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 In an electrical power distribution system, harmonic distortion is the most 

prominent power quality problem that causes long-term adverse effects such 

as failure of distribution transformers. Considering that most transformer 

problems are caused by heat losses due to the presence of harmonics, it was 

decided to use a numerical method with the highest accuracy, finite element 

method (FEM) to analyze the hot spot temperature (HST) of the thermal 

distribution transformer model. Through the use of COMSOL Multiphysics 

software, three phases of unbalanced harmonic loads are considered, which 

contribute to three different total harmonic distortion current (THDI) levels 

and five different insulation temperature classes. Using the IEEE C57.110-

2018 guidance, the simulation outputs are then verified with HST results 

from the HST mathematical model. The findings indicated that with the 

increased loadings, the unbalanced harmonic currents have impacted the 

HST increment and distinguished the HST values between the phases. 
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1. INTRODUCTION 

Malaysia, as a developing nation, has not been alone in utilizing power electronics technologies to 

enhance its own system in support of the country's development ever since they were developed to replace 

the conventional alternating current (AC) electrical system. In light of this, it is anticipated that electricity 

power will be drawn along the distribution networks of high quality. Unfortunately, undesirable power 

quality events like harmonics prevented the power from reaching its ideal state. The most common issue with 

electrical power distribution network power quality is harmonic distortion. Harmonics were defined as 

integer multiples of the fundamental line frequency by international standard bodies like the Institute of 

Electrical and Electronics Engineers (IEEE). 

 The electrical distribution equipment's nonlinear loads, which are primarily responsible for 

frequency variations, were the primary source of the harmonics. The steady-state wave shape of a nonlinear 

load is defined as not following the wave shape of the applied voltage [1]. In addition to the distorted power 

sinusoidal wave shape, nonlinear harmonic loads may also cause power losses to rise, overheating the 

distribution transformer, poor power factor conditions that force users to pay a penalty, disruptions in the 

smooth operation of large-scale production at industrial sites, and numerous other irritating network issues. 

A distribution transformer is an essential component of the distribution system in any electrical 

system network. It enables the utility provider to deliver power to its customers. It supplies voltage to the 

https://creativecommons.org/licenses/by-sa/4.0/
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electricity consumer via four wire cables, which typically require a high demand supply. As a result, the 

electricity delivery system's most expensive piece of equipment is the distribution transformer. In light of 

this, it is crucial to preserve the distribution transformer's best performance while also maintaining its 

durability and lifetime expectancy. To avoid a significant loss as a result of the transformer breaking down, it 

is best to explain the potential root cause of any potential failure at an earlier stage. Singh and Singh [2] 

stated that the most common reason for distribution transformer failure was excessive heat on the 

transformer. The group of previous studies, which mostly agreed that heat is the primary cause of the 

distribution transformer's failure [3]–[10], strongly support this assertion. In addition, the authors discovered 

that the low voltage (LV) side winding of the transformer experiences more failures than the transformer's 

core or other components. The winding insulation's deterioration is said to frequently cause failure elsewhere 

[11]–[14]. On the other hand, numerous literatures have stated that harmonic currents are the root of 

excessive heat generation on the distribution transformer winding [15]–[20]. Although several works have 

explored the impact of harmonics on the distribution transformer, it appears that the impact of harmonic level 

variations on the HST behavior was not specifically addressed in previous works. Most of the existing studies 

concentrated only on the higher value of total harmonic distortion current (THDI) instead of considering the 

lower values [21]–[26]. Moreover, the harmonic current behavior towards the hot spot temperature (HST) 

should be analyzed according to the specific load levels at a particular time. Therefore, a comprehensive 

analysis is needed to identify the impact of harmonic current load from different levels on the HST behavior 

on the LV windings of distribution transformer. 

