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Abstract: Surface vibration of power transformer tank was closely related with transformer windings and core. 
Tank surface vibration signal analysis method was one of the effective ways to monitor the power transformer 
windings and core condition. Combined with 500 kV substation in North China, based on the analysis of the 
measurement object, power transformer monitoring system principle and function was introduced based on the 
vibration method, the substation monitoring system were designed and constituted by controlled management, 
communication layer, online monitoring layer, the formation of the transformer vibration measurement  
system for vibration signal analysis with the practical application have certain Guiding significance.  
Copyright © 2013 IFSA. 
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1. Introduction 

 
Substation in the power system play the important 

role in transformation and distribution of electric 
energy, contact the generation, transmission, 
distribution with user. This requires economic, stable 
rational in the primary electricity equipments of the 
substation, timely, safe, and reliable in electric 
secondary equipment. Large power transformers is 
the hub equipment of power system equipment, is 
one of the important factor to ensure the safe 
operation of the grid [1]. May 2005, Nova blackout is 
due to the aging of the two transformers, the direct 
economic loss of nearly $ 10 billion [2]. So it is 
necessary for maintenance of power transformers 
position prediction is particularly important for 
winding and core clamping. In order to ensure 
reliability of supply, in the first and second class load 
substations are generally equipped with two main 

transformer, the rest of the main transformer capacity 
of not less than 60 % of the full load when one of 
them disconnect, and ensure the primary and 
secondary load user. 

 
 

2. Basic Layout of 500 kV Substation 
 

Fig. 1 is the floor plan of North China Grid 
500 kV substation; there are the main transformer 
area, the main bus terminal area, the station with the 
substation area, relay equipment and control building 
and other protected areas. There are four main 
transformer station 100 million k VA, 500 kV outlets 
8 back in substation planning scale. Using unmanned 
substation monitoring system, the station has regular 
inspection, monitoring system periodically uploaded 
to the distribution of information management center, 
the operator was to send judge and deal with 
accidents. 
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Fig. 1. Major Equipment Distribution. 
 
 
Transformer use electromagnetic induction to 

convert electrical energy into magnetic energy, then 
the magnetic energy into electrical energy, in order to 
achieve the voltage change, and main components 
include the core and windings, it constitute the core 
of the transformer electromagnetic parts. 

Abnormal deformation of the core and windings 
in the transformer failures accounts for a large 
proportion [3]. Vibrations of core, windings, etc. 
mainly come from:  

1) Silicon magnetostrictive;  
2) Electromagnetic attraction;  
3) The current through the winding, dynamic 

electromagnetic force;  
4) Tank wall vibrations [4]. 
Equipment failure and system failures may occur 

in the process of operation substation. Therefore, the 
substation once found hidden or malfunctions, 
operating personnel must analysis accurate the reason 
of failure of the equipment, scope, nature, make 
judgments as soon as possible reported to the 
scheduling situation, and then resolutely implement 
the scheduling order. Capacity of modern power 
transformer unit is increasingly large, high voltage 
level is increasingly. Larger external interference will 
have definite impact to monitoring of power  
facility [5]. 

 
 

3. Monitoring System 
 

Each substation system come from independently 
manufacturers of products, this bring the lack of 
unified hardware, software incompatibilities, the 
module is not universal, the communication protocol 
is not standardized, research and development of a 
unified information monitoring platform will  
promote the development of information technology 
substation with theoretical value and  
practical significance. 

Power transformers are the most important 
electrical master device of the substation, is the basis 
for safe operation. Currently, scientific research and 
technological development is at a relatively active 
phase, within the field of the online monitoring of 
power transformers in the international arena. Online 
monitoring and abroad used relatively more or single 
parameters on-line detection products, such as oil 
dissolved gas analysis technology, casing dielectric 
loss factor and capacitance technology, the core 
ground fault current measurement and a small 
number of parameters of partial discharge test. These 
methods rely on one single performance  
indicators, only from one side to reflect the 
operational status of the transformer. Therefore, it is 
very necessary to predict the accident comprehensive 
online monitoring system of preventive test data in 
order to avoid accident. 

