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Abstract: Transformers are among the majority worthwhile and significant parts associated 
with machinery with high voltages. Transformers that provide electricity ought to undergo 
routine inspections for visible degradation as well as prevent the formation of flaws that could 
eventually result in a major breakdown. By using this expertise to identify these modifications, 
testing instruments have previously shown that response-frequency assessment remains a 
viable approach. Despite our lack of knowledge of the factors that generated the alterations in 
the first place, FRA continues to be utilized up to that point to identify distortion throughout 
these devices by detecting modifications to the response time profile. A while ago, several 
FRA techniques were put into practice globally, mostly toward identifying and diagnosing the 
cause of conversion displacement. However, an expanding investigation is being carried out to 
precisely identify the kind and magnitude of distortion within the transformer's structure 
through examination of its FRA sensitivity profile. To guarantee the correctness of the 
examination of frequencies responsive data, therefore one must review the advice provided 
throughout the who have been freed IEC, IEEE, SPLN, and CIGRE specifications. The 
remainder of this piece discusses an electrical transformer diagnosis technique through cross-
referencing specifications and practical FRA data as well as performing a comparison 
evaluation involving different experimental examples of different natural events. 
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1.  Introduction 
Network operators must ensure that the high-voltage transformers remain in excellent working 

order to maintain the electricity mechanism's reliability. high-voltage conversion devices are 
required to be inspected following an occurrence to determine when significant wear and tear took 
place. Transformer problems may develop from several events, including storms, panel changes, 
seismic events, and short-circuiting contacts [1]. Because coil dislocation with displacement 
contributes to a large percentage of breakdowns associated with electrical Transformers, having an 
accurate strategy for harm diagnosis is necessary. The frequency-dependent reaction Investigation 
approach is widely used because of its superior accuracy in identifying this type of degradation. The 
foundation of FRA involves the theory because variations with the corresponding circuit 
configuration that constitutes the changer, namely within the values of L, C, as well as R, influence 
the electrical frequency sensitivity concerning the converter through mirroring variations within the 
shifting in addition to distortion of the wounds. A common technique for obtaining the range of 
sensitivity includes SFRA. 
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A. Basic SFRA 
Arguably, particularly expensive, and consequential parts of the electricity grid continue to be 

transformers that regulate electricity. The previous SFRA was particularly vulnerable regarding 
testing methods because it could inhibit comparison and therefore cause outcomes of tests to be 
interpreted incorrectly. The necessity for a precise assessment of the facilities’ integrity increases as 
converter squadrons mature. Perhaps the most effective and reliable method for locating strain and 
wiring issues associated with electrical converters is the Sensitivity Investigation. 

Several research projects conducted worldwide utilize various techniques to investigate the ideal 
layouts for the proposed FRA. A while ago, some FRA techniques were successfully put into 
practice globally, mostly enabling the recognition and identification of converter distortion. A range 
of approaches have been proposed subsequently regarding SFRA evaluation, such as using statistics 
as well as specialist views. By combining real value with an established estimation, electrical or 
physical shifts in the core of the magnetic field coil together, et fastening framework may be found. 
Although this initial method usually relies upon judgment as well as knowledge, it is not unbiased 
or transparent. On deciding to consent to the data, the seasoned researcher looks over the whole 
wavelength. His primary focus is on vibration position along with amount.  

 
B. Literature Review 

A previous work [2] analyzed the efficacy of different operating procedures in converter 
diagnosis to determine which one would be more successful. Any technique is applied by the info 
that needs to be extracted out of the converter. A technique used to evaluate the physical condition 
of the winding of the converter as well as the inner is called responsive evaluation. In essence, this 
technique measures the amplitude behavior of the converter core. This is the background of FRA 
testing shown in Figure 1. The graphic illustrates the measuring spectrum, which ranges from 20 Hz 
to 2 MHz the following constitutes the recommended conventional wavelength spectrum, per [2] 
and [3]. The estimated response is a plot of the peak and valley phases of what happens. 

The detected production provides information about the structural makeup of the coil and center. 
The primary reaction might be affected by changes that are made to the components. Consequently, 
the technique of FRA assessment is obtaining two measures (one before the other after), correlating 
them as well, and discovering any variations. A frequent application using FRA in the industry 
involves determining the initial (the beginning) as well as secondary reactions to frequencies before 
as well as following delivering the converter onto the location. A few scenarios when FRA are 
utilized were noted in Referring [2]: (i) transformers relocation or moving; (ii) after an enormous 
through-fault event; (iii) as a reaction to a malfunctioning transformers alarm; and (iv) examination 
of manufacturing shorts. 
 
