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Abstract  

This research aims to evaluate the performance of the HY10W2-24 lightning arrester (LA) as a lightning 

protection system for a 100 kVA distribution transformer at PT. Razza Prima Trafo. The LA is a 

protection device designed to divert transient over voltages to the ground, thereby safeguarding 

equipment from damage. The evaluation was conducted descriptively through field observation, 

interviews, document analysis, and technical analysis based on residual voltage, Basic Insulation Level 

(BIL), and grounding system conditions. The results show that the HY10W2-24 lightning arrester still 

performs effectively with a residual voltage of approximately 67 kV, which is significantly lower than 

the transformer’s BIL of 125 kV, resulting in a protective margin of 46.4%. Furthermore, the distance 

between the arrester and the transformer is 2.5m, in accordance with SPLN standards. Therefore, the 

HY10W2-24 LA is considered reliable for use as a lightning protection system in electrical distribution 

installations 
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Introduction 

The electrical power system is a primary necessity, both for daily life and for industrial 

needs [1]. In electrical power systems, there are distribution transformers that convert voltage 

from medium voltage (20 kV) to low voltage between phases (380V - 400V) and neutral phase 

(220V), which are then used for small industrial, office, and household needs [2]. In general, 

consumers expect a continuous and adequate quality electricity service system [3]. However, 

the electricity system in transmission and distribution lines is not immune to disturbances that 

can disrupt the electricity distribution process, both internally and externally. One external 

disturbance that causes equipment failure is lightning strikes [4]. As the name implies, lightning 

is a flash of light emitted as a result of the release of electrical charges that occur throughout 

the world. Theoretically, lightning occurs due to an imbalance of charge between thunderclouds 

and the ground or the clouds themselves [5]. The number of direct and indirect lightning strikes 

has increased dramatically [6]. The voltage of a lightning strike can range from hundreds of 

millions of volts between the clouds and the earth. Although these values do not reach the 

ground, millions of volts can be channeled into buildings, trees, or distribution lines that are 

struck [7]. The propagation of lightning surges can cause overvoltage in power lines and even 

damage electrical equipment, especially transformers. Therefore, to protect electrical 

equipment, a lightning arrester is needed to cut off or limit the voltage surge from lightning 

entering the electrical equipment installation by directly diverting or releasing the excess 

voltage surge to the ground [8].  

Research on the performance of lightning protection systems using lightning arresters 

has been conducted by Akbar Wirayuda, Zuraidah Tharo, and Parlin Siagian (2025) with the 

title "Analysis of Lightning Arrester Performance on Radio Transmitters at the RRI Building 

in Medan." The study focused on evaluating the effectiveness of arresters in protecting radio 

transmitter systems from voltage surges caused by lightning strikes. The methods used included 

soil resistance measurements, field observations, and interviews with technicians. The results 

of the study showed that a grounding system with a resistance below 5 Ω was able to reduce 

voltage surges to a protection level of 99%. In addition, the installation distance of the arrester 

and periodic maintenance were important factors that affected the reliability of the protection 

system.  

Compared to that study, this study has a different focus. While the previous study 

focused on the protection of radio transmitting equipment, this study specifically evaluates the 

performance of the HY10W2-24 Lightning Arrester on a 100 kVA distribution transformer at 

PT. Razza Prima Trafo. The analysis was conducted by calculating the residual voltage, 

protection margin, and maximum protection distance based on the arrester specifications and 

actual field conditions. Thus, this study is expected to provide a new contribution in the form 

of a technical evaluation of arrester performance in electrical power distribution systems, 

particularly distribution transformers. 

 PT. Razza Prima Trafo, as a company engaged in the distribution and maintenance of 

transformers, uses HY10W2-24 type lightning arresters on 100 kVA capacity distribution 

transformers. However, the extent to which these devices can perform their functions 

effectively still needs to be evaluated. This is important to ensure that the installed protection 
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system works properly according to standards and is capable of preventing damage caused by 

lightning strikes. Based on this background, this study was conducted to evaluate the 

performance of the HY10W2-24 lightning arrester on a 100 kVA distribution transformer at 

PT. Razza Prima Trafo. This evaluation is expected to provide a realistic picture of the 

effectiveness of the lightning protection system used, as well as provide technical input for 

improving the reliability of the power distribution system. 

