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1. Introduction  

 
Electric motors have shaped our modern world in ways we often take for granted. 

From the fan spinning overhead to the hard drive storing our digital memories, these 
devices quietly convert electrical energy into mechanical motion through electromagnetic 
interactions (Serway & Jewett, 2018). While industrial motors showcase impressive 
engineering complexity, the fundamental principles behind their operation can be 
demonstrated through surprisingly simple constructions that any student can build and 
understand. The beauty of basic DC motors lies in their accessibility. Using nothing more 
than copper wire, a nail, some magnets, and a battery, students can witness the same 
electromagnetic forces that power everything from electric vehicles to factory machinery 
(Hughes & Drury, 2013). These simple motors aren't just educational toys—they 
represent a gateway to understanding torque generation, energy efficiency, and the 
intricate dance between electricity and magnetism that drives modern technology. 

Educational institutions worldwide, particularly those in resource-constrained 
environments, face ongoing challenges in making engineering concepts tangible for 
students. Traditional laboratory equipment often costs thousands of dollars and requires 

 
ABSTRACT 

This research examines how to build and improve a basic direct current (DC) 
electric motor using affordable, everyday materials for classroom teaching. 
We constructed our motor from simple components: copper wire coils, an 
iron nail, permanent magnets, and standard batteries. The device effectively 
demonstrates electromagnetic principles and energy conversion processes 
that students can observe firsthand. Our experimental work concentrated on 
three main factors that affect motor performance: the number of wire turns in 
the coil, magnet strength, and battery voltage levels. We systematically 
tested different combinations to find the best rotational speed and energy 
efficiency. The results showed interesting patterns - when we increased coil 
turns from 50 to 100, the motor's torque improved by roughly 20%. Using 
stronger magnets made the rotation much more stable and consistent. The 
motor worked most efficiently when powered by a 9-volt battery, where 
energy waste dropped to minimal levels. What makes this design particularly 
valuable is its simplicity - teachers can easily replicate it even in schools with 
limited resources, especially in Indian secondary education settings where 
budget constraints often limit hands-on learning opportunities. To verify our 
physical experiments, we ran computer simulations using finite element 
analysis. These digital models confirmed our real-world findings and 
revealed that optimized coil arrangements increased magnetic flux density 
by 15%. The close agreement between our experimental data and simulation 
results strengthens confidence in the design approach. This motor design 
offers teachers and students a practical, affordable way to explore 
electromagnetism and basic engineering principles. The project has broader 
implications for educational programs in developing regions, where cost-
effective teaching tools can make advanced concepts accessible to more 
students. Schools can now demonstrate complex electromagnetic theory 
using materials that cost less than traditional laboratory equipment while 
achieving comparable learning outcomes. 
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specialized maintenance that many schools simply cannot afford. In countries like India, 
where educational budgets stretch thin across massive student populations, innovative 
approaches to hands-on learning become essential (Rao, 2019). Teachers need tools 
that can demonstrate complex principles without breaking institutional budgets or 
requiring extensive technical support. Our research emerged from examining a collection 
of 111 science and engineering projects documented in Hindi, which revealed a 
fascinating pattern: the most effective educational demonstrations often used the 
simplest materials. Among these projects, the basic electric motor stood out as 
particularly promising because it bridges theoretical physics with practical engineering in 
a way that students can literally hold in their hands. Unlike abstract concepts that exist 
only on whiteboards, a working motor provides immediate, visceral feedback—students 
can see it spin, feel the vibrations, and understand the relationship between input energy 
and mechanical output. The theoretical foundation for these motors rests on 
electromagnetic induction principles that Michael Faraday first described in the 1830s. 
When electric current flows through a wire coil positioned within a magnetic field, the 
interaction between these forces creates rotational motion (Griffiths, 2017). This 
fundamental relationship—seemingly simple yet profoundly powerful—forms the basis 
for countless modern applications. By manipulating variables like coil geometry, magnetic 
field strength, and electrical input, students can observe how small changes in design 
parameters create dramatic differences in performance. What makes this educational 
approach particularly valuable is its hands-on nature. Rather than memorizing formulas 
about torque and efficiency, students can measure these quantities directly. They can 
wind different numbers of coil turns and observe how this affects rotational speed. They 
can experiment with various magnet strengths and witness the impact on motor stability. 
Most importantly, they can troubleshoot problems, make modifications, and develop the 
kind of engineering intuition that comes only through direct experience. 