Therefore, this paper examines the HST behavior on the LV windings of distribution transformer, by 

employing different THDI levels from separated times of five different insulation temperature classes of 

distribution transformer. The measured and collected data for this research mainly came from detected 

problematic transformers at substations that supply to commercial load buildings. The HST analysis is 

carried out using FEM using COMSOL Multiphysics software. The validation of the findings is then 

conducted by comparing the simulation results with the HST mathematical model using IEEE approach. 

 

 

2. METHOD  

This section provides an overview of the methodology applied in this research. This section includes 

aspects like data specifications for distribution transformers, clarification of the rated values for hot spot 

temperatures in accordance with established standards, mathematical formulation involved in the research 

works, modelling of thermal distribution transformers, and the evaluation method, all based on the 

approached mentioned. A detailed analysis is provided in the discussion that follows, which is presented in 

several subsections. 

 

2.1.  Distribution transformer specification data 

The cast resin transformer, also known as a dry type of transformer, is the type of transformer being 

used in this study. As a result, the genuine field measurement data were gathered from the problematic 

substation that was found and supplies voltage to the commercial buildings nearby. The power analyzer 

software is used for online monitoring of the measurement. Table 1 shows the details of that particular 

distribution transformer's specifications.  

 

 

Table 1. Distribution transformer data specification 
Specification Value 

Sizing 500 kVA 

Primary voltage 22 kV 

Secondary voltage 433 V 
Primary current 13.1 A 

Secondary current 667 A 

Frequency 50 Hz 
Maximum rated ambient temperature 40 °C 

Ambient temperature 30 °C 

Winding material Copper (Cu) 

 

 

2.2.  Rated hot spot temperature of distribution transformer 

To analyze the impact from the unbalanced harmonic loads towards the transformer, the rated 

hotspot temperatures, 𝛩𝐻𝑆−𝑟𝑎𝑡𝑒𝑑 for the distribution transformer are determined by the insulation temperature 

classes all five types of the insulation temperature classes of 130 °C, 150 °C, 180 °C, 200 °C and 220 °C are 

used to determine the 𝛩𝐻𝑆−𝑟𝑎𝑡𝑒𝑑 by each class in this research. According to [27], the 𝛩𝐻𝑆−𝑟𝑎𝑡𝑒𝑑  is 10 °C less 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Hotspot temperature analysis of distribution transformer under … (Muhammad Haziq Mohd Wazir) 

1289 

than a temperature class, based on a 30 °C ambient temperature. In this regard, this 𝛩𝐻𝑆−𝑟𝑎𝑡𝑒𝑑 is also named 

as temperature rise limit in the standard. In this case, the temperature rise limit is focused on the specified LV 

winding parts of this 500 kVA distribution transformer. Typically, the 𝛩𝐻𝑆−𝑟𝑎𝑡𝑒𝑑 value of the transformer is 

determined by the manufacturer who designs and construct the transformer. However, since the primary 

objective of this study is to determine any particular hotspot temperature value that has exceeded the limit, 

therefore the best technique is by taking the maximum temperature rise limit as the rated hotspot value. Thus, 

according to the mentioned standard, the maximum hottest-spot rated temperature in Table 2 is referred to as 

the rated hotspot temperature value for the distribution transformer, which is also referred for the HST 

compliance check and determination of the premature failure condition inside the transformer. 

 

 

Table 2. Temperature rise limits over ambient temperature for dry-type distribution transformer 
Insulation system 

temperature class (°C) 
Maximum hottest-spot 
rated temperature (°C) 

Maximum hottest-spot rated temperature, loading 
above rating for resin-encapsulated transformer (°C) 

130 120 200 
150 140 220 
180 170 250 
200 190 270 
220 210 290 

 

 

2.3.  Total harmonic distortion current (THDI) range classification 

The harmonic current data is collected from a substation transformer supplying a commercial load 

building. In this case, the classification of THDI range is based on the collected harmonic current load data 

from three different working hours in the same day considering different active operation period of the LV 

network. The three different working hours are categorized based on peak hour, average hour and low hour. 