Literature Review 

2.1 Electric Power Distribution System 

The distribution system is part of the electrical power system. This distribution system is 

useful for distributing electrical power from large power sources to consumers. So, the main 

function of the distribution system is to distribute electrical power from the distribution 

substation to electricity customers with adequate service quality. The main challenge in 

operating the distribution network is addressing disruptions quickly, as the majority of 

disruptions in the power system occur within the distribution network [9]. There are several 

causes of disturbances that can be grouped into internal disturbances and external disturbances. 

Internal disturbances are disturbances caused by the system itself, such as short circuits, damage 

to switching devices, insulation failure, damage to generators, and so on. External disturbances 

are disturbances caused by nature or outside the system, such as broken lines or cables due to 

wind, storms, lightning, and so on [10]. 

Distribution Transformer 

Distribution transformers are a very important component in the distribution of electrical 

power from substations to consumers because they are crucial in the distribution of low-voltage 

electrical power. Distribution transformers function to convert alternating current electricity 

from a medium voltage of 20 kV to a low voltage of 380/220V with a fixed frequency of [11]. 

Transformers are highly sensitive to overvoltage disturbances because the insulation system 

and windings inside the transformer have a maximum operating voltage limit. When lightning 

strikes, momentary overvoltage can cause flashover, insulation damage, and even fires in the 

transformer. The specifications of the transformer used in this study are as follows: 

a. Nominal Power : 100 Kva 

b. Nominal Voltage : 20 kV/400 kV 

c. BIL  : 125 kV 

2.2 Lightning Strikes and Overvoltage 

Overvoltage is voltage that exceeds the basic rating of equipment or the BIL of equipment 

and can only be withstood by the system for a limited time. Overvoltage caused by lightning is 

referred to as natural overvoltage because lightning is a natural phenomenon that cannot be 

controlled by humans [12]. Overvoltage caused by direct lightning strikes can occur due to 

direct strikes to phase wires or ground wires, and strikes around overhead lines (indirect strikes) 

that can cause induced overvoltage. In the case of a direct strike, all of the lightning energy is 
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released into the overhead line, while in the case of an indirect strike, only part of the lightning 

energy is released into the overhead line. Thus, the largest and most dangerous overvoltage is 

caused by a direct strike. Meanwhile, according to Rusck, the maximum induced overvoltage 

is 400 kV [13]. When lightning strikes the distribution network directly or through 

electromagnetic induction, a transient overvoltage will occur. This voltage can travel through 

conductors and cause damage to electrical equipment if it is not immediately diverted to the 

ground. 

2.3 Lightning Protection System 

A protection system is a system that functions to prevent or limit damage to equipment 

due to disturbances [14]. Based on the purpose or nature of the protection itself, lightning 

protection is divided into two types, namely: lightning strike protection and lightning 

overvoltage protection. Lightning strike protection is more preventive in nature, while lightning 

surge protection no longer prevents but reduces the effects caused by lightning strikes, in this 

case if the first type of protection fails to perform its function [15]. The main components of 

protection include a lightning arrester, which is the main device that withstands overvoltage 

and diverts it to the ground, and a grounding system that functions to divert lightning currents 

to the earth with low resistance. 

2.4 Lightning Arrester  

A Lightning Arrester is a safety device that protects electrical networks and their 

equipment from abnormal overvoltages caused by lightning strikes (flash over) and switching 

surges in a network. This Lightning Arrester provides a greater opportunity for abnormal 

overvoltage to be diverted to ground before the safety device damages network equipment such 

as transformers and insulators. Therefore, the Lightning Arrester is a voltage-sensitive device, 

so its use must be adjusted to the system voltage [16].  

