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 ABSTRACT  

 

In this study, a comprehensive experimental comparison of Permanent Magnet Alternators 

(PMA) and Claw-Pole Alternators (CPA) used in internal combustion engines (ICE) was 

conducted under three different operating conditions: no-load, loaded, and charging scenarios. 

Key performance parameters including voltage, current, engine speed, temperature variation, 

and fuel consumption were measured and analyzed in detail using a custom-built test setup and 

data acquisition system. The results show that while PMAs provide higher efficiency and power 

output under load, they are prone to higher operating temperatures and efficiency losses under 

no-load and charging conditions compared to CPAs. CPAs, on the other hand, demonstrated 

stable performance and higher current generation capacity, which is crucial for meeting 

increasing electrical demands in modern vehicles. The findings underline the importance of 

predicting alternator performance for optimizing fuel economy, enhancing electrical system 

reliability, and supporting the development of next-generation automotive alternators. Design 

recommendations are also presented to improve the efficiency and thermal management of 

PMAs in practical applications. 

 

 
Keywords: Permanent magnet alternator (PMA), Claw-Pole alternator (CPA), Fuel 

efficiency in alternators, Automotive electrical systems.  

1 INTRODUCTION 

Disposing of with the rapid advancement of modern automotive technology, key issues 

such as meeting the increasing energy demand with low power consumption, improving the 
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efficiency of electrical systems, and achieving fuel savings have come to the forefront. These 

needs are driving research into alternative energy generation methods and encouraging the 

automotive industry to seek innovative solutions. The electrical systems in vehicles play a 

critical role in ensuring safety and comfort. These systems not only power various electrical 

loads such as headlights, turn signals, windshield wipers, and radios, but also ensure that the 

battery remains continuously charged. Insufficient performance or complete failure of the 

electrical system poses a significant risk that can directly compromise driving safety. 

The battery, one of the fundamental components of the vehicle's charging system, cannot 

meet the entire electrical power demand due to its limited capacity. Therefore, an additional 

power generation system is required to ensure that the battery remains fully always charged. 

When the engine is off, electrical loads are powered directly by the battery; however, when the 

engine is running, this responsibility is taken over by the charging system. Nonetheless, when 

the engine is operating at low speeds, the current produced by the charging system may not be 

sufficient to power the electrical loads. In such cases, the alternator and the battery work 

together to supply power. Under high engine speed conditions, the alternator not only powers 

the electrical loads but also charges the battery [1], [2]. 

CPAs, which are widely used in modern vehicles, have long been favored by the 

automotive industry due to their low cost, durability, and ability to maintain consistent 

efficiency within certain speed ranges [3], [4]. However, the increasing number of electronic 

components in modern vehicles and the resulting rise in energy demand have led to the 

inadequacy of traditional alternators. Consequently, various technological innovations are being 

researched to enhance the output power, efficiency, and overall performance of alternators [5], 

[6]. 

Among the methods developed to improve alternator efficiency are the addition of 

harmonic suppression diodes, the use of permanent magnets, twin-rotor designs, and the precise 

control of output voltages using power electronics techniques [7], [8]. However, the need to 

ensure sufficient electrical generation even at low engine speeds has driven vehicle 

manufacturers to explore alternative system solutions. In this context, permanent magnet 

alternators (PMAs) have emerged as a new generation of alternators, attracting attention with 

their high efficiency, high power output, low moment of inertia, and simple structure [9]. 

Fuel economy is one of the key factors in alternator selection. In CPAs, more mechanical 

power is required to reach the targeted current levels, which directly increases the engine’s fuel 
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consumption [10]. Since alternators are directly connected to the engine via a belt, this leads to 

additional fuel usage during the energy generation process. On the other hand, in PMAs, fuel 

consumption is reduced due to minimized mechanical losses, thereby providing an economic 

advantage [11], [12]. 

In a study conducted by Huang and colleagues, a claw-pole magnetic levitation torque 

motor (CPMLTM) was developed, and it was demonstrated that the motor could suspend the 

rotor in a neutral axial and circumferential position through cogging torque and axial restoring 

forces between the stator claw poles and the permanent magnets on the rotor [13]. 

Wu and his colleagues investigated the effects of stator tooth deformation on 

electromagnetic force harmonics and acoustic noise in claw-pole alternators. Their study 

showed that deformation, particularly when the number of rotor pole pairs is not an exact 

multiple, leads to the generation of additional spatial harmonic components [14]. Furthermore, 

the same researchers proposed a new rotor topology and demonstrated that electromagnetic 

noise in claw-pole alternators could be reduced. Simulation results revealed that by offsetting 

the N and S poles in the same direction, electromagnetic noise could be reduced by up to 6.7 

dB(A) [15]. 