2. State of Practice 
 A newly developed and practical method has been offered and applied to distinguish and 
distinguish the range with low frequencies of the device output analyses from the middle and upper 
frequencies in the circuit feedback characterization. Transformer coils that have been operating 
unusually are intended to be found via frequency response analysis [3]. It is important to recollect 
that the insulator quality of the transformer is a dynamic factor that varies with its capacity to 
operate and can affect its FRA [4] while conducting a functional reserve assessment (FRA) 
examination to assess a device's technical integrity. Currently, a few specialists are looking at the 
effects of insulator levels. The main problems of the transformer failure stem from the failure of the 
transformer insulation. Therefore, insulation testing and monitoring are very important to ensure the 
operation of the transformers [18]. The degradation of paper is one of the main lifetimes deciding 
factors for transformers and has been studied for several decades [17]. Most of the faults inside the 
transformer occur in its insulation system, which may be damaged due to exposure to thermal, 
mechanical, or electrical stresses [19]. 
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A. Wideband FRA 
Evaluation instrument approaches are utilized to identify alterations or distortions that affect the 

transformer's physical parts, with the value of the core or windings. As demonstrated in Figure 1 [4], 
residuals may modify the SFRA output curve's shape, decreasing the transformer's signal signature's 
credibility. SFRA represents a cross-combined technique consisting of the following commonly 
utilized tackles for assessing the depicts gained from a transformer. A seismic event represents a 
few triggers because there is displacement [1], [9]. Before performing any more assessments, the 
SFRA examination is performed to prevent polarity from being retained in the inner core of the 
transformer due to magnetic absorption following an assortment of magnetic testing. [10, 11]  

 

Figure 1. The region in Frequency Response Analysis 

B. Methodology 
 Sensitivity assessment is regarded as an effective, rapid, inexpensive, and not harmful way of 
discovering winding issues. The notion of a cross-valid simply implies developing an argument 
based on one set of data and testing it with a second. This concept is used to model selection as 
follows. The best optimal procedure for each case is determined via a multidimensional 
examination. This study will look at four different experimental scenarios.  

• Exercise 1: Degradation of fluids 
• Exercise 2: Displacement evaluation scenario 
• Exercise 3: Reestablishing the electrical transformer's basis. 
• Exercise 4: Seismic Investigation 

 
B. Instrument Setup 
 Using the FRA technique to monitor the condition of critical transformers that convert electricity 
in networks for transmission as well as distribution is nothing new. The realization notion of the AC 
resistivity or admittance in each RLC circuit related to frequency seems arguably as old as the 
discipline of electricity design itself. As demonstrated in Figure 2, frequency shift modeling is being 
lauded as an important enhancement in coil condition tracking since it allows for simulated viewing 
of each core inner workings requiring the expenditure of core de-tanking. 

 

Figure 2. Instrument for Frequency Response Analysis 
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3. FRA Specification and Guidelines 
 A signal examination is a standard approach for diagnosing breakdown that rapidly and correctly 
detects transformer electricity coil displacement while preserving results distortion and strong 
reliability. A variety of factors including nature or stimulating strength, frequency response analysis 
is separated into harmonic period response methods and sweep frequency response analysis. The 
sinus response in frequency technique has been used more frequently in China's power sector 
standards and IEC standards. To guarantee the correctness of the frequency responsiveness analysis 
results, it is critical that one stick to the detailed instructions provided in the recently issued IEC, 
IEEE, SPLN, as well as CIGRE specifications [5] - [8]. The current research discusses a method for 
circuit examinations through carrying out comparisons on 4 investigation scenarios connected to 
different physical events while assessing the cross-comparison of criteria of actual real FRA 
conclusions. 
 
A. IEC Guideline 
 To produce SFRA evaluations, IEC Standard: IEC60076-18 Ed. 1 – 201, an inadequate voltage 
for the output around 0.1 V and 10 V usually gets used—sometimes even under difficult situations. 
The broadband range is defined as having an initial design range of -90 dB and a maximum 
configuration range of about +10 dB [5]. Furthermore, it has the advantage of being estimated as the 
minus test range + 20 dB according to experience accumulated throughout the years. Outside 
problems can be reduced by using proper connecting procedures, as demonstrated in Figure 3. The 
IEC 60076-18 guideline [5] details the proposed method for an appropriate and reproducible 
measurement setup. 

 

Figure 3. Instrument Standard IEC  

To get the highest ratio of signals to noise probable, conventional wisdom recommends utilizing 
coaxial tubing has been selected for SFRA tests, but requires being connected by thick, smooth 
metallic braids. As indicated in Figure 3, a grounded system's influence on the SFRA results ought 
to be continually tightly looped onto the bushing's structure. [14] The connecting technique used 
must maintain a substantial degree of precision, particularly within extreme-frequency zones like 
those above 500 kHz [5]. 
 
