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Direct current (DC) generators have gained attention for their simplicity and 

reliability in wind turbine applications. However, DC generators are subject 

to energy losses, including ohmic, magnetic core, and mechanical losses, 

which impact system performance. This research investigates these losses 

in DC generators used in wind turbines through experimental testing. The 

methodology integrates laboratory experiments with simulations to quantify 

and understand loss mechanisms. Findings offer insights for optimizing 

wind turbine efficiency and reliability. Results show significant total power 

loss of 99%, emphasizing the need for meticulous loss assessments. 

Friction, copper, and iron loss coefficients are analyzed with the value of 

0.217 and 0.709, respectively. However, with the rise in input voltage 

levels, a noticeable pattern becomes evident, where the significance of iron 

loss decreases relative to other influencing factors. Understanding these 

dynamics is crucial for enhancing wind turbine performance and advancing 

sustainable energy solutions. 
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1. Introduction 

The global pursuit of sustainable energy solutions has intensified in response to escalating concerns 

regarding climate change and the depletion of finite fossil fuel resources [1]. Among the array of 

renewable energy sources, wind energy stands out as a pivotal contributor to the transition towards a 
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low-carbon future [2]. As wind power continues to gain momentum as a prominent energy source, 

particularly in the context of electricity generation, the optimization of wind turbine technology becomes 

increasingly paramount. 

At the heart of every wind turbine lies the electrical generator, a crucial component responsible for 

converting the kinetic energy of wind into electrical power. Within the spectrum of generator technologies, 

direct current (DC) generators have garnered considerable attention, especially in smaller to medium-

scale wind turbine applications. The appeal of DC generators lies in their simplicity, reliability, and 

suitability for integration with power electronics for efficient energy conversion and grid integration [3]. 

However, despite their advantages, DC generators are not immune to energy losses, which can 

significantly impact the overall performance and economic viability of wind energy systems [4]. These 

losses stem from various sources, including ohmic losses in the generator's winding coils, magnetic core 

losses due to hysteresis and eddy currents, and mechanical losses attributed to friction and windage [5]. 

Understanding the nature and magnitude of these losses is crucial for optimizing the efficiency and 

reliability of wind turbine systems. 

This research endeavours to undertake a comprehensive investigation into the losses inherent in 

DC generators utilized within the framework of wind turbines. Through a rigorous methodological 

framework encompassing experimental testing, theoretical modelling, and computational analysis, we 

aim to elucidate the underlying mechanisms driving energy losses in DC generators. By dissecting and 

quantifying these loss mechanisms, we seek to develop strategies to mitigate losses and enhance the 

overall performance of wind turbine systems. 

The methodology employed in this study encompasses a multi-faceted approach, integrating 

laboratory-scale experimentation with advanced simulation techniques. Experimental procedures will 

involve the precise measurement and characterization of generator losses under varying operating 

conditions, providing empirical data for validation and refinement of theoretical models. Computational 

simulations will complement experimental findings, offering insights into the intricate interplay of factors 

influencing generator performance. 

Furthermore, the implications of our research extend beyond academic inquiry, with direct relevance 

to industrial stakeholders and policymakers involved in the development and deployment of wind energy 

technologies. By optimizing the efficiency and reliability of DC generators, our findings have the potential 

to facilitate the widespread adoption of wind energy as a sustainable and cost-effective alternative to 

conventional power sources. 
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In summary, this research aims to bridge the gap between theoretical understanding and practical 

application in the field of wind energy generation. By shedding light on the complexities of DC generator 

losses and proposing viable solutions for their mitigation, we aspire to accelerate the transition towards 

a greener and more sustainable energy landscape. 

2. Methods 

Testing losses in a DC motor is a critical step in understanding the factors contributing to energy loss 

within the system. The testing was conducted by coupling two identical motors, with one positioned as 

the motor (input) and the other as the generator (output) as shown in Fig. 1. 

 

Figure 1:  Testing Scheme 

The DC motor used can withstand a maximum voltage of 12 V and a current of 0.5 A. A meticulous and 

structured approach is required to measure and analyze both the total power loss and its individual 

components, including friction loss, iron loss, and copper loss [6]. In this section, we detail the 

methodological approach used in testing losses in a DC motor, with a focus on identification, 

measurement, and analysis of the key loss components. 