In this context, the importance of PMAs, which offer higher efficiency and lower 

mechanical losses, is increasing in vehicle applications. Existing studies in the literature 

highlight the advantages and potential application areas of PMAs compared to CPAs, but they 

also underscore certain technical limitations [16]–[19]. 

In a study conducted in 2024, a multi-phase configuration approach was tested in a 

simulation environment to provide high energy storage density and longer service life. 

Simulations and experimental results confirmed the effectiveness of the mathematical model, 

while the proposed phase-shifting fault-tolerant control technique increased the operational 

reliability of the system [37.] 

A new cooling technique was developed to improve the thermal characteristics of a 

permanent magnet generator (PMG) by integrating it with an earth-air heat exchanger (EAHE). 

The results show that the maximum temperature reduction of the end winding of the PMG is 

24.45% due to EAHE when the PMG operates at full load. In addition, the maximum 

temperature reduction of the end winding of the PMG is 50.91% due to EAHE when the PMG 

operates at variable load. The use of EAHE together with PMG resulted in an 8.06% reduction 

in annual total cost [38]. 
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Therefore, detailed prediction of the performance of PMA and CPA is of great 

importance for the efficient and reliable operation of vehicle electrical systems under different 

engine speeds and variable load conditions. Predicting performance in advance allows the 

selection of the right alternator type, optimization of fuel consumption and increased system 

reliability. In addition, clearly demonstrating the advantages and limitations of both alternator 

types under real operating conditions provides important inputs for the design of next-

generation alternators. 

In this study, the performance of a CPA used in internal combustion engines, and a 

permanent magnet rotor alternator was experimentally compared under different operating 

conditions. The measured parameters included alternator voltage and current, load voltage and 

current, engine speed, temperature variations, and fuel consumption. Based on the findings, the 

strengths and weaknesses of both alternator types in terms of performance were evaluated, and 

recommendations were provided for potential automotive applications. 

2 MATERIAL AND METHOD 

2.1 Permanent Magnet Alternators 

Today, CPAs are proving insufficient to meet the increasing electrical energy demands 

of vehicles. This has led alternator manufacturers to develop new solutions that provide higher 

power and efficiency output. Among the methods developed are approaches such as increasing 

the alternator’s rotational speed, using power electronics technologies to make the generated 

electricity more efficient, and reducing energy losses in the system. Research is also being 

conducted on different electrical machines and hybrid systems that could replace traditional 

alternators. The efficiency and overall performance of existing alternators remain limited, 

especially at certain engine speeds, where they fail to generate sufficient voltage [20,21]. With 

the rise in electrical loads, the necessity of generating adequate electricity even at low engine 

speeds is driving vehicle manufacturers to search for alternative systems [2]. One such 

alternative is the use of PMAs in electricity generation [5], [6]. 

Permanent magnets are materials that can generate a continuous magnetic field without 

the need for an external excitation current. They are typically made from alloys of elements 

such as iron, nickel, and cobalt, and have a high permanent flux density and high coercive force. 

These properties allow permanent magnets to create a strong magnetic field in the air gap of 

magnetic circuits. One of the most advanced types of permanent magnets today is the 
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Neodymium-Iron-Boron (NdFeB) magnet [22-24]. This magnet ranks among the materials with 

the highest energy density in commercial use. The key characteristics expected of an ideal 

permanent magnet include high internal coercive force, high saturation magnetization, high 

permanent flux density, and high energy density. 

PMAs offer significant advantages due to their high efficiency, high power output, low 

moment of inertia, and simple structure. However, these systems also have some disadvantages. 

One major technical limitation is the difficulty in voltage regulation, particularly because the 

output voltage is sensitive to load variations and rotational speed. In automotive applications, 

this issue is one of the main barriers to the widespread adoption of PMAs [25,26]. However, 

since existing regulation systems can reduce high output voltages to 14V levels, this technology 

may also provide an advantage for PMAs. Furthermore, studies in the literature propose various 

mechanical solutions to control the magnetic flux generated in stator windings [39]. 

