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ABSTRACT 

New generations of equipments must have better performances respect to the previous generations, such as higher 
efficiency, low power consumption, reduced electromagnetic interference, small dimensions, lightness and so on; all these 
improvements must be achieved while maintaining, at the same time, systems cost as low as possible. Brush-Less Direct 
Current (BLDC) motors, employed even more in the last years in many equipments in various application fields, present 
low maintenance costs, compact size, high reliability, efficiency, low power consumption and other optimum features, 
proposing themselves as excellent candidates for satisfying the stringent requirements mentioned previously. In this paper, 
after a detailed overview on the current and possible future application fields of BLDC motors, from home appliances, to 
automotive, industrial automation, medical equipments and robotic instrumentation, the design and realization of a driving 
and control system of a BLDC motor, with Hall sensors embedded, is presented. A BLDC motor is provided by permanent 
magnets on moving part (rotor) and windings on fixed part (stator); energized stator windings create electromagnetic poles 
and the rotor (equivalent to a bar magnet) is attracted by the energized stator phase. By using appropriate sequence to 
supply stator phases, a rotating field on stator is created and maintained. The lead between rotor and rotating field must be 
controlled to produce torque and this synchronization implies accurate knowledge of rotor position which is obtained by 
means of the embedded Hall effect sensors. The realized driving system is composed by three principal blocks: the control 
electronic board, the power driving board and the BLDC motor. By PC connected via USB with the driving board, the user 
can choose the motor rotation direction, set the desired rpm value and, by varying potentiometer value located on board, 
change the rotation speed. Different tests were performed for verifying the correct motor operation and the results show 
that all the employed devices, driving board, control board and BLDC motor, work properly. 
 
Keywords: brushless DC motor, application fields, electronic control boards, driving and control unit, data monitoring. 
 
INTRODUCTION 

Brush-Less Direct Current motors, also called 
Permanent Magnet Brushless DC Motors (PMBLDC), are 
increasingly replacing brushed DC motors due to their 
superior efficiency, smooth torque delivery, high speed 
operation and low power consumption. In this type of 
motors, the mechanical switching, used in brushed DC 
motors, is replaced with electronic switches suitably 
driven by an electronic circuit; this feature allows to obtain 
an improving of reliability of the motor itself and a long 
operating life (due to the absence of brushes erosion). 
Brush DC motors, in fact, have a number of disadvantages 
such as noise due to brush friction, generation of sparks 
and electrical noise, and limited life due to brush wear 
(Balakrishna et al., 2015). 

In the brushless DC motor, the rotor, made of a 
permanent magnet as shown in the cross section of Figure 
1, is driven by the magnetic force of the stator's winding 
circuit. While the brush DC motor uses a brush and 
commutator for current switching, the brushless DC motor 
uses Hall effect sensors and an electronic circuit for 
current switching. However, BLDC motor control can be 
done in sensor or sensor-less mode; the advantage of 
sensor-less BLDC motor control is that the sensing part 
can be omitted and thus overall costs can be reduced, on 
the contrary the disadvantages are higher requirements for 
control algorithms and more complicated electronics.  

 
 

Figure-1. BLDC motor cross section; view of the stator 
winding, the permanent magnets, the rotor and the 

three phases A, B and C. 
 

Despite the need of a complex motor controller, 
the simplicity of construction of BLDC motors offers, as 
previously seen, several inherent advantages not provided 
with brushed DC motors. Furthermore, for a growing 
number of manufacturers, the higher complexity related to 
the adoption of a BLDC motor is more than rewarded by 
increasing demand for products able to save power 
consumption (Laxman et al., 2016).  
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In the past, the BLDC motors application has 
been limited due to the additional cost of the complex 
motor controller necessary to operate these motors. In 
recent years, however, controller costs have been trending 
downward and the application of brushless dc motors is on 
the rise and expected to grow. In fact, development and 
employment of these motors increases ever more thanks to 
the evolution in the semiconductors field and to the 
advanced manufacturing technologies which allow to 
realize small devices with excellent performances while 
maintaining low costs (Purna et al., 2013). 

BLDC motors have long been used in industrial 
applications such as actuators, feed drives for CNC 
machines, industrial robots, extruder drives, among others. 
Moreover, due to their features of compact size, constant 
mechanical torque, long life, reduced weight thanks to the 
lack of brushes and a mechanical commutator, high speed 
range and no generation of sparks and noise, BLDC 
motors have been successfully applied in a wide range of 
applications from automotive, to HVAC, to electronic, 
computer, home appliances and also in semiconductor and 
medical industries. Furthermore, their construction 
features, compared to those related to other motor 
typologies, allow better heat dissipation thus extending, 
even further, their application fields (Alonso et al., 2009). 

