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Abstract— A massive amount of leaves is shedded from the 

trees in parks and gardens.  Cleaning of these leaves is a major 

task and it becomes more difficult especially in the autumn 

season.  The conventional cleaning process is done by 

persons using brooms, fanrakes etc.  It requires more 

manpower and consumes more time in cleaning the shedded 

leaves.  Hence an equipment is needed for cleaning the leaves 

which is generally known as a vacuum cleaner.  In 

conventional vacuum cleaners universal motor is used to 

drive the suction fan.   Universal motor has some 

disadvantages like low efficiency, sparking due to presence 

of commutator and brushes, noise pollution etc. The concept 

of the project is to replace the universal motor with a 

Brushless DC motor (BLDC) in leaf collectors and thus to 

overcome the disadvantages of universal motor and to have a 

better and efficient cleaning process.  These leaf collectors 

can be used in home gardens, hospitals, educational 

institutions as well as in the industries. 
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I. INTRODUCTION 

In parks and gardens, trees and other vegetations shed leaves 

and it sheds more leaves in the autumn season. This makes 

the whole area messy. To avoid this problem, workers have 

to periodically collect the leaves to keep the area clean. They 

collect the leaves using equipments like brooms, fanrakes etc. 

But this manual cleaning process is time consuming and 

difficult in case of large area. The ideal solution to collect the 

leaves is to use an equipment called vacuum cleaner. A 

vacuum cleaner is a device the uses air pump to create a 

partial vacuum to suck the dirt and dust particles from a given 

surface. 

 Initially universal motors were used in the vacuum 

cleaners as a suction motor due to the control simplicity.  The 

universal motor is a series DC motor that is specially 

designed that it operates both on alternating current (AC) and 

direct current (DC). Universal motors have high starting 

torque and can operate at high speed.  They are light in 

weight. Universal motors are also relatively easy to control. 

However, because of the wear in commutator brushes this 

type of motor, it will cause fire during cleaning.  When the 

functions of commutator and brushes were implemented by 

solid-state switches, this problem can be rectified.  

 Thus, Brushless Direct Current (BLDC) motors 

comes into the place of universal motors.  BLDC motors have 

many advantages like better speed-torque characteristics, 

high dynamic response, high efficiency, long operating life, 

noiseless operation and higher speed ranges.  Since there are 

no carbon brushes to wear out, a BLDC motor can provide 

significantly greater life.  This advantage makes the BLDC 

motor to become popular in the industry. 

II. EXISTING SYSTEM 

In the existing type vacuum cleaners universal motors were 

used.  A universal motor is a type of electric motor that can 

operate on either AC or DC power and uses an electromagnet 

as its stator to create its magnetic field.  

 Universal motors have high starting torque.  It can 

run at high speed and are lightweight and compact.  Due to 

these advantages they are used in many household appliances.  

The following equation is the torque equation 

T = 0.159 
PZ

A
    (1.1) 

 - Flux per Pole 

P - Number of Poles 

Z - Total No of Armature Conductor 

A - Number of Parallel Paths 

 However, it has some disadvantages too. A universal 

motor requires high maintenance due to the use of brushes 

and commutators and the life of these parts are limited. 

Relatively high noise level is produced at high speeds.  

Vibration is also a major problem in these motors.  Speed 

control of the universal motors is difficult since it has the 

characteristics of a DC series motor. 

 Brushes present in the universal motors requires 

periodic maintenance as brushes must be cleaned and 

replaced for continued operation. 

 Another major disadvantage of brushed motors 

include inadequate heat dissipation caused by the rotor 

limitations imposed by the brushes and electromagnetic 

interference (EMI) generated by brush acting. 

 
Fig. 1: Vaccum Cleaner 

III. PROPOSED SYSTEM 

The proposed idea is to replace the universal motors in 

vacuum cleaners with a BLDC motor where the absence of 

brushes and commutators in this motor the problem in the 

conventional Dc motor can be rectified.  In addition BLDC 

motors are more accurate in positioning due to the usage of 

Hall Effect position sensors for commutation.  They also 

requires less and sometimes no maintenance due to the 

absence of brushes. BLDC motor has better speed-torque 

characteristics compared to universal motors and they are 

able to maintain or increase the torque at various speed. 
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 BLDC motor has high output power.  They are small 

in size compared to other motors.  Brushed motors usually 

develop a maximum torque when stationary, linearly 

decreasing as velocity increases.  This limitation can be 

overcomed by brushless motors as they include higher 

efficiency and a lower susceptibility to mechanical wear.  

 BLDC motor has permanent magnets which rotate 

around a fixed armature eliminating problems associated with 

connecting current to the moving armature.   An electronic 

controller replaces the brush and commutator assembly of the 

brushed DC motor, which continually switches the phase to 

the windings to keep the motor turning.  The controller 

performs similar timed power distribution by using a solid-

state circuit rather than the brush/commutator system. 