The output power of alternators varies depending on the engine's rotational speed. When 

the back electromotive force (EMF) voltage exceeds the output voltage, the alternator reaches 

its maximum power. Although the back EMF voltage in PMAs can reach around 80V, the 

system must maintain a constant output voltage of 14V, so the desired current can only be 

achieved at higher speeds. Additionally, the leakage reactance of the rotor limits the alternator's 

output power capacity [27-29]. While operating under load, the voltage drop across this leakage 

reactance becomes noticeable, and this drop increases with both rotational speed and the drawn 

current. As a result, when high current is drawn, a noticeable decrease in alternator output 

voltage occurs [4]. 

In permanent magnet alternators, most losses at low and medium engine speeds are due 

to stator copper losses. Iron losses, on the other hand, become dominant only at high speeds. 

The overall efficiency of these types of alternators typically ranges from 60% to 80%, and this 

efficiency range is usually achieved between 500 and 2000 revolutions per minute (rpm) [2]. 

2.2 Design Characteristics of the PMA 

PMAs are preferred for their ability to provide high power and efficiency. Their ease of 

manufacturing and compact structure make them well-suited for vehicle applications, 

increasing their usability in the automotive industry [30]. Magnetic flux density is a key 

parameter in electricity generation; thanks to the high flux density of the permanent magnets 

used, the overall size of the alternator can be reduced. PMAs consist of a structure that includes 
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permanent magnets mounted on the rotor and three-phase stator windings. A direct current (DC) 

voltage is obtained at the alternator output via a full-wave rectifier circuit. 

PMAs offer attractive solutions, particularly in renewable energy systems, due to their 

high conversion efficiency. In addition, their lack of need for external excitation current and the 

absence of brushes or slip rings result in significantly reduced mechanical friction. Their simple 

and compact design also provides major advantages in terms of durability and reliability. 

However, these systems do have certain disadvantages. One of the most significant limitations 

is the high cost of the permanent magnets that enable such high efficiency. As efficiency 

increases, so does the cost of the magnets [31]. 

Another major disadvantage of this type of alternator is that the output voltage varies 

directly with the rotor speed. This poses a significant regulation problem for applications 

requiring a constant output voltage and represents a technical challenge that must be addressed. 

The main losses affecting the performance of PMAs include mechanical friction, magnetic 

losses, stator copper losses, and rectifier-related losses. To analyze these losses and to model 

the overall operating characteristics of the alternator, an equivalent circuit of the system has 

been developed. Figure 1 shows the equivalent circuit of the PMA. This equivalent circuit 

enables the simulation of both the mechanical and electrical variables of the PMA [32]. 

 

Figure 1. Equivalent circuit of the PMA 

In PMAs, although there are no losses caused by brushes, there are still losses resulting 

from bearings. Bearings are found in all electric machines, and the losses arising from them 

include: 

𝑃𝑓𝑟𝑖𝑐 = 𝑇𝑓𝑟𝑖𝑐 ∙ 𝜔 (1) 

Equation (1) dE Tfric is the friction torque. This torque can be measured at low speeds. 

However, friction losses due to the existing cooling fan inside the machine can be neglected. 

Eddy currents and hysteresis losses in magnetic materials are magnetic losses. These losses 

vary according to the axial flux fatigue and can be calculated by the formula in equation (2). 
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𝑃𝑒 + 𝑃ℎ = 𝐾𝑒 ∙ 𝑓2 ∙ 𝐵𝑚𝑎𝑥
2 + 𝐾ℎ ∙ 𝑓 ∙ 𝐵𝑚𝑎𝑣

𝑥  (2) 

The constant x in the equation is a constant value ranging from 1.5-2.5. Great care 

should be taken in measuring the losses in a permanent magnet machine operating without load. 

Because magnetic losses vary proportional to the square of the inverse EMC. Total magnetic 

losses can be expressed in equation (3). 

𝑃𝑒 + 𝑃ℎ = 𝐾𝑒 ∙ 𝑓2 ∙ 𝐵𝑚𝑎𝑥
2 + 𝐾ℎ ∙ 𝑓 ∙ 𝐵𝑚𝑎𝑣

𝑥  (3) 

𝑃𝑒  𝑃𝑚 = 𝐾𝑚 ∙ 𝜔2 (4) 

𝑃𝑒𝑃𝐶𝑢 = 𝐼𝑑𝑐
2 ∙ 𝑅𝑒𝑞 (5) 

Copper losses can be expressed in equation (4) as resistance dependent losses. Rectifier 

losses are the voltages dropping across the full wave rectified diodes. This is given in equation 

(5). 