Therefore, the range of the THDI collected for each level is classified as shown in Table 3. 

 

 

Table 3. THDI range classification 
THDI level Time THDI range (%) 

Peak 4:20 pm 19% < THDI < 22%. 
Average 12:30 pm 16% < THDI < 18% 

Low 14:10 pm 12% < THDI < 15% 

 

 

2.4.  Harmonic loss correction calculation 

 The indication of harmonic current impact on the winding temperature rise can be expressed through 

the evaluation of eddy current losses. Therefore, the collected harmonic loads data from the LV side of 

distribution transformer are utilized to quantify their harmonic loss factor, 𝐹𝐻𝐿 𝑒𝑐 , as expressed in (1), 

indicating the influence of harmonic to the eddy current losses which is actively generated on the LV 

winding part of the distribution transformer. Based on the written expression, 𝐼ℎ represents the harmonic 

current component, 𝐼1 is the fundamental current and ℎ is the harmonic order. Meanwhile, the corrected 

losses for due to the harmonic loss factor is expressed as in (2), where 𝑃0 is the corrected eddy current losses, 

𝑃𝑒𝑐 is the eddy current losses, and 𝐹𝐻𝐿 𝑒𝑐  is the eddy current harmonic loss factor. 

 

𝐹𝐻𝐿 𝑒𝑐 =
∑ (

𝐼ℎ
𝐼1

)
2

ℎ=𝑚𝑎𝑥
ℎ=1 ℎ2

∑ (
𝐼ℎ
𝐼1

)
2

ℎ=𝑚𝑎𝑥
ℎ=1

 (1) 

 

𝑃0 = 𝐹𝐻𝐿 𝑒𝑐  𝑃𝑒𝑐  (2) 

 

2.5.  Thermal distribution transformer modelling for HST analysis 

 The FEM analysis approach is split into two parts which were modeling the two-dimensional cross 

section of the transformer and simulating the designed model with the harmonic composition from the site's 

data collection. For modeling part, the FEM COMSOL software is utilized to simulate the thermal model in a 

finite element environment. Figure 1 depicts the dry type of distribution transformer's cross section for the 

three-phase 500 kVA load. The transformer model is portrayed as single-phase based on the presumption that 

the design of each winding of the three-phase transformer is physically similar. As a result, it has the 

potential to simplify the geometry design that must be assembled in order to achieve the desired result. There 

are three sets of materials used in this model: copper for the transformer LV winding domain as shown in the 
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red circle in Figure 2, iron for the transformer core domain as shown in the red rectangle in Figure 3 and air 

for the coolant domain as shown in the green region in Figure 4. Table 4 shows that each type of material has 

its own set of properties. 

 

 

  
 

Figure 1. The 2D cross section of the dry-type 

geometry transformer model 

 

Figure 2. The copper material for the LV winding 

domain of the transformer 

 

 

  
 

Figure 3. The iron material for the core domain of 

the transformer 

 

Figure 4. The air material for the coolant domain of 

the transformer 

 

 

Table 4. Material properties for copper, iron and air 
Property Copper Iron Air 

Relative permeability, 𝜇𝒓 1 4,000 1 

Electrical conductivity, σ 5.998e7 S/m 1.12e7 S/m 0 S/m 

Heat capacity at constant 

pressure, Cp 
385 J/(kg.K) 440 J/(kg.K) Overrides copper and iron material 

Relative permittivity, ε 1 1 1 

Density, ρ 8,940 kg/m³ 7,870 kg/m³ Overrides copper and iron material 

Thermal conductivity, k 400 W/(m.K) 762 W/(m.K) Overrides copper and iron material 

 

 

2.6.  The heat source allocation on LV winding 

As shown in Figure 5, the green spot represents the heat source, 𝑄 which is applied specifically on 

the LV winding region, expressed in (3). The heat rate of the power losses, 𝑃0 over a volume, 𝑉 which 

expressed in (4), and encompassed the entire selected domain of the LV winding [28], defines the heat 

source. The corrected power losses, 𝑃0 is equivalently known as the eddy current losses, are the effects of the 

three groups of harmonic distortion that were present in the three-phase unbalanced harmonic loads. 

