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RESEARCH AND DEVELOPMENT OF ONLINE-REALTIME
SUPERVISING SYSTEM FOR LOW VOLTAGE GRIDS
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Abstract: This paper presents some results of fabrication and experiment of an
online-realtime supervising system for low voltage grids. The experiment results
show that, for the proposed system, important operating parameters of the low
voltage grid such as voltage, current, power, temperatures of oil, cable are
supervised and analyzed. Additionally, alarming messages are sent to operators
immediately when there are abnormal phenomenon occurring at the grid. This
proposed system can help improve reliability of electric supply and reduce SAIDI,
SAIFI, as well as enhance safety of human being and equipment.
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1. INTRODUCTION

The recent trend of Smart Grid in the world has been applied to the
management, supervision of transformers and low voltage grid [1-4]. Monitoring
systems for distribution transformer and energy monitoring systems (BEMS) have
been used in some countries such as USA, Korea, India. However, these systems
are still expensive [5-9].

Vietnam currently has no specific regulation or model on low-voltage grid
monitoring and management system. In urban areas of Vietnam, distribution
substations often were installed near residential areas, markets and crowded places,
which pose a potential risk of unsafe operation.

Checking and measuring operating parameters of substations have mainly been
done by manual methods. Thus, it leads to labor-intensive, unsafe, incomplete -
inaccuracy data. Additionally, alarming & warning devices such as oil temperature
of transformer, oil level, steam relays, underground cable breakdown alarms are
on-site reading devices. Moreover, these devices are not able to store and transfer
data by themselves.

Currently, there is a meter data management system (MDMS) in electric power
grids of Vietnam; However, it still has several disadvantages as follows: Only
electrical parameters of transformer such as active power, voltage, current can be
measured and the sampling frequency is 30 minutes or one hour per time, thus
leading to no guarantee of updating the online operation status of the transformer.
Additionally, MDMS could not monitor non-electrical parameters and operation
status such as oil temperature, oil level, relay effect, fault indicator and alarming
status, so on. Therefore, it is impossible for MDMS to send warning signals to
operators. Moreover, this MDMS is to calculate electricity bills for customers, thus
it has its own specific safety and security. It should be separated from the operation
management system.

Based on current operation of transformer at distribution grids of Vietnam, there
IS a necessity to development a so-called online-realtime supervising system
(STrS) of the transformer. The proposed main tasks of the STrS will (1) collect
online all necessary data of the transformer; (2) send data to center operation room
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and (3) analysis of data. This STrS will bring several core merits such as: (1) limit
risk of electrical safety for operators; (2) cut down labor resource; (3) reduce
operating and maintenance cost; (4) increase management efficiency; and (5)
modernize electrical distribution grids.

The paper is organized as follows. Section 2 shows overview of the proposed
STrS system. Fabrication of the proposed system is described in Section 3.
Experiment results and analysis of the installed system are discussed in Section 4.
Finally, conclusion is drawn in Section 5.

2. OVERVIEW OF THE PROPOSED STRS SYSTEM

Schematic of the STrS system is shown in fig. 1. It is composed of a terminal
unit, different sensors, a server. Its characteristics are presented in detail as follows.
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Figure 1. Overview of the proposed STrS System.

(1) Terminal unit: It is a measuring and monitoring equipment. Its functions are
receiveing, measuring and processing signals from peripheral devices and
transformer stations. This device can monitor the electrical quantities such as
voltage, current, cosg. It can also read temperature parameters, namely oil
temperature in the transformer, temperatures at bus bar. Additionally, it can
receive data from alarming devices such as oil level, stream relay status, so
on. In order to make easy for operators supervising at field, it should display
collected data on its LCD screen. Afterward, it will transfer supervising data
to webserver that can be access everywhere by the operators with only a
personal computer.

(2) Server system (server): Its functions are managing and analyzing collected
data. This server system includes a server that stored all collected data and a
software that helps operators for their management. In order to support
operators, the software can display data from all peripheral devices
connected to the terminal unit. Additionally, it can generate statistics report;

Journal of Military Science and Technology, Special Issue, No.72A, 5 - 2021 31



Electronics & Automation

alerts or alarming message. Moreover, it is possible to extend its system with
other software.