2.3 Design Characteristics of The Pma 

To test the performance of the alternator in real time on an ICE, a custom experimental 

setup was developed. This setup includes mechanical and electronic connections between the 

alternator integrated into the ICE and a computer system used for data acquisition and analysis. 

The block diagram of the experimental setup is presented in Figure 2(a). The general layout of 

the engine and system components used in the experimental setup is shown in Figure 2.(b). The 

experimental setup consists of a test stand with upper and lower chassis, Fiat brand 1.6L spark 

ignition engine, various electrical receivers (headlight and rear lighting systems, side and rear 

signal systems, windshield wiper motor and power window lifting systems), precision fuel 

measuring cup and amplifier, thermocouple sensor and amplifier for temperature 

measurements, magnetic sensor and amplifier for speed measurements, current and voltage 

measurement devices, PCLD-8710 terminal tube, PCL-1716L data exchange card and a desktop 

computer. The claw type alternator used in the experiments was manufactured by MAKO and 

is a model with the technical specifications of 12V AA125R-14V-45A, which is widely 

available on the market. 
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Figure 2. (a) Block diagram of the experimental setup; (b) general view of the experimental 

setup. 

Another alternator used in the experimental setup is a two-phase PMA manufactured by 

Efor Endüstriyel Tasarım Sanayi Ticaret. Figure 3(a) shows the CPA, while Figure 3(b) 

illustrates the PMA. 

  

Figure 3. (a) Claw pole alternator; (b) Permanent Magnet Alternator. 

In the experiments, three different performance measurement conditions were applied 

to both the CPA and the PMA. These conditions were as follows: no-load performance 

measurements, loaded performance measurements, and charging performance measurements. 

In the no-load performance tests carried out in the first phase, the ICE was operated at 

a constant 2000-2100 rpm range and the alternators were allowed to operate at 4000-4200 rpm 

for one hour without any electrical load being connected to the circuit. In these tests, the power 

generated by the alternators, the amount of power drawn from the battery by the electrical loads 

in the system, the temperature changes during operation and the effects of the alternators on the 

fuel consumption of the engine were measured. The measurements were recorded in real time 

on a model created in MATLAB environment with the help of precision measuring devices and 

a data exchange card. In the second stage, during the loaded performance tests, the no-load 

experimental conditions were maintained. However, this time, during the alternator operation, 

(a) 

(b) 

(a) (b) 
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specific electrical loads (fan, headlights, signals, wiper motors, and resistors) were sequentially 

activated in ten-minute intervals. In these tests, the changes in the parameters measured during 

the no-load condition under load were analyzed. This allowed for the evaluation of the 

alternators' performance characteristics under load conditions. In the third and final 

experimental stage, charging performance tests were conducted. In these tests, the operating 

conditions from the no-load and loaded tests were maintained [33]. However, without activating 

any electrical loads, a fully discharged battery was charged under a fixed engine speed using 

the alternator. During this process, the changes in the parameters measured in the previous tests 

during the charging process were observed and a comparative analysis was performed. 

3 PERFORMANCE MEASUREMENTS OF CPA AND PMA 

3.1 No-Load Performance Measurements of CPA 

In Figure 4 (a), the power-time graph obtained by multiplying the instantaneous voltage 

and current values produced during one hour of operation at a constant 4000–4200 rpm range 

of the CPA is presented.  

  

 
 

Figure 4. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

 

In Figure 4 (b), the load power (theoretical power that electrical consumers could draw) 

is shown, which is obtained by multiplying the measured voltage and current values across the 

battery when no electrical load is connected to the circuit, at a constant engine and alternator 

(a) 

(b) 

(d) 
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speed. Figure 4 (c) shows the amount of fuel consumed per unit time by the internal combustion 

engine during the operation of the alternator, illustrating the fuel performance of the engine in 

interaction with the alternator. Finally, Figure 4 (d) displays the temperature change over time 

measured on the alternator body during the no-load operation of the CPA. 

3.2 Loaded Performance Measurements of CPA 

In Figure 5 (a), the power-time graph obtained for the case when the CPA operates under 

load is presented. In this experiment, no electrical load was connected to the system during the 

first 10 minutes; then, electrical consumers were gradually connected at 10-minute intervals. 

This allowed for the evaluation of the power performance produced by the CPA at different load 

levels over time. In Figure 5 (b), during the fixed engine and alternator speed, the time-

dependent variation in the power drawn from the battery is shown as electrical loads are 

activated while the alternator powers the battery.  

