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This study discusses the analysis of the electrical system at the MDN302 Mabar Gudang Site, which is used to support
the operation of telecommunications equipment. The electricity supply at the site comes from a three-phase PLN
network with a voltage of 380/220 V, but the installed operational loads use a single-phase system (phase—neutral).
The study was conducted through field surveys, electrical parameter measurements, and technical calculation analysis
to evaluate the performance of the electrical distribution system. The analysis includes power calculations, system
current, distribution cable voltage drop, MCB capacity selection, and evaluation of the grounding and lightning
protection systems. Voltage drop calculations were performed using a single-phase system approach with copper
conductors and international units (Sl). The calculation results show that the voltage drop value on all distribution lines
is below the maximum limit of 5% according to the 2011 PUIL standard. The grounding resistance value obtained of
0.5 Q also indicates that the grounding system has met safety requirements. In addition to technical aspects, this study
also presents a Bill of Quantities (BoQ) as part of the electrical system material planning. The selection of MCB capacity
and relatively large cable sizes was carried out as a long-term planning strategy to anticipate future load increases.
Based on the analysis results, the electrical system at Site MDN302 Mabar Gudang was declared safe, reliable, and
feasible for operation.
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1. Introduction

Telecommunication towers are vital infrastructure supporting wireless communication systems that
operate 24/7. The operational reliability of telecommunications equipment depends heavily on a stable,
secure electrical system that complies with applicable technical standards. Disruptions to the electrical
system can lead to reduced service quality and even the disruption of communication networks. Electrical
system planning on telecommunication towers must consider power capacity, voltage quality, protection
systems, and grounding systems. National standards such as the 2011 General Requirements for
Electrical Installations (PUIL) stipulate technical limitations that must be met to ensure the safety of
equipment and personnel. Therefore, this study was conducted to analyze and evaluate the electrical
system planning at Site MDN302 Mabar Gudang, Medan City, so that the system used can meet the
aspects of safety, reliability, and operational sustainability.

The telecommunications tower's electrical system consists of a power source, a power distribution
system, a protection system, and a grounding system. The power source generally comes from the PLN
grid in a single-phase or three-phase configuration. The power is then distributed through the main
distribution panel (MDP) and subsequent panels such as the Alternate Current Power Distribution Box
(ACPDB).
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Protection systems serve to protect installations and equipment from overcurrents, short circuits, and
voltage surges caused by lightning. One commonly used protection component is the Miniature Circuit
Breaker (MCB). Furthermore, the grounding system plays a crucial role in channeling fault currents to the
ground, thereby reducing the risk of equipment damage and personnel harm. PUIL 2011 recommends a
maximum grounding resistance of 5 Q for electrical installations.

2. Research Methods

This research uses both qualitative and quantitative approaches. The qualitative approach is conducted

through direct observation of the electrical system conditions in the field, while the quantitative approach

is conducted through measurements and technical calculations. Data collected includes system voltage,

load current, conductor length and type, and grounding resistance values. The analysis is carried out by

calculating the power and current requirements of a single-phase system using the equation:
=P/ (V xcos @)

Additionally, voltage drop calculations are performed on the conductors to ensure that the voltage
received by the equipment remains within safe limits. The calculation results are then compared with
applicable technical standards, specifically PUIL 2011.

3. Results And Discussion

The results and discussion in this study are based on field measurement data, technical calculations, and
an evaluation of the electrical system's compliance with applicable standards. The discussion focuses on
the existing system conditions, electrical parameter measurements, calculation analysis, and their
implications for the operational reliability of telecommunications towers.

Existing Condition of Electrical System

The MDN302 Mabar Gudang site receives its electricity supply from the three-phase PLN network with a
nominal voltage of 380/220 V and an installed capacity of 10,600 VA. Although the supply is available in
a three-phase configuration, all site operational loads use a single-phase system (phase—neutral 220 V).
This configuration is commonly applied in telecommunications sites because most BTS equipment,
rectifiers, and lighting systems are designed to operate on single-phase voltage.

The power distribution system uses a Main Distribution Panel (MDP) as the main panel and an Alternate
Current Power Distribution Box (ACPDB) as a secondary panel. The MDP distributes power from the PLN
source, while the ACPDB supplies power to specific loads such as rectifiers, outdoor lighting, and garden
lights.

System Voltage and Current Measurement Results

Voltage measurements were conducted to determine the stability of the power supply from the PLN
network. The measurement results showed that the interphase voltage was in the average range of 380
V, while the phase-neutral voltage was in the range of 220 V. These values are still within standard
tolerance limits, so the quality of the supply voltage can be categorized as stable and suitable for the
operation of telecommunications equipment.
Table 1. Interphase Voltage Measurement
Measurement R-S (V) S-T (V) R-T (V)

1st 379 380 381
2nd 380 379 380
The 3rd 381 380 379
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4th 380 381 380
Average 380 380 380
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Figure 1. Interphase Voltage Measurement

Table 2. Phase - Neutral Voltage Measurement
Measurement R-N (V) S-N (V) T-N (V)

1st 219 220 221
2nd 220 219 220
The 3rd 221 220 219
4th 220 221 220
Average 220 220 220

Measurement measurement measurement

Figure 2. Phase - Neutral Voltage Measurement

In addition to voltage, the system's load current was also measured. The measurements showed the
actual load current was in the range of 2.2 A to 2.7 A. This value is relatively small compared to the
installed power capacity, indicating that the system still has a significant capacity reserve.