2.5 Grounding System 

The grounding system is a system for protecting electrical devices from disturbances, 

especially power surges caused by lightning. The grounding system is described as the 

connection between a piece of equipment or electrical circuit and the earth [17]. If proper safety 

measures are implemented, there must be a well-designed and properly constructed grounding 

system. Impedance selection must be done analytically. If Zn = large, If = small, and ∆ = large, 

then the grounding system to correct the overvoltage that occurs in the undisturbed phase is not 

too large so that the equipment insulation limit can be maintained or reduced [18]. 

Research Methodology  

The method used in this study is a descriptive research method with an evaluative case study 

approach. Descriptive research is used to provide a systematic description or explanation of the 

actual condition of the HY10W2-24 type lightning arrester used in 100 kVA distribution 

transformers. The case study approach was chosen because this study focused only on one 

distribution substation unit, allowing researchers to conduct a more in-depth and 

comprehensive study of the object being observed. The evaluative nature of this study can be 

seen in its efforts to assess the extent to which the lightning protection device is still functioning 
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properly and in accordance with standards, as well as to identify technical factors that can affect 

the effectiveness of the device. The data collection techniques used in this study can be seen in 

the flowchart below: 

 

Start 

Literature Study 

Field Study 

Data Collection 

Data Analysis 

Calculation of Protection Margin, Distance from 
LA to Transformer, Residual Voltage of LA, and 
Grounding Resistance 

Analysis of technical factors affecting LA 
performance 

Assessing Whether LA Works Effectively as a 
Lightning Protection System 

   Conclusion and Recommendations 

Finished 

 
Figure 1. Research Flowchart 
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The data used in this study consists of: 

 

a. Primary data, which is data obtained directly through field observations and interviews 

with officers or technicians at PT. Razza Prima Trafo. 

b. Secondary data, which is data obtained from technical documents, equipment 

specifications, fault history records, inspection reports, and relevant literature. 

This study refers to the following technical standards and references: 

a. IEC 60099-4: Metal-oxide surge arresters without gaps for a.c. systems. 

b. SPLN 61-1: General Provisions for Lightning Protection Installation in Medium 

Voltage Electrical Power Systems. 

c. Relevant previous research results. 

Results 

4.1 Actual Conditions and Operating System of the HY10W2-24 Lightning Arrester  

The HY10W2-24 type Lightning Arrester (LA) is a gapless ZnO (zinc oxide) nonlinear 

arrester that works by withstanding transient overvoltages caused by lightning strikes so that 

they do not damage electrical equipment. Under normal conditions, the LA has a very high 

impedance so that no current flows through it. However, when a voltage surge exceeds the 

nominal voltage, the nonlinear characteristics of the ZnO varistor drastically reduce the 

impedance, allowing the surge current to be diverted to ground. After the surge ends, the arrester 

returns to its insulating state. Based on field observations at PT. Razza Prima Trafo, the 

following actual conditions were obtained: 

a. Lightning Arrester Type   : HY10W2-24, non-linear ZnO varistor type 

b. Nominal Voltage   : 24 Kv 

c. Continuous Operating Voltage : ±19.5 kV 

d. Breaking current   : 10 kA 

e. Installation Distance   : 2.5 m 

f. Grounding resistance   : 3.5 Ω 

This arrester is installed in parallel with the transformer, so that whenever a lightning surge 

occurs, excess energy will be discharged to the ground through the grounding electrode. The 

ground resistance value of 3.5 Ω is still within the standard (≤ 5 Ω), so the protection system 

can work properly. With an installation distance of 2.5 m, the Lightning Arrester is still within 

the permissible protection limit, although ideally the arrester should be installed as close as 

possible to the transformer terminal (< 2 m) so that the voltage drop effect on the connecting 

conductor is minimized.  

4.2 Residual Voltage 

The residual voltage value on the arrester can be obtained from the data sheet. There are 

three types of residual voltage tests, namely lightning impulse residual voltage, step current 

impulse residual voltage, and switching impulse residual voltage. In this study, a lightning 

impulse residual voltage value of 67 kV was used, as per IEC 60099-4 standards, this parameter 

is the most representative for assessing the arrester's performance against overvoltage in 

distribution systems. The residual voltage on the arrester is smaller than the BIL on the 

transformer, namely 67kV < 125kV. This indicates that the transformer's insulation capacity is 
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still sufficient to withstand overvoltage caused by lightning strikes. Thus, the HY10W2-24 

arrester can be categorized as effective in protecting transformers. 

