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Abstract— This paper presents review on frequency 

response analysis method for transformer fault detection. A 

transformer is a vital component in any power system 

network and its failure may cause disturbance in the proper 

operation of electrical power system network. Therefore, it 

requires continuous monitoring and diagnostics of its 

operation. This paper has presented the frequency response 

analysis method for measurement of internal winding fault 

detection in transformers.  This paper also reviews on their 

advantages and limitations of FRA method for power 

transformer. This highlights a further scope in providing a 

foundation for engineers for monitoring and diagnostic of 

the internal winding faults by FRA method.                                         
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I. INTRODUCTION 

MECHANICAL faults in transformers can pose a great 

threat to electric power system. There are many conditions 

when transformers can fail mechanically. Inter-turn short 

circuit, axial displacement of windings, forced buckling, 

disk to ground faults, leakage faults, axial bending are some 

of such catastrophic events.  Short circuit events in 

transformer windings generate strong electromagnetic 

forces, namely, radial and axial forces. These forces may 

cause buckling of conductors, winding displacements, 

stretching of conductors, which further lead to failure of 

transformers. Hence, monitoring health of transformers 

regularly becomes indispensable for uninterrupted and cost 

effective operation of power systems. Frequency Response 

Analysis (FRA) is a tool for monitoring of transformers. 

Frequency response analysis is a potent method to diagnose 

mechanical faults at an initial level thereby, preventing 

transformer from complete breakdown. This technique uses 

the frequency range of 20 Hz – 2 MHz for analyzing the 

response curve of transformers for detail inspection of 

faults. However, a main disadvantage of frequency response 

analysis technique is that deduction of transient response 

from knowledge of frequency response is not always easy. 

FRA is an omnipotent technique that visualizes the transfer 

function of transformers to inspect their mechanical health 

by analyzing their cores and windings. A range of research 

activities have been undertaken to utilize FRA in the 

development of suitable lumped parameter mathematical 

models of transformer windings [1]–[6]. The whole 

technique of FRA is based on comparisons which are 

typically taken in three manners:  

1) Time based comparison: Current condition is compared 

with previous condition of same transformer. 

2) Type based comparison: Conditions of two equal 

transformers are compared. 

3) Phase comparison: Condition of one phase is compared 

with that of other phase of the same transformer 

Fig 1: Three Phase Auto GSU Transformer Being Prepared for an FRA Test 
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II. FREQUENCY RESPONSE MEASUREMENTS  

FRA measurement has been perform on transformer s 

shown in fig (1).Frequency Response Analysis (FRA) is a 

powerful method for characterizing a system by analyzing 

its frequency response, which is uniquely defined by the 

system parameters; this means that FRA can be used to 

either design a system or to analyze an existing one. It is the 

phase and magnitude response of a system when subjected 

to sinusoidal inputs, and it has become a popular method for 

evaluating the mechanical condition of the windings and the 

clamping structure of power transformers [7]-[8]. The first 

technical work describing the possibility of using frequency 

response analysis technique for diagnosing mechanical 

faults inside power transformers was published by Dick and 

Erven in 1978. Since then, FRA has been gaining popularity 

among researchers and utilities as a potential method to 

detect mechanical integrity of power transformers.  

The frequency range for FRA is generally from 10 

Hz to some 10 MHz and the evaluation is based on the fact 

that the frequency response of a transformer is defined by its 

capacitance and inductance distributions, which are 

determined by the geometrical construction of the 

transformer and characteristics of materials used. Therefore, 

mechanical deformations change the capacitive and 

inductive parameters, yielding deviations in the FRA 

spectrum [9]-[10]. This means that FRA is basically a 

comparative method, in which a fingerprint measurement 

taken at an earlier stage is compared with a measurement 

taken at a later stage, perhaps after relocation or during a 

maintenance operation. Then the changes in characteristics 

of the response are analyzed to detect mechanical changes 

inside the transformer.  

Frequency response can either be measured directly 

by sweeping the frequency (sweep frequency method) or be 

estimated from impulse response measurements. Both 

methods have advantages and disadvantages. For example, 

the impulse response method needs less measuring time, but 

it is very noise sensitive. On the other hand, the frequency 

sweep method takes a little longer time for the 

measurements, but it is not so noise sensitive. Measurement 

setup of FRA for power transformer shown in fig (2). 

Fig. 2: FRA measurement setup 

III. DIAGNOSING MECHANICAL FAULTS IN A TRANSFORMER 

WITH THE HELP OF FRA 

It is generally said that FRA has the capability of identifying 

faults of the types: core movement, winding deformation, 

winding movement, broken or loose winding or clamping 

structure, partial collapse of the winding and short-circuited 

turns or open circuit windings. Interpretation of FRA results, 

used for detecting mechanical changes inside a transformer, 

has neither been standardized nor fully agreed among 

researchers yet. Therefore, one may find several different 

types of transfer functions (in-impedance, transfer-

impedance, voltage transfer ratio, etc.), different 

measurement techniques and different ways of interpreting 

FRA results [11]-[12]. But as mentioned before, FRA is 

essentially a comparative method and therefore, a 

fingerprint response measurement of the same transformer 

which is going to be diagnosed or a sister unit should be 

available for comparison with the present measurement. 

