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ABSTRACT  

This research focuses on designing an electrical system for unmanned surface vehicles (USV) to ensure 

optimal performance during survey operations. This USV ship is a catamaran-type ship with a Sonar Deeper 

depth sensor to know the depth of the water and is equipped with long range (LoRa) as a data transmitter. 

The USV electrical system design incorporates the use of a 4050 mAh 11.1 V LiPo battery and an iMAX 

B6AC charger, with evaluations covering battery charging, power consumption, and voltage stability. The 

trials showed that the battery supported the operation of the USV for approximately 47.8 minutes at a power 

load of 45.08 Watts. Battery charging showed two main phases: constant current and constant voltage, with 

a full charge time of approximately 2.7 hours. During operation, voltage consumption showed significant 

fluctuations, highlighting the need for an electrical system design that maintains voltage stability to improve 

performance. From the test results, the battery efficiency was found to be 91.29%. These findings emphasize 

the importance of appropriate component selection and efficient power management to achieve reliable and 

efficient USV operation. With a deep understanding of the charging characteristics and power consumption, 

the designed electrical system can ensure more stable USV operation and better performance under various 

survey conditions. 

Copyright © 2025. Journal of Mechanical Engineering Science and Technology. 

Keywords: Electrical system, LiPo battery, power consumption, unmanned surface vehicle, voltage 

stability  

I.  Introduction 

  Unmanned Surface Vehicle (USV) is one of the advances in maritime technology that 

is now beginning to be applied in Indonesia's waters, especially for surveying [1]. By 

combining autonomous navigation, environmental sensors, and multibeam echo sounders, 

the USV is able to collect important data such as topography and temperature, which are 

invaluable to the shipping world [2], [3]. Its main advantage is the ability to conduct surveys 

in dangerous or hard-to-reach areas without putting humans at risk while maintaining 

smooth shipping traffic [4]. 

  Unmanned Surface Vehicles (USVs) are emerging as a valuable tool for maritime 

operations in Indonesia and globally. This autonomous boat integrates a navigation system, 

environmental sensors, and a multibeam echosounder to collect important data such as 

bathymetry and temperature [5]. USVs offer advantages in surveying dangerous or 

inaccessible areas without risking human lives, while maintaining the smooth flow of 

maritime traffic [6]. Recent developments include an affordable design with a rudderless 

configuration and two thrusters as well as proportional integral derivative (PID) control for 

autonomous missions [7]. Performance tests in Indonesia waters have shown good stability 

and data collection capabilities, with roll and pitch values within an acceptable range [6]. 
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The technology has evolved from a research concept to a commercial product, with 

applications in various maritime sectors. However, challenges still exist in fully meeting the 

specific needs of the maritime industry [8].   

  However, despite the promise of this technology, its application in Indonesia still faces 

significant challenges, especially in terms of electrical system design. This challenge is not 

something that can be ignored.  The electrical system on a USV is very important because it 

is the backbone of all its operations, from the propulsion system to sensors and 

communications. Failures in the electrical system can cause the USV to be unable to 

maneuver, lose orientation, lose communication, and all sensors to fail. Poor power 

management can cause power outages during a mission, limiting the USV's operational 

duration. The electrical load on a large USV requires very careful energy planning [9]. 

Inaccuracies in the selection of generators or batteries are not just a technical matter but can 

lead to serious problems that affect the performance and stability of the ship. A USV that 

loses stability not only fails to carry out its mission but can also be a threat at sea [10]. 

  Recent research has explored the design of electrical systems for USVs and marine 

vessels. Zaldi and Zainal developed a USV prototype control system using an Arduino 

microcontroller and remote control, with a maximum communication range of 80 meters 

[11]. For electric vehicles, an electrical system with four 12V batteries arranged in series, 

providing a maximum power of 152,424 watts was designed by Mulyadi et al. [12]. 

Mahmuddin et al. [13] emphasized the importance of an emergency power system on ferries, 

recommending generator capacity planning and careful cable diagram design. Dewantara 

[14] proposed a solar-powered electrical system for fishing vessels, utilizing photovoltaic 

modules to power various equipment on board. Their design includes four 210 Wp solar 

panels, a 60 A charge controller, and twenty 100 AH batteries. These studies demonstrate 

diverse approaches in electrical system design for different maritime applications, with a 

focus on efficiency, reliability, and sustainability [15].  