B. IEEE Guideline 
To better comprehend and evaluate any changes to the FRA response, IEEE C57.149 Guide, it is 
useful to know which elements supervise the different parts and shapes of the response curve. 
Examining the distinct responses of all the components and their mixes will help achieve this. When 
a converter winding acts as an inductor constituent at low frequencies, the end-to-end FRA response 
shows a lowering intensity trend throughout the bandwidth domain and a progressively diminishing 
inclination of near -20 dB each century [6]. At elevated frequencies, where a converter coil acts as a 
sensitive component, the end-to-end FRA signal exhibits a developing strength trend throughout the 
bandwidth spectrum and has a linear decreasing slope of about 20 dB each period, as seen in Figure 
4. [13] As capacitors increase, the magnitude also increases. Smaller adverse response values at 
high levels are frequently observed in power transformers with higher voltages and greater output 
[6]. 
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Figure 4. IEEE bandwidth FRA 

C. DL/T 911-2004 
 Utilizing the spectral sensitivity measurement technique, transformer coil distortion is assessed 
in compliance with the national standard DL/T911-2004 for the electrical power industry. The rate 
response curve of characteristics will exhibit a noticeable shift at low ranges when the winding 
induction fluctuates. For many transformers, the low-frequency band should be very comparable. 
[13] In the event of a disparity, the underlying cause must be found. Evidence of local winding 
deformation, including twisting and hunching, is frequently seen in the measurement of frequency 
noticeable changes in signal locations in the medium-frequency band (100 kHz to 600 kHz). There 
are several distinct variations in the response characteristics curve within this frequency band. The 
noticeable shift in response characteristics measured in high-frequency bands (>600 kHz) indicates 
a change in the capacitance-to-ground of the winding, which may be caused by the movement of the 
leading wire or the entire coil. At higher frequencies, the winding has a larger inductance and a 
smaller capacitance [7], [14]. 
 
D. Technical Standard CIGRE 342 
 According to the one indicated in Table 1, the bandwidth variation in Cigré demonstrates the 
usual variations behavior for modulating the wires with a substantial mixed intermediate Power 
class [8], high electricity (HV), along with low voltages (LV). [12, 16] 
 

Table 1. Standard of CIGRE for Transformer [8] 
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4. Validation of the Findings and Exercise 
A. Exercise 1: Degradation of fluids 
 Water-pollution research circumstances involving an electrical substation. As can be seen in the 
following illustration, the brightly colored experiment represented the updated experiment related to 
the R-N major 150 kV cycle SFRA examination, while the gray assessment represented the test that 
had previously been conducted since the previous year's antecedent to the displacement. The data 
visualization demonstrates how Ring 1's relapse differs significantly among the remainder of the 
bandages. Ring 1's relationship proved to be beneath its 0.95 reliability criterion, suggesting that the 
newly reported outcome was achieved after a loud shift in water pollution. The findings of the S-N, 
as well as T-N open-circulation techniques, were identical and the intensity of the current is 
increasing, as Figures 5 illustrate. 

 
Figure 5. Open-circulation r-n frequency response analysis 

 
 The following result pertained to the open-circulation method supplementary frequency response 
analysis evaluation. The magnitude that corresponds to the latest findings had been claimed after 
liquid contamination differs from the Previous frequency response analysis accomplishments, as 
seen in Table 2. This means that Table subsequently shows the reason for the greater intensity was 
likewise caused by the fluid ingress pollution within the identical range as in the initial period 
experiment. 

Table 2. Exercise I dependency factors. 
R Factor S Factor T Factor 

Stage 1: 1 Stage 1: 1 Stage 1: 1 

Stage 2: 0.9989 Stage 2: 0.9976 Stage 2: 0.999 

Stage 3: 0.9884 Stage 3: 0.9867 Stage 3: 0.9757 

Stage 4: 0.9671 Stage 4: 0.9627 Stage 4: 0.8327 

Stage 5: 0.9858 Stage 5: 0.9853 Stage 5: 0.9904 

   
 Moreover, the relationship between variables in Stage 1 is smaller, below 0.96, suggesting that 
interference is likely to be blamed for the poor performance. The identical result happened through 
the s-n as well as t-n cycles. During the overall R-N SFRA Investigation utilizing that closed-circuit 
technique, the peak magnitude varied about at Stage 4, despite it staying throughout the 
relationship's restriction. The previous Initial outcome appeared in navy, whilst the amended 
outcome after pollution was shown with yellow. Amplification of Stage 4 is now lower, suggesting 
the fact the structure's coil and gripping region were impacted by some liquid incursion pollution. 
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B. Exercise 2: Displacement evaluation scenario 
The second scenario in conjunction with the displacement evaluation scenario depicted in Figure 
6. 

