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Abstract: This paper isto propose a management method of distribution network's wide-area reactive
power control with low voltage-violated buses. The concept of voltage-violated bus was proposed,
and based on this concept, the distribution network’s reactive power control with low voltage-violated
buses was established. This model was composed of the controlled voltage sub-model for weak areas
and the reactive power optimization sub-model for non-weak areas. The objectives were the minimum
downside voltage deviation for voltage-violated buses and the minimum real power loss respectively.
The set of constraints were based on the conventional reactive power optimization constraints and
including updating the lower voltage boundary constantly. In order to enhance solving-efficiency, the
parallel cooperative co-evolutionary differential evolution algorithm (PCCD-EA) is hired for solving
the proposed model. Finally, a distribution system with 55 buses of Hangzhou was used for simulating
and verifying that the proposed method was effective.

Introduction

Some urban distribution network with large rural characteristics has a lot of 10kV rural feeder. The
feeder or the distribution transformer reactive power compensation capacity is insufficient, and the
feeder power factor islow. The magnitude and rate change of voltage and power are great [1].

Reactive power compensation for the key nodes is used to solve the low voltage problem of
distribution network [2]. It achieves distribution transformer load balance of the reactive power
demand in the same area. In the actual distribution network, because the 110kV substation voltage
regulation ability is insufficient, the low voltage busbar voltage is lower. The dispersive reactive
compensation configuration and insufficient capacity result in feeder voltage's drop, part of the node
voltage is lower [3].

In order to control the low voltage problem caused by reactive power shortage, the main method is
to take the low voltage side reactive power supply, and the wide area reactive power optimization
control [2,4]. If the voltage of the whole distribution network can’t meet, it will cause that the reactive
power optimization is not feasible.

This paper takes distribution network as the research object, and studies in voltage-violated bus
[5,6] of the distribution network. It reduces the power loss of network, and improves security benefits
of the voltage.

In this paper, the distribution network's reactive power control with low voltage-violated buseswas
established. A parallel cooperative evolutionary algorithm [6] is used to solve the model.
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The concept of voltage-violated bus. If the voltage is not increased to a safe range by the reactive
power regulation, this node is called voltage-violated bus in this paper.

The model: According to whether the node voltageis lower, the system can be divided into reactive
power compensation of weak areas and reactive power compensation of non-weak areas. The control
goal of the former isthe minimum downside voltage deviation. The latter needs to achieve two control
objectives. Oneisto achieve the voltage control goal of the weak areas, the other isto reducethe active
power loss. From both benefit relations, the importance of the voltage control in weak areas in
preference to the importance of the reactive power optimization in non-weak areas.

The Reactive Power Compensation Voltage Control M odel

Weak Areas Model. The weak area voltage control method can be divided into two aspects. 1) The
reactive power compensation of weak areas al input. Through the multiple load distribution
transformer variable ratio adjustment, it can realize reactive power regulation of the weak areas. 2)
Comprehensive adjustment of the regulating equipment in non-weak areas. The objective function of
the voltage control model:
S, =max{Vy;,; - Vigmer;} 11 Weak area (1)
Type: S;indicates the downside voltage deviation for voltage-violated buses; V..., indicatesthe

voltage amplitude of voltage-violated bus i ; V_. . indicates the lower voltage boundary of

voltage-violated bus i .
S
u, =—2"100% @)

S ]
Type: ug; indicates the voltage deviation percentage.
The objective function of the voltage control mode! for weak area | isthe minimum ug; .

If weak area | is provided with load regulating transformers, the control variables of the
high-pressure side are the equivalent ideal ratio, and number is the number of load regulating
transformers. The specific voltage control model for type (3) ~ (11). If there is no load regulating
transformer , the model for type (3) ~ (9) and type (11).

min f, =u, 3
st. On(X)=PRy-Py-P=0 i=LK,NHiti (4)
0o (X)=Qs +Qui~ Qo - Q=0 I=1K,N, 5
Qaimin £ Ny (X):QGi £ Quma 1=LK,Ng (6)
VGZiminEh/Gi(X):qz-'- fi2 £VGZimax =LK, Ng (7
h, (x)=¢"+ f2E£VZ, i=LK,N_ (8)
h/i(X):eiz"'fiZ?'Virznin i::LK’Npq 9
Kenin £ 1 (X) = Kot £ Kipma (10)
Qui = Quima 11 Weak area j (11)

Non-weak Areas M odel. Keep the voltage amplitude of voltage-violated bus m inweak area | is
greater thanor equal to V,;; ., and optimize the control variables of non-weak areas. The objectivesare

the minimum active power loss and the minimum downside voltage deviation for voltage-violated
buses. Non-wesk areas reactive power optimization model:
min f,, =P (12
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min f,, =u ; [=L2,K,N, 4 (13)

st. On(X)=Py-Py-P=0 i=LK,NHiti (14)
gQi(X):QGi+chi' Q- Q=0 i=1K,N, (15)
Vi ENg (X) =€+ F2EVE ., 1=LK,Ng (16)
h, (X) =€+ f2E£V2, i=LK,N_ (17)
h/i(x):eiz"'fizsvirznin [ ::LK’Npq (18)
Kenin £ e (X) =K £ K 1 =LK Nyyeaer (19)
Quimin £ Ny (X) =Qui £ Quinex 1 =LK, Ny or (20)
hi (X) =€ +23 V72 | ] =LK, N, mi Weak area | (21)

