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Main symbols and notations used in this study are listed below. Sometimes a symbol may have 

alternate meaning but in such a case; the context is sufficient to avoid confusion. ail, bil, cil, dil, eil 

represent cost coefficients of the ith thermal unit. 
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The failure of a 12.5 MVA power transformer can have significant implications for power systems, 

impacting reliability and efficiency. This study investigates the common causes and diagnostic 

methods associated with such failures. Key factors contributing to transformer failure include 

insulation breakdown, mechanical issues, thermal problems, and electrical disturbances. Advanced 

diagnostic techniques such as Dissolved Gas Analysis (DGA), Sweep Frequency Response 

Analysis (SFRA), and Partial Discharge (PD) testing are utilized to identify and analyze the root 

causes. The role of maintenance practices, design flaws, and operational stresses is also examined. 

Through case studies and data analysis, the research highlights the importance of proactive 

monitoring and timely interventions to extend the lifespan and performance of power 

transformers. Recommendations for improving diagnostic accuracy and enhancing transformer 

reliability are provided to mitigate the risks associated with transformer failures in power 

systems. The Study presented in this work is based on the failure of a 12.5 MVA power 

transformer in the Thapar grid. A detailed investigation of the failure, possible causes, relevant 

data, etc, are presented. 

ABSTRACT 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

    1.1   BACKGROUND OF POWER TRANSFORMERS  

The 12.5 MVA (Mega Volt-Ampere) power transformer plays a crucial role in the power grid, serv- 

ing as a vital component in the transmission and distribution of electrical energy[1]. Here are 

some key points highlighting its importance and role: 
 

FIG.1.1: GRID OVERVIEW 

 
1.1.1 VOLTAGE TRANSFORMATION 

Primary Function: The primary function of a power transformer is to step up or step down volt- 

age levels. In the case of a 12.5 MVA transformer with a 66/11 kV rating, it steps down high volt- 

age (66 kV) from the transmission lines to a lower voltage (11 kV) suitable for distribution. 

Efficiency in Power Distribution: This transformation is essential for efficient power distribu- 

tion, as high voltage transmission reduces energy losses over long distances. 

 

1.1.2 LOAD MANAGEMENT 

Capacity Handling: A 12.5 MVA transformer is capable of handling significant electrical loads, 

making it suitable for industrial applications, large commercial complexes, and urban distribution 

networks. 
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Balancing Load: It helps in balancing the load across different parts of the grid, ensuring stable 

and reliable power supply. 

1.1.3 SAFETY AND PROTECTION 

Isolation and Protection: Transformers provide electrical isolation between different parts of the 

power system, which is critical for protecting equipment and ensuring safety. 

Voltage Regulation: By maintaining the proper voltage levels, transformers protect sensitive elec- 

tronic equipment and appliances from voltage fluctuations. 

 

1.1.4 INTEGRATION INTO THE POWER GRID 

Substation Role: In substations, 12.5 MVA transformers are often used to connect the transmis- 

sion network with the distribution network. They act as a link between the high-voltage transmis- 

sion lines and the medium-voltage distribution systems. 

Grid Stability: By regulating the voltage and managing power flow, these transformers contribute 

to the overall stability and reliability of the power grid. 

 

FIG.1.2: CT/PT MOUNTING ARRANGEMENT 

 
1.1.5 ECONOMIC CONSIDERATIONS 

Cost Efficiency: Efficient voltage transformation reduces energy losses, thereby lowering opera- 

tional costs for utilities and consumers. 
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Infrastructure Investment: As a critical component of the electrical infrastructure, transformers 

represent a significant investment, making their reliability and efficiency crucial for economic 

stability. 

 

1.1.6 ADAPTABILITY AND FLEXIBILITY 

Supporting Renewable Energy Integration: Transformers are essential for integrating renew- 

able energy sources like wind and solar into the grid, which often generate power at different volt- 

age levels. 

Scalability: The 12.5 MVA rating provides flexibility for future load growth, allowing the power 

grid to adapt to increasing demand. 

 

1.1.7 ENVIRONMENTAL AND REGULATORY COMPLIANCE 

Energy Efficiency Standards: Modern transformers are designed to meet stringent energy effi- 

ciency standards, reducing losses and minimizing environmental impact. 

Compliance with Safety Regulations: Transformers must comply with safety and operational 

regulations, ensuring that they operate reliably and safely within the power grid. 

 
    1.2   OVERVIEW OF TRANSFORMER SPECIFICATIONS  

 

FIG.1.3: SLD OF 66/11 KV GRID 
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1.2.1 POWER RATING 

12.5 MVA: The transformer has a power rating of 12.5 MVA (Mega Volt-Ampere), indicating the 

maximum amount of apparent power it can handle. This rating is crucial for determining the trans- 

former’s capacity to support electrical loads. 

 
1.2.2 VOLTAGE LEVELS 

Primary Voltage (High Voltage Side): 66 kV (Kilovolts) 

The primary winding of the transformer is connected to the high-voltage transmission network. 

This high voltage is typically used for transmitting electricity over long distances with minimal 

energy losses. 

Secondary Voltage (Low Voltage Side): 11 kV (Kilovolts) 

The secondary winding is connected to the distribution network, stepping down the voltage to 11 

kV. This lower voltage is suitable for local distribution to industrial, commercial, and residential 

areas. 

 

1.2.3 COOLING METHOD 

Oil-Immersed Cooling: Most 12.5 MVA transformers use an oil-immersed cooling system. The 

oil serves as both a coolant and an insulator, dissipating heat generated by the transformer’s opera- 

tion and maintaining electrical insulation between the windings and the core. 

ONAN/ONAF (Oil Natural Air Natural/Oil Natural Air Forced): These are typical cooling 

modes, where ONAN uses natural convection of oil and air, and ONAF includes forced air cooling 

for enhanced heat dissipation. 

 

1.2.4 CORE AND WINDINGS 

Core Material: The core is typically made of high-grade silicon steel laminations to minimize 

energy losses due to hysteresis and eddy currents. 

Windings: The primary and secondary windings are made of high-conductivity copper or alu- 

minum, carefully insulated to prevent short circuits and to manage the thermal stresses during 

operation. 

 

1.2.5 IMPEDANCE AND LOSSES 

Impedance: The percentage impedance of the transformer defines its voltage drop and fault cur- 

rent level. It is a critical parameter for system stability and protection coordination. 
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Losses: Transformers experience two main types of losses: core losses (due to magnetizing the 

core) and copper losses (due to the resistance of the windings). The design aims to minimize these 

losses to improve efficiency. 

 

1.2.6 TAPPING RANGE AND TAP CHANGER 

Tap Changer: Transformers may include an on-load or off-load tap changer to adjust the voltage 

ratio, allowing fine control of the output voltage to match the requirements of the load or compen- 

sate for voltage drops in the system. 

Tapping Range: The range of voltage adjustment, typically +/- 10%, allows the transformer to 

accommodate voltage variations in the supply or demand. 

 

1.2.7 PROTECTION AND MONITORING 

Buchholz Relay: A protective device used in oil-immersed transformers to detect gas accumula- 

tion, indicating potential faults like insulation breakdown or oil leakage. 

Temperature Monitoring: Thermometers and sensors monitor the transformer’s temperature to 

prevent overheating and ensure safe operation. 

Overcurrent and Differential Protection: These protection systems safeguard the transformer 

from faults and abnormal operating conditions. 
 

FIG.1.4: PROTECTION RELAY 
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FIG.1.5: CONTROL AND RELAY PANEL 

 

 

1.2.8 INSULATION AND DIELECTRIC STRENGTH 

Insulation System: The transformer uses high-quality insulation materials to withstand electrical 

stresses and ensure long-term reliability. 

Dielectric Strength: The insulation’s ability to withstand high voltage without breaking down is a 

critical parameter for the transformer’s performance and safety. 
 

FIG.1.6:   TRANSFORMER OIL 
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    1.3     PURPOSE OF THE THESIS  

The primary purpose of this thesis is to identify and analyze the root causes of failures in 12.5 

MVA (66/11 kV) power transformers. Understanding these failures is crucial for improving the 

reliability and efficiency of power transmission and distribution systems. This analysis aims to: 

 
1.3.1 ENHANCE RELIABILITY AND LONGEVITY 

Identify Common Failure Modes: By examining historical data and case studies, the thesis seeks 

to identify the most common types of failures, such as insulation breakdowns, winding short cir- 

cuits, and overheating[2]. 

Analyze Contributing Factors: Investigate various factors contributing to these failures, includ- 

ing design flaws, manufacturing defects, improper installation, inadequate maintenance, and oper- 

ational stresses. 

 

1.3.2 IMPROVE MAINTENANCE STRATEGIES 

Develop Predictive Maintenance Protocols: Utilize findings to propose predictive maintenance 

strategies that can detect potential issues before they lead to significant failures. 

Optimize Maintenance Schedules: Determine optimal maintenance intervals and procedures 

based on the identified root causes, thus reducing unexpected downtimes and repair costs. 

 

1.3.3 ENHANCE SAFETY AND EFFICIENCY 

Mitigate Risks: Identify the root causes of failures that could pose safety risks to personnel or lead 

to environmental hazards, such as oil leaks or fires. 

Improve Efficiency: Address issues that lead to energy losses or reduced performance, thereby 

enhancing the overall efficiency of the transformer. 

 
1.1.4 SUPPORT ENGINEERING AND DESIGN IMPROVEMENTS 

Provide Feedback for Design Enhancements: Offer insights that can inform the design and engi- 

neering processes, leading to more robust and fault-tolerant transformer designs. 

Innovate Material and Technology Use: Explore the potential for using advanced materials or 

new technologies to mitigate identified failure mechanisms. 

 
1.3.5 CONTRIBUTE TO INDUSTRY STANDARDS AND BEST PRACTICES 

Benchmark Against Standards: Compare findings with existing industry standards and regula- 

tions, identifying gaps or areas for improvement. 
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Recommend Best Practices: Propose best practices for the design, installation, operation, and 

maintenance of 12.5 MVA power transformers based on the comprehensive analysis conducted. 

 
1.3.6 FACILITATE FUTURE RESEARCH 

Identify Research Gaps: Highlight areas where further research is needed to understand complex 

failure mechanisms or to develop new diagnostic tools and techniques. 

Lay Groundwork for Advanced Studies: Provide a foundation for future academic and industrial 

research aimed at enhancing the reliability and performance of power transformers. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

2.1 HISTORICAL DATA AND CASE STUDIES ON 12.5 MVA TRANSFORMER 

  FAILURES  

2.1.1 INSULATION BREAKDOWN 

Case Study Overview: One notable case involved a 12.5 MVA transformer where insulation fail- 

ure led to a major outage. Detailed analysis showed that the insulation materials had deteriorated 

due to prolonged exposure to high temperatures and electrical stress. The transformer’s oil analysis 

indicated elevated levels of dissolved gases, confirming the breakdown of the insulation[3]. 
 

FIG.2.1: INSULATION BREAKDOWN 

 
Key Findings: 

Insulation degradation was attributed to thermal stress and electrical surges. 

Regular oil testing and insulation monitoring could have detected the problem earlier. 

 

 

 
 

 

Chapter–2 
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2.1.2 OVERLOADING ISSUES 

Case Study Overview: A 12.5 MVA transformer installed in an industrial facility failed after 

being subjected to consistent overloading. The excessive load caused the transformer to overheat, 

leading to a failure in the cooling system and eventual insulation breakdown[4]. 

Key Findings: 

Operating beyond the transformer’s rated capacity led to overheating and insulation failure. 

Implementation of load management strategies and upgrading cooling systems could prevent 

such failures. 

 
2.1.3 COOLING SYSTEM FAILURES 

Case Study Overview: An investigation into a transformer failure revealed that the cooling sys- 

tem had malfunctioned. The cooling oil pump had failed, and the radiators were clogged, leading 

to a significant increase in operating temperature and subsequent transformer failure[5]. 

Key Findings: 

Cooling system malfunctions directly contributed to the transformer’s failure. 