When the measurement is compared with the reference set, 

then the changes in the frequency response which could be 

identified as mechanical faults are as follows: 

- Abnormal shifts in the existing resonances. 

- Emergence of new resonances or evaporation of the 

existing resonances. 

- Considerable changes in the overall shape of the 

frequency response. 

By the comparison of the new and the old 

measurements, an expert can identify possible faults. 

A. FRA Sensitivities  

Quantified sensitivities of FRA are rarely published. Most of 

the publications that report successful detection using FRA 

do not include sensitivity-investigations since these are tests 

on service-damaged windings. It is therefore necessary to 

involve laboratory experiments or detailed modeling in 

order to establish guidelines for sensitivity. FRA method has 

been led to some preliminary guidelines regarding the 

sensitivity to radial deformations and axial displacement. 

For the test-object used for this work, the sensitivity limit 

for axial displacement is about the same as the available 

space for displacement if the end-support collapses. In other 
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cases the available space might be too small. This space 

depends on the voltage level used (insulating level needed 

from winding to yoke). Modern transformers are not likely 

to experience such faults since end-support is constructed in 

a way that does not allow a collapse. Earlier can designs 

may experience such collapses. The sensitivity limit is found 

to be 1,2% of the axial height. Frequency response 

sensitivity has been divided into 4 different regions as 

shown in the fig (3). Those regions are associated with 

different frequency band for diagnosing, type of fault in the 

power transformer. Table 1 shows that faults and frequency 

band for FRA method with their failure sensitivity in the 

power transformer.  

Fig. 3: Frequency analysis bands for power transformer 

Region 

 

Frequency 

sub band 
Component 

Failure 

sensitivity 

1 
<2 kHz 

 

Main core bulk 

and winding 

inductance 

 

Core 

deformation, 

open circuits, 

shorted turns and 

residual 

magnetism 

2 

2 kHz to 20 

kHz 

 

Bulk 

component and 

shunt 

impedances 

Bulk winding 

movement 

between 

windings and 

clamping 

structure 

3 

20 kHz to 

400 kHz 

 

Main windings 

 

Deformation 

within the main 

or top windings 

4 

400 kHz to 

1 MHz 

 

Main 

windings, top 

windings and 

internal leads 

 

Movement of the 

main & top 

winding, ground 

impedance 

variations 

Table 1: Frequency sub-band sensitivity. 

IV. TRANSFORMER CORE PARAMETER IDENTIFICATION 

USING FREQUENCY RESPONSE ANALYSIS BY GENETIC 

ALGORITHM 2010 

We present a novel model-based approach for parameter 

identification of a laminated core, such as magnetic 

permeability and electrical conductivity, of power 

transformers on the basis of frequency response analysis 

(FRA) measurements [4]. The method establishes a 

transformer core model using the duality principle between 

magnetic and electrical circuits for parameter identification 

with genetic algorithms. We use reference input impedance 

frequency responses, calculated by a well-known lumped 

parameter model of a three-phase transformer and finite-

element computations, to analyze identification accuracy of 

the method. The results verify the ability of the approach to 

accurately identify the core lamination parameters with 

respect to the reference values. The approach can be used 

for parameter identification of a demagnetized core with 

known geometrical parameters when the core lamination 

samples are unavailable for experimental tests. The 

approach can also be employed for transformer core 

modeling and FRA result interpretation at low frequencies. 

V. CONSTRUCTION OF EQUIVALENT CIRCUIT OF A SINGLE 

AND ISOLATED TRANSFORMER WINDING FROM FRA DATA 

USING THE ABC ALGORITHM 2012 

This paper reports the results of employing an artificial bee 

colony search algorithm for synthesizing a mutually coupled 

lumped-parameter ladder-network representation of a 

transformer winding, starting from its measured magnitude 

frequency response [3]. The existing bee colony algorithm is 

suitably adopted by appropriately defining constraints, 

inequalities, and bounds to restrict the search space and 

thereby ensure synthesis of a nearly unique ladder network 

corresponding to each frequency response. Ensuring near-

uniqueness while constructing the reference circuit (i.e., 

representation of healthy winding) is the objective. 

Furthermore, the synthesized circuits must exhibit physical 

realizability. The proposed method is easy to implement, 

time efficient, and problems associated with the supply of 

initial guess in existing methods are circumvented. 

Experimental results are reported on two types of actual, 

single, and isolated transformer windings (continuous disc 

and interleaved disc). 

