the output current and PCC voltage of DG is 90∘.
�e equivalent model of the DG can be modeled as �� bus
directly. �e fault equivalent model is

�DG = �max,
�DG = 90∘. (8)

From the LVRT equivalent model of DG, it can be seen
that it is related to the PCC voltage of DG in current limiting
status and noncurrent limiting status. Besides, whether the
LVRT control is switched on or not, the fault equivalent
models of DG are similar. Both the fault equivalent models
can be modeled as �� and �� buses, respectively, before and
a�er inverter entering current limiting status. �erefore, the
idea of power 	ow calculation can be used to short circuit
calculation under LVRT control similarly.

4. Integrated Calculation Method

According to the analysis of equivalent model for inverter
based DG during normal and fault operation conditions of
distribution network, it can be seen that DG should have
been converted into �� bus in some operation scenarios.
�e integrated calculation method proposed in this paper
uses the idea of power 	ow calculation to calculate short
circuit current. However, the power 	ow calculation method
in the past cannot calculate the power 	ow of distribution
network with �� bus directly. Hence, in this section, the
conversion condition of bus type is analyzed and the power
	ow calculation method of distribution network with �� bus
is studied.
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4.1. Switching Condition of Bus Type. At the beginning of
calculation, the present status of DG is unknown. �erefore,
it should be assumed that whenDG keeps the constant power
control at present, the output current from DG is calculated
according to results of past traditional power 	ow calculation
method by (9) as follows:

�DG.� =
����������(

�̃DG.��̇DG.�
)∗���������� , (9)

where �̃DG.� is the set value of output complex power fromDG
at bus 	, under �� control. �̇DG.� is the PCC voltage of DG. If�DG.� > �max.�, the DG at bus 	 enters into the current limiting
status and should be switched to ��. � depends on the output
power factor of DG.

4.2. Power Flow Calculation Method of Distribution Network
with �� Bus. For �� bus in distribution network, only its
injected current � and the phase di
erence � between � and
PCC voltage are known. It is important to note that DG can
be modeled as �� bus with �
� = 0 while � = 0∘ and can be
modeled as �� bus with �
� = 0while � = ±90∘. But these two
bus types can only be applied to the special cases that � = 0∘
or � = ±90∘. In most cases, the current limited DG can be
modeled as �� bus, and the bus power equation of �� bus can
be expressed as

���� cos �� − �
� = ��∑
�∈�
�� ($�� cos %�� + &�� sin %��) ,

���� sin �� − �
� = ��∑
�∈�
�� ($�� sin %�� − &�� cos %��) ,

(10)

where 	 ∈ �� bus,� is the voltage amplitude, %��(%� −%�) is the
phase di
erence between bus 	 and bus -, and $�� and &�� are
the real and imaginary component of bus admittance matrix.

Let / be the number of buses and 5 be the number of�� buses; hence, the number of �� buses is / − 5 − 1. �e
simultaneous equations of power balance equations for ��
and �� buses are obtained as follows:

Δ�1 (�) = �
� − �
�
− ��∑
�∈�
�� ($�� cos %�� + &�� sin %��) ,

Δ�2 (�) = ���� cos �� − �
�
− ��∑
�∈�
�� ($�� cos %�� + &�� sin %��) ,

Δ�1 (�) = �
� − �
�
− ��∑
�∈�
�� ($�� sin %�� − &�� cos %��) ,

Δ�2 (�) = ���� sin �� − �
�
− ��∑
�∈�
�� ($�� sin %�� − &�� cos %��) ,

(11)

where in Δ�1(�) and Δ�1(�), 	 ∈ 1, 2, . . . , 5 while in Δ�2(�)
and Δ�2(�) 	 ∈ 5 + 1,5 + 2, . . . , / − 1. In other words,
subscript 1 represents �� bus and subscript 2 represents ��
bus. From (11), it can be seen that there are 2(/−1) equations,
and the number of unknowns is also 2(/−1) including voltage
amplitude and phase of each bus except slack bus. �erefore,
the equations number is equal to the number of unknowns
and the power 	ow calculation of distribution network with�� bus can be solved. Equation (11) is a nonlinear equation
which should be solved, so that the commonNewtonmethod
is adopted in this paper.

�e key problem to solving power 	ow by Newton
method is the formation and computation of correction
equations. According to solving process of Newton method,
the correction equations are formed as follows:

[[[[[
[

Δ�1Δ�2Δ�1Δ�2

]]]]]
]
= −[[[[[

[

A11 A12 B11 B12A21 A22 B21 B22C11 C12 �11 �12C21 C22 �21 �22

]]]]]
]

[[[[[[[[[[
[

Δ%1Δ%2Δ�1�1
Δ�2�2

]]]]]]]]]]
]

,

D = [A B
C �] .

