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Abstract

This paper presents the new integrated monitoring system for
high voltage electric power substation system. The substation
has a crucial function to maintain the reliability and to keep the
quality of an electric power transmission system. On the other
hand, the exposure to high voltage environment may also be
able to cause risk to human health. Therefore an integrated
monitoring system is crucial to be implemented for easy
monitoring and controlling the substation while minimizing
interaction of human to the substation devices. All the
substation devices conditions are displayed integratedly in
Graphical User Interface (GUI) developed using LabVIEW
software. The developed display contains several windows and
said window display. As a result, the parameters of the
substation devices such as: frequency, voltage, load impedance,
reluctance, oil level, temperature, cooling condition, power and
protection system are successful displayed and monitored.

Keyword: integrated monitoring system, high voltage, power
substation, reliability, quality, human interaction,
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1. Introduction

An electric power substation is a part of electric power
transmission and distribution system. It has a necessary function
in maintaining the reliability of the electric power supply.
Therefore all the substation devices must be monitored.
Monitoring means acquiring significant parameters from the
assets of interest [1-5]. The acquired data allow carrying out of
analyses and diagnose the condition of the assets which is of
great use for maintenance scheduling, failure management and
controlling system [4, 5].

According to Bergman, in order to develop an effective,
economic and efficient on-line condition monitoring system, the
appropriate combination of parameters to be monitored, the
appropriate monitor(s), and the appropriate degree of
monitoring must be matched with the value provided by the
specific substation power equipment in the overall power
system [3].

Endesa Distribucion developed full substation monitoring
project at one of its substations, namely, Sant Just Desvern
(Barcelona). Five power transformers and all circuit-breakers
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belonging to Endesa are monitored. It used IEC 61850 standard
[1].

Jin Hua developed a Support System for High Voltage Electric
Equipment Condition-based Maintenance of Transformer
Substation based on whole transformer substation. The system
can helps to manage the data on the insulation state of high
voltage as well as state of high electric equipment by using the
computer database. It is also able to collect and analyze the
information on high voltage electric equipment test data. The
system can give the results of qualification judgment, according
to rules of preventive experimentation of power equipment, and
delivers states data and the data history curve of online
monitoring equipments to remote terminal [5].

The integrated monitoring means all the device parameters are
monitored integratedly in a displayer. A display is constructed
by multi level windows. The first window display is a main
window display and it has a function to show the primary device
icon of substation. While the second level of window display
contains of parameters and characteristic of each device
displayed.

The window display is developed using Graphical User
Interface (GUI) based on LabVIEW software. The devices and
their parameters such as frequency, voltage, load impedance,
reluctance, oil level, temperature, cooling condition and power
can be monitored from the display.

This method helps the operator monitoring in real time the
condition of each device easily. Furthermore, in the case of any
failure, the operator will be acknowledged immediately that a
specific device is experiencing some difficulty or failure. The
blackout condition can be prevented and continuity power
supply will be guaranteed.

Besides, the data from the monitoring system is feasible to be
used for maintenance scheduling prediction and this method
minimizes time contact between human and high voltage
device. As it is known, most substation devices have high
voltage and generate electromagnetic that can harm human
health [6, 7].

2. Substation

Fig. 1 below represents the high voltage electric power
substation, where voltage is step down or step up with regard to
the load capacity. It is a part of a power electrical generation,
transmission, and distribution.
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Fig.1: An electrical substation with 220 kV/66 kV 185 MVA
(http://www.google.com.my/images?um=1&hl=en&client=firef

ox-a&rls=org.mozilla%3Aen)

There are several devices in substation, among them are power
transformer, circuit breaker, isolator, metering and etc [8-15].

2.1. Transformer

Transformer is an electrical device used to transfer alternating
currents or voltage from one electrical circuit to another by
using electromagnetic induction [8-11,16-21]. Power
transformers filled with a highly refined mineral oil that is used
to insulate internal live parts of the transformer. The oil
prevents corona and manages temperature control inside the
transformer for the prevention of equipment and machinery
overheating during the operation of large job applications. An
oil filled transformer, like any other valuable equipment needs
regular maintenance. Its condition has to be monitored
frequently to make sure that the mechanical part works properly
and the internal fluid performs its functions very well.