The challenge, however, lies in optimization. While any collection of coils and 
magnets might produce some rotation, creating a motor that demonstrates clear 
principles while maintaining consistent performance requires careful attention to design 
details. Variables such as coil turn count, wire gauge, magnet positioning, and power 
supply characteristics all interact in complex ways that affect overall system behavior. 
Understanding these interactions helps students appreciate why engineering design 
involves systematic analysis rather than random trial-and-error approaches. Modern 
computational tools add another dimension to this educational experience. Finite element 
analysis software, once available only to professional engineers, can now model 
magnetic field distributions and predict motor performance before physical construction 
begins (Zienkiewicz et al., 2005). Students can compare their experimental results with 
computer simulations, developing appreciation for both empirical investigation and 
theoretical modeling approaches that characterize contemporary engineering practice. 
The broader implications extend beyond individual classroom experiences. In developing 
regions where engineering education must compete with limited resources and 
competing priorities, cost-effective demonstration tools can democratize access to 
advanced concepts (Gupta, 2020). When a motor built from household materials can 
illustrate the same principles as expensive laboratory equipment, more students gain 
exposure to engineering thinking and problem-solving methodologies.  

This research systematically examines how to optimize simple DC motor designs for 
maximum educational impact. By analyzing the relationships between coil turns, magnet 
strength, and input voltage, we aim to provide educators with specific guidelines for 
building motors that reliably demonstrate electromagnetic principles while remaining 
affordable and accessible. The goal extends beyond creating another science fair 
project—we seek to establish a replicable model that teachers can confidently implement 
regardless of their technical background or institutional resources. Through careful 
experimental analysis combined with computational validation, this work addresses a 
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fundamental challenge in engineering education. 
 

 
2. Materials and Methods 

 
Our research approach combined hands-on experimentation with computational 

modeling to thoroughly understand how simple DC motors perform under different 
conditions. We chose this dual methodology because physical testing reveals real-world 
behavior that theoretical calculations sometimes miss, while computer simulations help 
explain the underlying physics that drives observed performance changes (Bolton, 2015). 
The experimental design followed established practices for educational motor 
construction, drawing inspiration from documented science projects while incorporating 
rigorous measurement protocols typically used in engineering research (Chapman, 
2012). Rather than simply building motors and observing whether they worked, we 
systematically varied design parameters and quantified their effects on performance 
metrics that matter for educational demonstrations. 
 
2.1 Motor Design and Component Selection 

Building an effective educational motor requires careful attention to component 
selection and assembly methods. After reviewing various construction approaches 
documented in educational literature, we settled on a design that balances simplicity with 
measurable performance characteristics. Core Components: 
1) Copper Wire: We selected 22-gauge enameled copper wire (0.5mm diameter) for its 

optimal balance between current-carrying capacity and ease of handling. Students 
can wind this wire without specialized tools, yet it provides sufficient conductivity for 
reliable motor operation (Hughes & Drury, 2013). 

2) Electromagnet Core: Standard iron nails (5cm length, 3mm diameter) serve as 
electromagnet cores. Iron's high magnetic permeability amplifies the magnetic field 
generated by current flowing through the coil, creating stronger electromagnetic 
forces than air-core designs would produce (Fitzgerald et al., 2003). 

3) Permanent Magnets: We tested neodymium magnets with field strengths ranging 
from 0.2T to 0.4T. These rare-earth magnets provide consistent magnetic fields while 
remaining small enough for desktop demonstrations. Their strength allows motors to 
operate reliably even with imperfect coil alignment that often occurs in student-built 
devices. 

4) Power Supply: Standard alkaline batteries (6V and 9V) provide portable, safe power 
sources that eliminate concerns about electrical hazards while delivering sufficient 
current for visible motor operation. Battery voltage remains relatively constant during 
testing periods, ensuring consistent experimental conditions. 

5) Mechanical Support: Wooden bases (10cm × 8cm × 2cm) provide stable platforms 
for motor assembly. Wood machines easily with basic tools, allowing students to 
create custom mounting arrangements without requiring metalworking capabilities. 