  The papers highlight the crucial role of electrical systems in maritime vessels, 

emphasizing safety and efficiency. Proper planning for emergency power systems is 

essential for ferry operations [13]. Hybrid power systems that combine solar panels and 

diesel generators offer the potential to reduce fuel consumption and emissions on ships [16]. 

The selection of generator capacity is crucial, with studies showing that a 13 kVA generator 

can meet 77% of the maximum load requirements for a 15 GT fishing vessel [17]. Electrical 

safety systems are vital, especially for large commercial vessels that use diesel generators 

as the primary power source. Proper maintenance and repair of diesel generators are 

necessary for optimal ship performance [18]. These studies emphasize the importance of 

careful electrical system design, generator selection, and safety measures in maritime 

applications to ensure ship stability and operational efficiency. This is where some crucial 

questions arise: How to design the right electrical system for USVs? How to ensure that this 

system not only supports but also improves the performance of the USV during operation? 

It needs a technical solution and also explores optimal energy requirements and battery life 

under maximum usage conditions. Thus, the resulting electrical system design is expected 

to meet the operational needs of the USV well, ensuring stability, efficiency, and the success 

of each survey mission carried out [19]. So, this study aims to design an electrical system 

for USV to ensure optimal performance during survey operations.  
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II. Material and Methods 

  The design of this research system is designed in stages and systematically to ensure 

that each stage of the design of the USV electrical system meets the technical specifications 

and functions optimally in the field [20]. Figure 1 shows a step-by-step electricity design 

where power, voltage, and current are factors that are taken into consideration apart from 

dimensions and weight. The battery type is chosen by taking into account the ship's 

dimensions, maximum load, and the power required by the USV ship, as well as a low cost. 

The 4050 mAh LiPo battery was chosen as the main power source, supported by a battery 

indicator system that provides real-time information about the power status, which is 

important for the continuity of the USV operation [5], [21]. 

 

Fig. 1. Flow chart of electricity design 

 

1. Construction Design  

The USV uses a catamaran design with a double hull, 1 meter long, 0.4 meter wide, and 

0.2 meter high, driven by a 1620 kV DC brushless motor. The design of the laying of the 

electrical system is arranged to maintain the stability and efficiency of the ship [22]. In this 

proposed method, the USV dimension is shown in Table 1.  

For the design of the laying of the electrical system for the surface vehicle, this 

catamaran will be made in such a way that it is in accordance with the ship's proportions that 

pay attention to stability and efficiency. The laying design for the electrical system will be 

designed on the hull arranged in such a way as to keep in mind the stability of the ship which 

can be seen in Figure 2. 
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        Fig. 2. Construction of catamaran ships 

 
         Table 1. Ship Particular 

Submerged Length 0.85 meter 

Submerged Breadth  0.16 meter 

Submerged Draft  0.07 meter 

Lpp 0.67 meter 

LOA 0.96 meter 

LWL 0.85 meter 

Draught of Beam 0.4 meter 

Beam Depth 0.2 meter 

  

2. Electrical Load Calculation and Battery 

The load consists of a drive motor, a DC pump, an electronic speed controller (ESC), a 

servo motor, and a microcontroller. Testing of the  4050 mAh LiPo battery shows that it 

meets the power needs of the USV and the calculation of battery life used Eq. (1). Table 2 

shows the details of the voltage and current for each load. 

Table 2. List of load voltages and currents 

Component  
Power Max 

(Watt) 

Voltage Max 

 (V) 

Current Max 

(Ampere) 

Motor driver  24.00 12.00 2.00 

Arduino Uno 0.25 5.00 0.05 

DC pump 1.50 6.00 0.25 

ESC encoder 0.53 6.00 0.09 

Motor servo 6.00 6.00 1.00 

Long range 0.07 3.30 0.02 

Receiver 0.03 3.00 0.01 

Compas  0.15 5.00 0.03 

Rotary encoder 0.12 4.00 0.03 

 𝐵𝑎ݕݎ݁ݐݐ ݈݂݅݁ = ஻௔௧௧௘௥௬ ஼௔௣௔௖௜௧௬ (ௐℎ)௉௢௪௘௥ ௖௢௡௦௨௠௧௜௢௡ (ௐ)…………………………………………….(1) 
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The main source of electricity on this USV is a Lipo battery; the battery is directly 

connected to electrical loads such as cooling pumps, ESCs, and DC motors [17]. For other 

loads, the voltage from the battery must pass through a voltage divider circuit, to meet the 

small voltage required by microcontrollers such as Arduino Uno, rotary encoders, remote 

receivers, compasses, and LCD monitors. 