(12)

�e emphasis for solving the correction equations is the
formation of Jacobian matrix D. Due to the emerging �� bus
in power 	ow calculation, the Jacobian matrix of past power
	ow calculation method cannot be used directly. From (12),
it can be found that the Jacobian matrix is composed of four
submatrixes which are A,C,B, �. According to the theory
of Newton method, the expressions of diagonal elements inB and � are di
erent from traditional power 	ow calculation
method due to the introduction of �� bus. �e speci�c
expressions are shown as follows.

Diagonal elements ofB are

B�� = GΔ��G�� ��
= −��∑

�∈�
� ̸=�

�� ($�� cos %�� + &�� sin %��) − 2�2� $��,

	 ∈ 1, 2, . . . , 5,
B�� = GΔ��G�� ��

= ���� cos �� − ��∑
�∈�
� ̸=�

�� ($�� cos %�� + &�� sin %��)

− 2�2� $��, 	 ∈ 5 + 1,5 + 2, . . . , / − 1.

(13)
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Diagonal elements of � are

� �� = GΔ��G�� ��
= −��∑

�∈�
� ̸=�

�� ($�� sin %�� − &�� cos %��) + 2�2� &��,

	 ∈ 1, 2, . . . , 5,
� �� = GΔ��G�� ��

= ���� sin �� − ��∑
�∈�
� ̸=�

�� ($�� sin %�� − &�� cos %��)

+ 2�2� &��, 	 ∈ 5 + 1,5 + 2, . . . , / − 1.

(14)

�e initial values of voltage amplitude and phase of each
bus should be given, respectively, a�er Jacobian matrix D is

formed, which are %(0)1 = %(0)2 = 0∘ and �(0)1 = �(0)2 = 1.
According to the initial values, the error vectors Δ�(0)1 , Δ�(0)2 ,Δ�(0)1 , and Δ�(0)2 can be obtained. �en the next voltage
amplitude and phase can be calculated according to (15) and
(16) as follows:

[[[[[[[[[[[[
[

Δ%(�)1
Δ%(�)2
Δ�(�)1�(�)1
Δ�(�)2�(�)2

]]]]]]]]]]]]
]

= − (D(�))−1 ∗
[[[[[[
[

Δ�(�)1
Δ�(�)2
Δ�(�)1
Δ�(�)2

]]]]]]
]
, (15)

%(�+1)1 = %(�)1 + Δ%(�)1 ,
%(�+1)2 = %(�)2 + Δ%(�)2 ,
�(�+1)1 = �(�)1 + Δ�(�)1 ,
�(�+1)2 = �(�)2 + Δ�(�)2 .

(16)

�en substituting (16) into (15) to continue the iterative

calculation until max |Δ�(�)1 , Δ�(�)2 | < I and max |Δ�(�)1 ,Δ�(�)2 | < I, the voltage amplitude and phase of each bus can
be obtained. Moreover, the output power of current limited
inverter based DG can be solved by

�
� = ��∑
�∈�
�� ($�� cos %�� + &�� sin %��) + �
�,

�
� = ��∑
�∈�
�� ($�� sin %�� − &�� cos %��) + �
�,

	 ∈ 5 + 1,5 + 2, . . . , / − 1.
(17)

Table 1: PCC voltage and output current of DG.

DG no. DG1 DG2 DG3 DG4

Voltage/pu 0.8612 0.8448 0.8573 0.8198

Current/pu 5.8058 5.9189 5.8320 6.0987

4.3. Flowchart of Integrated Power Flow and Short Circuit
Calculation Method. In this paper, there are two points
which must be noted in the proposed integrated power 	ow
and short circuit calculation method. First, there are some
di
erences between short circuit and power 	ow calculation,
so that the bus admittance matrix of distribution network
and the corresponding fault equivalent model of DG should
be modi�ed for short circuit calculation. Second, if there are
multiple DGs in same distribution network, the equivalent
models of the rest of DGs may be a
ected by the changed
voltage due to the equivalent model of one DG changed from�� bus to �� bus. For this reason, the iterative process should
be terminated until the equivalent model of each DG does
not change any more. �e speci�c 	ow chart of integrated
power 	ow and short circuit calculation method is shown in
Figure 3.