Regular maintenance and inspections of the cooling system are crucial for transformer longev- 

ity. 

 
2.1.4 EXTERNAL SHORT CIRCUIT DAMAGE 

Case Study Overview: A 12.5 MVA transformer failed due to a severe external short circuit event. 

The short circuit caused a massive surge in electrical current, resulting in extensive damage to the 

transformer’s windings and core[6]. 

Key Findings: 

The short circuit generated high mechanical and thermal stresses, leading to physical damage 

and arcing. 

Installation of protection devices and proper fault management systems can mitigate such 

risks. 

 
2.1.5 MANUFACTURING DEFECTS 

Case Study Overview: A case study highlighted a failure linked to manufacturing defects in 

a 12.5 MVA transformer. Deficiencies in winding construction and insulation quality were 
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identified as contributing factors. These defects led to premature failure under normal operating 

conditions[7]. 

Key Findings: 

Quality control lapses during manufacturing were a significant factor. 

Rigorous inspection and testing protocols are essential during the manufacturing process. 

 

2.1.6 ENVIRONMENTAL AND MAINTENANCE FACTORS 

Case Study Overview: A transformer failure was traced back to environmental factors such as 

high humidity and pollutants, which accelerated the degradation of transformer oil and insulation. 

Additionally, insufficient maintenance and monitoring exacerbated the issue[8]. 

 
    2.2 COMMON FAILURE MODES OF 12.5 MVA POWER TRANSFORMERS  

2.2.1 THERMAL DEGRADATION 

Description: Thermal degradation occurs when a transformer operates at temperatures beyond 

its design limits. This overheating can lead to a variety of issues, including accelerated aging of 

insulation and overheating of winding materials[9]. 

Causes: 

Overloading: Operating the transformer above its rated capacity. 

Cooling System Failure: Malfunctions in the cooling system, such as oil pump failure or 

radiator blockages. 

High Ambient Temperatures: Environmental conditions that exacerbate heat buildup. 
 

Consequences: 

Insulation Breakdown: Accelerated aging and reduced dielectric strength. 

Winding Damage: Overheating can cause deformation or melting of winding materials. 

Reduced Transformer Life: Prolonged exposure to high temperatures shortens the overall 

lifespan of the transformer. 

2.2.2 ELECTRICAL DEGRADATION 

Description: Electrical degradation is caused by excessive electrical stresses or faults within the 

transformer. This can result in severe damage to internal components[10]. 
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Causes: 

FIG.2.2:   WINDING OVERVIEW AFTER SHORT CIRCUIT 

Short Circuits: High fault currents can lead to mechanical stresses and thermal damage. 

Insulation Failure: Electrical surges or prolonged over-voltage conditions can break down 

insulation. 

Arcing: Electrical arcing can occur at points of contact or within insulation materials. 

Consequences: 

Winding Damage: Electrical faults can cause severe damage to windings, leading to a poten- 

tial short circuit. 

Core Damage: Excessive electrical stresses can damage the core structure and magnetic prop- 

erties. 

Operational Failure: Electrical faults can lead to transformer failure and interruption of power 

supply. 

2.2.3 MECHANICAL DEGRADATION 

Description: Mechanical degradation refers to damage caused by physical stresses and mechani- 

cal failures. This can result from improper handling, installation issues, or operational 

stresses[11]. 

Causes: 

Vibration and Shock: Mechanical vibrations or impacts during operation or transport can 

damage internal components. 
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Improper Installation: Incorrect mounting or alignment can lead to physical stress and 

failure. 

Structural Defects: Issues such as poor welding or faulty assembly during manufacturing. 

Consequences: 

Physical Damage: Mechanical stresses can cause physical damage to windings, core, and 

other internal parts. 

Alignment Issues: Misalignment can lead to uneven loading and additional stress on compo- 

nents. 

Operational Issues: Mechanical degradation can lead to operational instability and reduced 

performance. 

2.2.4 CHEMICAL DEGRADATION 

Description: Chemical degradation involves the breakdown of materials due to chemical reac- 

tions, often influenced by the transformer’s environment and operational conditions[12]. 

Causes: 

Oil Contamination: Contamination of transformer oil with moisture, dirt, or chemicals can 

lead to degradation. 

Corrosion: Exposure to corrosive elements can deteriorate metal parts and insulation. 

Oxidation: Oxidation of insulating materials and metal components can occur over time. 

Consequences: 

Insulation Degradation: Chemical reactions can weaken insulation materials, leading to 

potential failure. 

Corrosion of Components: Corrosion can lead to structural damage and operational issues. 

Reduced Efficiency: Chemical degradation can impact the efficiency and reliability of the 

transformer. 

 
    2.3 DIANOSTIC TECHNIQUES  FOR POWER TRANSFORMERS  

2.3.1 DISSOLVED GAS ANALYSIS (DGA) 

Overview: Dissolved Gas Analysis (DGA) is a diagnostic technique used to evaluate the condi- 

tion of transformer insulation and detect faults. It involves analyzing the gases dissolved in the 

transformer oil. 
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TEST RESULT- Dissolved Gases Analysis (DGA) TEST STANDARD:IS 9434:1992 (RA2003) – Partial Degassing 

S. 

No. 

Test Details SI Unit Standard 

Detection 

Limits 

(S value) 

Indicative Fault Violation 

Limits 

(Max.) IEEE 

C57.104:2019 

Test 

Value 

Statement of 

Conformity 

1. Carbon Monoxide 

(CO) 

μl/I 25 Thermal Ageing of 

Paper 

350 4.2 Compliance 

2. Methane (CH2) μl/I 1 Local Overheating 120 0.6 Compliance 

3. Carbon Dioxide 

(CO2) 

μl/I 25 Cellulosic 

Decomposition 

2500 52.9 Compliance 

4. Ethylene (C2H2) μl/I 1 Thermal 

Degradation of oil 

50 1.8 Compliance 

5. Ethane (C2H2) μl/I 1 Overheating 65 0.3 Compliance 

6. Acetylene (C2H2) μl/I 1 Arcing & sparking 1 Not 

Detected 

Compliance 

7. Hydrogen (H2) μl/I 5 Electrical/Thermal 

Fault 

100 Not 

Detected 

Compliance 

Total Dissolved 

Combustible Gases 

(TDCG) 

μl/I – – 720 6.9 Compliance 

Total Gas Content 

(TGC)) 

ml/100ml – – – 4.2 – 

 

 

Process: 

FIG.2.3:   DISOLVE GAS ANALYSIS TEST REPORT 

Sampling: Oil samples are extracted from the transformer and analyzed in a laboratory. 

Gas Detection: The concentrations of gases such as hydrogen, methane, ethylene, and acety- 

lene are measured. 

Interpretation: The types and amounts of gases present provide insights into potential fault 

conditions, such as overheating, electrical discharges, or arcing. 

Advantages: 

Fault Detection: Helps in identifying faults like overheating or electrical arcing before they 

cause significant damage. 

Predictive Maintenance: Allows for early intervention and maintenance planning. 

Trend Analysis: Historical data can be analyzed to predict potential future issues. 
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Applications: 

Routine Monitoring: Regular DGA testing to monitor the health of the transformer. 

Troubleshooting: Used when there are indications of abnormal behavior or performance 

issues. 

2.3.2 PARTIAL DISCHARGE (PD) TESTING 

Overview: Partial Discharge (PD) testing is used to detect and evaluate localized electrical dis- 

charges within a transformer’s insulation system. PD occurs when the insulation material partially 

breaks down, causing localized electrical arcing. 

Process: 

Testing Equipment: Sensors and detectors are used to measure electrical discharges within 

the transformer. 

Data Analysis: The patterns and magnitudes of partial discharges are analyzed to identify 

potential insulation weaknesses or faults. 

Location Identification: Advanced techniques can pinpoint the location of PD activity within 

the transformer. 

Advantages: 

Early Detection: Identifies insulation degradation before it leads to catastrophic failure. 

Condition Assessment: Provides insights into the health of the insulation system. 

Localized Fault Identification: Helps in pinpointing specific areas of concern. 

Applications: 

Pre-commissioning: Used during the installation phase to ensure the transformer insulation is 

intact. 

Routine Inspections: Periodic testing to monitor the condition of insulation and detect early 

signs of failure. 

2.3.3 OTHER DIAGNOSTIC TOOLS 

a. Power Factor Testing 

Overview: Power factor testing measures the insulation’s ability to resist electrical leakage. It 

helps in assessing the insulation condition and detecting any deterioration. 

Process: 

Measurement: The power factor of the insulation is measured by applying a known voltage 

and recording the leakage current. 



16 Master of Engineering in Power Systems 

 
Analysis: Changes in power factor values over time can indicate insulation degradation. 

Advantages: 

Insulation Condition Assessment: Provides insights into the overall health of insulation. 

Trend Monitoring: Helps in tracking changes in insulation quality over time. 

Applications: 

Routine Maintenance: Regularly performed to monitor insulation health. 

Post-Fault Analysis: Used after fault incidents to assess insulation damage. 

b. Transformer Sweep Frequency Response (SFR) 

Overview: Sweep Frequency Response (SFR) analysis is used to assess the mechanical integrity 

and condition of transformer windings. It involves applying a range of frequencies to the trans- 

former and measuring the response. 

Process: 

Frequency Application: A range of frequencies is applied to the transformer, and the resulting 

responses are recorded. 

Analysis: The frequency response is analyzed to detect any deviations that may indicate 

mechanical issues or winding deformation. 

Advantages: 

Mechanical Integrity Assessment: Helps in detecting physical issues with windings and core. 

Condition Monitoring: Provides valuable information on the overall condition of the trans- 

former. 

Applications: 

Pre-maintenance Inspection: Used to identify potential mechanical issues before they lead to 

failure. 

Condition Assessment: Regular monitoring to assess transformer health. 

Certainly! Here’s an original description of how data can be collected for analyzing the failure 

of a 12.5 MVA transformer, including methods for gathering historical failure data and mainte- 

nance records: 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

3.1 DATA COLLECTION FOR ANALYZING 12.5 MVA TRANSFORMER 

  FAILURES  

3.1.1 HISTORICAL FAILURE DATA 

Overview: Historical failure data provides a record of past incidents involving similar transform- 

ers. This data is crucial for understanding common failure modes and identifying patterns that can 

inform predictive maintenance strategies. 
 

 

 

Data Collection Methods: 

FIG.3.1:   EVENT REPORT 

Failure Reports: Collect detailed reports from previous transformer failures, including the 

cause of failure, failure date, and the specific transformer model. 

Incident Logs: Review logs from utility companies or maintenance teams that detail trans- 

former faults, operational anomalies, and corrective actions taken. 

Case Studies: Gather case studies from industry sources or research papers that document 

failure events and their root causes for similar transformer units. 

Sources: 

Utility Companies: Utilities often maintain detailed records of equipment failures and main- 

tenance. 

 

 

 
 

 

Chapter–3 
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Manufacturer Records: Transformer manufacturers may provide failure data and analysis for 

their products. 

Industry Databases: Access industry databases and repositories that aggregate failure infor- 

mation from multiple sources. 

Benefits: 

Pattern Recognition: Helps in identifying common failure patterns and trends. 

Benchmarking: Provides benchmarks for comparison with current transformer performance. 

 
3.1.2 MAINTENANCE RECORDS 

Overview: Maintenance records offer insights into the upkeep and condition of transformers over 

time. These records are essential for assessing the impact of maintenance practices on transformer 

reliability and identifying areas for improvement. 

Data Collection Methods: 

Maintenance Logs: Maintain detailed logs of all routine maintenance activities, including 

inspections, repairs, and replacements of parts. 

Service Reports: Collect reports from service providers that document maintenance actions 

taken and any issues identified during service visits. 

Inspection Records: Record findings from regular inspections, including any signs of wear, 

potential issues, and recommended actions. 

Sources: 

Maintenance Management Systems (MMS): Utilize computerized maintenance manage- 

ment systems that track maintenance activities and history. 

