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Abstract: The sweep frequency response analysis is extensively used technique for detect hidden fault and 

condition monitoring of power transformer. The operation is carried out by supply a low voltage signal of 
varying frequencies to the transformer windings and measuring both the input and output signals. These two 

signals give the required response of the ratio is called the transfer function of the transformer from which both 

the magnitude and phase can be obtained. Frequency response is change as measured by SFRA techniques may 

indicate a physical change inside the transformer, and then causes of fault identified and investigation is 

required for root cause analysis. 
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I. Introduction 
This work proposes to detect short-circuit faults between two turns in a winding of a transformer & 

mechanical displacement. The transformer is considered to be a complex network of RLC components. Any 

form of physical damage to the transformer results in the changes of this RLC network. These changes are what 

we are looking for and employ frequency response to highlight these small changes in the RLC network within 

the transformer. For different frequencies of the RLC network offers different impedance paths. Hence, the 

transfer function at each frequency is a measure of the effective impedance of the RLC network of the 

transformer. Any geometrical deformation changes in the RLC network, which in turn changes the transfer 

function at different frequencies and hence highlights the area of concern Power transformers are the most 

expensive and important component in a high voltage electric power system. It is one of essential elements and a 

failure of transformer can cause serious problems in electric utility operation.   [11]. 

 

II. Sweep Frequency Response Analyzer 
The SFRA consist of measuring the impedance of a transformer winding over a wide range of 

frequencies & comparing the results with a reference set. SFRA is non-destructive test, Off-Line testing and it 

can be carried out for any voltage rating of Power Transformer. The measurement of SFRA can be a part of 

regular transformer maintenance. The SFRA Analyzer detects the following fault in the power transformer 

before break down occur. 

1. Displacement of Core 

2. Deformation and displacement of winding  

3. Faulty core ground  

4. Partial winding collapse  
5. Hoop Buckling  

6. Broken or loosened clamping structures  

7. Shorted turns and open winding.  

 

The technique of SFRA is a major advance in transformer condition analysis. This is a tested technique 

for obtain precise and repeatable measurements. 

 

The test can be carried out, 

1. First to obtain initial signature of the transformer sweep frequency response as a record for the future 

reference      comparison.  

2. Periodical measurement as a maintenance check, once in two years.  
3. Immediately after a major external shortcuts, especially for faults electrically closer to transformer.  

4. Transportation or re-location of transformer.  

5. Earthquakes.  

6. Pre-commissioning check.[1]  
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III. Sweep Frequency Response Test 
In the most of the commercial sweep frequency response measuring instruments, the measuring task is 

performed in terms of magnitude (20×log (V2/V1)). The meters are also capable of measuring corresponding 

phase and impedance magnitudes. The angle between the output voltage V2 and the input 

 

Voltage V1    is   indicated by „the phase measurement.   

 
Fig. (1): A typical SFRA test connection 

 

Commercial FR instruments have three leads i.e. source, reference and measure (Fig. 1). The source 

and reference terminals are connected to the input end while the measure terminal is connected to the output 

end. In typical three phase transformers, there are high voltage (HV), low voltage (LV) and tertiary windings, 
and hence numerous FR connections are possible. Major kinds of FR connections are discussed in  [3, 5], which 

include end-to-end connections and inter-winding connections. A typical pattern is observed for each test 

connection. Test instruments have an alternating voltage source, capable of supplying a sweep frequency in the 

range of 20 Hz to 5 MHz, with voltage magnitude between 2 V to 24 V. The measurement procedures and 

precautions to be taken are well documented in  [6, 7]. 

