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WHAT IS ALREADY KNOWN ON THIS
TOPIC?

Previous studies have investigated the
magnetic fields, thermal behavior, contact
resistance at connection points, and
failure mechanisms of busbar systems.
There are also various studies in the
literature that compare busbar systems
with cable systems in terms of performance
and application.

WHAT DOES THIS STUDY ADD ON
THIS TOPIC?

In this study, various types of busbars and
equivalent types of cables that can be
used in similar applications were operated
under the same conditions, and their
thermal behavior, electrical performance,
and magnetic fields were compared.
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ABSTRACT

Nowadays, with the increase of high powered devices, there has been a significant increase in energy
consumption. In order to meet the consumption demands and with the increase in the number of high-rise
buildings, components such as cables and busbars are effectively used in supply networks. Busbars are frequently
used power system elements compared to traditional cable systems that are prefabricated as modular for the
transmission and distribution of electrical energy. In this study, classical cable systems and busbars are examined
under a specified load, and their electrical performances are provided. Electrical parameters such as power, voltage
drop, and THD (total harmonic distortion) of equivalent busbars and cables under load are obtained in terms
of load capacity. Electromagnetic analyses are performed and the electromagnetic emission of these systems
are analyzed. In addition, the temperatures caused by the increasing currents in the busbars and cables due to
the specified loads are determined with a thermal camera. In addition, two operational buildings with similar
power values and conductor quantities are examined. These busbar- and cable distribution-based buildings are
compared in terms of voltage drop for certain distribution line lengths. In this study, experimental results for both
cable and busbar systems are presented and comparisons are interpreted to select the optimum network type.
The results suggest that busbars are preferable in high-current applications where reduced heating and voltage
drops are critical, while cables may be more suitable in environments sensitive to electromagnetic interference.
Index Terms—-Busbar, electrical network, EMF, THD

I. INTRODUCTION

Energy consumption is increasing rapidly due to the extensively produced products which are
manufactured by innovative approaches and advances in technology. In addition, smart houses
which promise an innovative environment in our lives increase electrical consumption day by
day. Electricity transmission and distribution systems should be able to meet the increasing
demand in this manner. The industry is also introducing new devices to their ecosystems in order
to produce faster and error-free applications. This leads to changes in the areas where energy
consumption occurs within the buildings and other constructions to create new lesser energy
consumption points. In case of changes in energy consumption points, the installation of new
cables creates additional costs and complexity. Busbars have been used in the United States
since the 1930s to meet this need effectively [1].

A busbar is an effective tool for electrical energy transmission and distribution. The selected
parameters—total harmonic distortion (THD), Electromagnetic Field (EMF), temperature, and
voltage drop—are essential in evaluating the operational efficiency and reliability of power dis-
tribution systems. THD affects signal integrity, EMF influences safety and compliance, tempera-
ture impacts component lifespan, and voltage drop reflects energy loss and load performance.
Unlike previous studies that focus on individual parameters, this work offers a holistic, side-by-
side experimental comparison of busbar and cable systems under equivalent electrical and envi-
ronmental conditions. A busbar consists of a conductive metal and an insulating material. The
busbar system is formed by combining the busbar parts of different types of modules. Busbars
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can be used in high buildings and industrial areas for energy trans-
mission where this busbar can be interconnected for the desired
length of distribution lines in the electrical grid [2-4].

The generation, transmission, and distribution sections of the elec-
trical grid naturally cause energy loss on the lines which may lead to
excessive power losses [5]. Due to the self-resistance of the energy
transmission lines, a certain amount of potential difference occurs
during transmission [6]. This is called voltage drop. When calculat-
ing voltage drop, the 220-216 V range is considered to be ideal for
a single-phase 220V distribution network [7]. In this study, the volt-
age drops of the equivalent cables and busbars were investigated by
using Metrel Power Quality Analyzer Plus M| 2292.