Field Service Reports: Gather reports from field technicians who perform maintenance and 

inspections. 

Utility Records: Review records from utilities and service contractors who manage and main- 

tain transformers. 

Benefits: 

Condition Assessment: Provides a detailed history of the transformer’s condition and mainte- 

nance efforts. 

Failure Correlation: Helps correlate maintenance practices with failure events, improving 

understanding of their impact on transformer performance. 
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3.1.3 DIAGNOSTIC TEST RESULTS 

Overview: Diagnostic tests provide real-time data on the health of transformers and can identify 

issues before they lead to failure. Collecting results from diagnostic tests is crucial for understand- 

ing transformer condition and performance. 

Data Collection Methods: 

Dissolved Gas Analysis (DGA) Results: Record the results of gas analysis tests, including 

concentrations of dissolved gases and any changes over time. 

Partial Discharge (PD) Test Results: Document findings from partial discharge testing, 

including discharge levels and locations of activity. 

Power Factor and Sweep Frequency Response (SFR) Data: Collect results from power factor 

tests and sweep frequency response analyses, noting any deviations from expected values. 

Sources: 

Testing Laboratories: Obtain results from accredited laboratories that conduct diagnostic 

tests on transformer oil and components. 

In-House Testing Equipment: Record results from diagnostic equipment used for in-house 

testing and monitoring. 

Benefits: 

Early Detection: Enables early detection of potential issues through real-time analysis. 

Trend Analysis: Allows for trend analysis of diagnostic parameters to predict potential failures. 

 
3.2 ANALYTICAL TECHNIQUES FOR ASSESSING 12.5 MVA TRANSFORMER 

  FAILURES  
 

FIG.3.2: SUPERVISION RELAY 



20 Master of Engineering in Power Systems 

 
3.2.1 STATISTICAL ANALYSIS 

Overview: Statistical analysis involves using mathematical and statistical methods to analyze fail- 

ure data and identify patterns, trends, and correlations. This technique helps in understanding the 

frequency and causes of transformer failures. 

 

Techniques: 

Descriptive Statistics: Summarize data using measures such as mean, median, standard devia- 

tion, and variance to understand the general behavior of failure occurrences. 

Trend Analysis: Analyze historical failure data over time to identify trends, such as increasing 

or decreasing failure rates. 

Regression Analysis: Use regression models to explore relationships between variables, such 

as the impact of operating conditions on failure rates. 

Probability Distributions: Apply probability distributions to model failure events and predict 

future failures based on historical data. 

Applications: 

Predictive Maintenance: Helps in forecasting potential failures based on historical data and 

trends. 

Performance Evaluation: Assists in evaluating the performance and reliability of transform- 

ers over time. 

Benefits: 

Data-Driven Insights: Provides a quantitative basis for understanding failure patterns. 

Informed Decision-Making: Enables data-driven decisions for maintenance and operational 

adjustments. 

 

3.2.2 FAULT TREE ANALYSIS (FTA) 

Overview: Fault Tree Analysis (FTA) is a systematic method used to identify the causes of a spe- 

cific failure event by constructing a fault tree. This technique helps in understanding the relation- 

ships between different failure events and their contributing factors. 
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Process: 

 
 

FIG.3.3: TRANSFORMER FAILURE REPORTS 

Define the Top Event: Identify the primary failure event or undesirable outcome that needs to 

be analyzed (e.g., transformer failure). 

Construct the Fault Tree: Create a fault tree diagram that represents the logical relationships 

between the top event and its possible causes. Use gates (AND, OR) to connect different events 

and conditions. 

Identify Basic Failures: Break down the higher-level events into more basic causes, such as 

component failures, human errors, or external factors. 

Analyze the Fault Tree: Evaluate the fault tree to determine the probability of the top event 

occurring based on the probabilities of basic failures. 

Applications: 

Root Cause Analysis: Helps in identifying and understanding the root causes of transformer 

failures. 
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Reliability Assessment: Assists in assessing the reliability and robustness of transformer 

systems. 

Benefits: 

Systematic Approach: Provides a structured way to analyze complex failure scenarios. 

Comprehensive Insight: Offers a detailed view of how various factors contribute to failure. 

 

3.2.3 FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

Overview: Failure Modes and Effects Analysis (FMEA) is a systematic technique used to evaluate 

potential failure modes of a system, their causes, and their effects. It helps in prioritizing failure 

modes based on their impact and likelihood. 

Process: 

Identify Failure Modes: List all possible failure modes for the transformer, such as insulation 

breakdown, mechanical failure, or cooling system issues. 

Determine Effects: Assess the potential effects of each failure mode on the transformer’s 

operation and performance. 

Assess Causes: Identify the root causes or contributing factors for each failure mode. 

Evaluate Severity, Occurrence, and Detection: Rate the severity of the effect, the likelihood 

of occurrence, and the ability to detect the failure before it causes harm. 

Calculate Risk Priority Number (RPN): Compute the Risk Priority Number by multiplying 

the severity, occurrence, and detection ratings. Use RPN to prioritize failure modes for correc- 

tive action. 

Applications: 

Preventive Maintenance: Helps in developing preventive maintenance strategies by address- 

ing high-priority failure modes. 

Design Improvement: Assists in improving the design and robustness of transformers by 

identifying potential weaknesses. 

Benefits: 

Proactive Approach: Facilitates proactive identification and mitigation of potential failure 

modes. 

Prioritization: Allows for the prioritization of failure modes based on their impact and likeli- 

hood. 
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3.3 TESTING AND INSPECTION METHODS FOR 12.5 MVA POWER 

  TRANSFORMERS  

3.3.1 VISUAL INSPECTION 

Overview: Visual inspection is a fundamental method for assessing the general condition of a 

transformer. It involves examining the transformer and its components for signs of damage, wear, 

or abnormalities. 

Methods: 

External Inspection: Check for visible signs of oil leaks, corrosion, physical damage, and 

cleanliness around the transformer. 

Component Inspection: Inspect critical components such as bushings, connections, and radi- 

ators for wear and tear or physical damage. 

Condition Monitoring: Look for signs of overheating, such as discoloration or deformation 

of external parts. 

Benefits: 

Immediate Feedback: Provides a quick overview of the transformer’s condition. 

Detection of Obvious Issues: Helps in identifying visible issues that may require further 

investigation. 

3.3.2 ELECTRICAL TESTING 

Overview: Electrical testing involves evaluating the performance and condition of the transform- 

er’s electrical components. It helps in detecting issues related to insulation, electrical connections, 

and overall functionality. 

Methods: 

Insulation Resistance Testing: Measure the insulation resistance between windings and 

between windings and ground using an insulation resistance tester. Low resistance values can 

indicate insulation degradation. 

Power Factor Testing: Assess the power factor of the insulation to determine its condition and 

detect potential degradation. 

Turns Ratio Testing: Verify the transformer’s turns ratio to ensure it matches the design speci- 

fications. Deviations can indicate winding issues or core problems. 

High Voltage Testing: Apply high voltage to test the dielectric strength of insulation and 

detect potential breakdowns. 
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FIG.3.4: ROOT CAUSE REPORT 

 
Benefits: 

Insulation Health Assessment: Provides insights into the condition of insulation and potential 

electrical issues. 

Performance Verification: Ensures that the transformer operates within design specifications. 

 
3.3.3 TRANSFORMER OIL TESTING 

Overview: Transformer oil testing is crucial for evaluating the condition of the insulation and 

detecting potential faults within the transformer. The oil serves as both an insulator and a coolant. 

Methods: 

Dissolved Gas Analysis (DGA): Analyze gases dissolved in the transformer oil to detect 

signs of thermal or electrical stress. Common gases include hydrogen, methane, and acety- 

lene. 
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Furan Analysis: Assess the concentration of furan compounds in the oil to evaluate the condi- 

tion of paper insulation and detect signs of degradation. 

Moisture Content Analysis: Measure the moisture content in the oil to detect any water 

ingress, which can affect insulation performance. 

Benefits: 

Early Fault Detection: Helps in identifying issues such as overheating or insulation break- 

down before they lead to significant failures. 

Condition Monitoring: Provides ongoing information about the health of the transformer’s 

insulation system. 

3.3.4 MECHANICAL TESTING 

Overview: Mechanical testing focuses on evaluating the physical and mechanical integrity of 

the transformer’s components. This helps in identifying issues related to structural stability and 

mechanical functionality. 

Methods: 

Vibration Analysis: Monitor vibrations to detect mechanical imbalances or misalignments 

within the transformer. Excessive vibrations can indicate issues with core or winding supports. 

Temperature Monitoring: Measure the temperature of critical components using thermal 

imaging or temperature sensors. Abnormal temperatures can indicate cooling system issues or 

excessive load. 

Bushing Inspection: Check transformer bushings for signs of damage, such as cracks or oil 

leaks. Bushing failures can lead to operational issues or electrical faults. 

Benefits: 

Structural Integrity Assessment: Ensures that mechanical components are functioning prop- 

erly and have not suffered physical damage. 

Operational Stability: Helps in maintaining the stability and reliability of transformer opera- 

tion. 

3.3.5 FUNCTIONAL TESTING 

Overview: Functional testing involves evaluating the overall performance and operational func- 

tionality of the transformer under normal operating conditions. 
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Methods: 

Load Testing: Apply load to the transformer and monitor its performance, including voltage 

regulation, efficiency, and temperature rise. Ensure the transformer operates within specified 

limits. 

Protection System Testing: Test the transformer’s protective relays and circuits to verify their 

proper operation and responsiveness to fault conditions. 

Benefits: 

Operational Verification: Ensures that the transformer performs as expected under load con- 

ditions. 

Protection Confirmation: Validates that protective systems are functioning correctly to safe- 

guard against faults. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

    4.1   ANALYSIS OF FAILURE EVENTS FOR 12.5 MVA POWER TRANSFORMERS 
 

FIG.4.1:  FAULT DETAILS 

 

4.1.1 OVERHEATING AND INSULATION FAILURE 

Incident Overview: A 12.5 MVA transformer in a manufacturing facility experienced a failure 

due to overheating. The transformer was found to have failed suddenly, leading to a significant 

operational disruption. 

Detailed Analysis: 

Cause: The primary cause of the overheating was identified as an inadequate cooling system. 

The oil pumps had malfunctioned, and the radiators were clogged, leading to a rise in operating 

temperatures. 

Consequences: The excessive heat caused the insulation materials to break down, resulting in 

a short circuit between the windings. This led to a catastrophic failure of the transformer. 

Detection: The failure was detected through an abnormal rise in temperature, which was noted 

during routine monitoring. However, by the time maintenance personnel arrived, significant 

damage had already occurred. 

Resolution: The cooling system was repaired, and the transformer was replaced. 

Recommendations included regular inspection and maintenance of the cooling system to pre- 

vent similar issues in the future. 

 

 

 
 

 

Chapter–4 
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Lessons Learned: 

Regular Maintenance: Regular checks and maintenance of cooling systems are crucial. 

Monitoring Systems: Implementing more robust temperature monitoring systems could pro- 

vide early warnings. 

4.1.2 PARTIAL DISCHARGE AND INSULATION BREAKDOWN 

Incident Overview: Another incident involved a 12.5 MVA transformer where partial discharge 

(PD) activity led to a failure. The transformer was observed to have intermittent operational issues. 

Detailed Analysis: 

Cause: Partial discharge activity was detected during routine testing. The PD was traced to 

degraded insulation within the transformer windings, which was caused by moisture ingress 

and contamination. 

Consequences: The insulation degradation led to electrical arcing, which eventually caused a 

short circuit and failure of the transformer. 

Detection: PD testing revealed high levels of partial discharge activity. Follow-up inspections 

confirmed the presence of moisture and contamination in the insulation system. 

Resolution: The affected transformer was decommissioned, and the insulation system was 

replaced. Improved insulation handling and sealing procedures were implemented. 

Lessons Learned: 

Early Detection: Regular PD testing can help identify insulation issues before they lead to 

failure. 

