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Abstract: This paper deals with the design, implementation and evaluation of an electronic differential 

system intended for light electric vehicles. This system utilizes a dual-motor configuration that consists of a 

pair of DC motors installed on the same axis of a vehicle and connected to the wheels. When the vehicle 

moves around a curve, the motors' rotation can vary. Additionally, the technology recognizes and fixes any 

traction wheel sliding. The main feature of the proposed system is that it does not require specific sensors to 

measure the steering angle and the speed of the drive wheels. Another important feature is that it is 

implemented using field-oriented controllers and a general-purpose Arduino nano platform. These 

components are very inexpensive and are available almost anywhere in the world. 
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I. INTRODUCTION 

One of the most crucial options for achieving the goal of sustainable urban mobility at the moment is the light electric 

vehicle (LEV).. Even if the term "LEV" is not entirely clear, we can assume that it can be used to describe cars whose 

weight is comparable to the total weight of the passengers for which they are designed. (For example, 75 kg for a single 

passenger vehicle and 150 kg for two). So, its main characteristic is the low weight, which results in a very low energy 

consumption and, therefore, a mobility efficiency superior to those conventional electric vehicles. The most common 

LEVs nowadays are two-wheeled types, such as electric bicycles, mopeds, and motorbikes. In addition to their reduced 

weight, another advantage of LEVs is that they have a single drive wheel. So, the control system and the motor 

(normally a hub motor) have low complexity and cost. However, these vehicles have three primary disadvantages: a 

high aerodynamic coefficient (which reduces energy efficiency), the driver's exposure to the elements, and poor 

stability at low speeds. Three-wheeled and closed body LEVs look to be a better alternative than two-wheeler vehicles 

since they address these disadvantages. Because they just have one drive wheel, their motor and control system are just 

as basic and affordable as those of two-wheeled vehicles. However, three-wheeled LEVs also have drawbacks. Among 

these is the limited cornering stability, which restricts the top speed in certain circumstances. Although there are 

sophisticated solutions to improve the stability of tricycles such as tilt-wheeled designs, the most accepted solution to 

improve stability is the use of four-wheeled vehicles. The power train of four-wheel vehicles is more complex than the 

power train of tricycles since it must allow that the two drive wheels rotate at different speeds when cornering. The 

mechanical system that allows this mode of operation is known as differential. The use of mechanical differential is 

widespread in most conventional VEs and even in some LEVs, however, it has the drawback of being very heavy. 

Because of its heavy weight, the mechanical differential is not appropriate for use in the LEVS. Installing an electrical 

or electronic differential (ED) system is beneficial for these vehicles. 

The main characteristics of the ED are: - 

 There is no mechanical link connecting the two drive wheels. They are all connected to individually regulated 

electric motors. 

 The controller applies traction power separately to each wheel. 

 When cornering, the controller will apply less power to the inner wheel. 

The ED simulates differential lock while the front wheels drive straight. The addition of an ED also enhances the 

stability of tricycles with two drive wheels. There are different ways to implement an ED. Some are sophisticated, such 
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as "side slip control," which involves regulating the torque in each motor to optimize the vehicle's yaw rate. 

the identical torque to each driving wheel, however, is the most straightforward method of putting an ED into practice.

Even in this simplest form of implementation, a controller of these characteristics presents a level of complexity quite 

superior to the standard controllers of electric bicycles, which are designed to regulate the power of a single motor. 

Therefore, the use of this type of low cost and widespread controllers should be discarded, with the consequent increase 

in the overall cost of the system. The majority of ED controllers need sensors to detect the steering angle, motor 

current, and driving wheel speed.. However, some controller d

simplicity at the risk of losing some of its features. In this line, a controller without wheel speed sensors is proposed in 

and another controller without steering angle sensor nor speed sensors is pro

powered by induction motors. In standard industrial frequency converters are used instead of the design of a new type 

of controller. This enables for the benefits of increased dependability, lower prices, and a wider

and providers. In this paper a design similar to the previous one is proposed, but applied to a LEV equipped with BLDC 

motors and standard electric bicycle controllers. The control system has been completed with the well

platform, which allows the addition of special functions such as traction control and anti

 

Fundamentals Theory. 