2.2. Circuit breaker

A circuit breaker is an automatically-operated electrical switch
which is designed to protect an electrical circuit from damage
caused by overload or short circuit.

Current interruption in a high-voltage circuit-breaker is obtained
by separating two contacts in a medium having excellent
dielectric properties and arc quenching properties [12-14,22,23].
After contacts separation, current is carried through an arc and
is interrupted when this arc is cooled by a gas blast of sufficient
intensity.

2.3. Isolator

The purpose of the isolator is to isolate sections of overhead
line, small transformer substations and busbars [24,25]. The
connection from the line to the moving contact must be a
flexible conductor to allow the movement of the rocking
pedestal between the open and closed positions.

2.4. Three phase measurement and single phase
factor correction

Since electric power is generated and distributed as sinusoidal

voltages and currents, the analysis of electric circuits with

sinusoidal sources is very important. The AC circuit analyses

power
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are regularly performed in power substation. This involves
studying the performance of the system under both normal and
abnormal conditions [26-30]. However, such analysis requires a
good understanding of AC circuit theory. The instantaneous
power delivered to a load can be expressed as

P(@t) = i(1).v(1) 1)

In the case of sine wave voltage and current, the instantaneous
power may be expressed as the sum of two sinusoids, or as the
sum of two sinusoids with twice the frequency as shown below:

Pt)=V I _cos(8)+V I _cosQax+ 6)

=(V,1, cos(8))(1+cos26(t)) + 2)
V I _sin(@).cosQax + 7 /2)

m-m

where, v(t) =V, cos(ax) and i(t) = I,, cos(ax + )
Hence, the active power and the reactive power are given by

P=V I cos(6) 3)

Q=V,I, sin(8) )

The cosine of the phase angle (6) between the voltage and the
current is called the power factor. The apparent power (S) can
be calculated from P and Q as

S=V I =+P +0Q° (5)

The power factor is determined with the following equation:

Gzcos_l(P/\/P2+Q2) ©)

The voltage across the load impedance and the current in the
impedance can be used to compute the power-per-phase
[25,26,31]. Assume that the angle between the voltage and the
current is €, which is equal to the angle of the impedance. Fig. 2
below represents the phase power and the total power, where the
total active power is three times of the phase active power.

P, =3P,

total line

=3V, 1, cos(8) @)

Based on the balanced delta-connected loads, the line current is
1 line = \/g 1
for the balanced star-connected loads, the current is the same

=Vine /\/g . Therefore equation (7)

phase a0d the voltage is the same. On the other hand,

hase

but the voltage isz

becomes

Pt =3V e c0S(8) ®)

line
3. Display development
Operators of the substation are used to handle physical
instruments such as buttons, knobs, meters, indicators, chart
recorders, lights etc. Therefore to make them still comfortable
operating this system the display is developed in such a way to
resemble the physical instruments.
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(b)

Fig. 2: (a). Delta-connected load and (b) star-connected load

The monitoring display is constructed using LabVIEW program

which is called virtual instruments (VIs). VIs has both an

interactive user interface-known as the front panel-and the
source code-represented in graphical form on a block diagram

[32]. VIs contains three main components which are the front

panel, the block diagram, and the icon and connector pane.

Basically there are few steps to implement the display for

monitoring:

1. At first, a user interface must be built by using a set of tools
and objects. The user interface is known as the front panel.

2. Then the block diagram of primary equipment contains the
source code is generated. In some ways, the block diagram
resembles a flowchart.

3. The next step is to analyze the data from the block diagram.
This will be done by the program automatically.

4. Indicators are used as outputs. Thermometers, lights,
metering and other indicators display output values from the
program.

5. Finally Master VI is created for calling VIs to run. The
program opens a VI and shows it on the screen (if selected).

Fig. 3 represents the process to create the master front panel
display or window display and calling the subVIs. Table 1
shows several devices and their related parameters that will be
displayed in the monitor.

i Puswod/ | Choote Discription GULYS how P
" Muta V) equpment! U] doutwsar [ 7| mowtmrg || 7
Panel medstrement chogies sinmulatior.

