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Abstract
With rapid increase in wind power penetration into the power grid, unbalanced
power flow in distribution network with distributed generators is becoming
increasingly important to power sysytem. Due to the variability and uncertainty of
wind, such traditional unbalanced power flow analysis method for distributed power
supply limit the use of the existing tools for decision-making under uncertain
conditions. As a result, unbalanced power flow analysis method, which provides
information on uncertainty associated with wind power analysis, is gaining increased
attention. This paper presents a novel hybrid intelligent algorithm for deterministic
unbalanced power flow in distribution network with distributed generators that
utilizes a combination of Cauchy particle swarm optimization (CPSO) and fuzzy
ARTMAP (FA) network, which is optimized by using PSD-BPA. The performance
of the proposed model is assessed utilizing wind power data from the Baolihua wind
farm in Southern China. Unbalanced power flow in distribution network with
distributed generators is researched. The typical static load model is established and
the impact of distributed generators on feeder voltage profile is analyzed under
unbalanced loads. The simulation results are given. References for the global
planning of unbalance compensation in distribution network can be provided by the
study.

Keywords
Power integration, power quality, Cauchy particle swarm optimization, unbalanced
power flow.

1. Introduction.
In modern power system, a large impact asymmetric load can lead to unbalanced problem, which threat to safety and
stable for power distribution network. In modern power system, a large impact asymmetric load can lead to unbalanced
problem, which threat to safety and stable for power distribution network. As of June 2014, the total installed capacity of
distributed generator (DG) are exceeded 200MW in a southern coastal city in China, and it is expected that the cumulative installed capacity of wind power can reached 300MW and 380MW accounting for 38% and 45% of the proportion
of the load in this area in 2015 and 2016.New energy is more and more widespread concern in all aspects and the proportion of new energy in the power grid is more and more rapidly[1]. The large power grid International Commission
defines a distributed power supply, which is about the size of a 5MW~100MW. Usually, connected to a power network,
is a non - planned or a centralized power production mode. When the distributed power supply develops to a certain
scale, while providing clean energy and also has a negative impact on the power grid. Especially, with the wind energy
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and other new energy into the grid scale from small to large, and large capacity wind power plant directly into the transmission network, which has a great impact on the regional power grid. Previously, the most common impact is harmonic
pollution, voltage fluctuations, etc.. Due to the distributed power into the regional power grid, development to the present, that had an impact to the stability of the system and the reactive power regulation [2-4].

2. Put Forward The Question
Wind speed change, the status of the power generation equipment, as well as the inherent characteristics of the distributed generator will lead to power output fluctuations, resulting in voltage fluctuations, voltage flicker, voltage mutations
beyond the standard value. Distributed generator connected will bring a series impact on the power grid, the most important impact is the flow direction of the trend. In system, the trend is no longer one direction flow, and the traditional
power flow algorithm is not satisfied because no consideration the grid-connected of various forms distributed power
supply[5-7].

3. The Power Network Modelling
In the three-phase power trend algorithm, use the model to reflect the characteristics of the three-phase structure and the
node admittance matrix reflect the coupling relationship between phase and phase. Taking the A phase node as an example, the self-admittance of the A phase node is the sum of the admittance of the A phase line connected to the same bus
bar. The mutual-admittance is the negative number of the sum admittance, which the A phase connected with this bus
bar and the other connected.
Three phase unbalanced power trend of distribution network with distributed generator can be expressed by S  J U
T
and S  [P, Q] , the local power grid in each distributed power unit is equivalent to the PQ node. According to the
given wind speed and power factor, the active power and reactive power of the wind turbine generator are calculated.
The power imbalance matrix of a system with n+1 node is expressed in the following, where there are l nodes of the
PQ, n  l nodes of the PV, and one balanced nodes.
The power unbalance value of the PQ node can be expressed as the difference between the power given value of the
node and the actual power calculated by the current voltage, and can be expressed as:
n
 


l
l
l
l
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where， i  1,2,..., n  1 ， p  a, b, c ， l  a, b, c
For the PV node, the node voltage amplitude is given, not as a variable. At the same time, the point cannot be given reactive power in advance, so the reactive power imbalance of this point will be lost the constraint effect. Therefore, there
is no need to calculate the reactive power equation related to the PV node in the iteration process[9].
n
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where， i  1,2,..., n  1 ， p  a, b, c ， l  a, b, c
Considering the reactive power of the wind power plant is affected by the node voltage, in order to further improve the
model, use the U values obtained to correct the voltage values of each node, and the next iteration is carried out until
the convergence condition is satisfied.

4. Typical Static Load Model
A. The Model Design
The traditional power grid are radiation, after accessing the distributed generator, the transmission power is reduced, due
to the support of the output power of the distributed power supply, the voltage of each load node is improved. And the
number of voltage is raised are relate to the position and the total capacity of the distributed generator [13].
Define the original load on the power grid is positive load, the distributed generator is negative load, and the line length
n 2n）) are respectively expressed active power and reactive power of distributed
is L ， PDGi and QDGi ( i  1, 2,...,1（
generator as shown in Fig. 1:

DOI: 10.26855/jamc.2018.08.001

286

Journal of Applied Mathematics and Computation

Z.Z. Tong, Y.Z. Sun, W.B. Liu, C.R. Deng

PDG 2  jQDG 2

DG

0

G1

PDG 4  jQDG 4

k

1

DG

PDG1  jQDG1

...

PDG 2n  jQDG 2n

DG

k

DG

k

2

DG

L

G2

n

DG

PDG3  jQDG3

...