System Power and Current Requirements Analysis

Based on load identification, the total active power used at Site MDN302 Mabar Gudang is 2,900 W.
Assuming a power factor of 0.85 and a system voltage of 220 V, the theoretical system current is 15.5 A.
This theoretical current value is used as a basis for planning the protection system and selecting
conductors.
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Table 3. Phase Load Measurement

Measurement R (A) S (A) T (A)

1st 2.3 25 24
2nd 2.7 26 25
The 3rd 29 28 26
4th 26 27

Average 2.6 2.7

4 e 1 i ) : — "‘"

R Phase Load S-Phase Load T-Phase Load

Measurement Measurement Measurement
Figure 3. Phase Load Measurement

g

When compared to actual measurements, which showed currents ranging from 2.2 A to 2.7 A, a
significant difference is observed. This difference is due to the site's new conditions and the fact that not
all loads were operating simultaneously. Nevertheless, using theoretical currents as a planning reference
is still necessary to ensure system reliability under maximum load conditions and for future expansion.

Voltage Drop Analysis on Conductors

Voltage drop analysis is performed to ensure that the voltage received by telecommunications equipment
remains within safe limits according to standards. Voltage drop calculations in a single-phase system are
performed by considering the load current, conductor resistance, and distribution cable length. The
calculation results show that the voltage drop on the main distribution line and the line leading to the load
is below 1% of the nominal voltage. This value is much smaller than the maximum voltage drop limit of
5% as recommended in PUIL 2011. Therefore, the selection of the cable type and size used meets
technical requirements.

Low voltage drops contribute to stable telecommunications equipment operation, particularly base
transceiver stations (BTS) and rectifiers, which are sensitive to voltage drops. Furthermore, this condition
indicates that the distribution system still has sufficient margin to accommodate future load increases.

Evaluation of MCB Capacity Selection and Protection System

Miniature Circuit Breaker (MCB) capacity selection is based on the system's theoretical current and the
application of a safety factor. The MCB used has a capacity greater than the actual load current, thus
providing protection against overcurrent and short circuits. Using a relatively large MCB capacity also
serves as a long-term planning strategy. With this capacity, the electrical system can still accommodate
additional loads without requiring replacement of key protection components, thereby improving
operational and maintenance efficiency. The grounding system at Site MDN302 Mabar Gudang uses
copper conductors connected to grounding electrodes. Measurements show an average grounding
resistance of 0.5 Q, well below the maximum limit of 5 Q2 recommended by PUIL 2011.
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Table 4. Phase Load Measurement

Measurement Point Average ()

Tower legs 0.49
Panel 0.48
Cable tray 0.32
Fence 0.54
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Figure 4. Grounding Measurement

A low grounding resistance value indicates that the grounding system is effectively channeling fault
currents and lightning currents to the ground. Therefore, the grounding and lightning protection system
meets safety requirements and protects equipment and personnel from potential electrical hazards.

Integrated Panel Design as an Alternative for System Development

Based on the analysis of load, current, and voltage drop, an integrated panel concept was designed that
combines the functions of the MDP and ACPDB. The integrated panel design aims to shorten cable
distribution routes, centralize protection systems, and improve installation neatness.

TR
N

> 1 . v ‘ gl e
:" i‘ | || Tnm
| L '

b
[ S~y e AUAN W

Figure 5. Integrated Panel Diagram Design

The integrated panel concept is considered more effective from an operational and maintenance
perspective because all major components are housed within a single panel. Furthermore, integrated
panels provide reserve space for future equipment additions, supporting long-term electrical system
planning.
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4. Conclusion

Based on field measurements, technical calculations, and analysis, it can be concluded that the electrical
system at the MDN302 Mabar Gudang Site, Medan City, has been planned and implemented in
accordance with applicable technical standards. The power supply from the PLN network is capable of
supporting the site's operational loads with stable voltage conditions. The analysis results show that the
voltage drop value is below the maximum limit of 5% according to PUIL 2011, the selection of MCB
capacity has met the protection aspect, and the grounding system has a low resistance value. Thus, the
electrical system at Site MDN302 Mabar Gudang is declared safe, reliable, and suitable to support the
continuous operation of telecommunications towers. Regular electrical inspections and measurements are
recommended to maintain system reliability. Furthermore, planning for future load increases should
adhere to applicable technical standards to ensure the safety and quality of the power supply.
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