5. Examples and Analysis

In this paper, the numerical calculation is performed on a
33-bus distribution network, whose rated voltage is 10 kV. It
is assumed that the same inverter based DGs are connected
to buses 11, 17, 28, and 33, respectively, as shown in Figure 4,
whose capacity is 0.5MW.�e per unit rated current of DG is
5 pu on the basis of the fact that base power and base voltage
are 100 kVA and 10 kV. It is assumed that the DGs work
underrated condition with unit power factor mode and their
output current maximum �max is 1.2 times of rated current
that is 6 pu. Bus 1 is slack bus whose voltage amplitude is 1 pu
and voltage phase angle is 0∘.�enpower 	ow calculation and
short circuit calculation in this test system should be carried
out by using the integrated calculation method proposed in
this paper to verify its e
ectiveness.

5.1. Power Flow Calculation. In order to obtain current
limiting DG, the loads in distribution network should be
increased to 1.8 times of original value to obtain lower voltage
in power 	ow calculation. According to calculation process,
the calculation starts with DG equivalent to �� bus and the
current limiting status of DG is estimated. �e RMS of PCC
voltage and output current of each DG are obtained as shown
in Table 1. In this paper, all calculation results are expressed
in per unit (pu) value.

From the calculation results in Table 1, it can be seen
that only DG4 enters current limiting status. Accordingly,
DG4 cannot maintain constant power output and should
be equivalent to �� bus. �en, according to the calculation
process, the RMS of PCC voltage and output current of each
DG are obtained by the power 	ow calculation method with�� bus until the equivalent models of each DG are no longer
changed.�e calculation results are shown in Table 2 and the
voltage pro�le of distribution network is shown in Figure 5.
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Figure 3: Flowchart of integrated calculation method.
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Figure 4: Structure chart of a 33-bus distribution system.

In order to verify if the power 	ow of distribution
network with �� bus can be correctly calculated by the
integrated calculation method proposed in this paper, a
method based on calculation results comparison between

Table 2: PCC voltage and output current of DG.

DG no. DG1 DG2 DG3 DG4

Voltage/pu 0.8609 0.8445 0.8569 0.8191

Current/pu 5.8076 5.9207 5.8349 6.0000

integrated calculation method and traditional calculation
method is adopted. Because the �� values of DG under
current limiting status are unknown, an inversion method
is used. Concretely, the �� values of DG under current
limiting status and the power 	ow of distribution network
are calculated by the power 	ow method with �� bus �rstly.
�en the traditional calculation method is used to calculate
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Figure 6: Structure chart of a 33-bus distribution system with fault
points.

the power 	owwith the calculated�� values.�e correctness
of proposed integrated method can be veri�ed if the power
	ows calculated by two methods are the same. In this case,
the power 	ow of distribution network and active power
output from current limited DG4 are calculated by integrated
method at �rst. And the calculated active power output from
DG4 is 4.9146 pu. �en the power 	ow is again calculated
by traditional power 	ow calculation method with DG4
modeled as �� bus, whose active power is � = 4.9146 pu.
Lastly, the maximum absolute value error of voltage of each
bus calculated by two methods is 7.4884M − 6. So that the
proposed integrated method in this paper is correct.

5.2. Short Circuit Calculation for DG without LVRT Con-
trol. Similarly, the short circuit current is calculated by
the integrated calculation method proposed in this paper
in the same 33-bus distribution network. �e three-phase
grounding faults with grounding resistance are 0, which are
set on buses 9, 18, and 31, respectively, as shown in Figure 6.
�e fault positions set in this paper can be divided into the
following four cases. All DGs in distribution network are in
upstream of fault point (f2), some DGs are in downstream
of fault point (f1 and f3), the fault occurs in trunk line (f1
and f2), and the fault occurs in branch line (f3). According
to the calculating process, the DG in upstream of fault point
is equivalent to �� bus and the DG in downstream of fault
point is equivalent to �� bus at �rst calculation. �e output
current from DGs is obtained as shown in Table 3.

From the calculation results, it can be seen that the DG
in distribution network is easy to enter current limiting
status during faults. If the DG in upstream of the fault point

Table 3: Short circuit current output from each DG.

Output short circuit current/pu
Fault point

f1 f2 f3

DG1 6 8.3929 6.8759

DG2 6 50.9485 6.5835

DG3 9.2628 5.7244 11.7298

DG4 8.8464 5.6192 6

Table 4: Short circuit current comparison results between calcula-
tion and simulation.

Short circuit current/pu
Fault point

f1 f2 f3

Calculation 212.45 77.74 143.97

Simulation 210.79 77.54 143.98

Error/100% 0.79% 0.25% 0.007%

Table 5: Part of bus voltage of distribution network.