The principle of operation of the proposed ED is to ensure that the two motors of the power train 

torque and can rotate at different speeds. Figure 1a depicts the torque

applied voltage values (corresponding to the control signal's duty cycle) The operating point of the two motors when 

the vehicle is travelling in a straight line at medium speed is also represented (We assume that the two engines have 

equal characteristics and that the accelerator determines the torque set point, TC). When the steering system forces the 

vehicle to trace a curve, the torque of each motor (TL and TR) will be modified to allow each wheel to turn at a 

different speed (before the response of the control system occurs). Given this variation of the torque delivered to each 

wheel, the control system acts to reduce the dut

that of the outer wheel until the torque delivered by both motors returns to be equal to the set point set by the 

accelerator. In this new stage, the motors' speed is sufficient to 
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slip control," which involves regulating the torque in each motor to optimize the vehicle's yaw rate. 

the identical torque to each driving wheel, however, is the most straightforward method of putting an ED into practice.

m of implementation, a controller of these characteristics presents a level of complexity quite 

superior to the standard controllers of electric bicycles, which are designed to regulate the power of a single motor. 

st and widespread controllers should be discarded, with the consequent increase 

The majority of ED controllers need sensors to detect the steering angle, motor 

. However, some controller designs omit some of these sensors in order to improve 

simplicity at the risk of losing some of its features. In this line, a controller without wheel speed sensors is proposed in 

and another controller without steering angle sensor nor speed sensors is proposed in. Both concepts are used to VEs 

powered by induction motors. In standard industrial frequency converters are used instead of the design of a new type 

of controller. This enables for the benefits of increased dependability, lower prices, and a wider selection of products 

and providers. In this paper a design similar to the previous one is proposed, but applied to a LEV equipped with BLDC 

motors and standard electric bicycle controllers. The control system has been completed with the well

platform, which allows the addition of special functions such as traction control and anti-lock wheel system.

II. WORK METHODOLOGY 

The principle of operation of the proposed ED is to ensure that the two motors of the power train 

torque and can rotate at different speeds. Figure 1a depicts the torque-speed curves of a BLDC motor for various 

applied voltage values (corresponding to the control signal's duty cycle) The operating point of the two motors when 

le is travelling in a straight line at medium speed is also represented (We assume that the two engines have 

equal characteristics and that the accelerator determines the torque set point, TC). When the steering system forces the 

the torque of each motor (TL and TR) will be modified to allow each wheel to turn at a 

different speed (before the response of the control system occurs). Given this variation of the torque delivered to each 

wheel, the control system acts to reduce the duty cycle of the control signal of the inner wheel motor (left) and increase 

that of the outer wheel until the torque delivered by both motors returns to be equal to the set point set by the 

accelerator. In this new stage, the motors' speed is sufficient to trace the curve accurately. 

Figure 1 Block Diagram 
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m of implementation, a controller of these characteristics presents a level of complexity quite 

superior to the standard controllers of electric bicycles, which are designed to regulate the power of a single motor. 
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The majority of ED controllers need sensors to detect the steering angle, motor 

esigns omit some of these sensors in order to improve 

simplicity at the risk of losing some of its features. In this line, a controller without wheel speed sensors is proposed in 

posed in. Both concepts are used to VEs 

powered by induction motors. In standard industrial frequency converters are used instead of the design of a new type 

selection of products 

and providers. In this paper a design similar to the previous one is proposed, but applied to a LEV equipped with BLDC 

motors and standard electric bicycle controllers. The control system has been completed with the well-known Arduino 

lock wheel system. 

The principle of operation of the proposed ED is to ensure that the two motors of the power train deliver the same 

speed curves of a BLDC motor for various 

applied voltage values (corresponding to the control signal's duty cycle) The operating point of the two motors when 

le is travelling in a straight line at medium speed is also represented (We assume that the two engines have 

equal characteristics and that the accelerator determines the torque set point, TC). When the steering system forces the 

the torque of each motor (TL and TR) will be modified to allow each wheel to turn at a 

different speed (before the response of the control system occurs). Given this variation of the torque delivered to each 

y cycle of the control signal of the inner wheel motor (left) and increase 

that of the outer wheel until the torque delivered by both motors returns to be equal to the set point set by the 
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Two versions of hardware have been developed to implement the ED proposed in this paper. In the first version, only 

two sensors were used to measure the current applied to each motor. The torque delivered by a BLDC motor is 

proportional to its current, so it can be estimated by measuring that current. In this version there is no speed sensor 

available to measure the speed of the driven wheels. This has the disadvantage of not detecting odd situations like 

wheel blockage or slippage. To overcome this problem

signals of the Hall effect sensors of the BLDC motors have been used to estimate the rotation speed of the wheels. In 

this way, it has not been necessary to add any new speed sensor to the syste

Figure 1 depicts the block diagram for the second iteration of the hardware. The main components of the hardware are 

the following: 

1) BLDC motors Two BLDC motors have been used for implementing the ED. 

type of motor. 

2) BLDC controllers. Two Infineon 17A standard bicycle controllers were used.

3) Speed and current sensors Speed and current sensors have been joined in a unique device for each wheel. We have 

used unidirectional “shunt” sensors to measure the current, while 

already integrated in BLDC motors. 