In this study, the heating of the equivalent busbar and conventional
cables at the specified current values chosen as the upper points of
the endurance limits are investigated [8]. For this purpose, appro-
priate loads are connected to a single line and the current level is
increased. The cable and busbar, which are started to heat up with
the rising current are observed with Fluke thermal imager Ti32. In
real life, users can use multiple sockets on a single line, causing
excessive currents to flow. According to recent studies, the tempera-
ture increase affects the cable life as well as the voltage drop. A cable
at 70°C ages 100 times faster than a cable at 10°C [9].

Itis well established that electromagnetic fields may adversely affect
human health. It has been observed that electromagnetic fields have
triggering effects on diseases such as leukemia [10], cancer [11],
Parkinson’s [12], etc. Since a low-frequency range of 50-60 Hz is com-
monly used in the transmission and distribution of electrical energy,
continuous exposure of people to this frequency is inevitable. The
effect of electromagnetic fields on people and human health issues
increases drastically [13]. In this study, electric field and magnetic
field propagation for cable and busbars have been investigated with
the aid of an Extech Multi-Field EMF meter (EMF 450) which can mea-
sure electric field and magnetic field at a specific distance.

The THD is a measurement of the harmonic distortion present in
a signal and is defined as the ratio of the sum of the powers of all
harmonic components to the power of the fundamental frequency

[14-16]. THD is also measured for both cables and Busbars for com-
parison purposes.

1I. BUSBAR AND CONVENTIONAL CABLE SYSTEMS

A busbar is a modular energy transmission and distribution tool,
which is formed by isolating current-carrying busbar conductors in a
closed body. The busbar system is formed by combining the busbar
parts of different types of modules. The output boxes are located at
the desired intervals on the busbar system that provide safe energy
connection points on the line [17].

One or more metal wires, which are coated with an insulating mate-
rial that is used to conduct electrical current, are called cables [18,
19]. In this study, busbars and cables which contain copper and alu-
minum conductors are taken into consideration. The specifications
for employed cables and busbars are given in Table I. All cables and
busbars are selected to be 50 cm long, which ensures the reliability
of the test results in the experiments.

Cable types and busbar types are given in Table |, which are used
in the tests. The selected types were chosen based on rated current
equivalence and widespread industrial usage, ensuring meaningful
and realistic comparisons. Conductor cross-sectional areas, rated
voltages, currents and frequencies, conductor types, and conduc-
tor quantities are specified as well. Type 1 Cable and Type 2 Busbar,
Type 2 Cable and Type 3 Busbar, Type 3 Cable and Type 5 Busbar, and
Type 4 Cable and Type 6 Busbar are selected equivalent to each other
according to rated current.

IIl. TEST SETUP

The test setup is given in Fig. 1. In the experiments, measurements
are obtained via a power analyzer with a resistive load for the bus-
bar and cables. After the necessary protection units are located on
the 220V main supply, a resistive load is connected to the busbar’s
output. The voltage level, current level, and THD of the system are
measured with the power analyzer which was factory-calibrated to
ensure measurement accuracy for the input and the output points
of the busbars.

TABLE I. BUSBAR AND CABLE TYPES

Conductor Cross Sectional Rated Frequency Conductor
Area (mm?) Rated Voltage (V) Rated Current (A) (Hz) Conductor Type Quantity
Type 1 Busbar 330 1000 800 50 Aluminum 4
Type 2 Busbar 120 1000 160 50 Aluminum 4
Type 3 Busbar 47.25 690 100 50 Aluminum 4
Type 4 Busbar 330 1000 800 50 Aluminum 4
Type 5 Busbar 12.57 690 63 50 Copper 4
Type 6 Busbar 2.54 690 25 50 Copper 6
Type 1 Cable 35 1000 156 50 Copper 4
Type 2 Cable 16 690 98 50 Copper 4
Type 3 Cable 10 690 59 50 Copper 4
Type 4 Cable 2.5 690 25 50 Copper 3
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Fig. 1. Test setup.

The test diagram is shown in Fig. 2.