6) Commutation System: We created simple commutators by carefully sanding enamel 
insulation from specific wire locations. This approach, while less sophisticated than 
commercial brush systems, demonstrates commutation principles clearly while 
remaining constructible with basic materials. 

2.2 Experimental Protocol 
Our testing protocol systematically examined how three key variables—coil turns, 

magnet strength, and supply voltage—affect motor performance. We measured multiple 
response variables to capture different aspects of motor behavior that students might 
observe during classroom demonstrations. 
 
 



JOURNAL OF ENGINEERING AND SCIENCE 59 
 

Phase 1: Motor Construction 
We began each trial by winding copper wire around iron nail cores, counting turns 
carefully to ensure consistency between tests. Coil winding technique significantly affects 
final motor performance, so we developed standardized procedures that students could 
replicate reliably. Each coil received identical winding tension and layer distribution to 
minimize variables unrelated to turn count. The electromagnet assembly mounted on 
wooden bases using small brackets that allowed free rotation around a horizontal axis. 
Achieving proper mechanical balance proved crucial—unbalanced rotors create 
vibrations that mask electromagnetic effects and make measurements difficult. We 
addressed this by ensuring symmetric coil winding and careful weight distribution. 

 
Phase 2: Systematic Testing 
For each motor configuration, we recorded multiple performance metrics: 
1) Rotational Speed: Digital tachometers measured RPM directly, providing 

quantitative data about motor output. We took five measurements per configuration 
and averaged results to account for minor variations in starting conditions. 

2) Current Draw: Multimeters in series with the motor circuit measured electrical current 
consumption. This data, combined with known supply voltage, allowed calculation of 
input power and overall efficiency. 

3) Torque Estimation: While direct torque measurement requires specialized 
equipment, we calculated theoretical torque using the relationship: 
 

𝜏 =  𝑁𝐼𝐴𝐵 𝑠𝑖𝑛 𝜃 
 
where N represents coil turns, I indicates current, A denotes coil cross-sectional 
area, B represents magnetic field strength, and θ describes the angle between coil 
orientation and magnetic field direction. 

 
4) Operational Stability: We assessed motor stability qualitatively, noting vibration 

levels, consistency of rotation, and tendency to stall under varying load conditions. 
These observations help predict how motors will perform during classroom 
demonstrations where handling and environmental conditions vary. 

 
Phase 3: Parameter Variation 
We systematically tested nine different configurations, varying coil turns (50, 75, 100), 
magnet strength (0.2T, 0.3T, 0.4T), and supply voltage (6V, 9V). This factorial approach 
revealed not only individual parameter effects but also interaction effects between 
variables that might influence optimal design choices. Each configuration underwent 
identical testing procedures to ensure data comparability. We allowed motors to reach 
steady-state operation before recording measurements, typically waiting 30 seconds after 
startup to eliminate transient effects. . 

2.3 Computational Modeling and Validation 
Finite element analysis complemented our experimental work by providing detailed 

insights into magnetic field distributions and electromagnetic forces that direct 
measurement cannot easily capture (Zienkiewicz et al., 2005). We used COMSOL 
Multiphysics software to create detailed models of our motor geometry and simulate 
performance under various operating conditions. 
1) Model Development: Our computational models incorporated realistic material 

properties and geometric constraints that matched physical prototypes. Copper 
conductivity (5.96 × 10⁷ S/m) and iron permeability (μᵣ = 4000) values came from 
established engineering handbooks to ensure simulation accuracy. 

2) The modeling approach used three-dimensional geometry that captured coil shape, 
core configuration, and magnet positioning precisely. We generated computational 
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meshes containing approximately 10,000 tetrahedral elements, providing sufficient 
resolution to capture magnetic field gradients while maintaining reasonable 
computation times. 

3) Simulation Parameters: We ran simulations for each experimental configuration, 
varying coil turns and magnet strength systematically. Static magnetic field analysis 
provided flux density distributions, while coupled electromagnetic-mechanical 
analysis predicted torque generation and rotational behavior. 

4) Boundary conditions matched experimental setups, with permanent magnet fields 
specified according to manufacturer specifications and coil excitation currents set to 
measured values from physical tests. This approach allowed direct comparison 
between simulated predictions and experimental observations. 

