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Abstract - Switchgear and terminations for transmission and distribution lines are all parts of an electrical system known as a 

transformer substation. Transformer substations can possibly even better convert voltage from high to low. Especially for 

distribution networks, the thermal performance of power substations is a significant concern. The heat generated by a 

transformer's operation raises the temperature of its internal components. Transformers with higher efficiency rise in 

temperature less quickly than those with lower efficiency. Heat damage that occurs to the transformer windings during normal 

operation is one of the main causes of damage. SolidWorks' thermal simulation software, thermal method analysis, was utilised 

to assess thermal performance. In this project, amorphous metal and amorphous steel are employed as the two material cores 

to compare and simulate the thermal analysis in rising temperature and heat flux. When compared to actual tests, which had 

restrictions on the thermal result, the simulation's results can be used to help choose the right material. The maximum 

temperature the simulation determines between amorphous metal and amorphous steel is 60 ℃. The heat flux result indicates 

an initial value of 6 x 104 W/m2 and an increase in the metal's thermal conductivity to 60 ℃. As a result, amorphous metal was 

suggested as a potential for transformer core material. 
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1. Introduction 
The current flowing through an electrical component 

generates heat in power substation equipment like current 

transformers (CT), potential transformers (PT), insulators, 

breakers, arresters, and disconnectors. The infrared thermal 

radiation patterns, communicated as heat energy in the target 

barriers, are invisible to the human eye. The exterior heat 

pattern of any component can only be seen by heat-based 

infrared imaging devices [1]. 

 

Infrared imaging technology can be highly useful in 

locating defects in high-voltage electrical devices in their early 

stages before a major breakdown occurs. Power substation 

components have a longer working and safe lifecycle when an 

image-based diagnosis is utilised. Any electrical equipment 

with a temperature exceeding 0°C emits thermal radiation, 

which can cause the interior temperature of high-voltage 

electrical equipment to increase. 

 

To obtain the thermal characteristics of high-voltage 

electrical components, infrared thermal imaging (IRT) 

employs sophisticated infrared (IR) cameras. The infrared 

image still shows the electrical components' temperature 

profile and temperature range. In electrical apparatus, various 

temperature ranges are represented by various colour 

schemes. The heat profile, which rates the rank of the 

defective components by the issues regarding maintenance of 

the components, can be used by thermographs to understand 

the infrared picture models. The inspection of the heated 

components and their repair in accordance with the electrical 

equipment's order is the final outcome of this [2]. 

 

In steady-state models, the hotspot temperature and its 

position are predicted along with the temperature field in the 

transformer winding. A technique called thermal 3D modeling 

simulation is used to precisely forecast temperature increases 

in components and windings above ambient temperature. 

Determining the hotspot position and temperature increases is 

crucial for industry and transformer users. Thermal cameras 

are used to collect genuine data to compare with. Due to the 

ability to detect thermal performance, calibration for thermal 

cameras is a problem. The project's goal is to create a 3D 

modeling simulation and incorporate a thermal camera that is 

more effective to utilize, given that it is used in industry. 
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Fig. 1 Project Flowchart 

 

Infrared thermal imaging (IRT) uses potent infrared (IR) 

cameras to gather the thermal properties of high-voltage 

electrical components. The infrared image still shows the 

electrical components' phase profile and temperature range. 

Different colour schemes in electrical equipment are used to 

indicate different temperature ranges. Thermographs may 

analyse infrared picture models by using the heat profile, 

which ranks the rank of the defective components by the 

serious measures of maintenance of the components. The 

inspection of the heated components and their repair in 

accordance with the electrical equipment's order is the final 

outcome of this [2]. 

 

Due to its non-intrusive, quick, and cost-effective 

methodology, the IR imaging strategy is currently a key 

technology for anticipating and preventing the flaws of 

multiple substances in various areas. A survey of the literature 

indicates that, as a result, the infrared imaging methodology 

offers several applications and practical methods for the 

operational functioning of electrical equipment without 

interfering with the system's operation [2-14]. 

In order to increase reliability, thermal method analysis is 

necessary. To assess the reliability of power transformers, 

simulation software is employed. However, this approach 

lacks details on the modes and operating circumstances of 

power transformers as well as the definition of test sample 

items. The heating process and magnetic flux between two  

material cores—amorphous steel and metal—are compared in 

this work using simulation. 

 

2. Method 
A simulation has been created to facilitate this research's 

objectives and make the procedure more accurate. This was 

the start of linking research to studies from earlier 

investigations. The benefit of finishing this research results 

from this strategy. The recommended approach to finish the 

research investigation was indicated in the previous study. 