 

Figure 5. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

 

Figure 5 (c) illustrates the amount of fuel consumed per unit time by the internal 

combustion engine under load conditions of the CPA, revealing the impact of the electrical load 

on the engine. Finally, in Figure 5 (d), the temperature-time change graph for the CPA operating 

under load at a fixed engine and alternator speed is presented, monitoring the thermal behavior 

of the alternator. 
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3.3 Performance Measurements of CPA during Charging 

In Figure 6 (a), the graph showing the time-dependent variation of the electrical power 

produced by the CPA during battery charging is presented. This graph reveals the dynamic 

changes in the alternator's power output throughout the charging process. In Figure 6 (b), under 

fixed engine and alternator speed, the time-dependent change in the amount of power drawn by 

electrical consumers from the battery during the charging process is provided. Figure 6 (c) 

shows the amount of fuel consumed by the internal combustion engine when the alternator is 

only charging the battery, allowing for the evaluation of the impact of the charging load on the 

engine. Finally, in Figure 6 (d), the time-dependent graph of the temperature changes in the 

structure of the CPA during the battery charging process is presented, contributing to the thermal 

behavior analysis. 

 

Figure 6. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

3.4 No-Loaded performance measurements of the PMA. 

In this experimental phase, the conditions applied during the no-load performance tests 

of the CPA were identically applied to the PMA to measure its performance values under similar 

conditions. Figure 7 (a) presents the power-time graph showing the time-dependent variation 

of the power output produced by the PMA during one hour of operation at a constant speed 

range of 4000–4200 rpm. In Figure 7 (b), under fixed engine and alternator speed, the time-

dependent variation of the load power—calculated by multiplying the voltage and current 

values measured across the battery without connecting any electrical load to the system—is 
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shown. This graph represents the potential power supplied to the battery by the PMA under no-

load conditions. Figure 7 (c) shows the amount of fuel consumed per unit time by the internal 

combustion engine due to the mechanical load applied by the PMA operating at constant speed. 

Finally, Figure 7 (d) presents the time-dependent graph of temperature changes observed on the 

alternator body during the PMA's no-load operation at constant engine speed [34]. 

 

Figure 7. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

3.5 No-Loaded performance measurement graphs of the PMA 

In this experiment, the loaded performance test conditions applied to the CPA were 

similarly applied to the PMA, and the performance values of the PMA were measured under 

comparable conditions. Figure 8 (a) presents the power-time graph showing the time-dependent 

variation in the power generated by the PMA under conditions where electrical loads were 

sequentially activated. In Figure 8 (b), under constant engine and alternator speed, the time-

dependent variation of the power drawn from the battery by these electrical loads as they were 

connected one by one is shown. Figure 8 (c) illustrates the change in the amount of fuel 

consumed per unit time by the internal combustion engine during the PMA’s operation under 

load. Finally, Figure 8 (d) shows the temperature-time graph reflecting how the temperature on 

the alternator body changed over time while the PMA operated under load conditions. 
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Figure 8. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

3.6 Loaded Performance Measurements of The PMA 

Figure 9 (a) presents the power-time graph showing the time-dependent variation of the 

power output generated by the PMA during the charging process. This graph reflects the power 

performance of the alternator under conditions where it is solely charging an empty battery. In 

Figure 9 (b), under constant engine and alternator speed, the load power-time graph shows the 

time-dependent variation of the power drawn from the battery by electrical consumers as they 

are activated during the charging process. Figure 9 (c) illustrates the change in the amount of 

fuel consumed per unit time by the internal combustion engine during the operation of the PMA 

while charging. Finally, Figure 9 (d) presents the temperature-time graph that monitors the rise 

in temperature on the alternator body over time during the battery charging process carried out 

solely by the PMA. 
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Figure 9. (a) Alternator power graph; (b) load power graph; (c) fuel consumption graph; 

(d) alternator temperature graph. 

 

The graphical comparison of the measurement data obtained under no-load 

experimental conditions for both the CPA and PMA is presented in Figure 10. According to the 

findings, the CPA demonstrated higher performance compared to the PMA in terms of both 

alternator output power and power drawn by the load. On the other hand, when temperature 

measurements were evaluated, it was observed that the PMA heated up more than the CPA 

during operation. This suggests that the PMA may pose a potential disadvantage in terms of 

thermal durability and component life during prolonged use. The impact of both alternators on 

the fuel consumption of the internal combustion engine was similar, and no significant 

difference was observed. 