2.1. Measurement of Total Power Loss 

The measurement of total power loss in a DC motor involves the use of accurate and sensitive power 

measurement devices. Commonly used methods entail measuring both input (𝑃𝑖𝑛) and output (𝑃𝑜𝑢𝑡) 

power of the motor, either directly or through the measurement of current (𝐼) and voltage (𝑉). By applying 

the law of energy conservation, the total power loss (𝑃𝑙𝑜𝑠𝑠) is calculated as the difference between the 

input and output power of the motor: 

𝑃𝑙𝑜𝑠𝑠 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡 = 𝑉𝐼 − 𝑉𝐼𝑙𝑜𝑎𝑑  (1) 

These measurements are conducted under various load conditions (𝐼𝑙𝑜𝑎𝑑) and speeds to provide a 

comprehensive understanding of the total power loss during motor operation. In this test, a 5 Ω resistor 

is used as the load. 
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2.2. Measurement of Friction Loss 

Friction loss in a DC motor is measured using brake horsepower methods [7]. In this testing, the 

motor is run without a load, and the power required to overcome internal motor friction (𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛) is 

measured directly. This measurement allows for the isolation and characterization of friction loss as part 

of the total motor power loss. The friction loss coefficient (𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛) is obtained by dividing the total 

friction loss (𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛) by the input power: 

𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 =
𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛

𝑃𝑖𝑛
 

(2) 

The experiment begins with the operation of the generator under no-load conditions or with minimal load. 

Precise measurements of input current (𝐼𝑖𝑛) and input voltage (𝑉𝑖𝑛) are meticulously recorded. 

Subsequently, a calibrated power measurement device is employed to ascertain the input power (𝑃𝑖𝑛). 

Then, 𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 is derived through the following mathematical expression: 

𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝑃𝑖𝑛 − 𝑃𝑛𝑜 𝑙𝑜𝑎𝑑 (3) 

Where 𝑃𝑛𝑜 𝑙𝑜𝑎𝑑 denotes the input power under unloaded conditions. 

2.3. Measurement of Copper Loss 

To evaluate copper loss in a motor or generator, the Short-Circuit or Armature Resistance Test 

method is employed. Prior to testing, the motor or generator is prepared by alleviating all mechanical and 

electrical loads from the system, ensuring operational conditions simulate minimum load or unloaded 

states. Employing a resistance measurement device, the resistance of the motor or generator coil is 

meticulously gauged, thereby furnishing the copper resistance value of the motor winding. 

The motor or generator winding is subjected to short-circuiting by connecting its two ends, thereby 

facilitating the passage of a high electric current through the winding. The voltage meter is interconnected 

with the short-circuited circuit of the motor or generator to ascertain the electric voltage drop across the 

circuit. After the acquisition of current and voltage measurements, the copper loss is computed utilizing 

the formula: 

𝑃𝑐𝑜𝑝𝑝𝑒𝑟 = 𝐼2𝑅 (4) 

𝐼 represents the electric current traversing through the short-circuited circuit, and 𝑅 denotes the 

resistance of the motor or generator winding. Upon obtaining 𝑃𝑐𝑜𝑝𝑝𝑒𝑟, the copper loss coefficient 

(𝐾𝑐𝑜𝑝𝑝𝑒𝑟) is computed using the formula: 
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𝐾𝑐𝑜𝑝𝑝𝑒𝑟 =
𝑃𝑐𝑜𝑝𝑝𝑒𝑟

𝑃𝑖𝑛
 

(5) 

2.4. Measurement of Iron Loss 

The iron loss testing in a motor or generator is typically conducted using a measurement method 

known as the Open-Circuit method, also referred to as the Core Loss Test. he necessary equipment, 

including power sources, current measuring devices, voltage measuring devices, and power 

measurement devices, is prepared. The motor or generator intended for testing is prepared by removing 

all mechanical and electrical loads from the system. Ensuring that the motor or generator operates under 

minimal load conditions or without load is imperative. Once the value off total loss, friction loss, and 

copper loss are obtained, the iron loss (𝑃𝑖𝑟𝑜𝑛) is calculated using Eq. 6. 