This test is repeated one by one for six types of busbars and four types
of cables. The current, voltage, power, and THD values are recorded,
which are simultaneously observed from the power quality analyzer.
After the first part is completed, the measurement point is changed.
The power analyzer is located at the point beyond the busbar/cable
which is given in Fig. 3. For each of the six types of busbar and four
types of cables, the power analyzer is connected to the point before the
load. The current, voltage, power, and THD values obtained from the
power analyzer are noted. It is aimed to observe the changes in voltage,
current, and harmonic values on the busbar for the fixed conditions.

The next experiment is conducted for EMF measurements [20-23].
The EMF test setup is given in Fig. 4. The EMF meter (Extech EMF
450) used in this study was factory-calibrated. The EMF values rep-
resent typical operational conditions using 20A current, commonly
encountered in real-life distribution scenarios. Electric field and mag-
netic field measurements are measured by placing an EMF meter 5
cm away from the busbar as seen in the figure when a fixed 20 A
current is drawn by the single phase system which is supplied by the
main voltage of the grid. Then the experiment is repeated for all six
types of busbars and four types of cables. The gauge distance is kept
constant for all tests.

In addition, thermal analysis tests are conducted in which a constant
25A current is provided for 10 minutes through the equivalent bus-
bar and cable. After 10 minutes, the temperature at the joint and
midpoints of the cables and busbars are examined with the help of
the thermal imager.

IV.TEST RESULTS

Tests are conducted for fixed conditions such as measurement sys-
tems and ambient conditions for busbar and cable systems.

BUSBAR/CABLE

POWER

AC QUALITY L0AD

ANALYZER

l

A

POWER
QUALITY

LOAD

ANALYZER

Fig. 3. Power quality analyzer connection to load.

A. Electrical Characteristics of Busbars and Cables

The experiments were carried out in the Laboratory at room tem-
perature of approximately 20°C. The relative humidity of the labora-
tory is about 50%. The electrical characteristics of cable and busbar
systems are given in Table Il. Measurements are noted as voltage (U),
current (1), active power (P), and total harmonic distortion (THD) for
voltage and current. THD determines the signal quality of the power
signal which represents harmonic disturbance on the fundamental
power signal component (50 HZ). In these two equivalent transmis-
sion components, the voltage drop of the cable is observed to be
higher than the voltage drops of the busbar on average. Type 3 and
Type 2 cables have nearly equal rated currents. Table Ill shows that
the THD in the busbar system is higher than that in the cable system.

Table Il presents the electrical performance of Type 2 Busbar and Type
1 Cable systems under resistive load. Although both systems exhibit
voltage drops, it is more pronounced in the cable. For instance, in
phase R, the voltage drops from 221.8 V to 217.5 V for the cable,
whereas it drops from 215.4V to 214.1 V for the busbar. Additionally,
the THD values observed in the cable are generally lower than those
in the busbar.

Table Ill provides a comparison between Type 3 Busbar and Type 2
Cable systems, which have nearly equal current-carrying capacities.
The results show that the cable system achieves higher active power
values and slightly lower THD levels. Although voltage drops are
comparable in both systems, THD values range between 1.6% and
2.4% for cables and between 2.2% and 2.5% for busbars.

Table IV shows the measurement values for the Type 5 Busbar and
Type 3 Cable. Voltage drop is observed as higher for cable. Table V
provides a single phase experiment which is done with single phase
cable (Type 4) and busbar (Type 6). On the table, it is seen that the
voltage drop in the busbar is higher than the voltage drop in the
cable.

Experimental results for single-phase systems are summa-
rized in Table V, comparing Type 6 Busbar and Type 4 Cable. The

BUSBAR

EMF METER

>

Fig. 2. Power quality analyzer connection to busbar/cable.

