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Abstract— Transformers play an important role in the efficient transmission of electricity. Regular
monitoring and maintenance can make it possible to detect new flaws before much damage has been done.
Current systems can provide information about the state of a transformer, but they are either offline or very
expensive to implement. This Monitoring system is primarily health monitoring equipment that can acquire,
process, analyze & communicates the critical parameters to the concerned official who is at a remote place
with the help of Auto dialing unit. Not only the conventional technical data, such as current, voltage, etc., but
also other critical information such as frequency, oil temperature, oil level etc. of transformers is required by
the operators to ensure reliable power delivery and to assist the day-to-day decision making activities. Thus,
the system increases the reliability of distribution network.
Key Terms: - Transformers; electricity; Transmission & Distribution System; Auto dialing unit
I. INTRODUCTION
Modern electric power systems encompassing of power transmission and distribution grids consist of copious
number of distributed, autonomously managed, capital-intensive assets. Such assets comprise: Power plants,
Transmission lines, Power transformers and supporting equipments [1]. Power transformers are at the heart of
electrical transmission and distribution system and as competition increases within the energy sector, so does the
pressure on transformer manufacturing industry to improve reliability and reduce costs of transformers. Usually
power transformers have a 20-35 year design life. In practice, a transformer can reach 60 years of useful life if it
is properly operated and maintained. With the normal aging, their internal condition degrades, which increases
the risk of failure. Traditionally, the evolution of these faults was accompanied with preventative maintenance
programs combined with regular tests. With deregulation, it has become necessary to reduce maintenance costs
and equipment inventories, thus there is a trend in the industry to move from traditional time-based maintenance
programs to condition based maintenance [2]. The general configuration of a modern power system is that
power sources and loads are hundreds of miles away.
Generally, distributed control agents are employed for providing reactive control at several places on the
power network through power system stabilizers (PSSs), automatic voltage regulators (AVRs), FACTS devices,
etc [3].
Considering the long service life of a power transformer and prevalent use of human judgment (expert), there
is a need to structure a knowledge base around expert knowledge while continuing to create new diagnostic
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capabilities which can be plugged in. Hence monitoring the critical parameters helps in developing both the
output generated at the main station and the quality of power being delivered at the customer side. And also
capable of recognizing the break downs caused due to hazardous conditions [4]. Thus, monitoring systems
offers an opportunity to record each and every relevant value that is analyzed [5].
This paper intends to present a monitoring system for integrated fault diagnosis of power transformers. The
monitoring system can be integrated along with plant controlled system allowing smooth operation and reduce
interfaces between different system. The equipment is permanently mounted on the transformer and provide
24/7 access to current operational data. The system has no moving parts hence it needs less maintenance. And
also it reduces transformers operational and maintenance cost by providing long life time. The system is
compact and can be enhanced for additional requirements that may be needed in future. The ultimate objective
is to monitor the critical parameters and to inform the observed data to the concerned official.
TABLE I
CAUSES OF TRANSFORMER FAILURE
1975

1983

1998

Lightning Surges

32.3%

30.2%

12.4%

External Short Circuits

13.6%

18.6%

21.5%

Poor workmanship

10.6%

7.2%

2.9%

Deterioration of insulation

10.4%

8.7%

14%

Overloading

7.7%

3.2%

2.4%

Inadequate Maintenance

6.6%

13.1%

11.3%

Loose connection

2.1%

2.0%

6.0%

All others

6.9%

8.2%

24.2%

II. POWER TRANSFORMER FAULTS AND EFFECTS
Transformer failure will occur due to various causes and conditions. Table I shows the primary cause of
transformer failures reported by HSB survey over the last several decades and identifies those areas where
failure-reducing efforts can best be directed. The table lists the most common causes of failures and the
percentage of all the failures they represent for the studies conducted in 1975, 1983 and 1998. The information
is presented here for comparison purposes, but no conclusions on trends should be made. Typical causes include
external factors such as lighting strikes, system overload, short circuit and internal factors such as insulation
deterioration, loss of winding clamping, overheating, presence of oxygen, moisture, and solids in the insulating
oil.
Estimated construction expenditures in 2004 for transmission and distribution system were $17.7 billion (EEI
2005b). Transformers are the primary cost components, with the higher voltage-rated transformers bears the
higher costs [6]. Any fault in the transformer not only leads to the interruption of the power supply but also the
financial losses due to it will be great. So it is essential to detect the incipient fault of the transformer as early as
possible. To monitor the operation of power transformers, many devices have evolved, such as Buchholz relays
or differential relays. But the main shortcoming of these devices is that they only respond to the severe power
failures which require removal of the equipment from the service. Thus, techniques for early detection of the
malfunction would be very valuable to avoid outages. Among the exiting methods for identifying the incipient
faults, dissolved gas analysis (DGA) is commonly used [7].
A. Traditional Diagnostic Methods [8]
1. Dissolved Gas Analysis: By means of this analysis, it is possible to identify faults such as partial
discharge, overheating and arcing in a great variety of oil filled equipment. And also this analysis shows the
distribution of key gases dissolved in the oil.
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2. Insulating Oil Quality: A combination of electrical, physical and chemical test is performed in order to
measure the changes in electrical properties, extend of contamination and the degree of deterioration in the
transformer oil.
3. Thermography: This is an online diagnostics method to check the external surface temperature of the
transformer with the help of infrared emission testing method.
In addition to this visualization technique such as animation, contouring, data aggregation and virtual
environments are helpful for representing data [9]. Along with visualization, neural network techniques can also
be applied for power transformer condition monitoring system where visualization module identifies relatively
simple potential failures while neural network module identifies relatively complex potential failures [10]. In
order to assess the overall condition of the power transformer several monitoring methods are used and are still
under investigation.
III. PROPOSED MONITORING SYSTEM
The Proposed monitoring system shown in Figure 1 is designed using P89V51RD2 Microcontroller. The
system consist of sensing units designed using MSP 430 Processor, which collects the critical parameters such
as current, voltage, frequency, oil level and its temperature from the transformer. The LCD display connected to
the processing unit displays the corresponding parameter values for any technical assistance. The
microcontroller is programmed in such a manner that it continuously scans the transformer and updates the
parameters at every instance of time. The scanned values are directly given to one of the input port of the
microcontroller, whereas the display is connected to another input port and voice player unit is connected to the
output port. The microcontroller was connected to LCD and output port through their respective interfacing ICs
[11]-[12].

