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ABSTRACT

Typically, busbars are used to transmit and distribute currents in a bus duct system.
The alarming use of nonlinear loads in the industrial sector or at residentials, such as
arc welding, computers, ballast lighting, variable speed drives, and so on, has resulted
in the generation of harmonics in current distortion, which are uncontrolled and thus
increase heat generation within the system. The research conducted in this paper
focuses on the prediction of the heat distribution as well as the analysis on operating
temperature of a single busbar with compliance to the British National and
International Standard (BS 159: 2014) using the Finite Element Method (FEM) in
COMSOL Multiphysics software. The copper busbar dimension used for this research
was 20mm x 6mm x 300mm, and the fundamental Root Mean Square (RMS) current
was 419.1 A. The size of this busbars can withstand the maximum current of 430 A at a
maximum operating temperature of 90°C, which complies with the standard
requirement. The fundamental current is injected with variation of total harmonic
distortion in current up to 55% with an interval of 5%. According to the findings, the
operating temperature increases in direct proportion to the increase in total harmonic
distortion with the current injections. With the presence of 55% of total harmonics in
the current, the current was increased up to 57.73 A from the fundamental current,
while the operating temperature was increased up to 14°C from the fundamental

Keywords: temperature. The total harmonics in current produced by the nonlinear loads could
Busbar; Temperature; Nonlinear Load; affect the operating temperature of the busbars, and this continuous operation of
Harmonic Current current flow will affect the busbars' lifespan due to the occurrence of overheating.

1. Introduction

Nowadays, busbar is a crucial component in power systems, communication base stations,
military systems, transportation systems, energy, and other domains [1]. Generally, busbars are

* Corresponding author.
E-mail address: wafiuddin@unimap.edu.my

https://doi.org/10.37934/araset.53.1.102113

102



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 1 (2025) 102-112

strips or bars commonly made of copper, brass, or aluminum that are used to transport electricity
inside of switchboards, distribution boards, substations, battery banks, and other electrical
equipment [2]. Many researchers around the world have studied and discussed busbar technology
in terms of design, construction, and thermal analysis based on the applications' needs [3-13].
Research regarding busbar design and performance optimization was conducted by authors in [3],
stated that the busbar, like other system components, must be able to withstand overheating
pressures without being harmed. Basically, the materials for busbars should have excellent
mechanical qualities and operate within a suitable temperature range. In Malaysia, copper and
aluminum are the two typical materials used for busbars. Aside from density, copper is generally a
better choice due to its capability and efficiency in transferring currents [4]. Furthermore, the
busbar dimension should take temperature rise into account in order to permit ampacity and allow
temperature rise with both natural and forced convection cooling arrangements. As a result,
aluminum busbars haves a lesser current carrying capability than copper busbars.

The research analysis of temperature rises at the initial stage with an ambient temperature of
20°C was conducted using FEM in order to ensure the structural integrity of the overall system with
a variation of input phase current in order to define the temperature rise. As a result, due to
fluctuations in the input phase current, the temperature rise fluctuated slightly [5-7]. Thus,
according to the authors [8], FEM has been frequently employed up to this point for the bus duct
system's temperature rise study. It has been demonstrated that the FEM produces excellent results
when estimating the rise in temperature of the bus duct system. Another work that investigated
the temperature rise was done by authors [9] in a different situation and focused on the effect of
high current produced by power loads at switchgear in a distribution system. The accumulated data
were analyzed in various ways and resulted in a few conclusions, including the significant pace of
temperature increase. The regularity of the switchgear's temperature distribution is clearly
impacted by the variable input current, ventilation equipment, and unbalanced current in a certain
way. This situation creates overheating, which leads to power failure and consequently accidental
explosion.