Fig. 4. Electric field and magnetic field experiment.
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TABLE Il. TYPE 2 BUSBAR AND TYPE 1 CABLE UNDER RESISTIVE LOAD

Power Side Load Side
U (V) 1(A) P (W) THD (U-1) (%) U (V) 1(A) P (W) THD (U-1) (%)
Type 2 Busbar R 2154 8957 1924.2 23-23 2141 8.912 1902.6 26-24
S 2165 8.989 19399 23-24 2156 8.956 1925.6 25-24
T 2149 8.939 19153 24-24 2143 8.959 19233 24-24
Type 1 Cable R 2218 9.127 2017.0 1.6-2.1 2175 9.012 1953.1 1.6-1.7
S 2235 9.166 2039.0 20-25 2185 9.063 19711 1.7-22
T 220.8 9.114 2003.1 22-24 216.8 9.011 1945.6 23-24

measurements indicate that both systems perform similarly in
terms of electrical characteristics. However, the THD values are once
again lower in the cable (ranging from 1.7% to 1.9%) compared to
the busbar (ranging from 2.3% to 2.5%). While voltage drops do not
differ significantly, the busbar offers a more stable transmission.

B. Electrical Field and Magnetic Field Measurement Results
Electric field and magnetic field results obtained from the tests are
shown in Table VI. The left column shows the magnetic field and the
right column shows the electrical fields. As seen in the table, the test
device shows higher magnetic field values for busbars compared to
the equivalent conventional cable.

C.Thermal Analysis Test Results
Thermal analysis tests are conducted by using a Fluke thermal
imager Ti32 infrared camera.

As seen in Fig. 5, the temperature increases up to about 80°C at the
cable joints, while the highest temperature seen at the joint point of
the busbar is about 29.8°C, which is given in Fig. 6. The temperatures
at the midpoints of the cable and busbar are also measured. The
observed thermal differences suggest that busbar systems may offer
a longer operational lifespan and lower maintenance frequency, as
elevated temperatures in cables accelerate insulation degradation.
The midpoint of the cable is about 36°C, while the midpoint of the
busbar is about 23°C. The room temperature at which the experi-
ments are performed is 20°C.

D. Operational Building Analysis
In a chosen building using a busbar system, measurements are con-
ducted on the distribution line from the main distribution board to

the specific floor distribution board. The distance between the main
distribution board and the floor distribution board is approximately
38 m. The measurements are fulfilled for another building which
has approximately 22 meters of cable system for comparison. It is
not possible to find identical buildings in terms of distribution line
lengths, however, the measurements are calculated based on their
line length ratios. The voltage drop readings for the three-phase dis-
tributed operational buildings are given below:

Voltage levels for 38 m long busbar line in the building:

« When 71A current is passing through line L1, the voltage has
decreased from 229V to 227.5V.

+ When 69 A current is passing through line L2, it has decreased
from 229V to 227.5V.

« When 72 A current is passing through line L3, the voltage has
decreased from 228V to 227.3 V.

- Voltage levels for 152 m long busbar line in the same building:

- When 63 A current passes through line L1, it has decreased from
232V 1t02249V.

« When 69 A current passes through line L2, it has decreased from
231Vto225.1V.

« When the 72 A current is passing through line L3, it has decreased
from 229V to 225.8 V.

A building that uses cable and draws approximately equivalent cur-
rent has been selected.

+ 22 meters long cable line in another operational building:
- When 66 A current is passing through line L1, it has decreased
from 226V to 2249 V.

TABLE I1l. TYPE 3 BUSBAR AND TYPE 2 CABLE UNDER RESISTIVE LOAD

Power Side Load Side
U (V) 1(A) P (W) THD (U-1) (%) U (V) 1(A) P (W) THD (U-1) (%)
Type 3 Busbar R 2155 8.950 1923.6 2.5-24 214.6 8.928 1909.5 23-24
S 216.5 8.980 1937.7 2.5-25 2159 8.963 1930.6 24-23
T 216.7 8.989 1941.3 22-23 216.5 8.980 1937.7 23-23
Type 2 Cable R 2179 9.029 1960.3 1.7-1.7 2171 9.011 1950.0 1.6-1.8
S 2187 9.078 1974.9 20-24 2187 9.061 1971.8 20-23
T 216.5 9.011 1942.2 19-22 216.8 9.000 19421 21-2.2
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TABLE IV. TYPE 5 BUSBAR AND TYPE 3 CABLE UNDER RESISTIVE LOAD