PDG1n  jQDG1n

Fig.1 Feeder with distributed generators

B. The Model Building
Taking the load increasing distribution model as an example, initial load is P0  jQ0 , among them P0 and Q0 are the
active power and reactive power of the load. Where  express any point of the line. Where  is the slope of the load
distribution curve   1  j2 , among them 1 and  2 are curve slope of the active load and the reactive load，
1 ,2  0 . The load at any point of the  is：

 P( )  P0  
1

Q ( )  Q0  2

(3)

The increasing load distribution is shown in Fig. 2:
P (Q )

P0 (Q0 )

m

A

B
0

k1 k2

…

kn

L

d

P (Q )

P0 (Q0 )

m

A

B
0

k1

k

2

…

kn

L

d

Fig. 2 Feeder of decreasingly distributed load with DGs

The n distributed generator arranged k1 , k2, ...kn  [0, L] on the line. Let k 0 =0， kn 1 = L ，when the any note of the
feeder   [ki 1 , ki ] ( i  0,1,2..., n  1 ), the front and back load of the  notes are respectively as:
i 1
1

2
 P 0    P0  2 1   PDGj
j 1
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Q 0    Q      Q
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(4)
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0
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(5)

5. The Effect Of Distributed Generator
At present, the most of China's power grid is still in the radial chain structure. This paper presents a novel hybrid
intelligent algorithm for deterministic unbalanced power flow in distribution network with distributed generators that
utilizes a combination of Cauchy particle swarm optimization(CPSO) and fuzzy ARTMAP (FA) network, which is
optimized by using PSD-BPA. As an example, taking the power trend diagram of a certain area the three-phase unbalanced trend distribution of the distributed generator are analyzed, as shown in Fig. 3:
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潮流图 (单位: kV、MW、MVar)
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Fig. 3 Diagram of a region power flow

In the diagram, the red line represented the voltage is 220kV. Related parameters are defined as: rated voltage is
uN  110kV , line length is L =10km, unit length resistance is r =0.20Ω/km, reactance is x =0.45Ω/km, active load at
the beginning of the line is P0 =0.2MW, reactive load is Q0 =0.1Mvar, line starting voltage is u0 =110.5kV, the slope
of the load curve is 1  2  0.28 , t1  t2  0.25 , all the power factor of the grid connected in distributed generator is cos  0.95 .
The distributed generator capacity certain and the access point is close to the starting position is less impact for the voltage. Near the end position, the impact on the voltage is greater. When the distributed generator is incorporated into the
end of the line, the lowest point of the voltage is no longer the end of the line, the voltage stability analysis needs to reconsider the position of the lowest voltage. The distributed generator capacity is effect to feeder each phase voltage, the
capacity is shown in Table 1:
Table1. Capacities of DGs
Number

The location of DG

1

DG

2

k1 =3km, k 2 =8km

3

k1 =3km, k 2 =8km

4

k1 =3km, k 2 =8km

The capacity of
DG( cos  0.95 )
—
PDG1 =10MW, PDG 2 =10MW

PDG1 =20MW, PDG 2 =20MW
PDG1 =30MW, PDG 2 =30MW

The simulation results are shown in figure 4:

Fig.4 Voltage profile of feeder under different capacities of DGs
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The quantitative analysis to the curve, and solve the voltage offset Voffset at the key points of the curve in Figure 4:
For curve 1: When it is no DGs, the voltage offset Voffset  0
For curve 2:

| u  uN |
|10.51  10.3 |
100%  2 
100%  3.2%
uN
10.0
| u  uN |
| 9.72  10.0 |
Voffset (k2 )   
100%  1
100%  2.81%
uN
10.0
| u  uN |
| 9.69  10.0 |
Voffset ( L)   
100%  1
100%  3.06%
uN
10.0
Voffset (k1 )  

For curve 3：
| u  uN |
|10.84  10.3 |
100%  2 
100%  10.8%
uN
10.0
| u  uN |
|10.51  10.3 |
Voffset (k2 )   
100%  2 
100%  4.2%
uN
10.0
| u  uN |
|10.29  10.0 |
Voffset ( L)   
100%  1
100%  2.9%
uN
10.0
Voffset (k1 )  

For curve 4：
| u  uN |
|10.99  10.3 |
 100%  2 
 100%  13.8%
uN
10.0
| u  uN |
|10.87  10.3 |
Voffset (k2 )   
 100%  2 
 100%  11.4%
uN
10.0
| u  uN |
|10.84  10.3 |
Voffset ( L)   
 100%  2 
 100%  10.08%
uN
10.0

Voffset (k1 )  

As can be seen, when the distributed generator capacity is 10MW (in Fig. 4 and Curve 2), the voltage offset is small, and
the voltage distribution is relatively stable. With the increase of the distributed generator capacity, the voltage is gradually raised, even more serious over voltage (in Fig. 4 and Curve 4).
Based on the above analysis, we can know that the distributed generator will produce a certain impact on the distribution
of the power grid, which determined by the location and relative capacity of the distributed generator. When three-phase
load unbalanced, the voltage distribution difference of each phase is increased, so it is necessary reasonable allocation to
distributed generator in order to effectively control the voltage distribution.

6. Conclusion
This paper discussed that the situation of power grid unbalanced load flow distribution with the distributed generator, the
feeder voltage distribution of radial power network is studied, a typical static load model is established, and the expression of voltage distribution is derived based on this model. Taking the power grid in a certain area as an example, by
simulation, the effect of the position and relative capacity of the distributed generator on the voltage distribution of each
phase is analyzed. It provides a basis that the rational planning of the distributed generator and use it to adjust power grid
three-phase unbalance load.
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