Fig.3: Block diagram window display developmen't flow

Table 1: Equipment & measurement to monitor

Modeling Monitor Parameters
Transformer Oil tank level , Cooling System
Circuit Breaker Temperature for Gas-blast
Isolator Control Position Contact
Protective Relay Fault & Overcurrent Limit
Measurement 3 Phase AC Power Measurement,
Power Factor Correction

3.1. Transformer window display
The transformer window display is designed based on the
number of the parameters of the transformer that are intended to
be monitored. The arrangement or layout of the parameters in
display is constructed by considering the readability and
aesthetic value.
In this design, the transformer window display consists of two
parts; the first is oil level and the second is temperature as
represented by Fig. 4 and Fig. 5.
The transformer oil level window display will exhibit:

1. Description of the display.

2. Lamps to notify condition of the oil level.
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3. Level of the tank in transformer.
4. Diagram of the oil tank level control system.
5. Graph showing input and output curves.

Whereas the transformer temperature window display will
exhibit:

1. Description of the display.
Current temperature of the transformer.
Buttons to adjust temperature limits.
Graphs showing the temperature history and histogram.
Cooling fan status.

A

1) This window display is
to monitor and control the
oil level in the tank.

2) This lamps represent
the alarm to notify
condition of the oil

level
5) This
3) This picture 4) This diagram graph shows
shows the shows the oil the input
level of tank tank level control and output
in the system curves.
transformers

core.

Fig.4: Layout of transformer oil level window display

1) This 2) This indicator 5) This
w_indowv shows the current graphs show
display is to temperature of the the
monitor and

transformer. temperature
control the his P
temperature 1story an
of the histogram.
transformer.
3) This 4) These
variable indicators are to
buttons are to show the statistic 2) This
adjust of temperature. lamps
temperature represent the
limits. cooling fan

status.

Fig.5: Layout of transformer temperature window display

In the implementation part, basically this system is a closed loop
control system. The temperature of the transformer is
continuously monitored by a temperature sensor. When the
transformer is overheating the system will respond by activating
the cooling fan. By this way the temperature of the transformer
can be maintained in its operational range.

3.2. Circuit breaker window display
Circuit breaker window display will present six parts, they are:
1. Description of the display.
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Notification.
Thermometer display.
The level of tank.

The cooling fan.

The temperature graph.

S

The layout of the circuit breaker window display is shown in
Fig. 6.

1) This window display is to monitor
and control the tank temperature and the
gas quantity to blast

6) This

graph
2) These knobs 3) Thermometer shows the
are to limit the may display temperatu
terpperatgre overheating and re of the
which will under gas.
activate the
on/off valve to temperature

conditions

regulate the gas
flow to the tank
for reducing the
heating.

4) This picture shows the level of tank
that with the circuit breaker.

When overheat, gas will be blast to the
tank by opening the valve shown.

5) When the temperature is over the
limit, cooling fan is also turned on to
reduce the ambient temperature around
the circuit breaker.

Fig.6: Layout of circuit breaker window display

Like in the transformer system, basically this system is also a
closed loop temperature control system. In the operation there is
a spark each time the circuit breaker opens or closes. This will
increase the temperature and should be overcome. The
temperature of the circuit breaker is continuously monitored by
a temperature sensor. The reduction of the temperature is done
by blowing gas to the contactor of the circuit breaker.
Furthermore, when the temperature is still over the limit,
cooling fan is also utilized to reduce the ambient temperature.

3.3. Isolator contact window display

The isolator contact window display shows the direction of the
isolator contact movement whether in open or close position
which is controlled using a stepper motor.

Parts of the isolator contact window display are:

Description of the display.

Setting of the motor driver

Voltage and current graphs.

Switching condition

Movement of the motor

Motor direction setting

kW=
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The layout of the isolator contact window display is described
in Fig. 7.

4) The picture controls the
switching of current phase to
drive the motor.