Online monitoring system adopts hierarchical 
distributed architecture. Information transformer 
substation monitoring system is connected with the 
monitoring instruments, relay technology and bus 
system. The system from hierarchy can be divided 
into three layers, topmost control management station 
were laid wherein the master control center, the 
middle district communication layer were laid in 
station with substation area and substation 
monitoring station for mounted on the transformer 
certain vibration monitoring instruments constitute 
the most bottom-line monitoring layer. 

The bottom is connected with the intermediate 
communication layer through the CAN (Controller 
Area Network) bus, it is shown as Fig. 2. The faults 
number of transformer windings, core take the first 
station in the total accounted in all parts of the 
transformer fault statistics obtained. The factor 
resulted vibrations of power transformer surface body 
include solid and liquid materials, the liquid is mainly 
the vibration insulating oil, it is mainly because of the 
magnetostrictive for winding and the core; solid 
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vibration is mainly caused by the solid core of the 
fastening parts and cooling equipment, the 
transformer fault vibration transmitted schematic is 
shown as Fig. 3. This energy transmitted by the two 

ways make the tank wall generating vibrations. 
According to research and analysis, monitoring the 
work of the substation only need to monitor the 
vibration [6-7].  
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Fig. 2. Monitoring Automation Platform System Structure. 
 
 

Tank ribs significantly influence normal 
transmission path of vibration energy [8]. Literature 
studies the results and analysis the characteristics of 
the experiment hydraulic [9]. Vibration subsystem 
interaction on the tank surface vibration. 

Core is one of the main components in the 
transformer, and a prerequisite to complete the 
conversion, charged the important tasks of electricity-
magnetic-electric conversion. Core is usually made of 
silicon steel sheet thickness 0.25 mm-0.35 mm stack 
system formed. By analyzing the cause of the 
malfunction calendar transformer, the transformer 
core is usually due to the fault in the design, 

installation and maintenance process, in the course of 
short circuit, multi-point grounding fault, the 
excitation current through the core increase sharply 
when the temperature goes up quickly, silicon steel 
magnetostrictive film rapid increase, this will cause 
the vibration of the core becomes large; Further, 
when the core fastening screws loose, the silicon 
pressing force decreases, the distance between the 
film becomes large, attraction between steel 
electromagnetic increase, causing vibration also 
increases; electromagnetic attraction will become 
large if silicon cause deformation or bending, so that 
the vibration of the core will become large.  

 
 

Core 
Vibration 

Winding Vibration 

For Fixing 
Parts and 
Components 

Transformer 
Dielectric 

Other 
Accessories 
Vibration  

 
Transformer 
 
 
Body 

Silicon Magnetostrictive 
Electromagnetic 

Attraction 
Silicon Deformation 

Clamping Force 
Weakened 

Dynamic Electromagnetic 
Force Wound Loose 
Winding Insulation 
Breakdown Winding 
Deformation 

 
 

Fig. 3. Schematic Diagram of Transformer Fault Vibration Transmission. 
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Winding deformation result the winding ampere-
turns of the aggravation and lead to the winding 
vibration intensified. The main reasons of 
deformation include: 

1) Structural strength below standard product 
design; 

2) Short-circuit or grounding the electromagnetic 
force; 

3) Natural aging and corrosion. 
Winding vibration is caused by the load current, it 

has an important significance to discover timely, 
monitor and control those who have a serious 
distortion but still running winding of  
the transformer.  

In addition to core transformer fault failures and 
winding fault, the common faults also have tap and 
other artifacts failures. Tap common faults include 
mechanical failure and electrical failures, faults can 
cause tap linked abnormalities, and result tripping, 
the contacts being exposed and action over the limit 
switch location. 

Vibration caused power transformer short-circuit 
capacity significantly reduced, may induce serious 
equipment accidents, may result in failure or affect 
operation of the transformer substation normal  
power supply. 