 

IV. Discussion On Typical Natures Of Sfra Plots Of Various Types Of Connection 
The end-to-end SFRA connection is one of the most commonly used connections of the SFRA test. It 

has two versions, i.e. end-to-end open circuit (the secondary winding kept open-circuited) and end-to-end short 

circuit (the secondary winding kept short-circuited). The intention of the end-to-end open circuit connection is 
specifically to check core health in addition to health of windings. A typical end-to-end open circuit SFRA 

graph for a star-connected LV winding is shown in Fig. 2. The low-frequency region (up to 10 kHz) has one 

dominant valley which is due to of resonance between the core-dominated inductance and the winding 

capacitance. The initial downward trend is governed by the inductance while the upward trend in the curve is 

dominated by the winding capacitance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): End-to-end open circuit frequency response for a 10 MVA transformer 



SFRA, Detect of Winding Deformation in Power Transformer 

DOI: 10.9790/1676-09645357                                        www.iosrjournals.org                                         55 | Page 

Initially, at low frequencies the amount of flux is substantial in the core; this is responsible for higher 

values of the inductance and the corresponding influence of the core on the curve. As the frequency increases, 

the amount of flux in the core reduces for the same magnitude of the input voltage. At the resonance point the 
value of the inductive reactance becomes equal to that of the capacitive reactance, and thereafter the capacitive 

reactance becomes dominant. Thus, the position of the first valley in the case of the end-to-end open circuit 

SFRA connection is decided by the size of the core, the amount of excitation and the winding capacitance. The 

first valley point is due to parallel resonance between the core influenced inductance and the winding 

capacitance. In mid- and high-frequency regions the curve has many resonance points indicating series as well 

as parallel resonances between inductances and capacitances. Peaks are due to series resonances while valley 

points represent parallel resonances. A downward movement of the curve indicates an inductive behavior while 

an upward movement shows a capacitive behavior. 

For HV and LV windings, the patterns of the SFRA curves are different. LV windings have smaller 

bushings (low capacitances) and lesser number of turns (low inductances) while HV windings have larger 

bushings (high capacitances) and more number of turns (higher inductances). This constructional difference is 
responsible for larger HV winding impedance compared to that of the LV winding. Thus, the LV winding‟s 

SFRA remains above that of the H curve. The de facto convention for the SFRA curve is: the lower the curve 

the higher is the impedance of the winding. In the case of the end-to-end open-circuit test condition for a star-

connected LV winding, the curve generally starts between –10 dB to –30 dB and usually its movement remains 

between 0 to –60 dB. The designed impedance of the LV winding is lower than that of the HV winding in a 

transformer. Thus the voltage drop across the windings, while testing, is lower in the case of the LV winding. 

Hence, the LV winding SFRA curve has higher values of dB compared to the HV curve winding. The HV    

winding‟s SFRA generally ranges from –40 dB to –60 dB depending upon the rating and impedance of the 

transformer 

For an end-to-end open circuit case, a star-connection involves a single winding while testing it, and 

hence the curve indicates a true picture of the winding as shown in Fig. 2. When the winding is connected in 

delta and a test signal is applied to one of the windings, the other two windings form a series connection 
internally and the combination comes in parallel with the winding under test. Thus the shape of the curve is 

different for delta-connected windings, since the test connection involves a series-parallel combination of the 

windings, as shown in Fig. 3. Another important observation for delta-connected windings in the low frequency 

region is that a dominant peak is observed (encircled). End phase responses R- and B-phases indicate slightly 

bumpier responses in the encircled region while the center phase (Y-phase) is observed to give a deep valley. 

The probable reason for the phenomenon is: the inductances and capacitances of the end phase are smaller than 

those of the center phase due to their constructional difference. 

 

 
Fig. (3): SFRA of a 10 MVA, 66kV/11kV two winding transformer 

 
Thus, the effective impedances for end phases remain a little lower than those of the center phase in the 

encircled region. This also depends on the kind of magnetism stored on each limb. 

In the end-to-end short circuit connection, for a delta-connected HV winding with the LV winding 

short-circuited (as shown in Fig. 3), the initial valley is missing as the secondary is short-circuited, which 

eliminates the presence of the core for the test instrument. This connection is specifically used to check the 

leakage inductance along w health. The mid- and high-frequency regions of the curve should be identical to 

those corresponding to the end-to-end open circuit connection. 
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V. Sfra Of On Auto Transformer 
Generally, very large power transformers are auto transformers. In the case of an auto transformer, the 

pattern of an LV to HV end-to-end FR is shown in Fig. 4, where both windings are star-connected. 