There have been few studies on the thermal consequences of power loss generation. According
to the authors [10], a model was previously developed to examine the steady state and transient
performance of a single busbar disregarding to the material or geometry, while in [11], a laminated
bus bar was the subject of a scalable lumped parameter thermal model, with estimation and real
temperatures being quite similar. In another method, a mathematical model relating to the
distribution of a busbar's temperature rise from a high current power supply was described by the
authors [12]. Depending on various electrical, geometrical, and mechanical criteria, thermal
mathematical modelling can be used as a helpful tool to design various types of busbars with an
adequate temperature distribution. It is also possible to obtain the results of a thermal simulation
without purchasing expensive specialized software or PC hardware by using a straightforward
mathematical calculation analysis. The authors [13] had done research about the thermal analysis
of heat distribution in busbars during rated current flow. The rated current at the low voltage
switchgear was determined using advanced coupled analyses such as Maxwell 3D, transient
thermal, and fluent Computational Fluid Dynamics (CFD). The simulation results demonstrated that
these simulations were a perfect tool for accurately modelling the architecture of low-voltage
switchgear.

Voltage, current, or frequency abnormalities caused by power quality issues, especially
harmonic distortion, can lead to the malfunction of delicate machinery or important devices [14-17].
Basically, harmonics were produced by the nonlinear loads, which caused distortions to the current
drawn. Due to the presence of fundamental and harmonic components, the distorted current

103



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 1 (2025) 102-112

waveform generates various frequencies [18]. The growing use of power electronic devices in both
the residential and industrial sectors is raising serious concerns on the harmonic distortion of
power distribution networks [19] and [20]. The common nonlinear loads typically include two types
of power electronic front ends [21]. Diode-based rectifiers, which were used in electronic ballasts
for Compact Fluorescent Lamps (CFLs) and Silicon Controlled Rectifier (SCR) like thyristor/triac were
used in dimmers are some of the typical nonlinear loads [22]. Other devices such as televisions,
computers, printers, Variable Speed Drives (VSD) and arc furnaces also contribute to the increase of
harmonics. There are so many studies done by previous researchers on the harmonics effect either
for residential or commercial sectors [23-29].

Current harmonics in busbars also have an impact on the forces that may cause busbar
deflection, additional vibrations, or insulation break energies [30-31]. Additionally, a variety of
harmonic frequencies contribute to the increase in busbar operating temperature, which can have
an impact on all the components of the power distribution system. Due to the presence of
harmonic current, this paper presents operating temperature investigations utilizing joule heating
simulation in COMSOL Multiphysics and employs copper as the material. This investigation was
examined in accordance with the British National and International Standard requirement (BS
159:2014) and the Austral Wright Metals table, which calls for a maximum temperature rise of 50°C
in an environment with a maximum ambient temperature of 40°C [3], [32] and [33].

The section in the remainder of the article will be divided into the following sections. The
technique will be covered in section 2 along with the computation process, simulation setup, and
validation procedure. Section 3 will then discuss the outcomes of the simulations, and section 4 will
wrap up the conclusions.

2. Methodology

This section discusses the steps taken in order to analyze the temperature rise of the busbars
under nonlinear load operation. The general steps taken for the simulation process is shown in
Figure 1. The first process is the measurement and calculation of the total harmonic current. The
geometry, size, and material of the busbars were then determined and used as the primary
reference points for the remaining process of the operation. The simulation work was conducted
using the FEM in COMSOL Multiphysics. The end result of the temperature rise will be compared to
the Austral Wright Metals Table and the BS 159:2014 standard for the validation process.

2.1 Defining the Total Harmonic Distortion of Current (THD;) and Total RMS Current (Y lrms)

In order to define the power factor, Eq. (1) is used. Therefore, the value of the PF is 0.8. Then,
the phase current was subsequently calculated using the Eq. (2).

= (1)

where, the power factor, pf, Real power (measured), P and the Apparent power (rated), S
respectively.