3. Battery Indicator Series 

Battery indicators in the form of red, yellow, and green lights are used to indicate the 

power status, which is added to prevent running out of power in the middle of operation. 

The power indicator on the battery used in this USV is an indicator in the form of a lamp 

[23]. The indicator lights are red, yellow, and green. Red indicates that the battery is low 

(<25%), yellow indicates a medium battery (25% < battery > 75%), while green indicates 

that the battery still has enough power in the range of >75% [24]. In this proposed method, 

the indicator battery, as shown in Figure 4, is placed inside the USV and also on the remote 

control. Where the battery indicator data is sent to the remote control so that it can be 

displayed on the LCD. 

Figure 3 shows the voltage divider circuit to be used on the battery level indicator. This 

series is added to indicate the battery level, as shown in Figure 4,  to the operator in order to 

avoid this USV running out of power in the middle of the water. 

 

Fig. 3. Wiring diagram of electricity design 

 

Fig. 4. Battery indicator level circuit 
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4. Product Trial Design 

USV testing is focused on electrical system reliability, battery life, charging time, and 

voltage and rotation per minute (RPM) input analysis to ensure operational stability and 

efficiency. Charging efficiency, expressed in Eq. (2), indicates how efficiently the charging 

process converts electrical energy into stored energy in the battery, accounting for energy 

losses such as heat. Initial testing is carried out in swimming pools to identify and fix 

problems before intensive testing in the field [25],[26].  Charging Efficiency = Energy Used to Charge the BatteryEnergy Stored in the Battery  ×  100%..........................(2) 

III. Results and Discussions 

Product test results testing of USV products is essential to ensure the design meets 

operational needs, especially with regard to electrical power consumption [27]. The test aims 

to analyze energy requirements and ensure optimal performance. Errors in testing can result 

in inefficient and unreliable products [28]. Testing of catamaran ship components, the 

stability of ships, and other components is a crucial step to ensure that the ship's design can 

withstand the expected loads, as shown in Figure 5. Draft checks, weight distribution, and 

buoyancy are important indicators for the stability and performance of the vessel [29]. 

 

 

 

 

 

 

 

 

 

Fig. 5. Catamaran hull trials 

Battery and motor testing LiPo batteries with a capacity of 4050 mAh and a voltage of 

12V are tested to support USV operation. Although simple, testing with an AVO meter 

provides basic information about the battery voltage. It does not reflect performance under 

actual load. Servo motors and DC pumps are tested to ensure functionality under a wide 

range of operating conditions, including resistance to voltage drops [30]. The actual testing 

is taken when the USV is operating in the waters. all active components are by their 

functions. USV runs in water and revolves around the pool until the battery level is less than 

25%. 
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The DC pump test was carried out by being given a voltage of 12 V. Once stressed, the 

DC pump can suck and circulate the cooling water. However, although the DC pump is 

functioning well at the initial voltage, critical observation of its performance is necessary 

when the battery experiences a drop of up to 3.3 volts. At this voltage level, even if the pump 

is still operating, the performance and efficiency of the pump may be affected. It is important 

to evaluate whether this voltage drop is significantly affecting the suction and circulation 

power of the pump, as well as to ensure that the cooling system remains effective in critical 

conditions. Further analysis is needed to ensure that the DC pump is not only functioning 

under ideal conditions but can also operate reliably over longer periods and at low voltage 

conditions. 

This brushless DC motor is supplied with a voltage of 11.1 V, 4050 mAh, so the voltage 

provided also affects the resulting RPM. With full battery voltage, the motor can produce 

11332 RPM [31]. The part tests as shown in Figures 6 and 8 were carried out using a 

stroboscope to measure motor RPM and an AVO meter to measure voltage and amperage. 

From the test results, data on the maximum RPM and current consumption were obtained 

using motors with different battery voltages [32]. Figure 7 shows the correlation between 

motor speed and current (shown by the red line), and the correlation between motor speed 

and voltage (shown by the blue line), where motor speed is directly proportional to current 

and voltage. According to Figure 7, in this proposed method, to generate 2000 RPM, a 

voltage of 6.5 V and a current of 2 A is required.  

 
Fig. 6. DC pump testing 

  

Fig. 7.  Brushless DC motor test results 
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Figure 8 shows the test results of brushless DC motors with different voltage and current 

variations. From this data, it can be seen that the relationship between voltage, current, and 

RPM is always linear, which requires more in-depth analysis. At a voltage of 7.6 V, the 

motor produces a maximum RPM of 2919 with a current of 2.0 A, while at a higher voltage 

of 11.1 V, the current increases to 2.8 A, and the maximum RPM jumps sharply to 11332. 