𝑃𝑖𝑟𝑜𝑛 = 𝑃𝑙𝑜𝑠𝑠 − 𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 − 𝑃𝑐𝑜𝑝𝑝𝑒𝑟  (6) 

 

Subsequently, the value of the iron loss coefficient (𝐾𝑖𝑟𝑜𝑛) is computed using Eq. 7. 

𝐾𝑖𝑟𝑜𝑛 =
𝑃𝑖𝑟𝑜𝑛

𝑃𝑖𝑛
 

(7) 

3. Results and Discussion 

3.1. Total Power Loss 

The results of the total power loss coefficient testing are presented in Table 1. 

Table 1:  Total Power Loss 

Motor (Input) Generator (Output) 

𝑽𝒊𝒏 𝑰𝒊𝒏 𝑷𝒊𝒏 𝑽𝒐𝒖𝒕 𝑷𝒐𝒖𝒕 𝑷𝒐𝒖𝒕 
1,00000 0,06000 0,06000 0,01000 0,00300 0,00003 

1,50000 0,06000 0,09000 0,01800 0,00500 0,00009 

2,00000 0,07000 0,14000 0,02700 0,00800 0,00022 

2,50000 0,07000 0,17500 0,03200 0,00090 0,00003 

3,00000 0,07000 0,21000 0,03800 0,01000 0,00038 

3,50000 0,08000 0,28000 0,04500 0,01200 0,00054 

4,00000 0,09000 0,36000 0,05000 0,01600 0,00080 

The total power loss encompasses the cumulative effects of friction loss, iron loss, and copper loss, each 

of which warrants further investigation into their respective contributions. The findings from the analysis 

of total power loss coefficients, as presented in Table 1, reveal a noteworthy observation: the average 

total power loss amounts to 99%. This significant level of loss underscores the pivotal role of conducting 
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meticulous assessments of loss factors by DC generators. Such assessments are indispensable due to 

their profound impact on the efficiency of power conversion within wind turbine systems. Consequently, 

in testing the performance of a wind turbine, the actual power generated by it can be calculated by adding 

the output power produced by the generator used with the total power loss. 

3.2. Friction Loss 

Based on Eq. 2, the magnitude of the friction loss coefficient is the ratio of 𝑃𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 to 𝑃𝑖𝑛. Therefore, 

to facilitate analysis, this relationship is depicted through a graph in Fig. 2. 

 

Figure 2:  Friction Loss Coefficient Evaluation 

By plotting 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 against various operational conditions or system variables, which is changing input 

voltage, a better understanding of how 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 varies with specific factors can be obtained. Thus, the 

graph serves as a valuable tool for analyzing and comprehending friction characteristics within the motor 

or generator system. It allows for the observation of whether 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 remains constant or fluctuates 

within a certain range of 𝑃𝑖𝑛 , and how changes in operational variables such as load or speed may 

impact 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛. 

Based on the graph in Fig. 2, the magnitude of the 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 is indicated by the gradient of the 

formed graph, which is 0.217. The magnitude of the 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 is not always constant [8]. The friction loss 

coefficient typically is a complex function of various factors, including component wear, operational 

conditions, workload, and temperature [9]. In many cases, 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 can vary depending on the 

operational conditions of the motor or generator. 

For instance, under normal wear and routine usage, 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 may stabilize at a certain level over a 

period. However, if there are changes in operational conditions, such as an increase in workload or a 
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change in temperature, 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 can also change. Furthermore, 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 can also differ between 

different motors or generators, depending on their design, materials, and manufacturing quality. 

Therefore, it's important to understand that 𝐾𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 may not always be constant and can fluctuate 

depending on various environmental and operational factors. 

3.3. Copper Loss 

Copper loss in a DC motor is primarily caused by the resistance of the motor's windings, resulting in 

heat generation during current flow. The result of the copper loss testing is displayed in Fig. 3. 