— ()
= (2)

where, the power factor, pf, Real power (measured), P(kW) and Voltage, V.. respectively.
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The harmonic distortion is represented as total harmonic distortion of current (THD;) in
percentage units. THD; is determined by the proportion of harmonic currents to fundamental
current, as shown in Eq. (3). A larger proportion denotes that the current contains more harmonic
components which demonstrates that there is more distortion in the current. THD; was measured in
the range of 15% to 40% according to measurement surveys that were conducted at a few locations
[34], while for this research, the injected THD; is up to 55% in order to investigate the capability of
the busbar with the selected sizing. Table 1 shows the rating at the measured location. From Eq. (2),
the phase current supplied is 419.1 A.

Table 1
Rating at measured location
Phases Frequency, f Apparent power, S Real power, P Voltage, Vi,
(Hz) (kVA) (kW) (V)
Three phases 50 300 241 415

This research applied the Fluke 1750 to extract and analyze the data on THD;. The analysis
comprises of the level of current harmonics at the point of common coupling in the power
distribution system. By referring to the sizing table prepared by Austral Wright Metals, the
dimension of a suitable busbar is 20mm x 6mm with a maximum current capacity of 430 A in free
air operation, including a reduction of 1.5% error as the requirement for operation at 40°C ambient.
The current rating valid for busbar in 40°C ambient temperature with a 50°C temperature rise
operating condition corresponds to the British National and International Standards BS159:2014 [3]
and [34].

=X ——— 100% (3)

Where, the fundamental RMS current, /; and the individual RMS current for the harmonic current,
Eqg. (4) was used to determine the current value for the individual harmonic current or harmonic

current amplitude from the harmonics order of 37, 5t, 7th, 9t and 11",
= % (4)

Where, the individual RMS current for the harmonic current, ~, harmonic order (3™ to 11%)
which represent as h,and the fundamental RMS current, /;. The results are tabulated in Table 3.

The total RMS current with the existing THD; for 5% to 55% can be calculated using the Eq. (5)
where the results are tabulated in Table (4).

=V P+ (P + ()2 + (07 + ()’ &)

2.2 Simulation Design and Setup
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A flat rectangular copper busbar with a sectional area of 20mm x 6mm which can bear the
maximum current of 430 A in free air operation was chosen as the dimension by referring based on
the table sizing of Austral Wright Metals. The length of the busbar was set at 300mm. The process
for simulating the copper busbar design in COMSOL Multiphysics is outlined in the simulation

flowchart in Figure 1.

Create 3D bushar geometry

v

Material selection -Copper
v

Physic module selection - Joule heating

+

Generate mesh — Extremely fine

'

Run simulation for rated byshar
¥

[ Y

Validate the temperature with 2 standards:
-Autral Wright Metal table
-B5159: 2014

Mo
Suit the standard?

Inject THD; (53 - 553%)

4

Data of temperature rise recorded

)

Result and discussion

Fig. 1. Flowchart of Simulation Process in COMSOL Multiphysics

The simulations were carried out for both the linear and nonlinear condition. The first step is to
declare global definitions. It served as the primary source of information for variables, functions,
and parameters. Begin by developing 3D busbar geometry and then selecting materials for them in
the design phase. The selection of physics modules is the next most critical step. This is the time to
finish setting up the boundary conditions. Then, before moving on to the simulation study and
computing the outcomes, it is a must to generate a mesh for geometry. The 3D design of the
busbars with the chosen dimension are shown in Figure 2. The material selection for this research is
copper and all the copper parameters are tabulate in Table 2.
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Fig. 2. 3D Design for the Dimension of 20mm x 6mm

The Joule heating effect, commonly known as the resistive heating effect, was defined by the
electric current and energy conservation equation. Temperature and electric field are created by
the two conservation laws, respectively. When an electric current flows through a material, the
material heats up as a result of electric resistance. The thermal load was conceived of as a uniform
volume heat source that was fed into the busbar power assembly as an input for the joule heating
module. In order to analyze the thermal effect, the thermal simulation had been performed in this
software, which is based on the FEM. It was set to extremely fine for the mesh generation, so the
result will be more accurate.