This research continues because of the suggestions that are 

suggested for addition. After that, SolidWorks software was 

used to create the 3D modelling. This core transformer's 3D 

modelling dimension was derived from an earlier research 

hypothesis. The transformer for this study has the same 

dimension. 

 

Additionally, this latest copy sure the project stayed 

within its parameters and fulfilled its goal. The 

flowchart shown in Figure 1 illustrates the project's overall 

process flow. 

 

The selection of transformers was chosen based on the 

similarity of power used by Tenaga Nasional Berhad (TNB) 

at the distribution substation. Figure 2 shows the transformer 

selection; a site visit to the industry at Malaysia Marine and 

Heavy Engineering (MMHE) on 14 April 2022 was used to 

discover a transformer suited for this study. As a result of the 

site visit, a transformer in Figure 2, the 66kV/470V 

transformer, was selected for this study. 

 
Fig. 2 Transformer 66 kV, 470 V at MMHE. 
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Table 1. Parameter for amorphous steel 

Parameter Specification 

kVA rating 3500 

Voltage rating 6600/470 V 

Maximum magnetic flux 1.1 Wb/m 

Window space factor (kW) 0.273 

Stacking factor 0.9 

 
Table 2. Parameter for amorphous metal 

Parameter Specification 

kVA rating 3500 

Voltage rating 6600/470 V 

Maximum magnetic flux 1.2 Wb/m 

Window space factor (kW) 0.273 

Stacking factor 0.9 

 
Fig. 3 Transformer core 

The design of a three-phase transformer rating 3500 kVA 

6600/470 V using parameters obtained from a site visit is 

shown in Table 1 and Table 2 for material, amorphous steel 

and amorphous metal. 

 

Figure 3 shows a drawing made with the SolidWorks 3D 

modelling programme details the transformer core's 

architecture. The overall dimension of the chosen concept 

must be established before commencing the detailed design, 

as doing so will make sketching the detailed design simpler in 

the future. SolidWorks streamlines the design process and has 

the ability to turn 2D drawings into 3D models—core 

transformers' specific technical specifications, which are only 

available from the manufacturer. 

 

The designed transformer is simulated using Solidworks 

3D modelling. Each part is given a set of material properties 

after the model has been imported. Amorphous metal and 

amorphous steel will be the main materials in this simulation. 

In order to assign material qualities, some factors are used 

similarly to the manufacturing parameters. The model was 

meshed and simulated using thermal analysis. In order to 

achieve more precise results using the combined volume of 

three-phase transformers, fine meshing is needed, as shown by 

the mesh 3D modelling in Figure 4. 

 
Fig. 4 Mesh 3D modelling 

 

 
Fig. 5 Simulation Finite Element Analysis (FEA) 

  

Figure 5 illustrates how the material is heated during a 

simulated thermal investigation. As a result of the heat and 

infrared radiation being emitted, the various colours depict 

how hot it is. For instance, red denotes a high temperature, 

whereas blue denotes a low temperature. 

Amorphous steel and amorphous metal will be contrasted 

as two cores. Typically, these materials are utilised to create 

transformer cores. Amorphous metals are non-crystalline or 

glassy and are also referred to as vitreous metals. From these 

metals, high-performance transformers are created. The 

materials' low conductivity aids in reducing eddy currents. 

 

Next are amorphous steel cores, which reduce eddy 

current flow by using multiple paper-thin metallic strips. 

Amorphous steel cores act at greater temperatures than 

conventional lamination layers and charge fewer losses than 

other magnetic cores. It is required to compare and assess the 

design efficiency with the existing and proposed designs after 

the design simulation using SolidWorks methods, where these 

two materials' attributes were applied. The temperature and 

heat flux between the two materials can be compared after the 

comparison. 

 

Transformer specification data received and used as a 

reference in the simulation were provided via a site visit to 

MMHE, as shown in Table 3. 



Mardzulliana Zulkifli et al. / IJETT, 71(3), 9-16, 2023 

 

12 

Table 3. Specification of transformer 

Parameter Specification 

Rated power (kVA) 3500 

High / Low Voltage 6600/470 V 

Phase 3 

Frequency 60 Hz 

Winding temperature rise ℃ 60/65 

 

3. Result and Discussion 
This section primarily deals with analysing and 

discussing obtained results and comparisons from outcome 

simulation in connection to the project objectives. In this 

project, two materials were simulated using Solidworks to 

produce a thermal analysis that outputs temperature and heat 

flux. 