Figure No 1: Block Diagram of Proposed Monitoring System
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A. Voltage & Current monitor
This unit checks whether the incoming voltage and current falls within the threshold limit, if it violates, the
incoming voltage and current is given to analog pin of microcontroller with the help of potential transformer and
current transformer respectively.
B. Frequency counter
This module is designed with the help of IC555 Timer which is wired as a monostable multivibrator. Input
signal is compared with the standard pulse rate and the result is displayed in the moving coil meter. Resulted
analog signal from the moving coil meter is digitized and given to the microcontroller. Since the counter used
the seven digits to display the incoming signal, it can operate as 5-decimal point MHz range frequency counter.
C. Voice Player
This block consists of IC STA013 based voice player. By using this player we can store voice up to 100
minute, it also has feature to divide the total time into desired tracks. This operation is possible by assigning the
status of message selection pin. The recording and playing is done using record and play pin at ground status.
When the LCD is connected to the player, its 12 additional pushbuttons can be used to control the player.
D. Auto Dialing Unit
The auto dialing system consists of relay to dial the pre stored number to concerned person. Once the call is
answered the unit either plays a recorded message or recorded voice. By adding external push buttons it is
possible to support telephone numbers up to twenty digits each. With the help of quick dialing method, auto
dialing is carried on.
IV. RESULTS
The Performance of the proposed monitoring system has been analyzed by applying various types of inputs to
the Transformer. From the result observed, it is understood that, the proposed system monitors and controls the
transformer in an efficient manner and also shut down the entire unit if dangerous condition occur. Thus, it
safeguards the transformer from any damage. The photographs of project testing are shown in Fig No: 2 to Fig
No: 5 and observed results are tabulated in Table II.

Figure No 2: Temperature sensing unit

TABLE II
OBSERVED EXPERIMENTAL RESULTS

Incoming Parameters

Range
Std +/- 20V, 20A

Voltage &Current
> or < Std +/- 20V,
20A
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Monitoring system action
No change in relay
position.
Relay
closes
&
information is send to
concern by Auto dialing
unit.

Transformer status
Under safe operation.
Tripped off.
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Std +/- 1 Hz
Frequency
> or < Std +/- 1 Hz

Std +/- 20 deg.c
Oil temperature
> or < Std +/- 20 deg.c

Oil level

Full
Medium

Minimum

No change in relay
position.
Moving
coil
meter
output changes the relay
position & information is
send.
No change in relay
position.
Sensor output closes the
relay& information is send.
No change.
LCD in the system
displays the level in the
tank.
Comparator output send
signal to switching circuit
& information is send.

Under safe operation.
Tripped off.

Under safe operation.
Tripped off.
Under safe operation.
Under safe operation.

Tripped off.

Figure No 3: Voltage monitoring unit

Figure No 4: Transformer Tripper

Figure No 5: Frequency counter
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V. CONCLUSION
Transformer monitoring is an expanding field of study. The monitoring system presented in this paper can be
enhanced to provide more and more valuable information on the health of a transformer. The potential of this
system is vast and with further investigation, the concept of an intelligent diagnostic for transformer or even
substation level can be realized. The result of this paper, which is designed for monitoring critical parameters of
the transformer, shows great promise on being a successful monitoring system for high voltage transformers.
The proposed design of the system makes the power transformer more robust against some key power quality
issues which makes the voltage, current or temperature to peak. With Ethernet connectivity, we can easily
connect and transmit crucial transformer health data over TCP/IP to SCADA and also Browser-based Graphical
User Interface can be used to control the remote transformers. Hence the distribution is made more secure,
reliable and efficient by means of the proposed monitoring system.
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