1) This window
display is to monitor
and control the
isolator contact

2) These fields are
to setup the motor
driver

3) This
graph plot
the voltage
and current
across the
load (R and
L)

5) This picture
movement of motor,
LED turn on when the isolator
contact position is completely
connected.

displays the

6) These buttons are to set the
direction of the motor to move the
position of contact switching
isolator.

Fig.7: Layout of isolator contact window display

3.4. Three phases power measurement window display
Three phases power measurement window display is shown in
Fig. 8. The window displays six components, i.e.:

1. Description of the display.

2.User choice.

3.The RMS value of measured variables.

4. The variables amplitude tuning

5. Circuit illustration

6. Total power

3.5. Single phase power and power factor correction window
display

The single phase power and power factor correction window

display will show the items below:
1. Description of the display.

Variables tuning.

Hide and show the wave form.

Power factor setting.

Phasor graph.

Circuit form.

Power factor correction.

Nownkwn

Fig. 9 describes the window display for single phase power and
power factor

4. Results and analysis

A.  Circuit breaker display

The circuit breaker window display is designed to monitor the
gas blast applied to the arc which must be able to cool it rapidly
by referring to ambient temperature limitation from 45C/-45C
[12-14,22]. When temperature rises, the valve is ready to blast
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SF6 gas in tank to cool down the temperature inside and outside
the tank and when it reaches over the limit, the gas will flow to
the tank. This window display is shown in Fig.10.

1) This 2) User can 3) The RMS
graph hide/show the values of the
displays three-phase phase and the
the phase quantities on the line voltages,
and the graph by using the total active
line these buttons. power, the total
voltages User can also reactive power,
and the select the active the total
line power measuring apparent power
currents. and the power
method from the

. factor of the
4)Use 5) This picture control ring illustrates the
these type of power measurement method
contro selected to measure the active power in the
Is to three-phase balanced AC loads.
set the The wattmeter and ammeters are displayed
amplit automatically in the figure.
ude of User can hide or show the ammeters from
the the button given above.
phase The analogue meters (ammeters and
voltag wattmeter) have auto scaling feature and
e and they have numerical indicators.
the
load
imped
ance. 6) Total power with automatic measure.

Fig.8: Layout of three phase measurement window display

B. Transformer display

As a primary substation device, more attention must be given to
power transformer. Therefore, some of its parameters are
closely monitored. Firstly is the oil transformer. The oil
transformer has the function to maintain the transformer
temperature and also reduce heat of transformer winding.
Therefore the oil transformer level should be controlled [10, 18-
21]. Fig. 11 represents the window display for monitoring the
oil transformer condition, temperature and level.

Second is the power transformer temperature, which should be
continuously monitored. When the temperature is over the limit
by referring to the IEEE standard in Table 2 (Revision of IEEE
Std 62-1978), cooling fan 1 and 2 will be enabled until the
temperature decrease below the limit. After that, cooling fan 1
and 2 will turn off and cooling fan 3 and 4 will turn on as usual.
Fig. 12 shows the window display for transformer temperature.

C. Isolator contact display

The direction of the isolator contact movement whether it’s
open or close position is control using stepper motor [24, 25].
When contact part in close position, the LED will light up and it
shows that the isolator contact is connecting a line. The window
display monitoring for isolator contact device is presented by
Fig.13.

D Power Display

Total power from three-phase power systems can measure using
one, two or three wattmeter. In this case, we consent applying
two and three wattmeter with has more feasibility. A wattmeter
considered as a voltmeter and an ammeter combined in the same
box, which has a deflection proportional VI cos(€) . A wattmeter

has two voltage and two current terminals, which have + or —
polarity signs [25, 27-29]. Three phases power measurement
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methods utilizing the wattmeters for a balanced three-phase AC
load.