Power Side Load Side
U (V) 1(A) P (W) THD (U-1) (%) U (V) 1(A) P (W) THD (U-1) (%)
Type 5 Busbar R 2153 8931 1917.8 23-24 2152 8.947 1920.5 24-24
S 2156 8.950 19234 24-26 2155 8.959 19254 25-25
T 2144 8.919 1907.2 23-25 2143 8.928 1910.1 23-23
Type 3 Cable R 2177 9.020 1957.0 1.6-1.7 2174 9.040 1967.5 1.9-19
S 2188 9.066 19733 20-22 2182 9.075 1983.2 21-23
T 2169 9.003 1943.6 2.1-2.1 216.2 9.026 1956.7 23-24

TABLEV. TYPE 6 BUSBAR AND TYPE 4 CABLE UNDER RESISTIVE LOAD

Power Side Load Side
U (V) 1(A) P (W) THD (U-1) (%) U (V) 1(A) P (W) THD (U-1) (%)
Type 6 Busbar 216.1 8.956 19288 2.5-24 2151 8.954 1926.2 23-24
Type 4 Cable 216.5 8.965 19331 1.7-18 216.0 8.953 1927.2 1.7-19

TABLE VI. ELECTRIC FIELD AND MAGNETIC FIELD RESULTS OF CABLES AND
BUSBARS
Type Magnetic Field (mG) Electrical Field (V/m)
Type 1 Busbar 125.0 387
Type 2 Busbar 694 49
Type 3 Busbar 76.0 153
Type 4 Busbar 40.7 248
Type 5 Busbar 533 160
Type 6 Busbar 61.9 453
Type 1 Cable 43.7 126
Fig. 5. Thermal image of cable.
Type 2 Cable 448 259
Type 3 Cable 285 116
Type 4 Cable 20.1 178

« When 54 A current is passing through line L2, the voltage has
decreased from 225V to 224 V.

« When 79 A current is passing through line L3, the voltage has
decreased from 224V to 222.4V

According to the operational building results it is observed that a
busbar-operated building with a 152 m long busbar line has an aver-
age voltage drop of 5.33 V for an average of 68 A current. In addi-
tion, the same busbar-operated building with a 38 m long busbar
line has an average voltage drop of 1.3V for an average of 70 A cur-
rent. On the other hand, another cable-operated building with a 22
m long conventional cable line has an average voltage drop of 1.2V

for an average of 66 A current. For a cable distributed line it should
be approximately 8.3 V for 152 m and 2.07 V for 38 m layout. So it

Fig. 6. Thermal image of busbar.
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could be concluded that cable systems are prone to generate higher
voltage drops than the busbar systems.

VI. CONCLUSION

In this study comparison of conventional cable distribution systems
and busbar-based distribution systems are compared for different
physical conditions. A test setup is employed to investigate different
parameters such as voltage drop, EMF analysis, and heating analysis.
Equivalent busbar and cable sections (equal length) are employed to
fulfill proper comparison. According to the EMF measurements pre-
sented, the magnetic field measurement near the busbar is higher
than the cables of similar value. It is reasonable to use cables in struc-
tures where electromagnetic interference is vital. The busbar sys-
tems are less heated under higher currents than conventional cable
distribution systems. When higher current values are applied at the
limits of the electrical transmission and distribution components, it
is observed that the busbar-based systems are more durable than
the cable systems in terms of temperature rise. The temperature of
the busbar at the joint points is observed as 29.8°C, while the tem-
perature is observed at approximately 80°C in conventional cables.
Therefore, the busbar provides a thermal difference of 37.5% when
compared to conventional cable. This is important in reducing com-
mon fires caused by electrical contact. Voltage drop in the internal
electrical grid may cause problems for the operation of devices.
Therefore, voltage drops were analyzed through the experiments.
It is observed that the voltage drop in busbar systems is approxi-
mately 20% less when compared to cable-based systems according
to the tests and voltage drop measurements in operational build-
ings which are supplied by busbar and cable systems. Based on the
results, busbars are recommended for high-load, long-distance, or
heat-sensitive environments, while cables may be preferred where
electromagnetic exposure must be minimized.
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