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Abstract

With the rapid development of urban economy, distribution network con-
struction of city is lagging behind the increment of load, and low-voltage
problem has become the main complaints of the power users. Based on Py-
thon [1] scripting language, this paper develops a piece of software which can
provide a friendly human-machine experience for the user, calculate the vol-
tage of the power distribution area and propose corresponding control meas-
ures, then the paper takes the actual power distribution area to verify its effec-

tiveness.
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1. Introduction

In recent years, with the fast development of China’s urban economy, the de-
mand for electricity is also growing rapidly, limited to the urban land resource,
old distribution lines have not been planned scientifically and distribution net-
work construction in city is lagging behind the increment of load, shortage of
power point, small cross-section of the trunk line, small radius of the power
supply and the disorder of the branch lines are commonly found in city power
grid, during the power consuming peak period in summer, low-voltage problem
has become the main complaints of the power users [2]. In order to change the
voltage profile, people have done a lot of work in distribution network: a me-
thodology for alleviating peak demand using distribution network voltage con-
trol is presented in [3]; reactive power compensation device can also effectively
reduce network losses, at the same time it can provide the strong guarantee to

the safe operation of power grid [4]. On the other hand, power distribution area
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often means a power supply range of a transformer, the most common structure
of distribution network is the radial type as shown in Figure 1, considering that
many power flow calculation methods like Newton-Raphsonare not effective for
the calculation in radial distribution network, software such as PSASP, PSCAD
is developed to calculate the complex power system with huge nodes and gene-
rators embedded in detailed model, so it is not suitable to apply, in order to sim-
plify the operation, low-voltage area of the distribution network should adopt
back/forward sweep algorithm [5] [6] [7] and this algorithmis realized through
python programming in voltage calculation.

The Python scripting language is chosen for implementing the proposed me-
thod due to the fact that it is available for free and its most important numerical
libraries, 7.e, Numpy and Scipy; this software written by Python can also provide
a friendly human-machine experience through Tkinter (Graphical User Inter-
face library) [8], calculate the voltage of the power distribution area and propose
the corresponding control measures, store data in the form of excel through
third-party libraries which can read-write excel easily so that people can easily

input, calculate and analyze data of distribution network area.

2. Software Structure and Data Flow

As shown in Figure 2, the main menu includes three independent modules: Da-
ta entry, Voltage calculation, Control measures, Data entry module leads you to
enter the area data in a specific order at first, then Voltage calculation module
calculates the voltage drop percentage, if there is a low-voltage problem in the
distribution network, Control measures module allows user to change the area
parameters to improve voltage profile.

As shown in Figure 3, Data entry module consists of four basic inputs: the
main line basic data, the branch line basic data, the slack bus voltage and the
origin iteration voltage, by adjusting the button in the left, user can adjust the
theoretical (ignoring transformer impedance) secondary voltage, the scale of
iterative error controls output error of voltage in per unit. After receiving the
above inputs, it will generate an Excel file in which will store all information of
the distribution network and user can save the picture of distribution area

structure to distinguish different areas (Figure 4).
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Figure 1. Radial distribution network structure.
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Figure 2. Software structure and flowchart.
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Figure 3. Data entry module.
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Figure 4. Picture of distribution area structure.

Voltage calculation module includes three basic functions: importing picture,
importing Excel data, and calculating voltage, based on back/forward sweep al-
gorithm, this module will first calculate the main line voltage, then the branch
voltage and be able to output the results of the voltage profile.

Control measures module include four basic functions: reading Excel data, se-
lecting data to be modified, saving data, importing picture, the picture imported
can be convenient for the operator to check the network structure, when choosing
the main or any branch line in the Excel sheets, you can click the corresponding
button in Python to modify the data, at the same time, it will give you specific
suggestions based on your selection, take the wire cross-section as an example, if
you choose it in the main line, system will remind you to increase the cross-section
area of the wire for the wire cross-section is less than a specified value.

3. Case Application and Voltage Control Measures Analysis

Figure 5 is the topology of a typical low-voltage distribution network area which
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630kVA
0

1 BVV-3*120/175 2

is common in old town, parameters of the distribution area are shown in Table
1, 120 mm’ of the main line cross-section may cause low-voltage problem,
what’s worse, the feeder layout is built in such a way that no load point is served
within the first 175 m.

The initial results of voltage calculation are shown in Table 2.

According to the “GB/T 12325-2008 power supply voltage deviation” quality
standard, 20 kV or below, 3-phase power supply network area of which voltage
is 7% lower than standard value is called low-voltage area. Selected area’s stan-
dard voltage is 380 V, so if the user-side voltage is lower than 380 — 380 x 7% =
353.4 V, there is a low-voltage problem in this area. As shown in Table 2, there
is a great voltage drop between nodes 1 and 2, however it is impossible to short-
en line length limited to there source of urban land, in order to improve the vol-
tage profile, one of the control measures taken in this paper is to increase cross-
section of the main line from 120 mm?® to 185 mm?, saving the modified data and
recalculating the voltage, new voltage profile is displayed in Figure 6.

As shown in Figure 7, other ways of changing voltage such as adjusting the
transformer taps, offering reactive power compensation, replacing existent
transformer or changing wire parameters can be achieved in this software as
well: as in Figure 3, if primary side voltage is 10 kV, regulate transformer tap
from +5% to 0% and secondary voltage will increase from 0.38 to 0.4; user can
also add reactive power compensation at any node, but the injected volume of
reactive power should be negative value; method to change the other parameters
is clicking on corresponding key in Figure 8 and it will also give the corres-

ponding modification tips. At last, software will generate a completely new Excel
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Figure 5. A low-voltage distribution network area.

Table 1. Distribution area parameters.

Transformer parameters Lineparameters
Component parameters
S (kVA) Vs (%) Ps (kW) R (Q*mm?*/m) X (Q*mm?/m)
630 4.5 6.2 0.0172 0.00344
Table 2. Initial voltage profile.
Mainnodenumber 1 2 3 4 5 6 7
Voltage 373.5 349.00 347.41 346.19 345.13 344.2 343.86
Branch nodenumber -- 8 9 10 11 12 12
Voltage - 348.67 347.14 345.97 344.85 343.64 343.59
2
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Figure 6. Voltage profileofmain nodes.
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Figure 7. Information prompt.

sheet in which the new data is stored, so that user can distinguish between new
and old; if user can skillfully operate the software, user can skip Control measure
module and directly modify the Excel to calculate, which may lead to the failure
of the subsequent calculation, but sometimes can be more rapid and convenient.

The final simulation results are in agreement with the excepted voltage profile:
regulating transformer can improve the overall voltage distribution; centralized
reactive power compensation is not very effective in distribution network area

and changing cable section can effectively reduce the loss of voltage.

4. Summary

Based on Python scripting language, this paper develops a piece of software
which can provide a friendly human-machine experience, calculate the voltage
of the power distribution area and propose the corresponding control measure.
It can store data in the form of excel so that people can easily input, calculate,
analyze data of distribution network area, focusing on the actual distribution
area, it can give constructive suggestions such as improving transformer para-
meters, increasing the line cross-section area and offering reactive power com-

pensation The software based on Python can solve the problem of low-voltage
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Figure 8. Control measures module.

with simple and convenient operation.
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