Insulation Management: Proper sealing and maintenance procedures are essential to prevent 

moisture ingress. 

4.1.3 MECHANICAL FAILURE DUE TO VIBRATION 

Incident Overview: In this case, a 12.5 MVA transformer failed due to mechanical issues related 

to vibrations. The transformer exhibited abnormal noise and vibrations before the failure. 

Detailed Analysis: 

Cause: The mechanical failure was attributed to vibrations caused by improper alignment 

and support of the transformer core and windings. The vibrations led to mechanical stress and 

eventual damage to the internal components. 

Consequences: The vibrations caused physical damage to the transformer windings and core, 

resulting in operational failure. 
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Detection: Vibration analysis during routine maintenance indicated abnormal vibration levels. 

However, the underlying issues were not immediately addressed, leading to transformer failure. 

Resolution: The transformer was realigned and supported correctly. Vibration monitoring 

systems were installed to prevent similar issues in the future. 

Lessons Learned: 

Mechanical Alignment: Proper alignment and support are crucial for transformer reliability. 

Vibration Monitoring: Implementing vibration monitoring can help detect and address 

mechanical issues early. 

4.1.4 ELECTRICAL FAULT DUE TO EXTERNAL SHORT CIRCUIT 

Incident Overview: A 12.5 MVA transformer experienced a failure caused by an external short 

circuit. The transformer was subjected to a high fault current from an external source. 

Detailed Analysis: 

Cause: The external short circuit resulted in a massive surge of current, which overwhelmed 

the transformer’s electrical insulation and protection systems. 

Consequences: The surge caused severe damage to the windings and core, leading to a cata- 

strophic failure of the transformer. 

Detection: The short circuit was detected through the transformer’s protection relays, which 

tripped to isolate the transformer from the power system. Despite this, the damage was 

significant. 

Resolution: The transformer was replaced, and improvements were made to the protection 

system to better handle fault conditions. 

Lessons Learned: 

Protection Systems: Enhance protection systems to manage high fault currents effectively. 

Fault Management: Implement comprehensive fault management strategies to prevent dam- 

age from external faults. 

4.1.5 MANUFACTURING DEFECTS 

Incident Overview: A failure occurred in a 12.5 MVA transformer due to manufacturing defects. 

The transformer failed within a short period of commissioning. 

Detailed Analysis: 

Cause: The failure was traced back to defects in winding construction and insulation materials. 

Poor manufacturing quality led to premature failure under normal operating conditions. 
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Consequences: The transformer experienced a sudden and complete failure, causing signifi- 

cant downtime and repair costs. 

Detection: The failure was identified during routine inspections and testing shortly after com- 

missioning. 

Resolution: The defective transformer was replaced, and the manufacturing processes were 

reviewed and improved to address quality issues. 

Lessons Learned: 

Quality Control: Implement stringent quality control measures during manufacturing. 

Pre-commissioning Testing: Conduct thorough testing and inspection before commissioning 

new transformers. 

 

4.2 IDENTIFICATION OF ROOT CAUSES OF FAILURE FOR 12.5 MVA 

  POWER TRANSFORMERS  

4.2.1 DESIGN FLAWS 

Description: Design flaws refer to inherent issues in the transformer’s design that can lead to fail- 

ures under normal operating conditions. 

In fault history Substation 5 feeder p111 relay has fault record of 18.04.2022, the spare feeder also 

has fault history of same date as below 
 

 

Types: 

Insufficient Insulation: Inadequate insulation design can lead to premature breakdown, espe- 

cially under high voltage conditions. 

Thermal Management Issues: Poor design in cooling systems or heat dissipation mecha- 

nisms can cause overheating and accelerated insulation aging. 
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Mechanical Design Deficiencies: Weak structural components or inadequate supports can 

result in mechanical failures or vibrations. 

Inappropriate Material Choices: Using substandard materials that do not meet operational 

requirements can lead to failures, such as corrosion or insulation breakdown. 

Examples: 

A transformer with insufficient insulation might experience electrical discharges leading to 

failure. 

Poorly designed cooling systems can cause overheating and subsequent insulation degradation. 

Implications: 

Design flaws can lead to premature transformer failure and reduced operational life. 

Corrective actions involve redesigning components or improving manufacturing 

processes. 

4.2.2 OPERATIONAL ISSUES 

Description: Operational issues arise from how the transformer is used or maintained. These 

issues often stem from deviations from recommended operating practices. 
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Types: 

Overloading: Operating the transformer beyond its rated capacity can lead to overheating and 

damage. 

Improper Maintenance: Neglecting routine maintenance or using incorrect procedures can 

result in undetected issues and failures. 

Incorrect Settings: Improper settings of protective relays or operational parameters can lead 

to failure under fault conditions. 

Frequent Switching: Repeated switching operations can cause mechanical and electrical 

stress, leading to premature wear. 

Examples: 

An overloading incident might cause overheating and eventual insulation breakdown. 

Failure to maintain the cooling system can result in high temperatures and transformer failure. 

Implications: 

Operational issues can lead to reduced efficiency, increased risk of failure, and higher mainte- 

nance costs. 

Regular maintenance, adherence to operational guidelines, and proper training are essential to 

prevent these issues. 

4.2.3 ENVIRONMENTAL FACTORS 

Description: Environmental factors include external conditions that can impact the transformer’s 

performance and lifespan. 

Types: 

Temperature Extremes: Exposure to high or low ambient temperatures can affect transformer 

performance and insulation health. 

Humidity and Moisture: Excessive humidity or water ingress can cause insulation degrada- 

tion and electrical faults. 

Pollution: Contaminants such as dust or chemicals can degrade insulation and cooling 

systems. 

Vibration and Physical Impact: Mechanical vibrations or impacts from external sources can 

lead to structural damage or misalignment. 
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Examples: 

High ambient temperatures might exacerbate overheating issues, leading to insulation failure. 

Moisture ingress can lead to insulation breakdown and increased risk of electrical faults. 

Implications: 

Environmental factors can accelerate wear and tear, leading to unexpected failures. 

Implementing environmental controls and protective measures can mitigate these impacts. 

4.2.4 MANUFACTURING DEFECTS 

Description: Manufacturing defects refer to errors or shortcomings that occur during the produc- 

tion process of the transformer. 

Types: 

Poor Quality Materials: Using substandard materials that do not meet specifications can lead 

to early failure. 

Assembly Errors: Incorrect assembly or welding can cause mechanical and electrical issues. 

Insufficient Quality Control: Inadequate inspection and testing during manufacturing can 

allow defective components to pass through. 

Examples: 

Defective insulation materials might lead to premature insulation breakdown. 

Assembly errors could result in improper alignment or connection issues that cause failure. 

Implications: 

Manufacturing defects can lead to early and unexpected failures, impacting reliability. 

Improving quality control processes and rigorous testing can reduce the risk of defects. 

4.2.5 EXTERNAL FACTORS 

Description: External factors include conditions outside the control of the transformer system that 

can contribute to failures. 

Types: 

Lightning Strikes: Direct or nearby lightning strikes can cause electrical surges and damage. 

External Short Circuits: Short circuits in the power network can induce high fault currents 

that damage the transformer. 

Sabotage or Vandalism: Deliberate damage or tampering can lead to operational issues or failures. 
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Examples: 

A lightning strike might cause a surge that leads to insulation failure. 

An external short circuit can cause a high current surge, leading to mechanical and electrical 

damage. 

Implications: 

External factors can lead to significant damage that may require substantial repairs or replace- 

ments. 

Implementing protective measures, such as surge arresters and robust security, can help miti- 

gate these risks. 

 

    4.3 CASE STUDIES OF 12.5 MVA POWER TRANSFORMER FAILURES  

4.3.1 CASE STUDY 1: OVERHEATING DUE TO COOLING SYSTEM FAILURE 

Incident Overview: A 12.5 MVA transformer at a regional power distribution station failed due 

to overheating. The transformer experienced a sudden and severe failure, causing a major outage 

in the area. 

Root Causes: 

Cooling System Malfunction: The cooling oil pumps failed, and the radiators were clogged 

with debris. This led to inadequate cooling and a significant rise in operating temperatures. 

Inadequate Maintenance: Regular maintenance checks were not performed on the cooling 

system, leading to undetected issues. 

Outcome: 

Damage: The excessive heat caused the insulation to degrade, leading to a short circuit and 

transformer failure. 

Resolution: The transformer was replaced, and a comprehensive review of maintenance pro- 

cedures was conducted. New protocols were implemented for regular inspection and cleaning 

of cooling systems. 

Lessons Learned: 

Importance of Regular Maintenance: Regular checks and maintenance of cooling systems 

are essential to prevent overheating. 

Enhanced Monitoring: Installing more advanced temperature monitoring systems could pro- 

vide early warnings of potential issues. 
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4.3.2 CASE STUDY 2: INSULATION FAILURE DUE TO MOISTURE INGRESS 

Incident Overview: A 12.5 MVA transformer located in a coastal area suffered a failure attributed 

to insulation breakdown caused by moisture ingress. 

Root Causes: 

Environmental Exposure: High humidity and saltwater exposure in the coastal environment 

led to moisture ingress into the transformer. 

Sealing Issues: The sealing mechanisms around the transformer were not adequate to prevent 

moisture from entering. 

Outcome: 

Damage: The moisture caused the insulation paper to degrade, leading to electrical arcing and 

eventual transformer failure. 

Resolution: The transformer was decommissioned, and new design standards were adopted to 

improve sealing and protection against environmental factors. Additional moisture detection 

systems were also installed. 

Lessons Learned: 

Environmental Protection: Transformers in coastal or high-humidity areas require enhanced 

sealing and protection measures. 

Moisture Monitoring: Implementing moisture detection systems can help identify and address 

insulation issues before they lead to failure. 

 

4.3.3 CASE STUDY 3: MECHANICAL FAILURE DUE TO VIBRATION 

Incident Overview: A 12.5 MVA transformer in an industrial facility failed due to mechanical 

issues related to excessive vibrations. 

Root Causes: 

Improper Alignment: The transformer was not properly aligned during installation, causing 

mechanical stress and vibrations. 

Inadequate Support: The support structure for the transformer was insufficient, exacerbating 

the vibration problems. 

Outcome: 

Damage: Continuous vibrations led to mechanical wear and eventual failure of internal com- 

ponents, including windings and core supports. 



36 Master of Engineering in Power Systems 

 
Resolution: The transformer was realigned and supported correctly. Vibration monitoring sys- 

tems were installed to detect and address similar issues in the future. 

Lessons Learned: 

Proper Installation: Ensuring proper alignment and support during installation is crucial to 

avoid mechanical failures. 

Vibration Monitoring: Regular monitoring of vibrations can help detect and mitigate mechan- 

ical issues early. 

4.3.4 CASE STUDY 4: ELECTRICAL FAULT DUE TO EXTERNAL SHORT CIRCUIT 

Incident Overview: A 12.5 MVA transformer in a power transmission network experienced a 

failure caused by an external short circuit in the grid. 

Root Causes: 

High Fault Current: An external short circuit resulted in a massive surge of current that the 

transformer’s protection system could not handle effectively. 

Protection System Design: The existing protection system was not adequately designed to 

manage such high fault currents. 

Outcome: 

Damage: The high fault current caused severe damage to the transformer’s windings and insu- 

lation, leading to a catastrophic failure. 

Resolution: The transformer was replaced, and the protection system was upgraded to handle 

higher fault currents more effectively. 

Lessons Learned: 

Robust Protection Systems: Upgrading protection systems to handle high fault currents can 

prevent significant damage during fault conditions. 

Fault Management: Implementing comprehensive fault management strategies helps miti- 

gate risks associated with external faults. 

Case Study 5: Manufacturing Defect in Insulation Material 

Incident Overview: A 12.5 MVA transformer failed shortly after commissioning due to manufac- 

turing defects in the insulation material. 
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Root Causes: 

Defective Insulation: The insulation material used in the transformer was found to be defec- 

tive, leading to early breakdown under normal operating conditions. 