Bus voltage/pu
Fault point

f1 f2 f3

3 0.8751 0.9626 0.9192

6 0.5072 0.8499 0.6798

9 0 0.6781 0.7020

11 0.0181 0.5788 0.7166

14 0.0371 0.3524 0.7305

17 0.0603 0.0724 0.7461

18 0.0603 0 0.7461

28 0.5253 0.8673 0.4173

31 0.5387 0.8801 0

33 0.5426 0.8838 0.0068

enters the current limiting status, its fault equivalent model
should be converted into �� bus. In this case, the output
current from current limited DG is �max and � = 0∘ for
the DG without LVRT control. �en the calculation process
is continued until the equivalent models of each DG are
no longer changed. �e short circuit currents of f1, f2, and
f3 are calculated. Moreover, the simulation of this example
is built in MATLAB/Simulink. �e calculation results by
integrated calculation method are compared with those by
the simulation method in MATLAB/Simulink, with their
results shown in Table 4.

From the data in Table 4, it can be seen that the results
based on the integrated calculation method proposed in this
paper are similar to the simulation results and the errors
between them are reasonable, whereby the e
ectiveness and
correctness of the proposed method are veri�ed. Besides, the
calculation results of the part of bus voltage of distribution
network are shown in Table 5.

5.3. Short Circuit Calculation for DG with LVRT Control. In
this case, the DG in upstream of fault point is equivalent
to �� bus and the DG in downstream of fault point is
equivalent to �� bus similarly at �rst. �e calculated current
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Table 6: Short circuit current comparison results between calcula-
tion and simulation.

Short circuit current/pu
Fault point

f1 f2 f3

Calculation 211 77.42 144.80

Simulation 211.28 77.54 145.69

Error/100% 0.13% 0.15% 0.61%

Table 7: Part of bus voltage of distribution network.

Bus voltage/pu
Fault point

f1 f2 f3

3 0.8757 0.9630 0.9199

6 0.5102 0.8519 0.6839

9 0 0.6822 0.7172

11 0.0182 0.5830 0.7320

14 0.0371 0.3539 0.7479

17 0.0603 0.0721 0.7689

18 0.0603 0 0.7689

28 0.5330 0.8698 0.4199

31 0.5507 0.8829 0

33 0.5573 0.8868 0.0068

outputs from DGs are the same as those in Table 3. �en
the current limiting status of DG in upstream of fault point
is judged according to the calculation results. According
to the LVRT equivalent model, the output current and the
phase di
erence between output current and PCC voltage
of DGs in current limiting status are calculated, and also,
the output active and reactive power of DGs in noncurrent
limiting status are calculated. �en the calculation process
is continued until the equivalent models of each DG are no
longer changed. In this paper, the short circuit currents of
three kinds of fault are calculated according to the integrated
calculationmethod.Moreover, the simulation of this example
is built by MATLAB/Simulink. �e calculation results by
integrated calculation method are compared with those by
the simulation method in MATLAB/Simulink, with their
results shown in Table 6.

From the data in Table 6, it can be seen that the results
based on the integrated calculation method are similar to
the simulation results and the errors between them are
reasonable. In addition, the calculation results of the part of
bus voltage of distribution network are shown in Table 7.

From the short circuit calculation results in Tables 5
and 7, it can be seen that the bus voltages by short circuit
calculation of DG with LVRT control are bigger than those
without LVRT control. It is indicated that the LVRT control
has had an increasing e
ect upon bus voltage, which re	ects
its advantage in the case of distribution network fault.

6. Conclusion

According to the theoretical analysis and simulation ver-
i�cation for the integrated power 	ow and short circuit

calculation method of distribution network with inverter
based DG, the following conclusions can be obtained:

(1) �e equivalent models for inverter based DG during
normal and fault conditions of distribution network
are similar to each other. Both equivalent models can
be modeled as �� and �� buses, respectively, before
and a�er inverter entering current limiting status.
�erefore, the power 	ow and short circuit current
can be calculated in the same way by an integrated
power 	ow and short circuit calculation method.

(2) If distribution network has �� bus, the expressions
of elements related to �� bus in Jacobian matrix
being a part of correction equation for power 	ow
calculation are di
erent from those by traditional
power 	ow calculation. �e expressions should be
reformed according to the power balance equations
of �� bus. �en power 	ow calculation by solving the
correction equations can be completed.

(3) LVRT control is a conventional control of DG when a
fault takes place in a distribution network. Hence, the
LVRT equivalent model, which is more complicated
than equivalent model in normal operation condi-
tion, should be analyzed.

(4) �e distinction and similarity of power 	ow calcula-
tion and short circuit calculation should be attended
for using the idea of power 	ow calculation to cal-
culate short circuit current. And the adaptive com-
plements for short circuit calculation are added in
the process of integrated calculation method. �e
integrated power 	ow and short circuit calculation
method proposed in this paper can be directly applied
to practical engineering applications.
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