 

 
Fig. (4): SFR of B-phase for a 40 MVA auto transformer 

 

In an auto transformer, the leakage field associated with the LV winding is lower than that of the HV 

winding. Its FR is a few dBs above than that of the HV winding, and has a similar shape. The end-to-end FR of 
the HV winding, with the LV winding kept short-circuited will have no first dominant valley because of 

presence the short-circuited winding. The HV-LV FR has a very different shape compared to that of a two-

winding power transformer, as this connection takes the FR of the series HV winding of the auto transformer, 

which is not common between them, and hence the FR contains a first valley influenced by the core. 

 

VI. Discuss What If The Curve Is Deviating From Its Typical Shape? 
A practicing engineer, who has an expertise in the measurement of FR curves, normally expects typical 

shapes depending upon the type of the test connection. In the event of any abnormality or fault, the curve will 

deviate significantly from its typical shape. Under such circumstances, there is no need to compare it with its 
fingerprint curve, and the abnormal shape is good enough to suspect abnormality. Fig. 5 shows such a case 

which is a frequency response curve for a 5 MVA, 66 kV/11.55 kV transformer for an LV end-to-end open 

circuit connection. The shape is appreciably different from the one in Fig. 2. Thus, this is a clear case of 

abnormality. When the transformer was opened, a fault (short-circuit) was observed between the LV winding 

and the core. As explained in a previous section, a resistance creates a damping effect and tries to flatten the 

curve. The flat responses for two of the phases indicate the involvement of some resistance (may be ground 

resistance) in the circuit, which has forced the curve to be flat for the low-frequency region. In the mid-and 

high-frequency regions the curve has shown typical normal patterns 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (5): SFR for a 5 MVA transformer with a fault condition 
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VII. Sequence Of Test Procedure 
Practicing engineers; who often do FR measurements, very well know the effect of stored magnetism 

in the core in the low-frequency region. The switching-off instant for a transformer cannot be easily controlled 

and hence the amount of stored magnetism in the core may have different values at different times. Ideally, the 

SFRA measurement should be done by allowing the residual magnetism to decay down to a negligible value. 

This may require a long time, which may not be acceptable in practice. Another alternative is to remove the 

residual flux by some kind of short-circuit test, e.g. if the end-to-end short circuit test is done first, it will wipe 

out the flux from the core and the next FRA tests would be free from the effect of stored magnetism. Secondly, 

while doing a number of maintenance tests like turns ratio tests, low voltage open circuit and short circuit tests, 

magnetic balance tests, and M5100 tests, the SFRA test should be done just after the alternating voltage tests. 

Tests like the M5100 test and the winding resistance test, which invariably require a DC supply, may result in 

DC magnetization of the core, which may affect the low-frequency region of the FR curve. 
 

By comparing future traces with baseline traces, the following can be noted.[8] 
Comparison Of Future Traces With Base Line Traces Nature Of Problem /Fault 

The Traces Will Change Shape And Be Distorted In The Low 

Frequency Range (Under 5,000 Hz) 

Core Problem 

The Traces Will Be Distorted And Change Shape In Higher 

Frequencies (Above10,000 Hz) 

Winding Problem 

Changes Of Less Than 3decibels (Db) Compared To Baseline Traces. Normal And Within Tolerances. 

From 5 Hz To 2 Khz Changes Of +/- 3 Db (Or More) Shorted Turns, Open Circuit, Residual 

Magnetism, Or Core Movement. 

From 50 Hz To 20 Khz Changes Of +/- 3 Db (Or More) Bulk Movement Of Windings Relative 

To Each Other. 

From 500 Hz To 2 Mhz Changes Of +/- 3 Db (Or More) Deformation Within A Winding. 

From 25 Hz To 10 Mhz Changes Of +/- 3 Db (Or More) Problems With Winding Leads And/Or 

Test Leads Placement. 

 

VIII. Conclusion 
This paper has outlined the basic theory of SFRA. Basic circuit diagram for test connection are 

explained the typical shape of end to end SFRA connections for an open as well as a short circuited condition, 

SFRA trends in HP and LV windings and in Star-Delta windings and the nature of the SFRA in auto transformer 

are discussed. These discussions are expected to help practicing engineers in doing better diagnostics.   
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