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Objective: This study aims to investigate the effect of variations in the number of 
windings on torque and power output in a 250 W DC motor applied to electric bicycle 
propulsion, considering the growing demand for efficient, low-cost, and 
environmentally friendly ground transportation. Method: An experimental approach 
was employed by modifying the armature windings of a DC motor through both 
increasing and decreasing the number of coils. Motor performance was evaluated by 
measuring rotational speed (RPM), torque, and output power under standard winding 
conditions, additional windings, and reduced windings. Results: The standard 
winding configuration produced a torque of 0.55 Nm and power of 5.7 W at 100.4 RPM. 
Increasing the number of windings resulted in a torque of 0.55 Nm and reduced power 
of 4 W at 77.8 RPM. Conversely, reducing the windings increased rotational speed to 
131.3 RPM, yielding a torque of 5.5 Nm and power of 7.5 W. The findings indicate that 
increased windings reduce RPM and power, while reduced windings enhance RPM and 
power output. Novelty: This study provides empirical evidence on how winding 
modification directly influences DC motor performance in electric bicycles, offering 
practical insights for optimizing motor design through winding configuration 
adjustments. 
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INTRODUCTION  

Transportation is a means used by individuals to travel from one location to 

another. Transportation is divided into three categories: land, sea, and air. For daily use 

and commuting, people tend to choose land transportation such as buses, cars, and 

bicycles because they are practical and efficient. As technology advances, transportation 

systems have evolved from fuel-based and manual systems to environmentally friendly 

electric systems [1]. According to Google Trends, the use of electric vehicles in Indonesia 

has increased by approximately 300%. Electric bicycles are one of the most actively 

developed electric transportation modes. An electric bicycle requires a DC motor to 

generate mechanical energy through electromagnetic interaction. The number of 

windings in the motor significantly affects torque and power output. Therefore, this 

study aims to analyze the effect of winding variation on the torque and power of a 250W 

electric motor [2]. 

 

RESEARCH METHOD 

In this study, an experimental method was used, namely conducting research 

using an electric bicycle drive system with a 250 Watt electric motor as a driver [3]. By 

modifying the electric motor used, the modification of the work tools in this study 
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focused on the number of coils on the electric motor [4], [5]. For this electric motor 

modification, by comparing the standard coils, then reducing the number of coils, then 

increasing the number of coils on the electric motor used as an electric bicycle driver [6]. 

In this study, the method uses experiments by giving a load to the wheel by 

braking and regulating the amount of load given to the electric motor to determine the 

power and torque on the electric motor [7]. The tools and materials used in this study are: 

250 Watt DC motor, the DC motor here is used as a driver on an electric bicycle and as a 

material to be tested in this study, Torque and power test equipment The test equipment 

here is used to test power and torque [8]. The test equipment used by the author is a test 

equipment made and designed by the author himself to get maximum results [9]. Next 

there is copper, copper here is used to increase and decrease the number of turns to 

determine the effect of the number on the torque and power of the electric motor 

Tachometer In this study, the tachometer is used to collect RPM data on a 250 Watt DC 

motor Scales Scales are used to determine the load given to the DC motor [10]. 

 

 
Figure 1. Testing tools 

 

The test equipment above uses a DC motor to drive the test equipment. The DC 

motor used has a standard 250-watt specification. It is connected by a chain to the test 

equipment wheel. This test equipment has a predetermined braking load, based on the 

weight of a digital scale [11], [12]. 

Testing Stages: 

1. Determine the number of turns to be added and subtracted on the 250-watt DC 

motor. 

2. Add and subtract turns on the 250-watt DC motor. 

3. Vary the load during the test. 

4. Collect data at the 250-watt DC motor rpm. 

5. Process the test results and compare the results of the standard winding, the 

addition of turns, and the reduction of turns. 
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RESULTS AND DISCUSSION 

This study used 3 variations in the number of turns and also variations in braking 

on a 250W electric motor. In the initial study, data was taken on standard turns and then 

given variations in braking. Braking was carried out three times, the first without a 

braking load, then given a braking load of 1 kg, then given a load of 2.8 kg. After 

collecting the standard turns data, the next step was to reduce the turns, followed by 

adding turns. The data needed is the RPM and the load given to the electric motor to 

calculate the torque and power on the electric motor. The formula used for the calculation 

is: 

T=F X L 

T = Torque (N/M) 

F = Applied Load (N) 

L = Arm Length (M) 

P = 
2𝜋.𝑁.𝑇

60
     (2) 

P = Power (Watts) 

N = Rotation (RPM) 

T = Torque (N.M) 

 

The following is an example of calculating the power and torque of an electric 

motor with a reduced winding size of 22 turns, under a load of 2.8 kg and at 125.2 rpm. 