On a three-phase, 3500kVA, 6600/440 V system, the 

simulation is conducted. The total number of nodes and 

produced elements and the element size and tolerance are all 

included in Table 4 mesh data. 

 

 
Fig. 6 Temperature of amorphous metal (a) t = 10s, (b) t = 20s 

Table 4. Mesh data 

No. of node Number of elements Element size (mm) 

1339 3761 70.502 

 
Fig. 7 Temperature of amorphous steel (a) t = 10s, (b) t = 20s 

 
Fig. 8 Parameter of ambient temperature 

 

Amorphous metal and amorphous steel are two core 

materials that are compared in Figure 9 using temperature 

versus time graphs(s). According to the graph, the amorphous 

steel reacts more quickly than the amorphous metal to a 

change in temperature over the course of one second when the 

steel is 45°C, and the metal is 35°C. When temperatures rise, 

metal materials can react more quickly than steel materials. 

This is because amorphous steel, a soft magnetic material, is 

employed in electrical power transformers, motors, and 

generators. 

 
Fig. 9 Temperature rise between amorphous metal and steel
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Fig. 10 Heat flux for Amorphous Metal 

 

 
Fig. 11 Heat flux for Amorphous steel 

 
Amorphous steel cores are more responsive at greater 

temperatures than other magnetic cores and offer reduced 

losses. Although these amorphous metals have a lesser 

response when the transformer is in use, they are used to create 

high-performance transformers. The graph also demonstrates 

that steel starts to heat up around 45 degrees but reacts more 

slowly than metal, which starts to heat up at 35 degrees. The 

metal, however, reacts quickly and reaches 60 °C in 10 s as 

opposed to 20 s for steel. 

 

Figures 10 and 11 compare the heat flux between steel 

and metal through heat flux models. Figure 10 shows that the 

amorphous metal substance's surface only differs at the 

winding region, which has a different colour. Additionally, the 

red patch's centre and left limb core portions are encircled in 

winding. The heat flow in the simulated amorphous steel 

material is different from the heat flux in amorphous metal, in 

any case. The surface area colour change is more obvious in 

the Figure 11 simulation results than in Figure 10.  

As a result, it can be said that amorphous metal is superior 

to amorphous steel because the heat on the surface heats up 

more slowly than heat flowing to the surface. 
 

Understanding how it changes shape and how it compares 

to other materials is vital because the heat transfer at the 

metal–steel interface is a measure that directly influences the 

surface's final structure. The heat transfer coefficient in the 

metal and steel interface was calculated using the simulated 

temperature in the metal and steel, which mimics the change 

in heat flux. 

 

As shown in Figure 12, after a substantial initial variation, 

the heat transfer coefficient in the metal interface under heat 

flow gradually decreases over time to a value of 

approximately 6x104 W/m2, which is stabilized by the gap air 

that forms as a result of the metal's contraction. Steel, in 

contrast, has a small drop until it reaches 2 x 104 W/m2. 
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Fig. 12 Heat flux density between amorphous metal and steel 

 

 
Fig. 13 Thermal conductivity between amorphous steel and metal 

Table 5. Comparison of amorphous metal and steel 

              Core material 

Testing 
Amorphous metal Amorphous steel 

Temperature rise Fast reaction Slow reaction 

Heat flux Slow on heat transfer High transfer heat to the surface 

Thermal conductivity High conductivity Low conductivity 

 
Thermal conductivity, a property of materials, describes 

the capacity to conduct heat. Figure 13 illustrates how the 

metal's thermal conductivity increased as the temperature rose 

up to 40°C and then rose to 60°C.  

Amorphous steel's thermal conductivity improved with 

temperatures up to 21°C before significantly declining at 

higher temperatures. According to the graph, amorphous steel 

has one of the lowest heat conductivity values of any metal. In 

contrast to amorphous metal, materials with high thermal 

conductivity could move heat more quickly and effectively 

than those with low conductivity. 

Table 5 provides a summary of the results for choosing an 

appropriate core material for three-phase transformers based 

on the three types of testing carried out on the two types of 

core materials. 
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4. Conclusion 

Solidworks simulations were used to assess the heat flow 

in the scenario of a surface core between amorphous steel and 

amorphous metal. The graph was used to compare the 

temperature increase and heat flux transfer between the two 

materials. While the simulation was running, the simulation 

graph was obtained. Two cores are contrasted in terms of 

temperature rise and heat flux. In addition to showing that 

metal is more suitable than steel at different temperatures and 

times, the heat flow graph shows that metal is more stable. 

Steel is less effective than metal in terms of thermal 

conductivity. 
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