Quality Control Lapses: Inadequate quality control during manufacturing allowed defective 

insulation to pass through. 

Outcome: 

Damage: The defective insulation led to electrical arcing and eventual failure of the trans- 

former. 

Resolution: The faulty transformer was replaced, and the manufacturing process was reviewed 

and improved to ensure better quality control. 

Lessons Learned: 

Quality Control: Rigorous quality control measures are essential to detect and address defects 

before they lead to failures. 

Pre-commissioning Testing: Thorough testing of components before commissioning can help 

identify potential issues early. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

5.1.1 DESIGN FLAWS 

Findings: 

Inadequate Insulation Design: Many failures were linked to insufficient insulation, which 

was unable to handle the operational stresses and voltage levels, leading to breakdowns. 

Thermal Management Issues: Transformers with poorly designed cooling systems experi- 

enced overheating, which accelerated insulation degradation and led to failures. 

Mechanical Design Deficiencies: Transformers with inadequate structural supports or 

alignment issues suffered from mechanical stress and vibrations, contributing to failures. 

Section–8 : 5 Why... 
 

Problem Why-1 Why-2 Why-3 Why-4 Why-5 

Transformer Due to inter- Due to short Due to exter- Due to fault Due to fault 

failed at site, nal failure of circuit current of nal fault at recorder at 11 recorder at HV 

PRV, differen- transformer/ HV 1707 A fault down stream KV substation relay 1.7KA 

tial & Buchholz windings current captured Because... - 5 relay 5.4KA which leads 

relay operated  during LV 2V &  & 10.6KA catorscophic 

because...  2W external short   failure in main 

  circuit failure   transformer 

  leading to dif-   which is beyond 

  ferential relay   the capacity of 

     transformer 
 

 
 

Implications: 

FIG.5.1:   CASE STUDY ON FAILURE 

Design Improvements Needed: Enhanced design standards and rigorous testing are essential 

to address insulation and thermal management issues. 

Structural Integrity: Improving mechanical design and alignment processes can reduce the 

risk of mechanical failures. 

5.1 SUMMARY OF KEY FINDINGS FROM ROOT CAUSE ANALYSIS OF 

12.5 MVA POWER TRANSFORMERS 
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5.1.2 OPERATIONAL ISSUES 

Findings: 

Overloading: Operating transformers beyond their rated capacity was a significant cause of 

overheating and subsequent failures. 

Inadequate Maintenance: Failure to perform regular maintenance and inspections led to 

undetected issues, such as cooling system malfunctions and insulation degradation. 

Improper Settings: Incorrect settings of protective devices or operational parameters 

contributed to transformer failures during fault conditions. 

Implications: 

Operational Adherence: Ensuring transformers operate within their design specifications and 

regularly maintaining equipment can prevent many operational issues. 

Training and Protocols: Proper training for maintenance personnel and adherence to 

operational protocols are crucial for preventing failures. 

5.1.3 ENVIRONMENTAL FACTORS 

Findings: 

Moisture Ingress: High humidity and water ingress, especially in coastal areas, led to insula-- 

to breakdown and electrical faults. 

Temperature Extremes: Exposure to extreme temperatures causes thermal stress and 

accelerates insulation degradation. 

Pollution: Contaminants like dust and chemicals contributed to insulation and cooling system 

issues. 

Implications: 

Enhanced Protection: Transformers in harsh environments need better sealing, insulation, 

and environmental protection measures. 

Environmental Controls: Implementing environmental controls and regular inspections can 

help mitigate the impact of environmental factors. 

5.1.4 MANUFACTURING DEFECTS 

Findings: 

Quality Issues: Defective materials and poor manufacturing practices led to early failures, 

such as insulation breakdown and mechanical issues. 
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Insufficient Quality Control: Lapses in quality control allowed defective components to pass 

through, resulting in premature transformer failures. 

Implications: 

Strict Quality Control: Implementing stringent quality control measures and thorough pre- 

commissioning testing are essential to ensure the reliability of manufactured transformers. 

Continuous Improvement: Regular reviews and improvements in manufacturing processes 

can help prevent defects. 

5. External Factors 

Findings: 

Lightning Strikes: Direct or nearby lightning strikes caused electrical surges that damaged 

transformers. 

External Short Circuits: High fault currents from external short circuits overwhelmed trans- 

formers and caused failures. 

Vandalism: Deliberate damage or tampering was identified as a cause in some cases. 

Implications: 

Protective Measures: Installing surge arresters and enhancing protection systems can mitigate 

the impact of external faults. 

Security Enhancements: Improving security measures to prevent vandalism can reduce the 

risk of deliberate damage. 

 

5.2 COMPARISON WITH INDUSTRY STANDARDS OF 12.5 MVA POWER 

  TRANSFORMER FAILURES  

5.2.1 DESIGN STANDARDS 

 
Industry Standards: 

Insulation Design: Industry standards, such as those from the IEEE and IEC, specify detailed 

requirements for insulation materials and design to ensure they can handle operational stresses 

and voltages. 

Thermal Management: Standards recommend specific cooling systems and thermal manage- 

ment practices to prevent overheating and maintain transformer performance. 

Comparison: 

Alignment: Many findings align with industry standards, emphasizing the importance of ade- 

quate insulation and cooling systems. 
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Contrasts: Some failures resulted from inadequate designs that did not meet industry specifi- 

cations. For instance, transformers with insufficient thermal management often did not adhere 

to recommended cooling practices, leading to overheating. 

Implications: 

Compliance: Ensuring compliance with industry standards for insulation and cooling design 

is crucial for preventing failures. 

Review and Update: Regular reviews and updates to design practices may be needed to 

address gaps and ensure adherence to the latest standards. 

 
5.2.2 OPERATIONAL PRACTICES 

Industry Standards: 

Loading and Maintenance: Industry norms recommend operating transformers within 

specified load limits and adhering to regular maintenance schedules to ensure reliability and 

longevity. 

Protection Settings: Standards provide guidelines for setting protective devices and opera- 

tional parameters to prevent failures during fault conditions. 

Comparison: 

Alignment: Findings show that adhering to operational guidelines and performing regular 

maintenance are consistent with industry best practices. 

Contrasts: Failures due to overloading or inadequate maintenance often indicate non- 

compliance with recommended practices. For example, some transformers operated beyond 

their rated capacity, which is contrary to industry norms. 

Implications: 

Adherence to Guidelines: Following industry guidelines for loading, maintenance, and pro- 

tection settings helps in avoiding operational issues and extending transformer life. 

Training and Protocols: Enhancing training and protocols to ensure compliance with industry 

standards can mitigate operational risks. 

 
5.2.3 ENVIRONMENTAL PROTECTION 

Industry Standards: 

Sealing and Protection: Standards specify requirements for sealing transformers to protect 

against moisture, pollution, and extreme temperatures. 
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Environmental Controls: Industry practices recommend implementing environmental con- 

trols to safeguard transformers from harsh conditions. 

Comparison: 

Alignment: The findings related to environmental protection align with industry standards 

that emphasize proper sealing and environmental controls. 

Contrasts: Some failures occurred due to insufficient environmental protection, indicating 

that the transformers were not adequately sealed or protected according to industry guidelines. 

Implications: 

Enhanced Protection Measures: Adhering to industry standards for environmental protection 

and sealing can prevent issues related to moisture and temperature extremes. 

Regular Inspections: Implementing regular inspections to ensure environmental controls are 

functioning effectively is crucial. 

5.2.4 MANUFACTURING QUALITY 

 
Industry Standards: 

Quality Control: Industry standards emphasize rigorous quality control processes during 

manufacturing to ensure that materials and components meet required specifications. 

Testing and Inspection: Standards recommend thorough testing and inspection of transform- 

ers before commissioning to detect and address defects. 

Comparison: 

Alignment: Findings related to manufacturing defects highlight the importance of adhering to 

quality control and testing standards. 

Contrasts: Some failures were due to lapses in quality control and defective materials, which 

indicate deviations from industry norms for manufacturing quality. 

Implications: 

Strict Quality Control: Implementing stringent quality control measures and thorough pre- 

commissioning testing aligns with industry standards and helps prevent manufacturing defects. 

Continuous Improvement: Regularly reviewing and improving manufacturing processes can 

address quality issues and prevent defects. 
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5.2.5 PROTECTION SYSTEMS 

Industry Standards: 

Fault Protection: Industry norms recommend robust protection systems, including surge 

arresters and circuit breakers, to manage fault conditions and protect transformers. 

Design Specifications: Standards provide guidelines for designing protection systems to han- 

dle various fault scenarios effectively. 

Comparison: 

Alignment: The need for enhanced protection systems aligns with industry standards that 

stress the importance of robust fault protection. 

Contrasts: Failures due to external faults highlight cases where existing protection systems 

may not have met industry guidelines, indicating a need for upgrades. 

Implications: 

Upgrade Protection Systems: Ensuring that protection systems are designed and imple- 

mented according to industry standards can help manage fault conditions effectively. 

Comprehensive Fault Management: Implementing comprehensive fault management strat- 

egies and reviewing protection system designs regularly can prevent damage from external 

faults. 

 
    5.3 IMPLICATIONS FOR MAINTENANCE AND OPERATIONS  

5.3.1 ENHANCED DESIGN AND ENGINEERING 

Recommendations: 

Adhere to Design Standards: Ensure that transformer designs comply with the latest indus- 

try standards for insulation, thermal management, and mechanical support. Regularly review 

and update design practices to incorporate new technologies and best practices. 

Improve Cooling Systems: Design and maintain robust cooling systems that include regu- 

lar cleaning and inspection of cooling oil pumps and radiators. Implement advanced thermal 

monitoring to detect overheating early. 

Implications: 

Improved Reliability: Adhering to updated design standards and enhancing cooling systems 

can prevent issues related to overheating and insulation breakdown. 

Reduced Risk of Failures: Proper design and cooling can significantly reduce the likelihood 

of failures related to thermal stress and mechanical issues. 
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5.3.2 RIGOROUS MAINTENANCE PRACTICES 

Recommendations: 

Regular Inspections: Conduct routine inspections and preventive maintenance to identify 

and address potential issues before they lead to failures. Focus on critical components such as 

insulation, cooling systems, and protective devices. 

Implement Predictive Maintenance: Use predictive maintenance techniques such as 

Dissolved Gas Analysis (DGA) and Partial Discharge (PD) testing to monitor the condition of 

transformer components and identify early signs of degradation. 

Implications: 

Early Issue Detection: Regular inspections and predictive maintenance can help detect issues 

early, reducing the risk of unexpected failures. 

Extended Transformer Life: Proper maintenance practices contribute to the longevity and 

reliability of the transformer. 

5.3.3 OPERATIONAL BEST PRACTICES 

Recommendations: 

Load Management: Operate transformers within their rated capacity to avoid overloading. 

Implement load management strategies to ensure that transformers are not subjected to exces- 

sive stress. 

Proper Training: Ensure that maintenance personnel are trained in best practices for trans- 

former operation and maintenance. Regular training helps in recognizing and addressing 

potential issues effectively. 

Implications: 

Operational Stability: Managing load and ensuring proper training help maintain transformer 

performance and prevent operational issues. 

Reduced Risk of Failures: Adhering to operational best practices reduces the risk of failures 

related to overloading and improper handling. 

5.3.4 ENVIRONMENTAL PROTECTION 

Recommendations: 

Enhance Sealing and Protection: Improve the sealing of transformers to prevent moisture 

ingress and protect against environmental contaminants. Use materials and designs suited for 

the specific environmental conditions of the installation site. 
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Implement Environmental Controls: Install environmental controls such as dehumidifiers or 

temperature regulators in areas with extreme conditions to protect the transformer. 

Implications: 

Enhanced Protection: Better sealing and environmental controls help prevent issues related 

to moisture, temperature extremes, and contamination. 

Increased Reliability: Protecting transformers from environmental factors ensures their reli- 

able operation and longevity. 