Table 2
Parameters of Copper Busbar
Material Conductivity Mass density Heat capacity at Thermal conductivity Heat transfer
(S/m) (kg/m?3) constant pressure [W/(m.K)] coefficient for
[J/(kg.K)] convection (W/mZ2K)
Copper 5.81x107 8960 384 401 5-10

2.3 Validation Process

Simulations are only useful when the results match the behavior of the modelled system. This
leads to problems with validation or verification, which let us make sure the outcomes are reliable
and credible. In terms of the model's intended uses, validation is the process of determining if a
simulation model and the data it uses accurately reflect the real world. The results of the simulation
were evaluated using previous studies, a technical datasheet, and an international standard manual
before moving on to further research and analysis. In this research, the current rating is valid for a
single busbar on edge operating in a 40°C ambient temperature with a 50°C temperature rise,
according to the Austral Wright Metals datasheet and the BS159:2014 standard. As for the
validation process, the simulation result of temperature rise for the rated busbar will be compared
to those datasheet and standard requirement.

3. Results
This work is assigned to analyse the temperature rise behaviour at the busbar itself according to

the existing of THD; in the current fundamental. The result from the steps taken for this work will be
discussed in this section.
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3.1 THD; and ) Iims Value

As for the harmonic current analysis, in order to identify the harmonic sequences, the nature of
the 3", 5t 7t and up to the nt" harmonic orders can be assessed by using the fluke 1750, which can
record data up until the 50" order of harmonic. This study considered harmonic current orders
from 3 to 11*" only. The calculated individual RMS currents for the harmonic current based on the
Eqg. (3) and (4) are shown in Table 3.

Table 3
Calculation Result for I, rms 0f 5% - 55% THD; of Each Harmonic Orders (3™to 11"
HARMONIC ORDERS

3RD 5TH 7TH 9TH 11TH

5% THDi:

Value (%) 4,13 2.22 1.14 0.93 0.73

In, rms (A) 17.13 9.31 4.75 3.88 3.05
10% THDi:

Value (%) 7.71 3.14 2.83 2.34 2

In, rms (A) 32.13 13.2 11.9 9.88 8.4
15% THDi:

Value (%) 11.2 5.87 4.61 4.29 3.98

In, rms (A) 46.8 24.6 19.3 18 16.7
20% THDi:

Value (%) 14.7 8.86 6.04 5.09 4.61

In, rms (A) 61.6 37.12 25.32 21.34 19.3
25% THDi:

Value (%) 18.42 11.06 7.47 7.29 6.8

In, rms (A) 77.19 46.35 31.3 30.54 28.51
30% THDi:

Value (%) 22.4 13.34 8.9 8.81 6.61

In, rms (A) 93.87 55.89 37.3 36.94 27.72
35% THDi:

Value (%) 25.86 15.94 10.79 10.36 7.2

In, rms (A) 108.36 66.81 45.21 43.4 30.17
40% THDi:

Value (%) 30.15 17.87 134 10.65 8.3

In, rms (A) 126.37 74.91 56.12 44.62 34.79
45% THDi:

Value (%) 34.6 19.83 14.19 11.25 8.93

In, rms (A) 144.98 83.11 59.49 47.16 37.41
50% THDi:

Value (%) 38.06 21.99 16.1 12.78 10.05

In, rms (A) 159.53 92.17 67.35 53.57 42.14
55% THDi:

Value (%) 41.35 24.38 17.8 14.15 11.1

In, rms (A) 173.33 102.19 74.51 59.32 46.53

As mentioned in Section 2.1, Eq. (5) was used in order to define the value of the total RMS
current as tabulated in Table 4. Table 4 shows the calculation result for the fundamental RMS
current and the total rms current with the harmonic current. When the fundamental RMS current
was injected with the THD; from 5% to 55% with an interval of 5%, the value of the total RMS
current increased, resulting in an increase in the operating temperature. From the result, the