Monitoring layer is consisted of sensors net 
distributed at the top, middle and lower parts of the 
transformer; it is mainly responsible for the vibration 
signal acquisition substation to form a network, 
arranged on the transformer, collecting the  
vibration signal.  

Measuring point can be arranged at the front of 
the tank to monitor horizontal and vertical directions 
simultaneously [10]. 

Communication layer is the middle point of each 
measuring and monitoring station computer via bus 
communication, by way of response to complete 
communication. By building a unified data platform 
transmit data, the system collect and process online 
monitoring data, control station provides contact 
management interface, the realize view device status 
monitoring, a comprehensive analysis of the data and 
applications. Management control in the main control 
room analysis and process data collected to monitor 
the computer for each measuring point, it collected 
data to complete data processing, storage, by 
comparison with empirical data, take relevant 
measures, such as reporting, printing or overrun 
alarm. 

When the signal is transmitted from the 
transformer monitoring station, the monitoring 
station and the monitoring station and between the 
monitoring station and control center use the CAN 
bus to communicate, it is an effective serial 
communications network support distributed control 
and real-time control. CAN bus standard adopted 
packet-based communication, any part of the 
network receives the packets are compared with their 
identification codes to determine whether the packet 
itself about this part. Monitoring station within the 
system obtained through the analysis of vibration 

signals determine which part is produced abnormal 
vibration, and then pass the relevant signals into the 
main building of the monitoring center, in the 
monitoring center, the degree of change through the 
vibration data and experience than the right, which a 
judge winding, or core fails, namely the use of 
vibration method to monitor power transformer fault 
location can be achieved. 

With power Transformer electric and magnetic 
field strength increasing, it is possible to increase 
demand of the power transformer coil, tap, body of 
the transformer in electrical, thermal and mechanical 
performance. In addition to the electromagnet portion 
power transformer, the transformer further comprise 
a fuel tank, the cooling device, the insulating sleeve, 
regulating and protecting devices, since the different 
of capacity and voltage levels, the requirements of 
necessary components and structure to core, 
windings, insulation, shell are different. 

In transportation, installation and maintenance 
process, it may be subjected by mechanical power 
transformers collision. Since mechanical, 
electromagnetic and other factors, the core and the 
winding may be loose. As force of core and winding 
clamping is reduced, short-circuit capacity will be 
reduced, may cause serious accident. Core vibration 
is generally caused by the excitation current, and the 
winding vibration is caused by the load current,  and 
in the case of the same frequency, the vibration 
frequency is not changed. If the winding or core fails, 
the vibrations (amplitude, energy, etc.) may change. 
If vibration fundamental characteristics of the 
winding and the core are determined, weed out other 
causes of the vibration signal interference, power 
transformers criterion of vibration method for on-line 
monitoring can be raised. 

Abnormal deformation of the core and windings 
accounted for a large proportion in the transformer 
failures. Vibrations mainly come from: 
magnetostrictive, electromagnetic attraction, dynamic 
electromagnetic force and tank wall vibrations. 

Magnetic leakage generated by transformer load 
current cause the vibration of the winding, the rated 
flux usually take 1.5-1.8 T (Tesla). With the 
continuous improvement of manufacturing process 
control and improvement of overlapping mode (such 
as the use ladder joints, etc.), glass epoxy adhesive 
banding together for both the stem and yoke, the core 
vibrations caused electromagnetic attraction at the 
seams and silicon steel laminations is much smaller 
than the core vibration caused by magnetostriction.  

In summary, operating at 1.5-1.8 T rated flux 
transformer, its main body vibration of the vibration 
depends on the transformer core, and the core of the 
vibration depends on magnetostriction of silicon steel 
transformer core. If there is wound winding 
loosening the transformer will increase the vibration; 
when the momentary short circuit cause the 
transformer winding insulation breakdown, the 
vibration will increase. 

From several phenomenon of view, compression 
and deformation of core and windings have a great 
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relationship with vibration, so good compaction 
conditions of the transformer core and windings can 
largely reduce the vibration. Research of this 
relationship will provide a basis for monitor 
transformer fault based on vibration monitoring. 