5.3.5 MANUFACTURING AND QUALITY CONTROL 

Recommendations: 

Strict Quality Control: Implement rigorous quality control measures during manufacturing to 

ensure that all components meet industry standards. Conduct thorough testing and inspection 

before commissioning. 

Supplier Audits: Regularly audit suppliers to ensure that materials and components used in 

transformer construction meet required specifications and quality standards. 

Implications: 

Higher Quality: Stringent quality control and supplier audits help prevent manufacturing 

defects that could lead to transformer failures. 

Reduced Failures: Ensuring high-quality manufacturing processes reduces the likelihood of 

defects and premature failures. 

5.3.6 UPGRADING PROTECTION SYSTEMS 

Recommendations: 

Enhance Protection Devices: Upgrade protection systems, including surge arresters, circuit 

breakers, and relays, to handle high fault currents and manage fault conditions effectively. 

Regular Testing and Calibration: Conduct regular testing and calibration of protection 

devices to ensure they function correctly during fault conditions. 

Implications: 

Improved Fault Management: Enhanced protection systems and regular testing help manage 

fault conditions more effectively, reducing the risk of transformer damage. 

Increased Safety: Upgraded protection systems improve safety and reliability by preventing 

damage from electrical faults and surges. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

    6.1    HISTORICAL DATA AND CASE STUDIES  

Recap of Main Findings and Their Significance 

The investigation into the failures of 12.5 MVA (66/11 kV) power transformers has revealed several 

critical findings. These insights are essential for enhancing the reliability, efficiency, and safety of power 

transformers in electrical systems. Here is a summary of the main findings and their significance: 

 

6.1.1 INSULATION BREAKDOWN 

Finding: Insulation breakdown is a leading cause of transformer failure, often due to thermal 

aging, moisture ingress, and electrical stress. 

Significance: Insulation breakdown can lead to catastrophic failures, resulting in extended outages 

and costly repairs. Implementing better insulation materials and maintaining optimal operating 

conditions can mitigate these risks. 
 

FIG.6.1: INSULATION BREAKDOWN 

 
6.2.2 WINDING SHORT CIRCUITS 

Finding: Short circuits in the windings are commonly caused by insulation failure, mechanical 

displacement, or manufacturing defects. 
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Significance: These faults can cause severe damage to the transformer and associated equipment. 

Regular monitoring and quality control during manufacturing can help detect and prevent such 

issues. 

 

6.2.3 COOLING SYSTEM FAILURES 

Finding: Failures in the cooling system, including inadequate cooling or malfunctioning compo- 

nents, can lead to overheating and accelerate insulation degradation. 

Significance: Ensuring the reliability of the cooling system is crucial for maintaining transformer 

health. Regular maintenance and monitoring of cooling systems can prevent overheating and 

extend transformer lifespan. 

 
6.2.4 CORE AND TANK ISSUES 

Finding: Core-to-ground faults and tank problems, such as leaks, can arise from improper ground- 

ing, insulation issues, or manufacturing defects. 
 

FIG.6.2: CASE AND TANK ISSUES 
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Significance: These faults can cause extensive damage and require costly repairs. Proper design, 

installation practices, and regular inspections are essential to minimize these risks. 

 

6.2.5 BUSHING FAILURES 

Finding: Bushing failures are often due to electrical or mechanical stress, contamination, or deg- 

radation of insulating materials. 

Significance: Bushing failures can lead to significant outages and damage. Improved bushing 

designs and regular inspection can help detect early signs of deterioration. 

6. Tap Changer Malfunctions 

Finding: Malfunctions in on-load tap changers, often due to mechanical wear or poor mainte- 

nance, can lead to improper voltage regulation and increased arcing. 

Significance: Tap changer reliability is vital for stable voltage regulation. Regular maintenance 

and proper lubrication are necessary to prevent malfunctions and ensure efficient operation. 

7. External Factors and Operational Stresses 

Finding: External factors such as lightning strikes, power surges, and adverse environmental con- 

ditions can significantly impact transformer reliability. 

Significance: Implementing robust protection systems, such as surge arresters and proper ground- 

ing, can mitigate the impact of external factors and enhance transformer resilience. 

Overall Significance 

The findings from this investigation highlight the importance of comprehensive monitoring, 

maintenance, and protection strategies for 12.5 MVA power transformers. By addressing the 

identified failure modes and implementing best practices, utilities can enhance the reliabil- 

ity and longevity of these critical components, ensuring a stable and efficient power supply. 

Additionally, these insights can inform the development of improved design standards and 

maintenance protocols, contributing to the overall advancement of transformer technology and 

grid stability. 

 
    6.2   FUTURE WORK  

Suggestions for Further Research and Improvements in Root Cause Analysis Techniques 

The root cause analysis of failures in 12.5 MVA (66/11 kV) power transformers has provided 

valuable insights into common failure mechanisms and potential mitigation strategies. However, 
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there are several areas where further research and improvements can enhance the effectiveness and 

precision of root cause analysis techniques. Here are some suggestions: 

 

6.2.1 ADVANCED DIAGNOSTIC TOOLS AND TECHNIQUES 

Enhanced Sensor Technology: Research into advanced sensor technologies for real-time moni- 

toring of critical parameters, such as temperature, moisture, and partial discharge, can provide 

early warning signs of potential failures. 

Machine Learning and AI: Leveraging machine learning algorithms and artificial intelligence to 

analyze large datasets from transformer diagnostics can help predict failures more accurately and 

identify patterns that may not be apparent through traditional analysis. 

 
6.2.2 MATERIAL AND DESIGN INNOVATIONS 

High-Performance Insulation Materials: Investigation into new insulation materials with higher 

thermal and electrical endurance can help reduce the incidence of insulation breakdown. 

Innovative Cooling Techniques: Research into alternative cooling methods, such as advanced 

heat sinks or hybrid cooling systems, can improve thermal management and reduce overheating 

risks. 

 

6.2.3 COMPREHENSIVE FAILURE DATABASES 

Centralized Failure Databases: Developing a centralized database that collects and standardizes 

data on transformer failures across different regions and manufacturers can provide a richer dataset 

for analysis. This database can facilitate benchmarking and identify global trends in transformer 

failures. 

Case Study Repositories: Creating repositories of detailed case studies, including environmental 

conditions, operational history, and failure analysis, can help researchers and engineers learn from 

past failures and implement preventive measures. 

 
6.2.4 INTEGRATED CONDITION MONITORING SYSTEMS 

Integration of Diagnostic Tools: Developing integrated systems that combine various diagnostic 

tools, such as DGA, thermal imaging, and acoustic monitoring, can provide a more holistic view 

of transformer health. 

Predictive Maintenance Algorithms: Research into predictive maintenance algorithms that use 

real-time data from integrated monitoring systems can help anticipate failures and schedule timely 

maintenance. 
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6.2.5 ENVIRONMENTAL AND OPERATIONAL FACTORS 

Impact of Environmental Conditions: Further research into the impact of environmental condi- 

tions, such as humidity, temperature fluctuations, and pollution, on transformer failures can lead to 

better design and protection strategies. 

Load and Stress Analysis: Studying the effects of different load profiles and operational stresses 

on transformer life can help in optimizing operating conditions and extending transformer lifespan. 

 

6.2.6 STANDARDS AND BEST PRACTICES 

Harmonization of Standards: Research into the harmonization of international standards for 

transformer design, testing, and maintenance can lead to more consistent quality and performance 

across different regions and manufacturers. 

Best Practices Documentation: Developing comprehensive documentation of best practices for 

transformer installation, operation, and maintenance can help reduce human errors and enhance 

reliability. 

 

6.2.7 ROOT CAUSE ANALYSIS METHODOLOGY 

Enhanced RCA Methodologies: Exploring new methodologies for root cause analysis, such as 

integrating forensic analysis techniques with traditional RCA methods, can provide deeper insights 

into complex failure mechanisms. 

Cross-Disciplinary Approaches: Encouraging cross-disciplinary collaboration, such as between 

materials scientists, electrical engineers, and data analysts, can lead to more innovative solutions 

and comprehensive analyses. 

 
    6.3   FINAL THOUGHTS  

Broader Implications for the Power Industry and Potential Areas for Innovation 

The investigation into the failures of 12.5 MVA (66/11 kV) power transformers reveals several criti- 

cal implications for the power industry, highlighting the importance of reliability, efficiency, and 

innovation. Addressing these issues can lead to significant advancements in the industry’s overall 

performance and sustainability. Here are the broader implications and potential areas for innovation: 

 
6.3.1 ENHANCED RELIABILITY AND GRID STABILITY 

Implications: Frequent transformer failures can disrupt power supply, affecting both residential 

and industrial consumers. Improved reliability is essential for maintaining grid stability and reduc- 

ing the risk of outages. 
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Innovation Opportunities: Developing more robust transformer designs and materials that can 

withstand diverse operational stresses. Implementing advanced diagnostics and real-time monitor- 

ing systems to detect early signs of potential failures, allowing for timely interventions. 

 

6.3.2 COST REDUCTION AND EFFICIENCY 

Implications: Transformer failures incur substantial costs related to repairs, replacements, and lost 

service. By reducing failure rates, the industry can achieve significant cost savings and improve 

efficiency. 

Innovation Opportunities: Utilizing advanced manufacturing techniques and materials that 

enhance durability and performance. Optimizing maintenance schedules and procedures through 

data-driven predictive maintenance, which can extend the life of transformers and reduce opera- 

tional costs. 

 
6.3.3 ENVIRONMENTAL IMPACT AND SUSTAINABILITY 

Implications: Transformer failures can lead to environmental hazards, such as oil leaks or increased 

greenhouse gas emissions due to energy inefficiencies. Enhancing transformer efficiency contrib- 

utes to environmental sustainability. 

Innovation Opportunities: Researching and developing eco-friendly insulating fluids and mate- 

rials that minimize environmental risks. Designing transformers with higher energy efficiency to 

reduce overall energy consumption and emissions. 

 

6.3.4 ADAPTATION TO RENEWABLE ENERGY INTEGRATION 

Implications: As the power industry integrates more renewable energy sources, transformers must 

handle varying load conditions and power quality issues. 

Innovation Opportunities: Designing transformers that are optimized for the dynamic and varia- 

ble nature of renewable energy sources. This includes innovations in voltage regulation, frequency 

control, and the ability to handle rapid fluctuations in power supply. 

 
6.3.5 ADVANCEMENTS IN DIGITALIZATION AND SMART GRID TECHNOLOGY 

Implications: The transition to smart grids and digital technologies requires transformers that are 

compatible with advanced grid management systems and capable of real-time data exchange. 

Innovation Opportunities: Developing smart transformers equipped with sensors and IoT capa- 

bilities that provide real-time data on performance and condition. This enables better grid manage- 

ment, fault detection, and response times, contributing to overall grid efficiency and reliability. 
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6.3.6 GLOBAL STANDARDS AND HARMONIZATION 

Implications: The global nature of the power industry requires consistent standards for trans- 

former design, manufacturing, and maintenance to ensure quality and compatibility across differ- 

ent regions. 

Innovation Opportunities: Collaborating internationally to develop and harmonize standards and 

regulations for transformers. This can lead to improved safety, performance, and reliability, facili- 

tating the exchange of best practices and technologies globally. 

 

6.3.7 WORKFORCE DEVELOPMENT AND EDUCATION 

Implications: The complexity of modern transformers and diagnostic technologies requires a 

skilled workforce capable of understanding and managing these advanced systems. 