 
Figure 6. Open-circulation R-N frequency response analysis 

Table 3. Exercise II Dependency factors 

R Factor S Factor T Factor 

Stage 1: 1 Stage 1: 1 Stage 1: 1 

Stage 2: 0.9983 Stage 2: 0.9989 Stage 2: 0.9998 

Stage 3: 0.9973 Stage 3: 0.9976 Stage 3: 0.999 

Stage 4: 0.9995 Stage 4: 0.9991 Stage 4: 0.9993 

Stage 5: 0.9691 Stage 5: 0.9845 Stage 5: 0.9959 

 
 Furthermore, the regression coefficient during Stage 1 is smaller, above 0.969, suggesting that 
displacement is probably the cause of the poor performance. The identical result was achieved on 
the s-n as well as t-n cycles. During the R-N SFRA Investigation utilizing the overall closed-circuit 
technique, the peak magnitude varied at about Stage 5, but it stayed over the relationship's 
threshold. As seen in Table 3, the reduction within the intensity of Stage 5 suggests that the 
structure's circulation is being impacted by certain displacement. 
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C. Exercise 3: Reestablishing the electrical transformer's basis. 
 The scenario with the basis of the investigation scenario replaced as well rebuilt is depicted in 
Figure 7. 
 

 
Figure 7. Open-circulation R-N frequency response analysis 

 

Table 4. Exercise III Dependency factors 

R Factor S Factor T Factor 

Stage 1: 1 Stage 1: 1 Stage 1: 1 

Stage 2: 1 Stage 2: 1 Stage 2: 1 

Stage 3: 0.9986 Stage 3: 0.9987 Stage 3: 0.9986 

Stage 4: 0.9998 Stage 4: 0.9999 Stage 4: 0.9998 

Stage 5: 0.9996 Stage 5: 0.9998 Stage 5: 0.9996 

 
 Reestablishing upon a basis is the reason underlying the poor performance, as Table 4 indicates 
that the relationship in Stages 1 and 2 equals 1. The identical result was achieved through the s-n 
along with t-n periods. 
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D. Exercise 4: Seismic Investigation 
This exercise is the scenario alongside the case relating to the seismic investigation, as displayed 

in Figure 8. 

 
Figure 8. Seismic R-N frequency response analysis 

 For pair of stages graphs, within example 4 exhibit a minor change across the middle-frequency 
Stage, with an increase within the R cycle's strength along with a decrease in the transient stage's 
size. 

 
Table 5. Exercise IV dependency factors 

R Factor S Factor T Factor 

Stage 1: 1 Stage 1: 1 Stage 1: 1 

Stage 2: 1 Stage 2: 1 Stage 2: 1 

Stage 3: 0.9366 Stage 3: 0.9320 Stage 3: 0.9375 

Stage 4: 0.8047 Stage 4: 0.8875 Stage 4: 0.8843 

Stage 5: 0.9440 Stage 5: 0.9461 Stage 5: 0.9431 

 
 Remodeling from the base remains the reason for the poor performance, as Table 5's relationship 
during Stage 1 equals 1. The identical result was achieved throughout the s-n as well as t-n cycles. 
By the overall R-N SFRA Investigation utilizing the overall closed-circuit technique, the peak value 
varied about at Stage 4, despite nevertheless staying throughout the relationship's restriction. Any 
among plate defect may be recognized through a rise in the reactivity curve's height. Shorting is a 
breakdown and extra friction may result in adjustments to the orientation of the plate spaces. 
Nevertheless, a decrease throughout the resultant curve's strength indicates the existence of 
electrical leak flows, such may have been brought through the deterioration of the substance with 
fluid, earth protection deterioration, or a significant amount of humidity inside the wire. 
 
5. Conclusion 
 In this study, a strategy for determining the best criterion along with the procedure for assessing 
a power transformer's operational consistency was presented, along with feedback characterization 
from the various standards. Although it's several SFRA measurement methods offered, researchers 
need to proceed with beware when performing the measurement considering several issues, the 
most significant of which relates to the inner magnetization influence. When measuring through an 
open loop, the ripple effect of the coil inductor is less pronounced during the lower frequencies 
range compared to the value of the inner inductor. Up to 2 KHz is the frequency range of the effect. 
Thus, demonstrated by the previously mentioned instance, the inner magnetization phenomenon 
might cause us to receive replies regarding damaged transformers even when the device itself is in 
fine condition. This article discusses a transformer test technique by cross-referencing guidelines 
and practical Assessment information as well as carrying out a comparison examination involving 4 
experimental examples of different natural events. According to the findings of the review, the 
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diagnostic methods developed by IEEE along with IEC contain a highly precise measurement of the 
real state. 
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