 
𝑄 = 𝑄0  (3) 

 

𝑄0 =
𝑃0

𝑉
  (4) 
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Figure 5. The heat source domain of the LV winding 

 

 

2.7.  Heat transfer and electromagnetic heating formulation 

Once the above-mentioned settings are accomplished, the thermal distribution transformer model is 

then simulated with the heat transfer equation coupled with the Multiphysics solution of electromagnetic 

heating in order to gain the HST result value. It is important to note that the heat transfer simulation is 

specifically performed on the mentioned designed specific location of the LV winding. Therefore, the 

mathematical formulation of the heat transfer and the electromagnetic heating are expressed in (5) and (6) 

and (7) respectively [28]. 

 

𝑑𝑧𝜌𝐶𝑝
𝜕𝑇

𝜕𝑡
+ 𝑑𝑧𝜌𝐶𝑝𝑢. 𝛻𝑇 + 𝛻. 𝑞 = 𝑑𝑧𝑄 + 𝑞0 + 𝑑𝑧𝑄𝑡𝑒𝑑 (5) 

 

𝑞 = −𝑑𝑧𝑘𝛻𝑇 (7) 

 

𝜌𝐶𝑝
𝜕𝑇

𝜕𝑡
+ 𝜌𝐶𝑝𝑢. 𝛻𝑇 = 𝛻. (𝑘𝛻𝑇) + 𝑄

𝑒
 (8) 

 

where 𝑑𝑧 is the thickness of the geometry which had been uniformly set to 1metre, 𝜌 is the density, 𝐶𝑝 is the 

specific heat capacity at constant pressure, 𝑢 is the thermal heat coefficient, 𝑇 is the temperature, 𝑞 is the 

conductive heat flux, 𝑄 is the heat source, 𝑞0 is the convection heat flux, 𝑘 is the thermal conductivity. 

Meanwhile, 𝑄𝑡𝑒𝑑  is the thermo elastic damping value which is often being neglected in practical. Lastly, 𝑄𝑒  

represents the electromagnetic heat source. 

 

2.8.  HST evaluation region of thermal transformer model 

  Regarding the HST evaluation, it is being studied on the selected region of the cross section of the 

transformer model. The indication of red spot in Figure 6 represents the expected abnormal temperature rise 

region which will be evaluated for the HST study. The primary objective of this region selection is to analyze 

the rise in the HST of the LV winding which had been significantly inserted with the heat source, 𝑄 from the 

loads resulting from the harmonic composition. Then, the compliance of the HST is indicated throughout the 

simulation of this heat transfer study by referring to the above-mentioned standard. 

 

 

 
 

Figure 6. HST evaluation region of the thermal distribution transformer model 
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2.9.  HST mathematical model using IEEE approach 

The main IEEE standards that are used as references to validate the HST analysis of the thermal 

transformer model, especially for the dry-type distribution transformer, are IEEE Std C57.96-2013 and IEEE 

Std C57.110-2018. Besides, MATLAB's Simulink toolbox is used to construct the distribution transformer's 

HST mathematical model. The general mathematical expression of the total HST is shown in (8) due to the 

fact that this study is solely executed on the LV winding [29]. 

 

𝜃𝐻𝑆 = 𝜃𝑎 + ∆𝜃𝐻𝑆 (8) 

 

where the 𝜃𝐻𝑆 is the hottest-spot winding temperature, 𝜃𝑎 is the ambient temperature and ∆𝜃𝐻𝑆 is the hottest-

spot temperature rise over ambient. All the temperatures are calculated in degree Celsius unit, °C. 