(3) Data transmission channel: There are several ways to transmit supervised data
such as wireline (ADSL, Optical cable, so on); radio (GPRS/3G, SMS, RF,
WIFI, so on).

(4) Device receiving and displaying information could be a personal computer or
portable mobile device.

3. FABRICATION OF THE PROPOSED SYSTEM

A main device SGMV of the system is a terminal device located near a
transformer. This device SGMV has its aim as: (1) collect data from field sensors
such as current transformers, voltage transformers, oil temperature and pressure,
warning/alarm states; (2) supervise the parameters (phase current, voltage,
indicator capacity is instantaneous and within a range period of time); and (3)
process and transfer collected data to a server.

SGMV LCD

SGMV ADE7758 EXTEND SGMV PSU SGMV TOP

Figure 2. Diagram of SGMV equipment block principle.

The principles diagram of SGMV equipment shown as in figure 2 is divided
into 4 parts: (1) LCD circuit; (2) ADE circuit; (3) TOP circuit and (4) PSU circuit.
The part of electronic measurement is to measure parameters U, I, P, Q, f, coso,
energy consumption,... and send measurement data to it RTU via RS485 is set at
the station. Other measurement elements are thermometric sensors; temperature,
humidity, and smoke sensor. Sensors collect operating parameters of the
transformer and low voltage grid, then transfer to the SGMV at the distribution
cabinet. The SGMV is designed to include a processor central logic, digital 1/O,
analog order, communication modules. Figure 5 shows a power unit (DC/DC)
which has the switch duty DC power input. Levels of Output voltage +5V, 3.3V,
2.5V supply to the central processing, input circuits, output, communication. A
power supply with 5V/3A use an electronic switching source IC LM2576HV with
an input voltage 12-60 VDC [3].
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Figure 3. Design of block circuits: a) LCD circuit; b) ADE circuit;
¢) Top circuit; d) PSU circuit.

Figure 4. Design of the printed circuit.

Figure 3.a: Includes 1 LCD, 4 buttons and 3 single LEDs. The circuit is
supplied with a voltage of 5V. The circuit has the function of displaying through
LCD, led and interacting with the device through 4 push buttons. Figure 3.b
Includes 4 ADE 7758; - Operating voltage: 5V; - The circuit has the function of
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reading the values: Current, voltage, accumulated capacity,... Figure 3.c The design
circuit includes blocks: Ethernet, SIM, RS232, source SIM. The SIM uses 3.8V
power. Figure 3.d includes: Source, Real-time, EEP rom, memory card, ADE,
Microcontroller. The power unit generates 3.3V and 5V DC.

Figure 4 shown the complete design of the printed circuit. All parts are designed
on the same board. Components are arranged on both the top and bottom of the
circuit. The part arrangement and wiring ensure standards of size and distance. As
a result, the finished product of SGMV is shown as in figure 5.
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Figure 5. Photo of the finished product.
4. EXPERIMENT RESULTS AND ANALYSIS
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Figure 6. Overview of the human interface of the system.

The proposed system is applied to the LV grid of Dong Da, Hanoi from
18/3/2020 to 05/11/2020. In this pilot project, this system has been normal
operated and good functioned as follows. Figure 6 shows the overview of the
human interface of the system. Figure 7 shows the location of the installed system
at Lang Thuong, Dong Da, HaNoi. The proposed system is installed and includes
key functions as follows:

e Monitoring operating parameters to the branches behind Moulded Case
Circuit Breakers (MCCB) at the distribution cabinet (maximum 9 branches).
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Monitoring oil temperature parameters, contact temperature at the low
voltage terminal on the top of the transformer.

Monitoring parameters of contact temperature at the extreme of Aptomat
(ATM- bus bar total).

Integrating most of the existing state sensors at the transformer (MBA) and
distribution cabinets (sensors of device opening and closing state, oil level,
gas relays, cable head failure alarms,...).

Detect incidents that short-circuit the distribution cabinet.

Data sending cycle can be flexibly set to minute unit, for example 5-minute
sample time.

Operation alerts, status alerts are set according to the operational status of
each substation to ensure early detection of potential risks.

All of the above functions are integrated in a compact device, the optimal,
open Web server system makes it easy to operate and integrate the system.