4) Arduino platform the microcontroller used to implement the control algorithm is the Arduino Nano platform.

5) Digital potentiometer 

Electric bicycle standard controllers use a potentiometer to set the duty cycle of the output transistors control signal In 

this method, the power given to the motor is controlled. This potentiometer establishes a voltage at the input of the 

controller that varies from 1V to approximate

input of the controller the output of a digital to analog converter (DAC). The Arduino Zero and Arduino DUE platforms 

have this type of outputs, so they could be used by connecting them

automatic regulation of the voltage at the input of the controller at a level established by the control algorithm executed 

by the Arduino platform. However, in our Hardware version, we have chosen an Ardu

DAC outputs. Therefore, the solution implemented has been the replacement of the potentiometers of the controller by 

digital potentiometers regulated by Arduino. We have used a chip MCP4251, which includes two digital 

potentiometers, one for each motor. 

 

Software 

1) Main program 

The operation process is the following: The accelerator sets the torque set point that both motors must deliver. This is 

received by the Arduino, which also reads the feedback of the current flowing t

by the current sensors. Attending to the set point and the feedback, the program executes a Proportional

to obtain the optimal values of the control signals. These values are send to the digital potenti

output level of the motors controllers. 

 

2) Traction control 

Using the vehicle's minimal turning radius (rmin) (the radius of the perimeter that traces the outer wheel), the ratio of 

the speeds of the drive wheels must be within the range. shown in the following equation:

Where d is the distance between the drive wheels. The slip of any of the drive wheels is detected when the ratio of the 

speeds of both wheels is outside the range shown in equation. In this situation, the 

the set point of the wheel that rotates at a faster speed until the ratio of the speeds of both wheels is again within that 

range. This algorithm works well whenever only one of the drive wheels slips, but it is not use

do. 

This limitation can be overcome if the vehicle has a speed sensor coupled to any of the non

front steering wheels. Assuming a tricycle with a single front non
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Two versions of hardware have been developed to implement the ED proposed in this paper. In the first version, only 

two sensors were used to measure the current applied to each motor. The torque delivered by a BLDC motor is 

it can be estimated by measuring that current. In this version there is no speed sensor 

available to measure the speed of the driven wheels. This has the disadvantage of not detecting odd situations like 

wheel blockage or slippage. To overcome this problem a second hardware version has been made. In this version the 

signals of the Hall effect sensors of the BLDC motors have been used to estimate the rotation speed of the wheels. In 

this way, it has not been necessary to add any new speed sensor to the system. 

the block diagram for the second iteration of the hardware. The main components of the hardware are 

Two BLDC motors have been used for implementing the ED. The Nine Continent RH205B was the 

BLDC controllers. Two Infineon 17A standard bicycle controllers were used. 

Speed and current sensors have been joined in a unique device for each wheel. We have 

used unidirectional “shunt” sensors to measure the current, while speed sensors utilize the Hall effect sensors which are 

microcontroller used to implement the control algorithm is the Arduino Nano platform.

ollers use a potentiometer to set the duty cycle of the output transistors control signal In 

this method, the power given to the motor is controlled. This potentiometer establishes a voltage at the input of the 

controller that varies from 1V to approximately 4V. The potentiometer can be eliminated by applying directly to the 

input of the controller the output of a digital to analog converter (DAC). The Arduino Zero and Arduino DUE platforms 

have this type of outputs, so they could be used by connecting them directly to the controller input. This allows the 

automatic regulation of the voltage at the input of the controller at a level established by the control algorithm executed 

by the Arduino platform. However, in our Hardware version, we have chosen an Arduino Nano platform, which has no 

DAC outputs. Therefore, the solution implemented has been the replacement of the potentiometers of the controller by 

digital potentiometers regulated by Arduino. We have used a chip MCP4251, which includes two digital 

The operation process is the following: The accelerator sets the torque set point that both motors must deliver. This is 

received by the Arduino, which also reads the feedback of the current flowing through the motors, which is measured 

by the current sensors. Attending to the set point and the feedback, the program executes a Proportional

to obtain the optimal values of the control signals. These values are send to the digital potentiometers that regulates the 

Using the vehicle's minimal turning radius (rmin) (the radius of the perimeter that traces the outer wheel), the ratio of 

thin the range. shown in the following equation: 

Where d is the distance between the drive wheels. The slip of any of the drive wheels is detected when the ratio of the 

speeds of both wheels is outside the range shown in equation. In this situation, the traction control algorithm decreases 

the set point of the wheel that rotates at a faster speed until the ratio of the speeds of both wheels is again within that 

range. This algorithm works well whenever only one of the drive wheels slips, but it is not useful when the two wheels 