The graphical comparison of the measurement data obtained under loaded experimental 

conditions for both the CPA and PMA is presented in Figure 12. According to the experimental 

results, it was observed that the amount of power produced by the PMA was lower compared 

to the CPA. However, since no electrical loads were connected to the system during the 

experiment, the power drawn by the load remained at 0 watts for both alternators. In terms of 

fuel consumption, it was determined that the amount of fuel consumed per unit time by the 

internal combustion engine was similar for both alternators. Temperature measurements, under 

these experimental conditions, show that the PMA reached lower temperature values compared 

to the CPA, indicating that the PMA is thermally more advantageous [35]. 
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Figure 10. (a) No-load performance measurement graphs; (b) loaded performance 

measurement graphs; (c) charging performance measurement graphs. 

 

The comparative graphical presentation of the experimental measurement data obtained 

during the charging process is provided in Figure 13. The analysis conducted at this stage 

revealed that the power level produced by the PMA is quite like that of the CPA. However, 

since electrical loads were not actively connected to the system during these tests as well, the 

load power values were again measured at 0 watts. In terms of fuel consumption, it was 

determined that the impact of both alternators on the internal combustion engine was similar. 

On the other hand, when temperature values were examined, it was found that the PMA reached 

higher temperatures compared to the CPA, indicating that this may be an unfavourable indicator 

of thermal performance for the PMA. 

When the results obtained are examined in detail, it is seen that the high voltage values 

provided by PMA at high speeds are balanced by the limited current production capacity at low 

speeds compared to CPA. In the tests performed under load, CPA's current production provides 

an advantage, while PMA's low mechanical losses and lower temperature increase provide 

advantages in terms of thermal efficiency, especially in long-term use. In charging conditions, 

both alternator types showed similar performance, but it was determined that PMA reached 

higher temperature values. These results show that both alternators have advantages and 

disadvantages according to different operating conditions, and these data constitute an 

important reference in design developments [36]. 
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4 RESULTS AND DISCUSSION 

In this study, the CPA and the PMA were tested for one hour each under three different 

experimental conditions (no-load, loaded, and charging). During the experiments, the 

efficiencies of both alternators, their power generation performances, and their effects on the 

fuel consumption of the ICE were analyzed. The findings can be summarized as follows: 

• As a result of the no-load experiments, it was determined that the PMA produced 

higher voltage values compared to the CPA in terms of both alternator and load voltage. 

However, in terms of current generation capacity, it was found that PMA fell short compared to 

CPA, and this was considered a negative performance indicator for the PMA. Additionally, 

considering the fuel consumption of the ICE and the temperatures reached by the alternators 

during operation, it was determined that the CPA was more advantageous than the PMA under 

these experimental conditions. 

• In the loaded experiments, it was observed that the current production of the CPA 

was higher than the amount of current produced by the PMA. On the other hand, when 

evaluating other performance criteria such as alternator voltage, load voltage, load current, and 

temperature increase, it was determined that the PMA provided better results compared to the 

CPA. Under these experimental conditions, the effects of both alternators on the fuel 

consumption of the ICE were found to be very similar. 

• In the charging experiments, it was recorded that the current values produced by 

the CPA were higher than those produced by the PMA. However, in terms of alternator voltage, 

load voltage, and load current, the PMA performed better compared to the CPA. Nevertheless, 

in this experiment as well, it was concluded that the PTA was more advantageous than the PMA 

in terms of temperature increase and fuel consumption. 

As a result of the general evaluation, various design improvements have been proposed 

to enhance the performance of the PMA. Specifically, increasing the number of phases in the 

PMA, strengthening the stator windings, and using larger diameter and higher energy density 

permanent magnets in the rotor could significantly improve the efficiency of the alternator. 

Additionally, to prevent the temperature increase observed in the PMA, it is recommended to 

design these alternators with air- or water-cooling systems. With these improvements, it is 

expected that the performance of the PMA could surpass that of the CPA. 

This study has some limitations. Experimental measurements were performed only on 

a specific internal combustion engine type and at specific speed ranges; similar performance 
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results may not be obtained under different engine types, speed ranges or climatic conditions. 

In addition, the analysis method used is based on recording experimental data over time and 

processing it in MATLAB; this approach is limited in terms of validation and is planned to be 

supported by further modeling, long-term tests and different test scenarios. In future studies, it 

is aimed to expand the scope of the tests with different engine types and alternator 

configurations. 
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