Meanwhile, the ∆𝜃𝐻𝑆 is considered as a function of load for steady-state conditions and self-cooled operation. 

Hence, the mathematical expression to calculate the value of ∆𝜃𝐻𝑆 is shown in (9) [29]. 

 

∆𝜃𝐻𝑆 =  ∆𝜃𝐻𝑆,𝑟 × [𝐿]2𝑚 (9) 

 

where ∆𝜃𝐻𝑆,𝑟 is the rated hottest-spot temperature rise over ambient at 1.0 per unit load, 𝐿 is the per unit 

load and m is an empirical constant which the value is set to 0.8. The HST results at the LV winding along 

the transformer's loading, which ranged from 0.1 p.u. to 0.9 p.u., become the primary focus of the 

validation for each phase of the transformer cables, each THD group, and each insulation class. The 

plotted graphs that contain the comparison results from both approaches are then depicted and analyzed 

only when the HST from both approaches is validated. The HST compliance with the limit, the harmonic 

content that contributed to the HST, and the HST behavior along the transformer loading were all part of 

the analysis. 

 

 

3. RESULTS AND DISCUSSION  

In order to validate the findings, the simulation HST results from the FEM thermal distribution 

model are compared to the HST results obtained from the IEEE HST mathematical model. This section 

shows the comparison of HST results from both methods in every insulation temperature class. Each 

subsection illustrates another three HST comparison result from FEM thermal distribution model with the 

IEEE HST mathematical model for the THDI-peak-level (19%-22%), THDI-average-level (16%-18%) and 

THDI low-level case (12%-15%).  

 

3.1.  Validation for 130 °C insulation temperature class 

Figure 7 shows HST simulation results between both mentioned approaches for THDI peak-level, 

average-level and low-level in 130 insulation temperature class. Based on Figure 7(a), it can be seen that the 

HST from the THDI peak-level case is obviously higher compared to other THDI levels, and it had crossed 

the maximum hottest spot temperature limit of 120 °C right before 0.7 pu in the phase B with the HST values 

of 126.31 °C, while 114.80 °C, and 114.02°C in each of phase A and phase C respectively. The final HST 

values at 0.9 pu from this THDI level are 159.29 °C, 176.31 °C and 158.12 °C, which all have surpassed the 

limit. Meanwhile, Figure 7(b) represents the THDI for average-level case, the HST had only reached the 

mentioned limit at 0.9 pu in phase B and phase C with the HST values of 123.27 °C and 130.56 °C 

respectively, while 118.39 °C in phase A. On the contrary, the HST values in THDI low-level are detected to 

remain under the limit for entire loading with the final HST values of 103.60 °C, 93.63 °C and 89.11 °C in 

phase A, phase B and phase C correspondingly as in Figure 7(c). Therefore, it can be clarified that the 

harmonic current load in this level is complying with the standard and will not put the transformer at any risk. 

The graphs vividly show the close similarity between the simulated HST values. The simulated HST values 

from both approaches are 96.3%, 98.9% and 99.7% in similarity for each THDI peak-level, THDI average-

level and THDI low-level respectively. 

 

3.2.  Validation for 150 °C insulation temperature class 

The results of validation for 150 °C are illustrated in Figure 8. Based on Figure 8(a), the HST 

from the THDI peak-level case is higher than the two other THDI levels. The HST in phase B has reached 

the maximum hottest spot temperature limit of 140 °C from the 0.7 pu onwards with the HST value of 

144.25 °C, while 132.58 °C and 134.16 °C have resulted in phase A and phase C respectively. The final 

HST values from this THDI level are 176.22 °C, 192.89 °C and 178.55 °C at 0.9 pu. Meanwhile, the  