5) Validation Strategy: Model validation involved comparing predicted performance 
metrics with experimental measurements across all tested configurations. Close 
agreement between simulation and experiment builds confidence in both our 
experimental methods and computational models, while significant discrepancies 
highlight areas requiring further investigation or model refinement. 

 
 

3. Results 

Our experimental investigation revealed fascinating patterns in motor performance 
that illuminate the complex relationships between design parameters and operational 
characteristics. Rather than simply confirming theoretical predictions, the results 
uncovered several unexpected behaviors that provide valuable insights for educational 
applications. 

3.1 Coil Turn Optimization: The Sweet Spot Discovery 
The relationship between coil turns and motor performance proved more nuanced 

than initial expectations suggested. When we increased coil turns from 50 to 100, torque 
improvements followed the predicted relationship τ ∝ N, showing approximately 20% 
enhancement in rotational force. However, this improvement came with trade-offs that 
became apparent during extended testing periods. Motors with 50-turn coils consistently 
achieved 120-130 RPM under 9V operation, drawing 0.8A current on average. The 75-
turn configuration showed interesting intermediate behavior—RPM decreased slightly to 
115-125, but torque increased noticeably, making these motors less likely to stall when 
students accidentally touched the rotating assembly during demonstrations. The 100-turn 
motors delivered the highest torque output, generating sufficient force to continue rotating 
even with minor mechanical friction from imperfect bearing alignment. However, 
increased wire resistance became problematic at higher currents. These motors drew 
1.1-1.2A under 9V operation, causing noticeable heating in the coil windings after 3-4 
minutes of continuous operation. Motors with 75 turns often outperformed 100-turn 
versions in sustained operation tests. While 100-turn motors initially produced higher 
torque, thermal effects gradually degraded performance during extended demonstrations. 
The 75-turn configuration maintained consistent performance for 10-15 minute periods 
typical of classroom activities. 

3.2 Magnetic Field Strength: Stability vs. Sensitivity 
Varying permanent magnet strength from 0.2T to 0.4T revealed compelling insights 

about motor stability and operational robustness. Weaker magnets (0.2T) produced 
motors that started easily but exhibited significant wobble and inconsistent rotation 
speeds. Students often struggled to achieve sustained rotation with these configurations, 
leading to frustration during hands-on activities. Medium-strength magnets (0.3T) 
provided an excellent balance for educational use. Motors built with these magnets 
started reliably, maintained steady rotation, and tolerated the minor mechanical 
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imperfections inevitable in student-constructed devices. Wobble reduced by 
approximately 40% compared to 0.2T configurations, while starting torque remained 
sufficient for reliable operation. The strongest magnets (0.4T) created motors with 
exceptional stability—wobble decreased by 60% compared to baseline configurations. 
However, these motors became sensitive to precise alignment between the 
electromagnet and permanent magnet. Small positioning errors that barely affected 
weaker-magnet motors could prevent 0.4T configurations from starting altogether. For 
classroom use, 0.3T magnets offer optimal performance. They provide sufficient 
magnetic force for stable operation while maintaining tolerance for the assembly 
variations typical when students build motors independently. 

3.3 Voltage Effects: The Efficiency Curve 
Battery voltage experiments revealed a clear efficiency peak at 9V operation, where 

motors achieved 25-30% overall efficiency. This efficiency level, while modest by 
commercial standards, represents excellent performance for educational demonstrations 
built from basic materials. t 6V operation, motors ran reliably but achieved only 18-22% 
efficiency. Lower voltage reduced both current flow and rotational speed, with RPM 
typically ranging from 80-100. While adequate for demonstrating basic electromagnetic 
principles, these speeds sometimes appeared sluggish to students accustomed to high-
speed commercial devices. The 9V configuration provided more impressive 
demonstrations, with RPM increasing to 140-160 range. Higher speeds created more 
obvious visual effects and generated sufficient mechanical force for simple load 
demonstrations, such as lifting small paper clips or rotating lightweight indicators. Current 
measurements revealed interesting patterns across different configurations: 
1) 50-turn, 6V: 0.5-0.6A (lowest power consumption) 
2) 75-turn, 9V: 0.9-1.0A (optimal balance) 
3) 100-turn, 9V: 1.1-1.2A (highest performance, increased heating) 