VI. CIRCUIT MODEL OF TRANSFORMERS WINDINGS USING 

VECTOR FITTING, FOR FREQUENCY RESPONSE ANALYSIS (FRA) 

PART II: CORE INFLUENCE 2013 

In this work the voltage distribution in transformers 

windings is calculated using equivalent circuit with 

constants elements that are able to model the frequency 

dependence [2]. FEM is used to estimate resistances and 
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inductances of equivalent circuit in relation with frequency. 

The behavior of R and L are approximate to rational 

functions with Vector Fitting algorithm with the aim of 

determinate the elements of the equivalent circuit. For 

represent the core is used complex permeability that helps to 

reduce the simulation complexity. 

VII. TRANSFORMER FREQUENCY RESPONSE ANALYSIS: 

MATHEMATICAL AND PRACTICAL APPROACH TO INTERPRET 

MID-FREQUENCY OSCILLATIONS 2013 

Frequency Response Analysis (FRA) has been utilized as an 

off-line diagnosis test since last decade to investigate 

mechanical integrity of transformer. FRA data typically 

reports as a spectrum in Bode diagram over determined 

frequency band [1]. To evaluate FRA data, determined 

frequency band may be conveniently divided into three 

bands, namely low-, medium- and high- frequency bands. It 

is well-known low-frequency band dominated by core, mid-

frequency region dominated by winding structure and high-

frequency band influenced by measurement connection 

leads. This study has concentrated on mid frequency 

oscillations of transformer winding frequency response 

spectrum presented in Bode diagram. Mathematical 

approach using travelling wave theory is employed to 

explore frequency response trace behavior. Practical studies 

on a prepared glassy transformer as well as two 66 kV, 25 

MVA continuous and interleaved disc windings have been 

performed to validate mathematical calculation. In addition, 

two 245 kV, 45 MVA and 66 MVA power transformers 

have been examined to study mid-frequency oscillations and 

compare the result with mathematical evaluation. 

VIII. LIMITATIONS IN FRA APPLICATION 

There are several limitations of using FRA to detect minor 

damages. Inter turn and short circuits create additional 

losses in the winding since it results in circulating currents 

[11]. Detection of such faults is reported in literature, but in 

practice the changes are smaller than inaccuracies of the 

measurements. FRA could be an alternative since 

interpretation is much easier. Axial bending is a minor 

deformation but very common when deformations start to 

occur. This deformation is a result of excessive axial short-

circuits forces and occurs usually at the ends of the winding. 

In order to detect such local deformations, the increase in 

series capacitance must be large. Since most windings have 

reinforced insulation at the winding ends, the available 

space for deformation is less than what is required to detect 

it As stated earlier in this work, the free buckling mode 

results in less changes than the forced mode, and this results 

in a lower sensitivity to the free mode buckling. When 

fingerprint measurements are not available, interphase 

comparison is necessary. This is straight forward for Y-

connected windings, but for delta and zig-zag-windings the 

symmetry is broken if the windings cannot be opened. 

IX. MEASUREMENT ACCURACY AND ERRORS 

The accuracy of the FRA method is confined to the accuracy 

of the measurement setup. Since the method usually will be 

applied to transformers in the field (during revisions), noise 

must be expected since large currents, high voltages and 

partial discharges are usually present to a certain extent in 

substations. This limits the dynamic range (increases noise 

floor) of the method In addition the measurement setup 

influences the measurements. If the setup is made 

completely equal each time, a good sensitivity can be 

expected.  The upper usable frequency depends on the 

voltage level for the transformer, since the length of the 

measurement leads will depend on the length of the 

bushings. 

X. THE FREQUENCY RESPONSE ANALYSIS METHOD (FRA) 

HAS THE FOLLOWING MAIN DISADVANTAGES 

1) Only one measurement can be made at a time. 

Simultaneous determination of more than one transfer 

function is not possible.  

2) The time taken to make each measurement is typically 

several minutes. 

A. The Frequency Response Analysis Method (FRA) Has 

the Following Main Advantages 

1) High signal to noise ratio, this comes from using the 

filtering function of the network analyzer to remove 

broadband noise. 

2) A very wide range of frequencies can be scanned. 

3) It is possible to use a finer frequency resolution at low 

frequencies. Alternatively, the frequency Resolution 

can be adapted to the frequency band being measured. 

XI. CONCLUSION 

This paper gives an overview of the literature regarding 

frequency response analysis method. It was observed 

through the literature that the frequency response method 

plays an important role in transformer fault analysis. This 

study has presented a critical review of various existing 

models and optimization methods applied to the transformer 

fault analysis by FRA test. The future work includes 

different faulty condition analysis in the transformer 

winding with frequency response analysis (FRA) method. 

FRA is a strong and sensitive technique that investigates 

about the mechanical health of transformer windings and 

core over a wide frequency range. Faults can be detected at 

initial levels and hence, complete breakdown of transformer 

can be prevented, thus, saving extra capital and maintaining 

the flow of power in electrical networks. 
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