Solving M odel

The Structure of the Model. The distribution network's reactive power control with low
voltage-violated buses is established by combining type (3) ~ (11) and type (12) ~ (21). Thismodel is
composed of the controlled voltage sub-model for weak areas and the reactive power optimization
sub-model for non-wesak aress.

Parallel Cooperative Evolutionary Algorithm. In this paper, we use the parallel cooperative
evolutionary algorithmto solve the model. For different objective function characteristics of sub-model
| and 11, the fitness function of the weak areas voltage control model is defined:

fitness=1/f, (22)

By using the relative dominant strategy, the fitness function of the non-weak areas reactive power

optimization model is defined:

Nweak,s X
F=1f,, fzr,nlm + é. fz,j/fzr,njm (23)
j=1
fitness=1/F (24)

The specific calculation steps are as follows: 1) the methods of power distribution partition and
short circuit impedance distance reactive power partition are used to control the distribution network
reactive power partition. 2) Use the voltage reactive hierarchical partitioning heuristic adjustment
method, and determine the partition with the lower limit voltage node. These partitions are identified as
the initial weak area. 3) In the cooperative evolutionary computation, the weak area population is
calculated preferentialy, and the control scheme with the minimum voltage deviation percent of the
voltage-violated busin the weak areais obtained. 4) If the voltage-violated buses satisfy the bounds on
the updating value, it will have the optimization calculation in the non-weak area population, and get
the non-weak area control scheme with the lowest active power loss in non-weak areas and the
maximum voltage benefit in weak areas. 5) When parallel cooperative evolutionary algorithm iterates
maximum evolution algebra, the algorithm is convergent. The calculation is end.

Example Analysis

Based on the method proposed in this paper and the R2012a Matlab software, the research on the
wide-area reactive power control of a practical 10kV rural distribution network in Hangzhou was
carried out. An actual 10kV distribution network consists of 55 buses, the specific connection modeis
shown in Figure 1. This paper sets the reference power for 100kVA and the reference voltage is
10kV.The distribution network is divided into 3 areas. A2 and A3 are the initia reactive power
compensation weak areas. Figure 2 shows each node voltage amplitude curves of the actual 10kV 55
buses distribution network in the initial state and after optimization. Table 1 shows the partial voltage
optimization results of the reactive power compensation weak area A2 and A3.
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In this paper, the model can be used to regulate the voltage of the distribution network effectively,
and reduce the number of voltage-violated buses significantly, and solve the low voltage problem of the
node.

—+— Voltage amplitude before optimization
—&— Voltage amplitude after optimization

Voltage amplitude/p.u.

L L L L L
0 10 20 30 40 50 60
Node number

Fig. 1 A 55-bus distribution system of Hangzhou  Fig. 2 Voltage magnitude for 55-bus
distribution system nodes
Tab.1 The partia solution of the proposed model (p.u.)

Distribution transformer

: Location Voltage amplitude Voltage amplitude Pioss before Pioss after
low Vo';igrsb?e node partition before optimization after optimization optimization optimization
16 A 0.9386 1.0192
18 Ay 0.9441 1.0242
21 Az 0.9429 1.0232
40 As 0.8820 0.9679 9.9179 9.3552
41 Az 0.8795 0.9657
52 As 0.9394 1.0199

0.9665

oltage amplitude/p.u.
Whole active power loss/p.u.

(a) Voltage rise curve of voltage-violated busesin A3 (b) Active network loss decline curve
Fig. 3 The convergence curve of IPCCD-EA

Figure 3 (a) and (b) show that IPCCD-EA algorithm searches voltage-violated buses voltage
amplitude rise process along with the network loss decreased.
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Fig. 4 Comparison of the results of the method and reactive power optimization
Use the reactive power optimization calculation method with the voltage amplitude constraints to
[0.9, 1.07], and get active power lossis 9.2031 p.u., while the active power loss is 9.3552 p.u.by using
the method in this paper. The number of voltage-violated busesis 6, and it could reduce to 2 by using
the method in this paper. The specific results shown in Figure 4.

Conclusion

In this paper, the concept of voltage-violated bus was proposed firstly, and based on this concept, the
distribution network's reactive power control with low voltage-violated buses was established. This
model was composed of the controlled voltage sub-model for weak areas and the reactive power
optimization sub-model for non-weak areas. The method proposed in this paper solves the problem of
reactive power control strategy in distribution network with non-feasible voltage.
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