3.4 Computational Validation: Bridging Theory and Practice 
Finite element analysis results provided excellent validation for our experimental 

findings while revealing additional insights about electromagnetic field distributions. The 
computational models predicted magnetic flux density increases from 0.18T to 0.21T 
when coil turns increased from 50 to 100, representing a 15% improvement that closely 
matched observed torque enhancements. Torque predictions aligned within 5% of 
experimental measurements across all tested configurations, demonstrating excellent 
agreement between simulation and reality. This close correspondence builds confidence 
in both our experimental methods and computational approach. The FEA models 
revealed interesting details about magnetic field uniformity that direct measurement 
couldn't easily capture. Motors with higher turn counts showed more uniform field 
distributions around the electromagnet core, potentially explaining their improved stability 
characteristics observed during testing.  Computational analysis showed that 100-turn 
coils created magnetic fields extending 15% further from the electromagnet core 
compared to 50-turn versions. This extended field interaction with permanent magnets 
contributed to higher torque generation but also increased sensitivity to magnet 
positioning. 

3.5 Performance Trade-offs and Design Recommendations 
Our comprehensive testing revealed several important trade-offs that affect optimal 

motor design for educational applications: 
1) Coil Turn Optimization: While more turns increase torque, they also raise electrical 

resistance and thermal generation. For classroom demonstrations lasting 5-10 
minutes, 75-turn coils provide the best balance between performance and reliability. 

2) Magnet Selection: Medium-strength magnets (0.3T) offer superior educational value 
compared to either weaker or stronger alternatives. They provide stable operation 
while maintaining tolerance for assembly variations typical in student-built projects. 
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3) Voltage Considerations: 9V operation delivers impressive demonstration 

performance, but 6V provides adequate functionality with lower power consumption 
and reduced safety concerns for younger students. 

3.6 Unexpected Discoveries and Educational Implications 
Several findings emerged that weren't anticipated in our initial experimental design: 
1) Thermal Behavior: Extended operation revealed thermal effects that significantly 

impact sustained performance. This discovery led to recommendations about 
demonstration duration and cooling periods. 

2) Assembly Tolerance: Motor performance proved surprisingly sensitive to mechanical 
assembly precision, highlighting the importance of clear construction guidelines for 
educational use. 

3) Student Engagement: Higher-performance configurations (9V, 75-turn, 0.3T 
magnets) consistently generated more student interest and engagement during 
demonstrations, suggesting that modest performance improvements significantly 
enhance educational value. 

 
These results provide educators with specific, quantified guidelines for building motors 
that reliably demonstrate electromagnetic principles while remaining achievable with 
basic materials and tools. The combination of experimental data and computational 
validation offers confidence that these recommendations will translate effectively to 
diverse classroom environments. 
 
 

4. Discussion 
 
The journey from theoretical electromagnetic principles to a working motor in 

students' hands reveals profound insights about engineering education and the delicate 
balance between simplicity and effectiveness. Our simple DC motor accomplishes 
something remarkable—it transforms abstract concepts from physics textbooks into 
tangible experiences that students can see, hear, and feel. When a coil begins rotating in 
response to electromagnetic forces, students witness the same fundamental principles 
that power everything from computer hard drives to electric vehicles (Griffiths, 2017). 
What makes this educational approach particularly compelling is how it bridges the gap 
between theoretical understanding and practical application. Traditional physics 
education often presents electromagnetic induction as mathematical relationships and 
field diagrams, leaving students to imagine how these concepts manifest in real devices. 
Our motor design eliminates that abstraction barrier by providing immediate, visceral 
feedback about electromagnetic interactions (Chapman, 2012). Students don't just 
calculate torque—they feel it resisting their attempts to stop the rotor. They don't just 
memorize efficiency formulas—they observe how design changes affect actual 
performance. 