 Brushless motors offer several advantages over 

brushed DC motors, including high torque to weight ratio, 

more torque per watt (increased efficiency), increased 

reliability, reduced noise, longer lifetime, elimination of 

ionizing sparks from the commutator, and overall reduction 

of electromagnetic interference (EMI).  With no windings on 

the rotor, they are not subjected to centrifugal forces, and 

because the windings are supported by the housing, they can 

be cooled by conduction, requiring no airflow inside the 

motor for cooling.  This in turn means that the motor's 

internals can be entirely enclosed and protected from dirt or 

other foreign matter. 

 By taking all these advantages into consideration 

BLDC motor is used in the place of universal motor in the 

vacuum cleaners. 

 
Fig. 2: Block diagram 

 The above figure shows the basic block diagram of 

the BLDC motor drive.  It consists of the following 

components such as power supply, controller, driver, inverter, 

BLDC motor, suction fan and a rotor position sensor. 

 BLDC motor rotor surface carries the rotor position 

sensor.  It provides information about the position of the shaft 

at any instant to the controller.  Controller generates the 

necessary PWM signals for the motor to drive.  Driver 

enhances the PWM signals. The inverter circuit provides the 

proper switching sequence for the stator windings of the 

BLDC motor to energise and the motor rotates.  The suction 

fan connected to the shaft of the motor rotates and performs 

the suction operation. 

 A controller is a device or group of devices that 

serves to govern in some predetermined manner the 

performance of an electric motor.  A motor controller might 

include a manual or automatic means for starting and 

stopping the motor, selecting forward or reverse rotation, 

selecting and regulating the speed etc. 

 The controller used in this circuit is dsPIC30F4011.  

The dsPIC30F is an advanced 16-bit processor that offers true 

DSP capability with the fundamental real-time control 

capabilities of a microcontroller.  Prioritized interrupts, 

extensive built-in peripherals and power management 

features are combined with a full-featured DSP engine. Dual 

40-bit accumulators, single-cycle 16x16 MAC, 40-bit barrel 

shifter, dual-operand fetches and zero-overhead looping are 

among the features that make this a very capable DSC. 

 A driver is generally a little current amplifier. 

The function of motor drivers is to take a low-current control 

signal and then turn it into a higher-current signal that 

can drive a motor. 

 A power inverter, or inverter, is an electronic device 

or circuitry that changes direct current (DC) to alternating 

current (AC). Their input voltage, output voltage, frequency 

and overall power handling depend on the design of the 

specific device or circuitry. 

IV. EXPERIMENTAL RESULTS 

A 9V adaptor is connected to the dsPIC controller.  Driver 

circuit is present in the controller itself. A 230/24V 

transformer is connected to the inverter circuit. A 60W, 24 

volt, 1500 RPM BLDC motor is connected to the inverter 

circuit.  When the power supply is given the operation starts.  

Rotor position sensor in the BLDC motor gives the 

information regarding the position of the rotor to the 

controller. According to the rotor position, the corresponding 

stator winding has to be energised for the motor to rotate.  The 

controller generates the required PWM signals and the driver 

circuit generally enhances the PWM signals.  These signals 

are then given to inverter circuit.  Inverter circuit has 6 

MOSFET switches.  It distributes the PWM signals to the 

stator windings of the motor in a sequence so that the motor 

starts rotating. 

 The speed of the motor can be varied simply by 

pressing the speed control button provided in the controller.  

The speed can be varied from 0 to 1500 RPM.  A vacuum 

cleaner hose can be connected to the motor housing so that 

the speed of the motor creates enough air pressure to suck the 

leaves. 

 The followings Fig 2 and 3 shows the BLDC Motor 

with Controller and Inverter and controller output 

respectively. 

 
Fig. 3: BLDC Motor with Controller and Inverter 
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Fig. 4: Controller Output 

V. CONCLUSION & FUTURE SCOPE 

In this proposed paper, an inverter and controller circuits are 

developed to operate the BLDC motor.  This project also 

provides speed control over the specified speed ranges.  Due 

to the absence of brushes and commutator, sparking is 

eliminated, overall construction is simple and the motor is of 

less weight and occupies less space.  The BLDC motor offers 

better speed-torque characteristics and offers noise less 

operation and due to the absence of brushes wear and tear is 

eliminated.  Power consumption of the motor is also less.  

Due to its various above mentioned advantages, overall 

efficiency and percentage of BLDC motor is about 90% 

which is high compared to all other motors? 

 Thus, designing of leaf collector using the BLDC 

motor provides better performance and operation of the 

equipment.  Therefore leaf collector using BLDC motors 

provides an effective and better cleaning process which 

results in a clean environment. 

The proposed idea can be expanded in future by many ways  

1) Power supply for the leaf collector can be provided using 

a battery thus making the equipment portable and user 

friendly. 

2) Battery can be charged using solar power.  This makes 

the equipment energy efficient, and environment 

friendly. 
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