HST in THDI average-level is illustrated in Figure 8(b) that the HST values at 0.7 pu are far under the 

limit with 108.26 °C, 114.54 °C and 118.07 °C in phase A, phase B and phase C respectively. Only when 
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they reach at the 0.9 pu onwards, all the three phases are indicated to cross the 140 °C, with each HST 

valued at 141.56 °C, 151.28 °C and 156.21°C accordingly. On the other hand, Figure 8(c) portrayed the 

HST values from THDI low-level which comply with the limit throughout the loading similarly as in the 

previous 130 insulation temperature class. The graphs clearly show the close similarity between the 

simulated HST values, notably at THDI average-level and THDI low-level case. The simulated HST 

values from both approaches in this class are 96.13%, 98.7% and 98.64% in similarity by each THDI level 

accordingly.  
 

3.3.  Validation for 180 °C insulation temperature class 

The HST from 180 °C insulation temperature class is shown in Figures 9 for each THDI level. As 

for THDI peak-level, the HST values that crossed the maximum hottest spot temperature limit of 170 °C for 

this class are similarly happened in phase B from the 0.7 pu onwards with the HST value of 177.57 °C, while 

Phase A and Phase C each at 162.56 °C and 161.52 °C respectively. The final HST values from this THDI 

level are 218.97 °C, 239.59 °C and 217.54 °C at 0.9 pu as shown in Figure 9(a). Meanwhile the HST in 

THDI average-level, it can be seen in Figure 9(b) that the HST has only reached the mentioned limit by all 

phases at 0.9 pu, with the HST values of 174.74 °C, 183.13 °C and 189.35 °C in phase A, phase B and 

phase C respectively. On the other hand, the HST in the THDI low-level is observed to similarly remain 

under the limit along the loading as in the previous 130 and 150 insulation temperature classes, which are 

portrayed in Figure 9(c). The HST simulation results between both mentioned approaches for THDI peak-

level, average-level and low-level in 180 insulation temperature class are compared. The graphs vividly show 

the close similarity between the simulated HST values, also notably at THDI average-level and THDI low-

level case. The simulated HST values from both approaches in this class are illustrated in where it indicated 

95.4%, 98.5% and 98.6% in similarity by each THDI level accordingly. 

 

3.4.  Validation for 200 °C insulation temperature class  

Figure 10 represents the HST results for the insulation temperature class of 200 °C. The HST value 

in the peak level surpassed the maximum hottest spot temperature limit of 190 °C for this class at the 0.7 pu 

load. At this point, the HST in phase B has reached the limit with 193.63 °C, while closely followed by 

180.57 °C, and 179.39 °C in phase A and phase C respectively. The final HST value from this THDI level is 

244.63 °C, 262.39 °C and 243 °C at 0.9 pu as indicated in Figure 10(a). Meanwhile the HST in THD 

average-level, it can be seen in Figure 10(b) that the HST in phase C has reached the mentioned limit at  

0.9 pu with the HST value of 195.26 °C, while the HST in phase B and phase C are each at 179.40 °C and 

180.32 °C. Lastly for THDI low-level in Figure 10(c), all HST values along the entire loading are detected to 

be safely complied to the limit, similarly as in the previous 130, 150 and 180 insulation temperature classes. 

The HST simulation results between both approaches for THDI peak-level, average-level and low-level in 

200 insulation temperature class are compared. Even though there are results deviations in THDI average-

level case, it still holds strong agreement between those results with 93.4% in similarity. Meanwhile, the 

simulated HST values in THDI peak-level and THDI low-level remained highly validated with 96.3%, and 

97% in similarity for respective THDI levels. 