The calculation results are as follows: 

 

It is known that: F = 2.8 kg 

F = 2.8 x 10 
F = 28 Newtons 
 N = 125.2 RPM 
 L = 5.5 cm 
L = 5.5 : 100 
L = 0.055 Meters 
 
Torque Calculation: 
T = F X L 
T = 28 N X 0.055 
T = 1.54 N.M 
Power Calculation 
P = (2π.N.T)/60 
P = 6.28x125.2x1.54/60 
P = 1210.83/60 
P = 20.1 Watts 
 

This research focused on modifying the number of turns. The standard winding 

system has 29 turns. Seven turns were added to the total number of turns, bringing the 
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total number of turns to 36. This increase was based on the maximum winding capacity 

of the motor. After the additional turns, the number of turns on the electric motor was 

reduced by seven turns. This reduction was also carried out by seven turns, from the 

original standard winding system of 29 turns to 22 turns. 

Data collection yielded the following results: 

 

    Table 1. Data Collection Results 

N
o 

Number 
Of Load  

Windings 
(KG) 

Arm  
length 
(CM) 

RPM Torqu
e 

(N.M) 

Power 
(WATT) 

1 29 0 5,5 103,8 0 0 

2 29 1 5,5 100,4 0,55 5,7 

3 29 2.8 5,5 96,3 1,54 15,5 

4 22 0 5,5 137,2 0 0 

5 22 1 5,5 131,3 0,55 7,5 

6 22 2.8 5,5 125,2 1,54 20,1 

7 36 0 5,5 81,4 0 0 

8 36 1 5,5 77,8 0,55 4 

9 36 2.8 5,5 74,6 1,54 12 

 
The table above shows that the highest RPM for the standard winding is 103.8. 

After adding turns, the highest RPM reached 81.4. Subtracting the turns resulted in a 

maximum RPM of 137.2.  
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1. Effect of Standard Winding RPM on Torque and Power 

 

Figure 2. RPM on Torque and Power for Standard Winding 
 
In the above-mentioned test, the winding power was compared, the goal being to 

determine the maximum power that could be generated by varying the winding power, 

starting with a standard winding power and increasing, decreasing, or adding more 

windings. The experiment could potentially yield the following data: 

The graph above shows that when adding coils (coil 1), the highest power reaches 

12 watts after calculations and load application in the experiment. With the standard coil, 

the highest power reaches 15.5 watts, and with the reduced coil, the highest power 

reaches 20.1 watts. Therefore, it can be concluded that the fewer coils, the greater the 

power produced, whereas if the number of coils is greater, the power produced will be 

smaller. 

                   
                    Figure 3. RPM versus Torque and Power After Adding Windings 

 
As seen from the table above, the torque generated is 1.54 and the power required 

is 12 watts at an rpm of 74.6. With a braking load of 0 kg, the peak RPM of the standard 

winding is 81.4. As a result, the motor speed decreases as the motor torque increases due 

to the interaction of braking force and motor power. 
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       Figure 4. RPM versus Torque and Power After Winding Reduction 
 
The graph above shows that at 125.2 rpm, 1.54 lb-ft of torque is produced and 20.1 

watts of power are required. With a brake load of 0 kg, the highest RPM of the standard 

reel is 137.2. Consequently, motor speed decreases as motor torque increases due to the 

interaction of braking force and motor power. 

In the above-mentioned test, torque and windings were compared. The goal was 

to determine the maximum torque that could be produced by varying the windings, 

starting with a standard winding and increasing, decreasing, or adding more turns. The 

experiment could potentially yield the following data: 

 

 
                                                Figure 5. Torque on Coils 
 
In the above-mentioned test, the winding power was compared, the goal being to 

determine the maximum power that could be generated by varying the winding power, 

starting with a standard winding power and increasing, decreasing, or adding more 

windings. The experiment could potentially yield the following data: 
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    Figure 6. Coils versus Power 

 
The graph above shows that when adding coils (coil 1), the highest power reaches 

12 watts after calculations and load application in the experiment. With the standard coil, 

the highest power reaches 15.5 watts, and with the reduced coil, the highest power 

reaches 20.1 watts. Therefore, it can be concluded that the fewer coils, the greater the 

power produced, while if the number of coils is greater, the power produced will be 

smaller [13], [14], [15]. 

 
CONCLUSION 

Fundamental Finding : The results demonstrate that variations in the number of 

coils significantly influence the performance characteristics of a DC electric motor, 

particularly rotational speed (RPM), torque, and power output. An increase in the 

number of coils leads to a decrease in RPM and power, while coil reduction results in 

higher RPM and power output, indicating an inverse relationship between coil quantity 

and motor speed–power performance. Implication : These findings provide practical 

implications for electric bicycle motor design, suggesting that coil configuration can be 

strategically optimized to achieve desired performance characteristics, such as higher 

speed or greater efficiency, depending on application requirements. Limitation : This 

study is limited to a single 250 W DC motor and focuses solely on coil variation without 

considering other influencing factors such as thermal effects, load variations, long-term 

durability, or efficiency losses. Future Research : Future studies should examine the 

combined effects of winding configuration with load conditions, efficiency analysis, 

thermal performance, and energy consumption, as well as extend the investigation to 

different motor capacities and real-world electric bicycle operating conditions to enhance 

generalizability and applicability. 
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