These results prove that RPM is directly proportional to voltage and electric current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. DC brushless motor testing 

Figure 9 shows the average time taken to recharge the battery. It takes about 2 hours 

and 40 minutes to charge the battery. This measurement will later be used to calculate the 

battery efficiency. The Arduino was tested by comparing the accuracy of the voltage 

measured on the battery using an Avometer and the voltage recorded on the monitoring 

LCD, as shown in Figure 10. 

  
Fig. 9. Charging duration 
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                 Fig. 10. Data accuracy testing between Arduino and AV meter 

 

The electrical schematic design of the USV is a graphical representation of the electrical 

system in the Uninterruptible Power Supply unit. The schematic design of the USV BLDC 

motor can be seen in Figure 11. This schematic describes the relationship between the 

electrical components contained in the USV, including the input power source, the electrical 

functions that occur in the USV, and how the output power source is arranged. The main 

source of electricity in this USV is the Lipo battery, from the battery directly connected to 

the electrical load such as the cooling pump, ESC, and DC motor. For other loads, the 

voltage from the battery must pass through a series of voltage dividers, to meet the small 

voltage required by microcontrollers such as Arduino Uno, rotary encoder, remote receiver, 

compass, and LCD monitor [31]. In ballast systems, flow meters help measure the volume 

of water taken in or taken out of the ballast tank to adjust the balance and trim of the vessel. 

Ballast regulation is critical for USV stability and maneuverability, especially on unmanned 

ships that rely on automated systems. According to Table 2, the total load of USV is 32.65W. 

By using Eq (1), and Eq. (2), the battery life can be calculated as 1.37 hours or 1 hour 22 

minutes, and charging efficiency of 91.29%. 

 

  
Fig. 11. Electrical schematic design of USV 

The battery capacity used is actually sufficient, but it is very close to the power limit 

needed. With an efficiency of 91.29%, this battery is classified as high-performance, 
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corresponding to Lithium-ion having an efficiency between 85% and 95%. This energy is 

usually lost as heat due to internal resistance or other factors such as incomplete chemical 

reactions. This means that it may be necessary to consider batteries with a larger capacity to 

ensure stable USV operation, especially when under full load [32]. This is important, not 

only to meet basic needs but also to provide sufficient power reserves to deal with 

unexpected situations. Secondly, when tested, the battery charging system turned out to be 

very important for long-term operation [33]. If charging the battery takes too long, this can 

hinder missions that require quick readiness. So, efficient and safe charging management 

must be considered. The use of the iMAX B6AC charger is good, but it is necessary to make 

sure that the charging process is fast and does not reduce battery life [34]. 

Voltage stability during operation is critical to the overall performance of the USV. 

There are voltage fluctuations when the motor is operating at high RPM, which indicates the 

need for components that can keep the voltage stable, such as voltage regulators and 

responsive ESCs [35]. If the voltage is unstable, the motor and other components can be 

disrupted, which can lead to failures in operation. Overall, the electrical system must more 

than meet basic needs. The system needs to be designed to anticipate and address the 

challenges that arise during USV operations [36]. By selecting the right battery, ensuring 

charging efficiency, and maintaining voltage stability, the performance and reliability of the 

USV can be significantly improved under a wide range of conditions [37]. 

IV. Conclusions 

Based on the data and analysis that has been carried out, the design of the electrical 

system for the unmanned surface vehicle (USV) needs to pay attention to several important 

aspects to achieve optimal performance. Tests show that a LiPo battery with a capacity of 

4050 mAh and a voltage of 11.1 V is sufficient to support USV operation during an adequate 

time. However, it is important to choose a battery with a slightly larger capacity to avoid 

degraded performance, given that the power load is close to the capacity of the battery. The 

battery charging system, which uses a professional charger such as the iMAX B6AC, takes 

about 2.7 hours to charge the battery to full capacity. This confirms the need for an efficient 

charging system in the design to ensure power is available quickly and safely Additionally, 

voltage fluctuations detected during testing demonstrate the importance of maintaining 

voltage stability. The use of components such as motor speed controllers (ESCs) and 

effective voltage regulators is indispensable to maintain system stability and maximize USV 

performance in the field. Overall, the proper design of an electrical system involves the 

selection of appropriate components, efficient power and charging management, and stable 

voltage control. With this approach, the electrical system not only supports but also 

improves the performance of the USV, ensuring reliable and efficient operations.  
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