The optimization results we obtained tell a fascinating story about engineering trade-
offs that extends far beyond motor design. The discovery that 75-turn coils often 
outperformed 100-turn versions during sustained operation illustrates a fundamental 
engineering principle: more isn't always better. This finding challenges students' intuitive 
assumptions and introduces them to the kind of nuanced thinking that characterizes 
professional engineering practice. When students observe that their "improved" 100-turn 
motor begins overheating after several minutes of operation, they experience firsthand 
why thermal management matters in real-world applications (Hughes & Drury, 2013). The 
magnetic field strength experiments revealed another layer of complexity that enriches 
the educational experience. Stronger magnets create more stable motors, but they also 
demand greater precision in assembly—a perfect metaphor for how advanced technology 
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often requires more sophisticated manufacturing processes. Students building motors 
with 0.4T magnets quickly discover that small alignment errors can prevent their devices 
from working entirely, while those using 0.3T magnets enjoy more forgiving assembly 
tolerances. This experience introduces concepts about design for manufacturability and 
robust engineering that typically don't appear in introductory courses. 

Our voltage optimization findings demonstrate how educational tools can 
simultaneously teach multiple engineering concepts. The efficiency curve that peaks at 
9V operation introduces students to optimization thinking while the current draw 
measurements reveal relationships between electrical power and mechanical output. 
More importantly, the visible difference in motor performance between 6V and 9V 
operation creates memorable demonstrations that reinforce theoretical concepts long 
after classroom sessions end (Serway & Jewett, 2018). The computational validation 
aspect of our work addresses a critical challenge in modern engineering education: 
helping students understand the relationship between mathematical models and physical 
reality. When finite element analysis predictions align within 5% of experimental 
measurements, students gain confidence in both empirical investigation and theoretical 
modeling approaches. This dual validation builds the kind of engineering judgment that 
comes from understanding when models work well and when they might mislead (Bolton, 
2015). 

However, implementing this educational approach in resource-constrained 
environments presents significant challenges that extend beyond simple material costs. 
Access to neodymium magnets remains problematic in many developing regions, where 
educational budgets already stretch thin across competing priorities (Rao, 2019). Rural 
schools often lack the basic tools needed for precise wire winding and mechanical 
assembly, leading to frustrating experiences when student-built motors fail to operate 
reliably. These practical constraints highlight the ongoing tension between educational 
ideals and implementation realities that educators worldwide face daily. Safety 
considerations add another layer of complexity to classroom implementation. While our 
motors operate at relatively low voltages, current draws approaching 1.2A can cause 
significant heating in poorly insulated connections. Students working with these devices 
need clear guidance about proper handling procedures and supervision to prevent 
accidents (Fitzgerald et al., 2003). The thermal effects we observed during extended 
operation testing underscore the importance of incorporating safety margins into 
educational designs, even when working with seemingly benign materials. The 
replicability challenges we encountered reflect broader issues in hands-on engineering 
education. Variations in wire gauge, magnet quality, and assembly precision create 
significant performance differences between nominally identical motors. While this 
variability frustrates educators seeking consistent demonstration results, it also provides 
valuable learning opportunities about manufacturing tolerances and quality control 
processes that students will encounter throughout their engineering careers (Gupta, 
2020). 

Our findings align remarkably well with established research on small-scale DC motor 
design, particularly regarding the critical importance of coil geometry and magnetic field 
optimization (Hughes & Drury, 2013). The torque relationships we observed match 
theoretical predictions from electromagnetic theory, while our efficiency measurements 
fall within ranges reported for similar educational devices in the literature. This 
consistency suggests that our optimization recommendations should translate effectively 
to diverse classroom environments and student populations. The educational implications 
extend beyond immediate classroom applications to broader questions about engineering 
pedagogy in developing regions. Project-based learning approaches like motor 
construction can democratize access to advanced engineering concepts, but only when 
implementation barriers receive adequate attention (Thomas, 2000). Our research 
suggests that careful attention to component selection and assembly procedures can 
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create reliable educational experiences even in resource-limited settings. 
The unexpected discoveries that emerged during our investigation—thermal effects, 