 

Table 1. Residual Voltage Value of HY10W2-24 Arrester 

 
No. Residual Voltage kV 

1 Steep current impulse residual voltage ≤ kVp 76.0 

2 Lightning impulse residual voltage ≤ kVp 67.0 

3 Switching impulse residual voltage ≤ kVp 60.0 

4.3 Protection Margin Calculation 

The protection margin indicates the level of safety of the transformer insulation against 

the residual voltage from the Lightning Arrester. It is calculated using the formula: 

MP =
𝑩𝑰𝑳 − 𝑽𝒔𝒊𝒔𝒂

𝑩𝑰𝑳
 x 𝟏𝟎𝟎% 

Therefore,  

MP =
125𝑘𝑉 − 67𝑘𝑉

125𝑘𝑉
 x 100% 

MP = 46.4% 

The protection margin value of 46.4% means that this arrester is capable of reducing the 

voltage by almost half of the transformer's insulation capacity. According to IEEE standards, a 

good protection margin is >20%, so a value of 46.4% can be categorized as very effective. 

4.4 Calculation of Maximum Protection Distance 

The maximum installation distance of the Lightning Arrester from the transformer is 

calculated using the formula: 

𝑳𝒎𝒂𝒌𝒔 =
𝑩𝑰𝑳 − 𝑽𝒔𝒊𝒔𝒂

𝑺
  

Where: S (Electric Field Gradient) = 20 kV/m 

Therefore,  

𝐿𝑚𝑎𝑘𝑠 =
125𝑘𝑉 − 67𝑘𝑉

20𝑘𝑉/𝑚
 

𝐿𝑚𝑎𝑘𝑠 = 2.9 m 

The calculation results indicate that the maximum installation distance for the arrester to 

remain effective is 2.9 m. Since the actual distance in the field is 2.5 m, the arrester installation 

is still within the protection limit. 

4.5 Technical Factors Affecting the Performance of the HY10W2-24 Lightning Arrester 

Based on observations and calculations, there are several technical factors that affect the 

performance of the HY10W2-24 Lightning Arrester, namely: 
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a. Distance Between the Arrester and the Transformer 

The closer the arrester is installed to the transformer terminal, the smaller the voltage drop 

on the connecting conductor. In this case, a distance of 2.5 m is still safe (below 2.9 m). 

b. Grounding System 

The grounding resistance value of 3.5 Ω is still within the standard (≤5Ω). However, the 

lower the grounding resistance value, the more effective the lightning current discharge to 

the ground. 

c. Residual Voltage Characteristics 

The Lightning Arrester was tested under three test wave conditions (lightning, step, and 

switching). In a 20 kV distribution system, the main parameter is the lightning impulse 

residual voltage. The residual voltage value of 67 kV indicates that the arrester is still capable 

of protecting the transformer with a sufficiently high protection margin. 

d. Physical Condition and Service Life 

Lightning arresters that have been in operation for a long time may experience degradation 

of the ZnO varistor material, leading to an increase in leakage current and a decrease in 

protective capability. 

4.6 Lightning Strike Data in the Study Area 

In addition to technical factors, the performance of lightning arresters is also greatly 

influenced by the level of lightning activity at the research location. Based on PT. Razza Prima 

Trafo's internal records in August 2025, there were 8 lightning strikes with a duration of 2-3.5 

seconds, a voltage surge of 19-24 kV, and a current surge of 5-10 kA. All strikes occurred under 

normal conditions, which means that the arrester successfully conducted the surge energy to 

the ground without causing any disturbance to the transformer. 

