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Abstract
We present ongoing work to develop a power transformer

condition monitoring system. Energy harvesting will be used
to power the sensor nodes measuring the vibration of the
transformer. A subset of this work will be demonstrated.
Categories and Subject Descriptors

C.3 [Special-Purpose and Application-Based systems]:
Real-time and Embedded Systems, Signal Processing Sys-
tems
General Terms

Design, Experimentation
Keywords

Transformer Condition Monitoring, Wireless Sensor Net-
works
1 Introduction

The power utility in South Africa’s distribution network is
operating under severe loading strain with the rapid growth
of the South African economy. Equipment failure causes
significant losses to both the utility and its customers. It
is therefore important that transformers, and the network in
general, be monitored to detect problems as they arise. We
have proposed a condition monitoring system for power line
transformers incorporating wireless sensor networks, which
in time will be extended to monitoring power lines and other
equipment.

This proposed development of an instrumentation system
will enable the prediction of imminent failure or malfunction
of power line transformers in the field. Transformer condi-
tion monitoring has been an ongoing area of research [5] and
can be implemented by various methods. Abu-Elanien and
Salama [1] published a survey of a variety of methods in-
cluding thermal, vibration, partial discharge, dissolved gas
and frequency response analysis. Dissolved gas analysis was
shown to be well understood in the field with little enhance-
ments expected, but the special arrangements it required lim-
ited its application to on-line monitoring. A conclusion from
this survey was the need to enhance other methods of condi-
tion monitoring and integrate these methods with data com-
munication and artificial intelligence agents to build a com-
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plete on-line condition monitoring and fault diagnosis sys-
tem.

The feasibility of an instrumentation system that can re-
motely monitor transformers has increased greatly over the
past few years with the advent of wireless sensor networks
(WSN). This has recently been explored by Baker et al. [2]
who sensed partial discharge and Nasipuri et al. [4] who
sensed temperature and bushing voltage phase differences.
Behavior of transformers in the field (not only in the lab-
oratory) can be determined in much greater detail due to
(a) smaller sized sensors, (b) wireless remote monitoring,
(c) low power requirements and (d) long term monitoring.

The detailed behavior of a transformer with respect to the
following, will be investigated:

(a) Space: a large number of sensors can be distributed over
the surface of the transformer because of their small size
to give a map of the 2D and 3D distribution of vibration
modes.

(b) Frequency: at each position on the transformer surface
the sensor nodes can determine the amplitude of the
frequency spectrum which varies with spatial position.
Fundamental modes of vibration propagating within the
transformer housing can be identified and mapped.

(c) Time: as the transformer load changes over time, details
of the spatial and frequency distributions change as we
have observed in the laboratory. By using a knowledge
base of data collected in the laboratory on the behavior
of a healthy transformer and applying artificial intelli-
gence algorithms we hope to diagnose incipient faults
and ultimately predict imminent failure in these trans-
formers.

2 System Description
The system consists of a matrix of accelerometers for

measuring vibration at points across the surface of the trans-
former. These are attached to motes that store, process and
transmit data from the sensors. These motes are required to
be self-sustained and long lived. The first step towards this
was the development of a hybrid energy harvesting subsys-
tem for wireless sensor network motes [3]. The energy har-
vesting subsystem is self-contained, operates independently
of the mote’s processor and allows for battery-less operation
of a mote by using super capacitors. Currently the subsys-
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tem is configured to harvest energy through a solar panel and
piezoelectric cantilever.

Data from the motes can be stored, further processed and
communicated to others through an ARM processor-based
network gateway [6]. The gateway device is low power and
can be battery operated. The gateway can use a number of
network interfaces to connect a wireless sensor network to
the operator’s home network. It is expected that a GPRS con-
nection will be required for field deployment. The gateway
is typically tested using Ethernet or a GPRS modem. Data
processing will be split between the motes, gateway and ex-
ternal servers.
3 Preliminary Findings

A network of accelerometer sensor motes were attached
to the outside casing of a 3 phase, 38 kVA / 47 kVA, 380 V
/ 220 V, 50 Hz, AC isolation transformer. The transformer is
shown in Figure 1. Only the acceleration normal to the face
was measured. From initial spectrum measurements over a
range of up to 2 kHz the most significant range of frequen-
cies was determined to be up to 500 Hz. Further investiga-
tions with an array of densely packed sensors showed that all
significant spatial variations would be captured if the sensors
were placed about 72 mm (2.83 inches) apart horizontally
across the 720 mm (28.35 inch) wide plate.

Figure 1. Transformer used for testing

Figure 2 shows a typical frequency spectrum as measured
at the center of the transformer’s face.
4 Demo Description

This demo will consist of a simulation of a subset of the
transformer condition monitoring system. A vibrating metal
plate will represent a side of the transformer casing. Ac-
celerometers attached to the plate and connected to motes
will collect sensed data from the accelerometers. Data and
the behavior of the plate will be visualized on a computer.
An energy harvesting mote will be displayed and operated
if the environmental conditions are suitable. The mote pri-
marily harvests energy from the sun and can gather limited
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Figure 2. Frequency spectrum measured at the center of
the transformer face

energy from vibration.
5 Conclusions

A subset of an ongoing project to develop a transformer
condition monitoring system will be demonstrated.
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