1) This graph 5) This graph
shows the voltage shows the 7)The
and the current phasor indicator
waveforms of the diagrams of s show
single-phase AC the complex the
supply, and the power (both calculate
instantaneous for the d
power drawn from inductive and numeric
the supply. The the capacitive al values
current of the load ing of the
component (L or conditions), active,
C) that is added to which is also the
correct the power known as reactive
factor of the load "Power and the
is also displaved. triangle”. apparent
powers
2)Thes 3) Use 6) This in the
e these picture circuit
knobs buttons to ripg that is
can be hide or display d1§playe
used to ) s the d in the
vary show the electric picture
the relevant circuit ring.
amplit waveforms that The
ude of on the represe status of
the above nts the the load
supply graph. current power
voltage mode factor is
; the 4) Use the (with also
impeda and shown
nce of control to withou here.
the set the t
load desired power
S power factor
factor.
Make sure
that the
desired
power
factor is
greater than
the power
factor of the
load prior to
the
correction. L

Fig.9: Layout of single phase power and power factor window
display

1. Two Power meters Display
This method can be used in a three-phase, three-wire
balanced or unbalanced load system for A or Y
connection. To perform the measurement, two
wattmeter’s are connected as shown in Fig. 14.

2.  Three Powermeter Display
This method is used in a three-phase, four-wire
balanced or unbalanced load. The connections are
made with one wattmeter in each line as represented in
Fig. 15. The total active power supplied to the load is
equal to the sum of the three wattmeter-readings [25,
28-29].

E. Single Phase Power and Power Factor Correction Display
The power factor approaches a value of 1.0. The process of
making the power factor approach 1.0 (or below 1.0 but above
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the existing power factor) is known as power factor correction

(or compensation). The power factor correction is performed by *m Udatepered " | [ e
placing a capacitor or an inductor across the existing load, that - s OIS

. . . . . . . 0 o

in it self, may be an inductive or a capacitive load, respectively. e T

During the power factor correction process, the voltage across
the load remains the same and the active power does not
change. However, the current and the apparent power draw from
the supply decreases. This means that the amount of decrease in
supply current or power can be utilized by other loads without
increasing the capacity of the supply [25, 28, 29].

The window display for single phase power and power factor
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Fig.13: The Contact Isolator window display monitoring
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Fig.14: Power measurement with two wattmeters

Fig.11: The window display for oil level in transformer tank
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N
Fig. 15: Power measurement with three wattmeters

Fig. 16 shows three phase power measurement window display.
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factor correction
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5. Discussion

The design of an electrical substation integrated monitoring has
been presented. The integrated monitoring system shows the
substation equipments condition using window displays. The
window displays were developed using LabVIEW software.
The displays consist of multi-windows display, where each
window will shows particular substation equipments and
conditions. They include the transformer, circuit breaker,
isolator, three phase and single phase power measurement and
power factor. The first step in window design is to determine
the parameters that will be displayed and type of display. The
second step is to place each parameters display position in
window. The final is to implement using LabVIEW GUI
software. A detailed description to perform the integrated
monitoring, i.e. the LabVIEW GUI design for the window
display and each window display contents, is given and the
results are displayed.

This design is independent to the parameters monitored in the
substation such as frequency, voltage, load impedance,
reluctance, oil level, temperature, cooling condition, power and
protection system. This is because the interface can acquire
whichever values of the parameters without affecting those
parameters.

The only limitation is the number of parameters monitored. It
depends on the capacity of interface and the sensors installed.

6. Conclusion and Future Work

The window display for substation devices using LabVIEW
programming for monitoring the devices condition has been
successfully developed. The windows display the primary
substation equipment parameters and conditions. Each display
parameter is based on IEEE Standard guideline. The window
display makes easy to monitor the equipment condition, reduce
human contact with high voltage equipment and schedule the
maintenance time. Besides, it also can reduce number of human
resources. The simulation results show that the window can
operate appropriately and display the parameters of the
equipments.

In future research, an integrated monitoring system which has
been designed will be applied directly to the electrical
substation equipment. In this way, some weaknesses that still
exist can be improved and the window as well as features that
are deemed less can be added. For instance, the window for
lightning arresters and busbar equipment that does not exist can
be completed. Then the features of the load condition of the
transformer secondary or primary that does not exist can be
added. Furthermore, to make this integrated monitoring system
to be an intelligent system, an advanced algorithm such as
neural network can be added. The neural network will work as a
decision maker in determining the condition of equipments.
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