Innovation Opportunities: Establishing specialized training programs and educational initiatives 

to equip engineers and technicians with the necessary skills. This includes partnerships between 

industry, academia, and training institutions to stay ahead of technological advancements and 

industry needs. 
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Industry Standards 

IEEE Standards: 

1. IEEE Std C57.12.00: “Standard for Standard General Requirements for Liquid-Immersed 

Distribution, Power, and Regulating Transformers” 

2. IEEE Std C57.91: “Guide for Loading Mineral-Oil-Immersed Transformers” 

3. IEEE Std C57.104: “Guide for the Interpretation of Gases Generated in Oil-Immersed 

Transformers” 

IEC Standards: 

1. IEC 60076: “Power Transformers - Part 1 to Part 18” 

2. IEC 60599: “Mineral Oil-Filled Electrical Equipment in Service - Guidance on the 

Interpretation of Dissolved and Free Gases Analysis” 

Other Relevant Standards: 

1. ANSI/IEEE Standard C57.18.10: “Guide for Electrical and Mechanical Maintenance of 

Generating Station Power Transformers” 

2. NEMA TR 1-2013: “Transformers, Regulators and Reactors” 

Technical Manuals and Guides 

1. Manufacturer’s Technical Manuals: 

• ABB, Siemens, and General Electric technical manuals on 12.5 MVA transformers, cover- 

ing aspects like installation, maintenance, and operation. 
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2. Operation and Maintenance Guides: 

• “Transformers: Basics, Maintenance, and Diagnostics” by the U.S. Department of the 

Interior, Bureau of Reclamation. 

• “Transformer Maintenance Guide” by [specific utility or company]. 

Conference Proceedings 

1. CIGRÉ Papers: 

• Papers from the CIGRÉ Study Committees, particularly those related to transformer diag- 

nostics, failure analysis, and maintenance strategies. 

2. IEEE PES Conference Papers: 

• Proceedings from the IEEE Power & Energy Society (PES) conferences, focusing on trans- 

former technologies and case studies of failures. 

Online Resources and Databases 

1. Technical Blogs and Industry Websites: 

• EPRI (Electric Power Research Institute) reports and publications. 

• Transformer Magazine and other industry-specific online publications. 

2. Databases and Repositories: 

• IEEE explore Digital Library 

• Science Direct 

• Springer Link 

Utility and Industry Reports 

1. Failure Analysis Reports: 

• Reports from utilities or industry bodies detailing case studies and statistical analyses of 

transformer failures. 

2. Diagnostic and Monitoring Reports: 

• Reports on new diagnostic tools and monitoring technologies for transformers. 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

When studying the failures of 12.5 MVA (66/11 kV) power transformers, additional data and 

detailed calculations are essential for a thorough analysis. This section includes various types 

of data and calculations that are often relevant to understanding transformer failures, along with 

explanations of their significance. 

1. Dissolved Gas Analysis (DGA) Data 

DGA is a critical diagnostic tool used to assess the health of transformers by analyzing the 

gases dissolved in the transformer oil. The presence and concentration of certain gases can 

indicate specific types of faults. 

 

Key Gases Monitored: 

Hydrogen (H2): Often associated with partial discharges. 

Methane (CH4): Indicative of low energy arcing. 

Ethylene (C2H4): Associated with thermal faults. 

Acetylene (C2H2): Indicates high-energy arcing. 

Example Calculation: 

Rogers Ratio Method: This method uses the ratios of key gases to diagnose the type of 

fault. For example, the ratio of C2H2/C2H4 can help distinguish between arcing and thermal 

faults. 

 

 

 
 

 

Chapter–8 

APPENDICES 



56 Master of Engineering in Power Systems 

 
2. Thermal Modeling and Hot Spot Temperature Calculation 

Understanding the thermal performance of transformers is crucial, as overheating can lead to 

insulation breakdown and other failures. 

Thermal Modeling: 

Losses Calculation: Determining the losses (core losses, copper losses) in the transformer, 

which contribute to heat generation. 

Hot Spot Temperature: The hottest point inside the transformer, critical for assessing the 

thermal life of the insulation. 

Example Calculation: 

Hot Spot Temperature (HST): 

HST = Ambient Temperature + (Top Oil Rise) × (Hot Spot Factor) 

This calculation involves the top oil temperature rise and a factor representing the relative 

temperature rise of the hot spot compared to the top oil. 

3. Electrical Fault Analysis 

Electrical faults such as short circuits or grounding faults can lead to significant damage in 

transformers. 

Short Circuit Calculations: 

Fault Current Calculation: Determining the fault current that flows during a short circuit. 

Thermal and Mechanical Stress Analysis: Assessing the impact of fault currents on 

transformer windings and mechanical integrity. 

Example Calculation: 

Short Circuit Current (Isc): 

I sc = V/Z 

Where V is the system voltage and Z is the impedance at the fault location. 

4. Vibration Analysis Data 

Mechanical vibrations can indicate issues such as loose components, mechanical resonance, or 

issues with the core. 

• Key Measurements: 

• Amplitude and Frequency: Identifying the amplitude and frequency of vibrations 

helps diagnose mechanical issues. 

• Resonance Frequencies: Matching vibration frequencies with natural frequencies of 

transformer components to identify potential issues. 
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5. Partial Discharge Analysis 

Partial discharge (PD) activity is a common indicator of insulation degradation. 

PD Measurement: 

Pulse Magnitude: Measuring the magnitude of discharge pulses to assess severity. 

Phase Resolved PD Patterns: Analyzing the patterns of PD activity relative to the AC 

voltage cycle to identify the type of insulation defect. 

Example Calculation: 

Apparent Charge (q): q = U⋅Iωq = \frac{U \cdot I}{\omega}q = ωU⋅I Where UUU is the 

voltage, III is the current, and ω\omegaω is the angular frequency. 

6. Load and Overload Analysis 

Analyzing the loading conditions of the transformer is essential to understand potential over- 

loading issues. 

Load Profile Analysis: 

Peak Load Calculation: Identifying periods of peak load and comparing them to the trans- 

former’s rated capacity. 

Load Duration Curve: Analyzing the duration for which the transformer operates at vari- 

ous load levels. 

Example Calculation: 

Loading Factor (LF): 

LF = Average Load/Rated Capacity 

This ratio helps determine whether the transformer is consistently operating within safe 

limits. 

7. Insulation Life Estimation 

The life expectancy of transformer insulation is a critical factor in predicting transformer lifes- 

pan. 

• Life Expectancy Calculation: 

Thermal Aging Models: Using models like the Arrhenius equation to estimate the 

remaining life of the insulation based on temperature history. 

• Example Calculation: 

Insulation Life (L): 

L = L0 × e − TB 

Where L0 is the initial life expectancy, B is a material constant, and T is the operating 

temperature. 
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Key Consideration 

(1) Transformer Design and Construction of 12.5 MVA Power Transformers 

1. Core Design 

Description: The core of a transformer is made of laminated silicon steel sheets that help 

to reduce core losses and provide a path for the magnetic flux. 

Materials Used: 

Silicon Steel Laminations: These are used to minimize core losses and improve efficiency. 

The laminations are coated with an insulating layer to reduce eddy currents. 

Insulating Paper: Used between laminations to prevent electrical shorts. 

Potential Weaknesses: 

Insulation Degradation: Over time, insulation between laminations can degrade due to ther- 

mal or environmental stresses. 

Core Saturation: If the core design does not accommodate high flux densities, it may saturate, 

leading to inefficiencies and overheating. 

Recommendations: 

Use High-Quality Materials: Ensure that silicon steel laminations are of high quality and 

properly insulated. 

Design for Flux Density: Design the core to handle expected flux densities without reaching 

saturation. 

2. Winding Design 

Description: Transformers have primary and secondary windings made of copper or aluminum 

wire, wound around the core. These windings transfer electrical energy between the primary 

and secondary circuits. 

Materials Used: 

Copper or Aluminum Wire: Chosen based on cost and conductivity requirements. Copper is 

more conductive but more expensive than aluminum. 

Insulation: Insulating paper, enamel coatings, and pressboard are used to isolate the windings 

and prevent electrical faults. 

Potential Weaknesses: 

Insulation Failure: Insulation can degrade over time due to thermal stress, moisture, or 

mechanical damage. 

Overloading: Excessive current can cause overheating and damage to the windings. 
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Recommendations: 

Use Robust Insulation: Employ high-quality insulation materials to enhance durability. 

Monitor Load: Implement protection systems to prevent overloading and overheating. 

3. Cooling System 

Description: Cooling systems maintain the transformer at an optimal operating temperature. 

They typically include cooling oil, radiators, and fans. 

Materials Used: 

Cooling Oil: Typically mineral oil or ester-based fluids that dissipate heat and insulate electri- 

cal components. 

Radiators and Fans: Made of metals like aluminum or steel, these components help to dis- 

sipate heat from the oil. 

Potential Weaknesses: 

Oil Degradation: Cooling oil can degrade over time due to oxidation and thermal stresses. 

Cooling System Failures: Failures in the cooling system components, such as clogged radia- 

tors or malfunctioning fans, can lead to overheating. 

Recommendations: 

Regular Oil Analysis: Perform periodic testing of cooling oil to detect signs of degradation or 

contamination. 

Maintain Cooling Equipment: Regularly inspect and clean radiators and fans to ensure effi- 

cient operation. 

4. Tank and Enclosure 

Description: The transformer tank houses the core and windings and provides structural sup- 

port. It is usually made of steel and coated to prevent corrosion. 

Materials Used: 

Steel: Used for the tank and structural supports, coated with protective layers to resist corro- 

sion. 

Protective Coatings: Paints and coatings that protect against environmental factors. 

Potential Weaknesses: 

Corrosion: Steel tanks are susceptible to corrosion, especially in harsh environments. 

Structural Damage: Mechanical impacts or stress can cause structural damage to the tank. 
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Recommendations: 

Use Corrosion-Resistant Coatings: Apply high-quality coatings to protect the steel tank from 

environmental damage. 

Inspect for Damage: Regularly inspect the tank for signs of corrosion or structural damage 

and address issues promptly. 

5. Bushing and Termination Design 

Description: Bushings provide the electrical connection between the internal transformer 

components and the external power lines. They are designed to insulate and support electrical 

connections. 

Materials Used: 

Insulating Materials: Typically made from porcelain or composite materials, which offer 

high insulation resistance. 

Conductors: Conductive materials that connect internal windings to external circuits. 

Potential Weaknesses: 

Insulation Breakdown: Over time, the insulation can degrade due to electrical stresses or 

environmental conditions. 

Mechanical Failures: Bushings can suffer from mechanical damage or fatigue. 

Recommendations: 

High-Quality Insulators: Use high-quality insulating materials and regularly inspect them for 

signs of wear or damage. 

Regular Testing: Perform electrical and mechanical testing of bushings to ensure they are 

functioning correctly. 

(2) Operational History Analysis for 12.5 MVA Power Transformers 

1. Load Patterns 

Description: Load patterns refer to how electrical demand fluctuates over time, including 

peak loads, average loads, and load variations throughout the day and year. 

Key Factors: 

Peak Loads: Occasional high demand periods can stress the transformer, especially if it oper- 

ates near its maximum capacity. 

Load Cycling: Frequent changes in load can cause thermal cycling, which may accelerate 

insulation degradation and mechanical wear. 

Load Imbalance: Uneven loading between phases can lead to overheating and inefficiencies. 
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Recommendations: 

Monitor Load Trends: Implement load monitoring systems to track and analyze load patterns 

over time. 

Manage Peak Loads: Utilize load management strategies to avoid overloading the trans- 

former during peak periods. 

Balance Loads: Ensure load is evenly distributed across phases to prevent overheating and 

improve efficiency. 

Implications: 

Prevent Overloading: Proper load management helps avoid overloading, which can lead to 

overheating and premature failure. 

Extend Transformer Life: Balancing loads and managing peak demands reduce thermal 

stress and extend the lifespan of the transformer. 

2. Voltage Fluctuations 

Description: Voltage fluctuations involve changes in voltage levels that can affect transformer 

performance and longevity. These can be caused by load changes, system faults, or external 

disturbances. 

Key Factors: 

Sag and Swell: Voltage sag (drop) and swell (increase) can stress the transformer insulation 

and lead to failures. 

Harmonics: Distorted voltage waveforms due to harmonics can cause additional heating and 

insulation stress. 

Recommendations: 

Voltage Regulation: Implement voltage regulation equipment and devices to maintain stable 

voltage levels. 

Monitor for Harmonics: Use harmonic filters and monitoring tools to reduce the impact of 

voltage distortion. 