assembly sensitivity, and student engagement patterns—highlight the value of systematic 
experimental approaches to educational tool development. These findings wouldn't have 
emerged from purely theoretical analysis or casual classroom observations. They 
required sustained, quantitative investigation that treated educational effectiveness as an 
engineering optimization problem worthy of rigorous analysis. Looking forward, the 
integration of computational modeling with hands-on construction offers promising 
directions for enhanced engineering education. Students who build physical motors and 
then simulate their performance using finite element analysis gain deeper appreciation 
for both empirical investigation and theoretical modeling approaches. This combination 
prepares them for modern engineering practice, where physical prototyping and 
computational analysis work together to solve complex problems (Zienkiewicz et al., 
2005). The broader significance of this work lies not in the specific motor design we 
developed, but in the systematic approach we applied to educational tool optimization. 
By treating classroom demonstrations as engineering systems worthy of careful analysis 
and improvement, we can create more effective learning experiences that better prepare 
students for professional engineering practice. This approach acknowledges that 
educational effectiveness, like any other engineering objective, benefits from systematic 
investigation, quantitative measurement, and iterative improvement based on empirical 
evidence. 

 
 

5. Conclusions 
 

This comprehensive investigation demonstrates how systematic engineering 
analysis can transform a simple educational demonstration into an optimized learning 
tool that effectively bridges theoretical concepts with practical applications. Our research 
reveals that careful attention to design parameters—specifically coil turns, magnetic field 
strength, and operating voltage—can significantly enhance the educational value of basic 
DC motors while maintaining their fundamental simplicity and affordability. The 
experimental results, validated through finite element analysis, show that motors 
configured with 75-turn coils, 0.3T permanent magnets, and 9V power supplies achieve 
optimal performance for classroom demonstrations, delivering up to 30% efficiency and 
rotational speeds reaching 150 RPM. 

What makes these findings particularly significant is their practical applicability in 
resource-constrained educational environments where expensive laboratory equipment 
remains inaccessible to many students. The motor design we developed uses readily 
available materials—copper wire, iron nails, neodymium magnets, and standard 
batteries—yet provides reliable performance that can sustain typical classroom 
demonstration periods without degradation. This combination of accessibility and 
effectiveness addresses a critical gap in engineering education, particularly in developing 
regions where hands-on learning opportunities often remain limited by budget constraints 
and infrastructure limitations. 

The computational validation aspect of our work establishes confidence in both the 
experimental methodology and the resulting design recommendations. When finite 
element analysis predictions align within 5% of measured performance values across 
multiple motor configurations, educators can trust that these guidelines will translate 
effectively to their specific classroom environments. This level of validation is particularly 
important for educational tools, where inconsistent performance can undermine learning 
objectives and frustrate both students and instructors attempting to demonstrate 
fundamental engineering principles. 

The unexpected discoveries that emerged during our investigation—thermal effects 
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limiting sustained operation, assembly tolerance sensitivity, and the non-linear 
relationship between coil turns and overall performance—highlight the value of 
systematic experimental approaches to educational tool development. These insights 
wouldn't have emerged from purely theoretical analysis or casual classroom 
observations, yet they prove crucial for successful implementation in real educational 
settings where students with varying skill levels attempt to replicate motor construction 
independently. 

Looking toward future applications, several promising directions emerge from this 
foundational work. Alternative material investigations could explore recycled magnet 
sources and locally available components that further reduce costs while maintaining 
performance standards. Integration with digital sensors and data acquisition systems 
could transform these simple motors into sophisticated measurement platforms that 
introduce students to modern engineering instrumentation and data analysis techniques. 
Additionally, scaling considerations might enable adaptation of these designs for small-
scale renewable energy applications, connecting classroom learning with contemporary 
sustainability challenges. 

The broader significance of this research extends beyond the specific motor design 
to demonstrate how engineering optimization principles can enhance educational 
effectiveness. By treating classroom demonstrations as engineering systems worthy of 
systematic analysis and improvement, educators can create more impactful learning 
experiences that better prepare students for professional engineering practice. This 
approach acknowledges that educational tools, like any engineered system, benefit from 
careful design consideration, quantitative performance evaluation, and iterative 
improvement based on empirical evidence rather than assumptions about what might 
work effectively in classroom environments. 

Ultimately, this optimized simple DC motor serves as more than just an educational 
demonstration—it represents a practical model for how systematic engineering thinking 
can address real-world challenges in education while fostering innovation and hands-on 
learning in secondary schools worldwide. The combination of theoretical rigor, practical 
accessibility, and validated performance creates a foundation for expanded engineering 
education opportunities that can inspire the next generation of students to pursue careers 
in science, technology, engineering, and mathematics fields. 
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