 

Figure 3:  Copper Loss Coefficient Evaluation 

The copper loss coefficient, a critical parameter in electrical machine analysis, is graphically depicted in 

Figure 3 by the slope of the plotted data points. Specifically, the coefficient is determined as 0.7098, 

indicating the ratio of copper loss to input power. This figure serves as a visual representation of the 

relationship between copper loss and various operational conditions, or system variables investigated 

during testing. 

Furthermore, the consistency observed in the test data, characterized by minimal deviation, 

underscores the reliability and repeatability of the experimental procedures employed. Such uniformity is 

indicative of the robustness of the testing methodology and suggests a stable performance of the motor 

or generator under investigation across the tested operating conditions. The graphical presentation of the 

copper loss coefficient not only facilitates a comprehensive understanding of its variation but also 

provides valuable insights into the efficiency and performance characteristics of the electrical machine. 

Moreover, it serves as a reference for further analysis and optimization efforts aimed at enhancing the 

overall operational efficiency and reliability of the system. 
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3.4. Iron Loss 

Iron loss in a DC motor is primarily caused by hysteresis and eddy current effects within the motor's 

iron core [10]. Considering Eq. 7, the values of the iron loss coefficient derived from the results are 

presented in Table 2.  

Table 2: Iron Loss Coefficient Evaluation 

𝑷𝒊𝒏 𝑷𝒇𝒓𝒊𝒄𝒕𝒊𝒐𝒏 𝑽𝒊𝒏 𝑽𝒊𝒏 𝑽𝒊𝒏 
0,04 0,0178 0,0005 0,0217 0,5425 

0,075 0,02672 0,008 0,04028 0,537067 

0,1 0,033 0,028 0,039 0,39 

0,125 0,0386 0,04422 0,04218 0,33744 

0,15 0,0456 0,064 0,0404 0,269333 

0,21 0,0565 0,1071 0,0464 0,220952 

0,24 0,06099 0,13861 0,0404 0,168333 

In the intricate landscape of energy dissipation mechanisms within electrical machines, the phenomenon 

of iron loss emerges as a prominent and multifaceted contributor, particularly underscored at lower input 

voltage levels. Iron loss, stemming from magnetic hysteresis and eddy currents within the core material, 

represents a fundamental aspect of the overall power consumption paradigm. Its significance lies in its 

capacity to manifest as a substantial portion of the total energy dissipated, exerting a notable influence 

on the operational efficiency and performance characteristics of the motor or generator under 

examination.  

Based on Table 2, at lower input voltage levels, where the system operates with diminished electrical 

potential, the dominance of iron loss becomes especially pronounced. This can be attributed to the 

inherent nature of magnetic materials to exhibit nonlinear behavior under varying magnetic fields, 

resulting in heightened losses at lower flux densities. Consequently, the iron loss component exerts a 

substantial influence on the overall power dissipation profile, representing a primary determinant of 

energy inefficiencies within the system. 

However, as the input voltage levels increase, a discernible trend emerges, wherein the relative 

magnitude of iron loss diminishes in comparison to other contributing factors. This phenomenon reflects 

the dynamic interplay between different loss mechanisms within the system, wherein the relative 

significance of iron loss undergoes modulation in response to changing operating conditions. The 

diminishing prominence of iron loss with increasing input voltage levels suggests a shift in the balance of 

power dissipation mechanisms, with other factors assuming greater relative importance in influencing 

overall energy efficiency. 

In essence, while iron loss remains a critical determinant of energy dissipation within electrical 

machines, its relative significance evolves with changing operating parameters. This dynamic interplay 
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underscores the complex nature of energy dissipation mechanisms and highlights the need for 

comprehensive analysis and optimization strategies to enhance overall system efficiency and 

performance. 

4. Conclusion 

This study identifies significant energy losses in DC generators for wind turbines, with an average 

total power loss of 99%, primarily due to friction, copper, and iron losses. Friction losses, measured by 

the coefficient of 0.217, can be mitigated through regular maintenance. Copper losses, with a coefficient 

of 0.7098, suggest optimizing winding materials to reduce resistance. Iron losses, significant at low 

voltages but decreasing at higher voltages, indicate that operating at higher voltages may enhance 

efficiency. By addressing these losses through material optimization, regular maintenance, and 

operational adjustments, the efficiency and reliability of wind turbine systems can be significantly 

improved. 
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