Implications: 

Reduce Insulation Stress: Maintaining stable voltage levels helps prevent insulation break- 

down and transformer damage. 

Improve Performance: Proper voltage regulation improves overall transformer performance 

and reliability. 
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3. External Factors 

Description: External factors include environmental conditions such as weather, pollution, 

and physical impacts that can influence transformer performance. 

Key Factors: 

Weather Conditions: Extreme temperatures, high humidity, and precipitation can affect cool- 

ing efficiency and insulation performance. 

Pollution: Dust, chemical contaminants, and other pollutants can degrade insulation and cool- 

ing systems. 

Physical Impacts: Vandalism, accidental impacts, and structural stresses can damage the trans- 

former. 

Recommendations: 

Environmental Protection: Use protective measures such as weatherproof enclosures and 

filtration systems to shield the transformer from environmental impacts. 

Regular Inspections: Conduct regular inspections to identify and address issues caused by 

pollution or physical damage. 

Enhanced Security: Implement security measures to prevent vandalism and accidental dam- 

age. 

Implications: 

Enhance Durability: Protecting the transformer from environmental factors and physical 

impacts increases its durability and reduces the risk of failure. 

Improve Reliability: Regular inspections and environmental protections ensure reliable oper- 

ation and prevent potential issues. 

4. Historical Performance Data 

Description: Analyzing historical performance data involves reviewing past operational 

records, maintenance logs, and failure incidents to identify patterns and recurring issues. 

Key Factors: 

Maintenance Records: Review past maintenance activities to ensure that all recommended 

procedures were followed and identify any recurring issues. 

Failure Incidents: Analyze previous failures to understand their causes and implement correc- 

tive measures. 

Recommendations: 

Review Maintenance Logs: Regularly review and update maintenance practices based on 

historical performance data. 
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Analyze Failure Trends: Use failure analysis to identify root causes and implement preven- 

tive measures. 

Implications: 

Inform Maintenance Strategies: Historical performance data helps in refining maintenance 

strategies and addressing recurring issues. 

Enhance Predictive Maintenance: Data-driven insights support predictive maintenance prac- 

tices, reducing unexpected failures. 

(3) Maintenance Practices to Prevent Failure of 12.5 MVA Power Transformers 

1. Maintenance Schedule 

Description: A well-defined maintenance schedule outlines the frequency and types of 

maintenance activities required for transformer upkeep. 

Evaluation Factors: 

Routine Inspections: Scheduled inspections to check the condition of critical components 

such as insulation, cooling systems, and bushings. 

Preventive Maintenance: Regularly planned activities, including cleaning, lubrication, and 

part replacement, aimed at preventing failures. 

Predictive Maintenance: Techniques such as Dissolved Gas Analysis (DGA) and Partial 

Discharge (PD) testing to predict potential failures based on real-time data. 

Potential Gaps: 

Inadequate Frequency: Inspections or maintenance tasks that are scheduled too infrequently 

may miss early signs of degradation. 

Reactive Maintenance: Relying primarily on reactive maintenance instead of preventive or 

predictive approaches can lead to unplanned outages. 

Recommendations: 

Regular Review: Continuously review and adjust the maintenance schedule based on opera- 

tional data and transformer condition. 

Implement Predictive Tools: Integrate predictive maintenance tools to anticipate and address 

potential issues before they cause failures. 

Implications: 

Early Detection: A well-structured maintenance schedule helps in the early detection of issues, 

reducing the risk of unexpected failures. 
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Improved Reliability: Regular and predictive maintenance practices enhance the overall reli- 

ability and performance of the transformer. 

2. Inspection Practices 

Description: Inspection practices involve examining transformer components for signs of 

wear, damage, or deterioration. 

Evaluation Factors: 

Visual Inspections: Regular visual checks for physical damage, leakage, or corrosion. 

Electrical Testing: Routine testing of insulation resistance, power factor, and transformer 

health indicators. 

Thermal Imaging: Use of thermal cameras to detect overheating components and anomalies. 

Potential Gaps: 

Inconsistent Procedures:  Inconsistent or incomplete inspection procedures may lead to 

missed issues. 

Limited Scope: Focusing only on visible components may overlook internal or less obvious 

problems. 

Recommendations: 

Standardize Procedures: Develop and enforce standardized inspection procedures to ensure 

thorough and consistent checks. 

Comprehensive Inspections: Expand the scope of inspections to include internal components 

and use advanced diagnostic tools. 

Implications: 

Thorough Checks: Consistent and comprehensive inspections increase the likelihood of 

detecting potential problems early. 

Reduced Downtime: Early detection of issues helps in minimizing unplanned downtime and 

maintenance costs. 

3. Maintenance Documentation 

Description: Proper documentation involves recording all maintenance activities, inspections, 

and repairs performed on the transformer. 

Evaluation Factors: 

Record Keeping: Detailed logs of maintenance activities, including dates, performed tasks, 

and observed conditions. 

Data Analysis: Analysis of maintenance records to identify patterns or recurring issues. 
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Potential Gaps: 

Incomplete Records: Incomplete or inaccurate documentation can hinder the identification of 

trends and recurring problems. 

Lack of Analysis: Failure to analyze maintenance data may result in missed opportunities for 

process improvements. 

Recommendations: 

Maintain Detailed Logs: Ensure accurate and comprehensive documentation of all mainte- 

nance activities. 

Analyze Trends: Regularly analyze maintenance records to identify and address recurring 

issues or potential areas for improvement. 

Implications: 

Informed Decisions: Detailed and accurate documentation supports informed decision-mak- 

ing and continuous improvement. 

Trend Identification: Analyzing data helps in identifying and addressing systemic issues, 

improving overall reliability. 

4. Training and Competency 

Description: Training and competency involve ensuring that maintenance personnel are skilled 

and knowledgeable about transformer maintenance and operation. 

Evaluation Factors: 

Training Programs: Regular training programs for maintenance staff on transformer technol- 

ogy, procedures, and safety. 

Certification and Skills: Ensuring that personnel have the necessary certifications and skills 

to perform maintenance tasks effectively. 

Potential Gaps: 

Insufficient Training: Lack of ongoing training or outdated knowledge can lead to improper 

maintenance practices. 

Skills Gaps: Personnel without the required skills may struggle to identify or address complex 

issues. 

Recommendations: 

Ongoing Training: Implement regular training programs to keep maintenance personnel 

updated on best practices and new technologies. 
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Certification: Ensure that maintenance staff are certified and skilled in transformer mainte- 

nance and repair. 

Implications: 

Effective Maintenance: Well-trained personnel perform maintenance tasks more effectively, 

reducing the risk of errors and improving transformer reliability. 

Enhanced Safety: Proper training ensures that maintenance activities are conducted safely 

and efficiently. 

(4) Diagnostic Data for Preventing Failure of 12.5 MVA Power Transformers 

1. Dissolved Gas Analysis (DGA) 

Description: DGA is a key diagnostic technique that involves analyzing gases dissolved in 

transformer oil to detect signs of internal faults. 

Diagnostic Tools: 

Gas Chromatographs: Devices used to separate and analyze different gases in the oil. 

DGA Sensors: Sensors that measure gas concentrations and provide data on the condition of 

the transformer. 

Key Data Indicators: 

Gas Concentrations: Levels of gases such as hydrogen (H2), methane (CH4), ethane (C2H6), 

and acetylene (C2H2) indicate specific fault types (e.g., overheating, arcing). 

DGA Ratios: Ratios such as the Rogers ratio or the Duval triangle can help in diagnosing the 

severity and type of fault. 

Recommendations: 

Regular Testing: Perform DGA at scheduled intervals to monitor gas levels and detect changes 

in gas concentrations. 

Trend Analysis: Analyze trends in gas concentrations over time to identify developing issues 

before they escalate. 

Implications: 

Early Fault Detection: DGA helps in identifying faults like overheating or electrical dis- 

charges early, reducing the risk of catastrophic failures. 

Preventive Maintenance: Allows for timely maintenance and repairs based on diagnostic 

data, improving transformer reliability. 

2. Partial Discharge (PD) Testing 

Description: PD testing involves measuring partial discharge activity within the transformer 

to detect insulation defects. 
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Diagnostic Tools: 

PD Detectors: Instruments that measure partial discharge signals in the transformer insulation 

system. 

Ultrasonic Sensors: Used to detect high-frequency acoustic signals generated by partial dis- 

charges. 

Key Data Indicators: 

PD Magnitude and Location: The intensity and location of partial discharges can indicate 

insulation weaknesses or defects. 

PD Patterns: Analyzing the patterns and trends of partial discharge activity helps in diagnos- 

ing insulation problems. 

Recommendations: 

Periodic Testing: Conduct PD testing regularly to monitor insulation condition and detect 

early signs of deterioration. 

Detailed Analysis: Perform detailed analysis of PD signals to accurately diagnose insulation 

faults and plan corrective actions. 

Implications: 

Insulation Integrity: Early detection of insulation problems through PD testing helps prevent 

major failures and extend transformer life. 

Targeted Maintenance: Enables targeted maintenance and repairs based on precise fault 

localization. 

3. Power Factor Testing 

Description: Power factor testing measures the efficiency of the transformer’s insulation sys- 

tem and helps in identifying insulation degradation. 

Diagnostic Tools: 

Power Factor Testers: Devices that measure the power factor of the transformer insulation. 

Insulation Resistance Testers: Instruments used to measure insulation resistance and power 

factor. 

Key Data Indicators: 

Power Factor Values: Increased power factor values indicate degraded insulation and poten- 

tial issues. 

Insulation Resistance: Changes in insulation resistance can signal insulation deterioration. 
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Recommendations: 

Routine Measurement: Perform power factor testing as part of routine maintenance to moni- 

tor insulation condition. 

Analyze Trends: Track power factor trends over time to detect insulation degradation early. 

Implications: 

Insulation Condition: Helps assess the condition of insulation and identify potential problems 

before they lead to failures. 

Maintenance Planning: Provides data for planning maintenance activities to address insula- 

tion issues. 

4. Thermal Imaging 

Description: Thermal imaging uses infrared cameras to detect temperature variations in the 

transformer, identifying potential hotspots and thermal issues. 

Diagnostic Tools: 

Infrared Cameras: Devices that capture thermal images and measure temperature 

distributions. 

Thermal Analysis Software: Software used to analyze thermal images and identify hotspots. 

Key Data Indicators: 

Temperature Hotspots: Areas with elevated temperatures may indicate issues such as poor 

cooling, electrical faults, or loose connections. 

Heat Distribution Patterns: Analyzing heat distribution helps in identifying areas of concern 

and potential problems. 

Recommendations: 

Regular Inspections: Use thermal imaging regularly to monitor temperature distribution and 

detect overheating issues. 

Focus on Critical Areas: Pay special attention to components prone to overheating, such as 

connections and cooling systems. 

Implications: 

Heat Management: Identifying and addressing hotspots helps in managing heat and prevent- 

ing thermal-related failures. 

Improved Safety: Thermal imaging enhances safety by detecting potential overheating issues 

before they cause damage. 
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5. Sweep Frequency Response Analysis (SFRA) 

Description: SFRA involves analyzing the frequency response of the transformer to detect 

mechanical and electrical issues, such as winding deformation or core problems. 

Diagnostic Tools: 

SFRAAnalyzers: Devices that measure the frequency response of the transformer and provide 

data on mechanical and electrical integrity. 

Key Data Indicators: 

Frequency Response Curves: Changes in response curves indicate possible mechanical 

deformations or winding issues. 

Comparison with Baseline: Comparing current response with baseline data helps in identifying 

deviations and potential problems. 

Recommendations: 

Baseline Data: Establish baseline frequency response data for comparison with future 

measurements. 

Regular Testing: Conduct SFRA testing at scheduled intervals to monitor transformer 

condition. 

Implications: 

Mechanical Integrity: Helps detect mechanical issues such as winding movement or core 

problems, allowing for timely intervention. 

Preventive Maintenance: Provides valuable data for preventive maintenance and repairs. 
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