There are many reasons causing in substation 
failure, such as many points of failure, the protection 
tripping the circuit breaker tripping device, poor 
transmission of information. Since uncertainties 
exist, the fault diagnosis problem becomes 
complicated. To improve the performance of fault 
diagnosis, it must deal with the relationship between 
the source and the fault symptom. Signal 
identification method is used to derive a known fault 
symptom of fault sources, put substation fault 
diagnosis problem into looking for signs of trouble 
matching, analysis the vibration signal method based 
on substation operation mode. 

In case of accidents, it has significance to restore 
the system fault correctly and quickly and  
important system reliability; this is also the domestic 
and foreign for power system fault causes  
extensive research. 

 
 

4. Vibration Signal Analysis 
 
Because the vibration characteristics of 

transformer at each position in the body of the 
measured is most closely theoretically with nearest 
local oscillator, the body's vibration signal is 
measured by vibration sensors in no-load and load 
conditions. Load current of load power transformer is 
zero, and thus the winding can negligible vibration, 
the vibration body of the transformer is mainly 
caused by the core of the magnetizing current. The 
vibration signal measured is belong to the core, the 
load current flows through the coil, in addition to the 
core, the vibration also includes vibration under the 
action of the load current, they are the core and 
windings of the vibration signal superposition. The 
substation can operate normally in way to work for 
national construction services. The design of 
electrical substation primary electric equipment 
include the main transformer and the main wiring, 
secondary electric section includes monitoring, 
control, main protection, transformer backup 
protection. Core vibration has been basically 
unchanged in the condition of no-load, load and load 
change. Vibration signal windings can be obtained 
when the no-load is isolated from the vibration 
signal. Transformer malfunction is divided into 
sudden and latent, process of sudden failure 
generating is rapidly, result serious consequences, 
latent failures is divided into internal partial 
discharge, overheating and transformer insulation 
aging [11].  

Vibration method is an effective means in the 
diagnosis of latent fault transformer operation, first 
used in the shunt reactor. It reflects the transformer 
windings and core condition through online 
monitoring transformer body surface vibration, the 

study developed rapidly in recent years. Vibration of 
large-capacity transformer tank surface is closely 
related with the clamp fixed state of winding and the 
magnetic conductor. 

Since vibration spectrum of the fan, pump 
vibration caused by the cooling system are 
concentrated below 100 Hz, there is significantly 
different with the vibration characteristics of the 
body, it can be relatively easy to tell the difference 
from the transformer vibration signals. Transformer 
windings, core vibration is closely related with its 
pressing position, displacement and deformation, so 
the tank surface by measuring the vibration signals 
can reflect the status of the transformer windings and 
iron core, windings was monitored whether there is a 
problem of deformation and loose. 

The vibration changes can reflect winding failure 
in (if the windings are close to the natural frequency, 
the transformer vibration has been greatly 
strengthened). Vibration monitoring through the 
transformer core and winding condition is feasible. 

 
 

5. Conclusions 
 
Electrical substation once part of the design 

including the main transformer and the main wiring, 
electrical transformer secondary section includes 
monitoring, control, main protection, transformer 
backup protection. The large transformer substation 
monitoring system has been proposed based on 
vibration program; significantly distinctive feature of 
the system is the bus connection, distributed 
collection. The body vibration are linked with 
winding and core conditions, so the body of the 
transformer vibration signal can be measured by 
vibration sensor and analyzed, windings and core 
operating conditions can be predicted and judged. 
The vibration of the body can be direct measure 
without the embedded vibration sensor, the vibration 
signal measured from sensor only correlated with the 
transformer body in theoretical no longer with the 
noise of the surrounding environment in order to the 
transmit the on-line monitoring and accurate 
information related devices. This approach conducive 
to information focused processing, display, saving 
human resources, while reducing the staff by high 
voltage strong radiation damage and monitoring the 
transformer anomalies line integrated and fault 
information for substation equipment operation to 
provide security. 
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