 

Table 2. Lightning Strike Data at PT. Razza Prima Trafo (Aug 2025) 

Time Duration of strike (s) Voltage Surge (kV) Current Surge (kA) Status 

Aug (2025) 3 22 8 Normal 

Aug (2025) 2.5 21 7 Normal 

     

Aug (2025) 2 19 5 Normal 

Aug (2025) 3 22 8 Normal 

Aug (2025) 2 20 6 Normal 

     

Aug (2025) 3 23 9 Normal 

     

Aug (2025) 3.5 24 10 Normal 

Aug (2025) 2.5 21 7 Normal 

4.7 Summary of Lightning Arrester Technical Data and Lightning Strike Data 

To clarify the analysis results, the following is a summary of the overall technical data of 

the HY10W2-24 lightning arrester and the lightning strike data recorded at PT. Razza Prima 

Trafo. This summary combines information from manufacturer specifications, field 

measurements, and lightning strike event data. The presentation in table form is intended to 

provide a more comprehensive overview of the actual condition of the lightning protection 

system and to facilitate drawing conclusions. 
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Table 3. Summary of Technical Data on Lightning Arresters and Lightning Strike Data 

Category Parameter Value Description 
 
 
 
 
 
 
 
 
Technical Data of LA 

Lightning Arrester Type HY10W2-24 Zno Gapless Arrester 

Nominal Voltage 24 kV 
Suitable for 20 kV 

Distribution Systems 

Residual Voltage 67 kV 
Residual Voltage @10kA 
(8/20µs), from datasheet 

BIL Transformer 125 kV 
Basic Insulation level of 100 

kVA transformer 

Protection Margin 46.4 (BIL-Vsisa)/BIL x 100% 

Maximum Distance 2.9 m 
Calculation Result (BIL-

Vsisa)/S, where S = 20kV/m 

Actual Distance 2.5 m Field measurement result 

Grounding Resistance (Ω) 3.5 Ω 
Grounding Resistance 
Measurement Results 

Lightning strike 
data 

Number of Strikes (Aug 
2025) 

8 times 
Internal Notes of PT Razza 

Prima Trafo 

Duration of Strike 2–3.5 seconds Based on field records 

Voltage Surge 19–24 kV 
Measurement results at the 

time of strike 

Current surge 5 – 10 kA Recorded peak current value 

LA Operation Status Normal 
All events are discharged to 

ground, without transformer 
interference 

 

Conclusion 

The research results indicate that the HY10W2-24 lightning arrester installed on the 100 

kVA distribution transformer at PT. Razza Prima Trafo works well and meets standards. With 

an installation distance of 2.5 meters, grounding resistance of 3.5 Ω, and a residual voltage of 

67 kV, which is still well below the transformer's BIL of 125 kV, the arrester has a protection 

margin of 46.4%, ensuring safe protection of the equipment. Lightning strike data reaching 

currents of 5–10 kA also remains within the arrester's capacity, and all incidents were recorded 

as normal without causing any disruptions. This proves that the HY10W2-24 lightning arrester 

is effective in protecting distribution transformers from overvoltage caused by lightning strikes. 

References 

[1] Pabla, A. S. (1986). Sistem Distribusi Daya Listrik. Erlangga. 

[2] Sutjipto, R., Novfowan, A. D., & Duanaputri, R. (2019). Studi Perencanaan Peningkatan 

Kinerja Trafo Distribusi Dengan Relokasi Antara 2 Buah Trafo. Jurnal Eltek, 17(2), 69-80. 

[3] Z. Tharo, A. Tarigan, S. Anisah, and K. T. Yuda, “Penggunaan Kapasitor Bank Sebagai 

Solusi Drop Tegangan Pada Jaringan 20 kV,” Semnastek Usu, pp. 82–86, 2020. 



Divana Suprasanti et al. 

  

Page 794 of 794 

[4] Pikaloka, T. V. (2018). Desain Rangkaian Pelipat Tegangan 6 Kv Marx Generator Empat 

Tingkat sebagai Catu Tegangan Generator Surja (Doctoral dissertation, Universitas 

Brawijaya). 

[5] Goh, H. H., Sim, S. Y., Shaari, J., Azali, N. A., Ling, C. W., Chua, Q. S., & Goh, K. C. 

(2017). A review of lightning protection system-Risk assessment and application. 

Indonesian Journal of Electrical Engineering and Computer Science,8(1), 221-229. 