108



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 1 (2025) 102-112

highest total RMS current is 476.83 A, and this is clearly over the limit for the busbar size chosen,
whereas the ampacity of the busbar is only 430 A. The increment was roughly around 57.73 A. The
results also show that the rated dimension only has the capacity to withstand the total RMs current
up to 20% of the THD,, or 426.95 A. If the current is continuously flowing through the busbar with a
higher RMS current, it surely cannot maintain its capacity, and the busbar will burn out due to the
overheating. Therefore, a new size is required in order to maintain the busbar's capabilities.

Table 4
Calculated Result for The Total RMS Current (lms)
THDi (%) Slems (A)

0 419.10
5 419.61
10 420.91
15 423.57
20 426.95
25 431.83
30 437.15
35 443.50
40 451.19
45 459.06
50 467.73
55 476.83

3.2 Temperature Analysis

Table 5 shows the simulation result of the temperature rise when THD; of 5% to 55% were
injected into the fundamental current. The results are illustrated in the graph of Figure 3. The
temperature at 0% of THD; is 87.720°C, as the fundamental or rated temperature. This value is
considered valid for this experiment and suits the standard limits [3] and [26]. The operating
temperature increased by about 14°C. Based on the result, the highest operating temperature was
recorded as 101.72°C and this is clearly beyond the allowable limit for the busbar. The results also
show that the rated dimension is only capable of withstanding the maximum total RMS current up
to 20% of the THD;, or 89.5°C. At 40% of THD; which is the critical value, the temperature recorded
was 95.2°C and this situation shows that the selected dimension of the busbar is no longer suitable
to sustain the temperature. The highest THD; injected to the busbar was recorded at a temperature
of 101.720 °C. If the current is continuously flowing through the busbars, overheating will occur due
to the higher existing of THDi, whereby the busbar will not be able to maintain its capacity to carry
over load current thus causing malfunction or burn.

Table 5
Simulation Result for The Temperature Rise (°C)
THD; (%) Temperature (°C)
0 87.72
5 87.84
10 88.13
15 88.74
20 89.5
25 90.6
30 91.9
35 934
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Fig. 3. Temperature rise ( ) versus THD; (%)

3.3 Temperature Distribution Image

Figure 4 represents the temperature of the maximum fundamental RMS current. The
temperature recorded was 87.72°C. This result demonstrates that the rated temperature of the
busbar is within the standard limits, which state that the allowance for temperature rise is 50°C at

an ambient of 40°C. As for the validation process, the selected dimension was suitable and followed
the standard's limit requirements.
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Fig. 4. Maximum Temperature at Fundamental Current

When the rated temperature was injected with the highest THD;, which is 55%, the temperature
was recorded at 101.72°C and it was increased beyond the limits of what the busbar can carry
where the results are shown in Figure 5. This situation is a very serious issue that should be taken
into consideration during the selection of busbar size. The increasing of losses is due to the
increased current flow through the busbar, which results in overheating. As a result, if the current
continues to flow continuously for an extended period, the busbar cannot withstand the
overheating and causing it to be malfunction or damaged.
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4. Conclusions

The temperature rise analysis of a single copper busbar has been successfully conducted using
simulation in COMSOL Multiphysics software. It can be concluded that the temperature rise was
successfully predicted and that it varied due to the amount of THD; existing within the fundamental
RMS current. The simulation results can be used to show the amount of temperature rise
occurrences at steady-state current flow. This situation showing that harmonic in current also can
be assume as a critical factor that can causing the temperature to rise and can harm the busbar’s
ability. The selection of busbar size is essential to ensure that the busbar can withstand the
overcurrent due to the penetration of the THD; and the tremendous usage of nonlinear load. This
work can be referred to in the future as "knowledge direction" for designing a suitable busbars
sizing and temperature rise prediction in order to fully satisfy the standard need.
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