 

3.5.  Validation for 220 °C insulation temperature class  

The HST results for 220 °C insulation temperature class are illustrated in Figure 11. As for THDI 

peak-level in 220 °C insulation temperature class in Figure 11(a), a bit difference in the HST behavior is 

observed, compared to other previous classes. At 0.7 pu, the HST values remained complying the 

maximum hottest spot temperature limit of 210 °C and merely approached the limit in phase B with the 

HST value of 209.48 °C, while phase A and phase C each at 198.29 °C and 196.97 °C respectively. The 

final HST values from this THDI level are 269.85 °C, 284.88 °C and 268.03 °C at 0.9 pu, which have 

surpassed the aforementioned limit. Meanwhile the HST in THDI average-level, it showed that the HST 

have only reached the mentioned limit by all phases at 0.9 pu, with the HST values of 210.69 °C,  

211.39 °C and 215.88 °C in phase A, phase B and phase C respectively, which can be observed in Figure 

11(b). Meanwhile in Figure 11(c), the HST in the THDI low-level is observed to similarly remain under 

the limit along the loading as in the previous 130, 150, 180 and 200 insulation temperature classes. The 

simulation results between both mentioned approaches for THDI peak-level, average-level and low-level 

in 220 insulation temperature class are shown. The graphs distinctly show the close similarity between the 

simulated HST values, notably at THDI peak-level and THDI low-level case. The simulated HST values 

from both approaches are 97.3%, 96.4% and 98% in similarity for each THDI peak-level, THDI average-

level and THDI low-level respectively. 
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(a) (b) 

 

 
(c) 

 

Figure 7. Comparison in FEM and IEEE approach for THDI peak-level, (a) THDI average-level,  

(b) THDI low-level, and (c) for 130 insulation temperature class 

 

 

  
(a) (b) 

 

 
(c) 

 

Figure 8. Comparison in FEM and IEEE approach for THDI peak-level, (a) THDI average-level, 

(b) THDI low-level, and (c) for 150 insulation temperature class 
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(a) (b) 

 

 
(c) 

 

Figure 9. Comparison in FEM and IEEE approach for THDI peak-level (a) THDI average-level, 

(b) THDI low-level, and (c) for 180 insulation temperature class 
 

 

  
(a) (b) 

 

 
(c) 

 

Figure 10. Comparison in FEM and IEEE approach for THDI peak-level, (a) THDI average-level, 

(b) THDI low-level, and (c) for 200 insulation temperature class 
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(a) (b) 

 

 
(c) 

 

Figure 11. Comparison in FEM and IEEE approach for THDI peak-level, (a) THDI average-level,  

(b) THDI low-level, and (c) for 220 insulation temperature class 

 

 

4. CONCLUSION  

The study aims to observe and analyze the hot spot temperature behavior under different THDI 

levels and insulation temperature classes which may lead to the premature failure condition of the 

distribution transformer. Therefore, based on the obtained result, it is possible to conclude that if the 

transformer in this real case study is using all types of insulation temperature classes, the unbalanced 

harmonic current loads are not affecting the temperature and the HST is consistently complying with the 

standard regardless the level of the THDI. This is due to the reason that the transformer had very light loads 

during the measurement of harmonic currents. However, when the HST model is simulated for the case if the 

loading of the transformer is increasing, the measured unbalanced harmonic currents then started to impact 

the increment of the HST and distinguish the HST values between the phases. Furthermore, the differences in 

HST values are matched with the measured THDI by each phase from each THDI level as depicted earlier. 

Hence, the resulting HST in phase B, phase C and phase A of the THDI peak-level are significantly different 

and higher compared to the other two phases, average-level and low-level THDI. The potential cause could 

be the active operation of harmonic-generating equipment, which created a greater harmonic current in that 

specific phase compared to other phases. Another conclusion is that the uniform patterns are traced 

throughout the study for the entire HST simulation results from each insulation temperature class. Every HST 

simulation results in every class indicated compliance to the standard limit up to 0.9 pu. Apart from that, 

when the transformer loading is above the rating limit for THDI peak-level in the 200 and 220 insulation 

temperature classes, the HST gets closer to exceeding the maximum hottest spot temperature limit. This 

demonstrated the importance of choosing the right insulation temperature class for the distribution 

transformer based on the transformer's size and the loads that will be supplied. 
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