Operating parameters of the grid is shown as in figure 8, including voltages,
currents, powers, cose as well as other state parameters. As seen in figure 8, all
operating parameters are collected and supervised with 5 minutes sampling time by
operators. It is also noticed that the grid is in normal state.
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Figure 7. Location of the installed system Figure 8. Operating parameters
at Lang Thuong, Dong Da, Hanoi. of the grid.

Another merit of this system is to draw charts of supervising parameters such as
voltage, current, power and oil temperatures, and so on, as shown in figure 9. In
addition, the system can immediately send notification to operators when the grid
has abnormal states as illustrated by figure 10.
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Figure 9. Charts of supervising parameters.
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Figure 10. Alarms of abnormal states of the grid.

As a result, after utilizing the installed system, the grid can achieve several

merits as follow:

e Reduce the risk of transformers, low voltage grids of distribution substations,

especially substations located in densely populated areas (due to the potential
danger of transformers such as the phenomenon of short-circuiting a single-
phase winding, poor contact in the transformer, deteriorating insulation
causing internal discharges and so on). This also helps reduce
troubleshooting costs because preventive treatment costs are often quite
small compared to when the incident occurred.

Reducing power loss: Due to the technical losses of substation and the
distribution grid, it is mainly due to the transformers and the grid operating at
full load, overload, phase shift or contact at the terminals. Therefore, the
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proposed system can reduce operational technical losses for the substation, it
is estimated that it can be reduced by 0.2% to 2% (depending on the actual
operational situation such as the transformer and the number of phase-
shifting low voltage lines, how much overload and for how long,...).

e Modernizing the electricity grid towards to the smart grid: Measurement,
monitoring and management online and remotely; Modernize the
management and operation.

e Increasing management efficiency: Improving the reliability index of
electricity supply (Saidi, Saifi, Maifi); Minimize the risk of power outages;
Reduce time outages.

e Operating data: real-time, complete, accurate and synchronized; The operator
is warned promptly and fully.

e Reducing manpower and operating costs: Reducing manpower in
measurement and inspection of grid operation; Reduce maintenance costs.

¢ Reducing the risk of electricity unsafety for operators: No direct contact with
electricity; Limit checking when the grid is operating.

5. CONCLUSIONS

The STrS system supply a comprehensive automation solution for LV grid
operation, replace the existing operation systems, save labor cost, and improve
safety conditions for equipment, grid and operators. S3M systems supply the
online, comprehensive and high accuracy measurement, monitoring and operation
management data.

The STrS system including:

1. Monitoring equipment (SGMV).

2. Webserver (S3M-WS4.0).

3. Sensors and measuring instruments.

Sensors and measuring instruments (installed at substation) send real-time data
to a monitoring equipment (SGMV). Through the transmitted channels, measured
data will be processed, stored and sent to webserver by the SGMV device.

The STrS system can be installed, operated, tested and maintained easily,
independently and will not affect the operation of existing power grid.

This subject is in the field of research and implementation of smart solutions
towards smart grids in Vietnam. Therefore, this topic is essential for Vietnam's
high-tech and sustainable economic development strategy.
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TOM TAT
NGHIEN CUU CHE TAO HE THONG GIAM SAT THOI GIAN THUC
CHO LUOI BPIEN HA AP

Bai bao trinh bay mét sé két qua ché tao va thir nghiém hé thong giam sat
triec tuyén thoi gian thue cho ludi dién ha ap. Két qua thi nghiém cho thdy,
déi véi hé thong dé xuat, cac théng sé van hanh quan trong cia hedi dién ha
dp nhw dién dp, dong dién, cong sudat, nhiét do dau, cdp déu dwoc giam sat
lién tuc va phan tich. Ngoai ra, c&c canh bao trong qué trinh van hanh cua
lwéi dién dwoc Quri dén ngwoi van hanh ngay lap tizc khi c6 hién nirong bat
thwong Xdy ra trén luéi dién. Hé théng nay co thé gilp cdi thién dg tin cdy
cung cdp dién va giam SAIDI, SAIFI, ciing nhw tdng cwong an toan cho con
ngueoi va thiét bj.

khéa: Ludi dién thong minh; Lu6i dién ha &p; May bién &p, Giam sat thoi gian thuc; Canh béo.
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