[6] Boumous, S., Boumous, Z., Latréche, S., & Nouri, H. (2023). Influence of the lightning 

arrester position on protection of the 220KV Overhead transmission line. Przegląd 

Elektrotechniczny, 99. 

[7] Ogbuefi, U. C., & Cajetan, M. (2020). Concept and application of lightning arrester for 

11kV electric power systems protection. Asian J. Basic Sci. Res.(AJBSR), 35-49. 

[8] Shoimatussururoh, S. (2022). Pemeliharaan Lightning Arrester (LA) pada Gardu Induk 

Saketi 150kv di PT. PLN (Persero) ULTG Rangkasbitung. INSOLOGI: Jurnal Sains dan 

Teknologi, 1(5), 520-531. 

[9] Funan, F., & Sutama, W. (2021). Evaluasi Keandalan Sistem Distribusi Tenaga Listrik 

Berdasarkan Indeks Keandalan SAIDI dan SAIFI pada PT PLN (Persero) Rayon 

Kefamenanu. Jurnal Ilmiah Telsinas Elektro, Sipil dan Teknik Informasi, 3(2), 32–36. 

[10] Manopo, K. G., Tumaliang, H., & Silimang, S. (2020). Analisis Indeks Keandalan Sistem 

Distribusi Tenaga Listrik Berdasarkan SAIFI dan SAIDI Pada PT. PLN (Persero) Area 

Minahasa  Utara. J. Tek. Elektro, 1(1), 1-12. 

[11] Nugraha, I. M. A., & Desnanjaya, I. G. M. N. (2021). Penempatan dan Pemilihan Kapasitas 

Transformator Distribusi Secara Optimal Pada Penyulang Perumnas. Jurnal RESISTOR 

(Rekayasa Sistem Komputer), 4(1), 33-44. 

[12] Sintianingrum, A., Martin, Y., & Komalasari, E. (2016). Simulasi Tegangan Lebih Akibat 

Sambaran Petir terhadap Penentuan Jarak Maksimum untuk Perlindungan Peralatan pada 

Gardu Induk. Electrician: Jurnal Rekayasa dan Teknologi Elektro, 10(1), 60-67. 

[13] Saragih, R. (2019). STUDI PERALATAN PROTEKSI SAMBARAN PETIR 

LIGHTNING ARESTER PADA JARINGAN DISTRIBUSI 20 KV (Doctoral dissertation, 

Fakultas Teknik). 

[14] S. Anisah, D. Putri Wardani, Rahmaniar, and Hamdani, “Analisa Over Current Relay (Ocr) 

Pada Transformator Daya 60 Mva Dengan Simulasi Matlab Di Gardu Induk Paya Geli,” 

Proceeding Semin. Soc. Sci. Eng. Hum. Scenar. , pp. 262–270, 2020. 

[15] Widharma, I., Sunaya, I. N., Arka, I., & Sangka, I. (2019). Sistem Proteksi Terhadap 

Gangguan Petir Pada Stasiun Pemancar TV. Matrix: Jurnal Manajemen Teknologi dan 

Informatika, 9(3), 96-10. 

[16] Asna, I. M., Suriana, I. W., Sugarayasa, I. W., Sutama, W., Pancane, I. W. D.,    Adrama, 

I. N. G., & Sariana, I. M. (2021). Analisis Konstruksi Posisi Lightning Arrester Di Gardu 

Distribusi Km 0003 Penyulang Subagan Wilayah Kerja PT PLN (Persero) ULP 

Karangasem. Jurnal Ilmiah Telsinas Elektro, Sipil dan Teknik Informasi, 4(1), 46-55. 

[17] Tharo, Z., Tarigan, A. D., Anisah, S., & Banjarnahor, D. (2023). Performance of Neutral 

Grounding Resistance and Solid Grounding on 60 MVA Power Transformer. International 

Journal of Research in Vocational Studies (IJRVOCAS), 2(4), 86-93. 

[18] Tanjung, A. (2015). Analisis Sistem Pentanahan Transformator Distribusi Di Universitas 

Lancang Kuning Pekanbaru. Jurnal Sains, Teknologi dan Industri, 12(2), 292-299. 

 

 