This limitation can be overcome if the vehicle has a speed sensor coupled to any of the non-driven wheels, usually the 

front steering wheels. Assuming a tricycle with a single front non-drive wheel and that this wheel does not s
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Two versions of hardware have been developed to implement the ED proposed in this paper. In the first version, only 

two sensors were used to measure the current applied to each motor. The torque delivered by a BLDC motor is 

it can be estimated by measuring that current. In this version there is no speed sensor 

available to measure the speed of the driven wheels. This has the disadvantage of not detecting odd situations like 

a second hardware version has been made. In this version the 

signals of the Hall effect sensors of the BLDC motors have been used to estimate the rotation speed of the wheels. In 

the block diagram for the second iteration of the hardware. The main components of the hardware are 

The Nine Continent RH205B was the 

Speed and current sensors have been joined in a unique device for each wheel. We have 

speed sensors utilize the Hall effect sensors which are 

microcontroller used to implement the control algorithm is the Arduino Nano platform. 

ollers use a potentiometer to set the duty cycle of the output transistors control signal In 

this method, the power given to the motor is controlled. This potentiometer establishes a voltage at the input of the 

ly 4V. The potentiometer can be eliminated by applying directly to the 

input of the controller the output of a digital to analog converter (DAC). The Arduino Zero and Arduino DUE platforms 

directly to the controller input. This allows the 

automatic regulation of the voltage at the input of the controller at a level established by the control algorithm executed 

ino Nano platform, which has no 

DAC outputs. Therefore, the solution implemented has been the replacement of the potentiometers of the controller by 

digital potentiometers regulated by Arduino. We have used a chip MCP4251, which includes two digital 

The operation process is the following: The accelerator sets the torque set point that both motors must deliver. This is 

hrough the motors, which is measured 

by the current sensors. Attending to the set point and the feedback, the program executes a Proportional-Integral control 

ometers that regulates the 

Using the vehicle's minimal turning radius (rmin) (the radius of the perimeter that traces the outer wheel), the ratio of 

Where d is the distance between the drive wheels. The slip of any of the drive wheels is detected when the ratio of the 

traction control algorithm decreases 

the set point of the wheel that rotates at a faster speed until the ratio of the speeds of both wheels is again within that 

ful when the two wheels 

driven wheels, usually the 

drive wheel and that this wheel does not slip, the 
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equation that gives the limits of the ratio between the speed of any of the traction wheels and the front wheel are the 

following: 

Where vF is the speed of the front wheel and vR

wheels is detected when the value of this ratio is outside those limits.

III. SYSTEM TESTING AND R

The system has been installed on a prototype (Figure 

The prototype is a threewheeled vehicle derived

BLDC motors are directly coupled to these wheels. T

to the worst-case test: a circular path with the

radius of 4 meters and the current and speed data from the

test are shown in figure 3 
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equation that gives the limits of the ratio between the speed of any of the traction wheels and the front wheel are the 

 
Where vF is the speed of the front wheel and vR the speed of any of the traction wheels. The slip of any of the drive 

wheels is detected when the value of this ratio is outside those limits. 

 

SYSTEM TESTING AND RESULTS 

 
Figure 2: Modal Prototype 

 

Figure 3: Result of the Test 

een installed on a prototype (Figure 2)and then tested in order to check its performance. 

derived from a bicycle, with a bar support that holds the two

BLDC motors are directly coupled to these wheels. To check the performance of the ED, the vehicle has been

case test: a circular path with the minimum radius. The vehicle has been driven on a circumference with a

radius of 4 meters and the current and speed data from the motors has been collected and analysed. The results of the
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equation that gives the limits of the ratio between the speed of any of the traction wheels and the front wheel are the 

the speed of any of the traction wheels. The slip of any of the drive 

order to check its performance. 

two back wheels. 

performance of the ED, the vehicle has been subjected 

The vehicle has been driven on a circumference with a 

ollected and analysed. The results of the 
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IV. CONCLUSION 

It has been demonstrated that it is attainable to do an electronic differential gadget without direction point sensors nor 

dedicated speed sensors. The equipment of the gadget depends absolutely on in vogue BLDC vehicles and regulators 

and the overall rationale Arduino stage. Its principle attributes are exceptionally little weight and minimal expense. This 

makes it exceptionally proper to be utilized in gentle electric vehicles with numerous power wheel. In order to play out 

an extra thorough evaluation of the proposed machine, new looks at should be conveyed at a higher velocity and in 

circumstances of slippage of force instruct wheels. 

 

V. FUTURE SCOPE 

The project has covered testing of the Hall sensors of the BLDC motor. This has been followed by the fabrication of the 

inverter and driver circuit of the inverter for the BLDC motor to operate. This has been covered along with the real time 

simulation and pulse generation for the inverter driver circuit from the Opal RT digital outputs. 
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