In this paper, after a detailed overview on the 
current and possible future application fields of BLDC 
motors, a BLDC motor control, provided by Hall sensors 
embedded, has been realized by using development 
electronic boards properly programmed, which allow to 
get very low implementation costs. The employed 
microcontroller, used for driving motor phases 
commutation, has to feed the different phases, correctly in 
sequence, by processing the output signals from Hall 
sensors placed on the stator. Hence, different tests were 
performed in order to verify the correct motor operation; 
by means of a PC terminal, which communicates with the 
driving board, and of a potentiometer located on board, it 
is possible to monitor and control the motor functioning.  
 
CURRENT AND POSSIBLE FUTURE 
APPLICATIONS OF BLDC MOTORS 

Many applications benefit by the employment of 
BLDC motors. Brushless motors have come to dominate 
in several fields, from home appliances, to industrial, 
automotive, medical but also in robotics and prothesis 
manufacturing. In smart home appliances, BLDC motors 
are employed in hard drives, CD/DVD players, pumps, 
fans, robotic vacuum cleaners, coffee machines, mixers, 
hairdryers, bread cutters and spindle drives in adjustable or 
variable speed applications. They are also a popular motor 
choice for helping to increase battery life for model 
aircraft, remote control toys and portable power tools. 
Furthermore, thanks to the small size, this motor typology 
can be employed in all those applications where a precise 
control movements, in narrow spaces and with no heavy 
equipment, is required such as for example, as reported 
later, in medical applications. Following, a detailed 
description of some of the main application fields, in 
which the BLDC motors are used, is reported. 

 BLDC Motors in automotive applications 
The automotive market is looking with great 

interest to the employment of brushless DC motors in its 
applications. Car makers are particularly attracted by the 
motor’s efficiency at converting electrical energy in 
mechanical work, which helps lower the energy demand 
from the vehicle’s power system. BLDC motors, thank to 
their optimal features which allow to satisfy the car 
makers requirements, are becoming ever more excellent 
candidates to be employed in this sector. According to 
analyst IMS research, 600 million BLDC motors will be 
used in traditional light vehicles by 2018 compared with 
200 million units in 2011 (Hammerschmidt, 2011). 
Moreover, Brushless DC motors are also suitable where 
high-quality motor control is required and to replace other 
motor typologies, employed in a vehicle, which are 
frequently used and thus subjected to wear over time. The 
main application area of BLDC motors in a vehicle 
regards power steering systems, compressor motors, air 
conditioners, electric oil pump, door lock motor and many 
others as shown in Figure-2. Also, traction motors for 
electric vehicles are a promising area for BLDC motors. 
 

 
 

Figure-2. Automotive field benefits from BLDC motors 
employment; they can be applied in several sections 
inside a vehicle for performing numerous functions. 

 
Hydraulic systems, inside a vehicle, are being 

replaced, more and more, with electric motors; in fact, the 
level of fuel consumption of the power steering system, 
for example, can be improved by 3% to 5% if the 
hydraulic system is replaced by an electric system, the 
energy saving effect is very high due to the use of electric 
power systems. As example, Figure-3 shows a water pump 
actuated by a BLDC motor. 
 
 
 
 



                                    VOL. 12, NO. 17, SEPTEMBER 2017                                                                                                    ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4915 

 
 

Figure-3. BLDC motors are replacing conventional 
motors in automotive applications: image (a) and real 

photo (b) of a water pump which employs a BLDC motor. 
 

Larger versions of BLDC motors are already 
common in electric and hybrid vehicles. This engine 
typology, due to the growing importance of environmental 
issues involving mainly air quality but also power-fuel 
consumption, offers a good solution to these problems and 
a valid alternative to the conventional engines. An hybrid 
system, on an hybrid vehicle, uses the engine as the main 
power source and an electric motor as an auxiliary power 
source; if the electric motor is a BLDC motor, it is 
possible to reduce size and weight of the entire system, 
thus obtaining better performances. In fact, reduction of 
vehicle weight through use of lightweight materials, 
allows to improve aerodynamics, decrease rolling 
resistance and also to improve fuel economy. The so 
called Integrated Motor Assist (IMA) system, developed 
by a leader automotive company, is based on the concept 
of reducing fuel consumption by combining a more 
advanced conventional internal combustion engine with 
electric powertrain technology into a hybrid/electrical 
vehicle. The following Figure-4 shows the most important 
components of the IMA system. 
 

 
 

Figure-4. Traction motors for electric/hybrid vehicles are 
a promising area for the employment of BLDC motors. 

 
The employed electric motor is a lightweight 3-

phase BLDC motor (Figure-5) with four functions: it acts 
as a starter motor, an engine balancer, a dynamo and an 
assist traction motor. The dynamo regenerates braking 
energy and converts fuel energy into battery energy. When 
needed, the IMA-motor assists the internal combustion 
engine for more output power. In assist mode, the electric 
motor converts 96 percent of its input electricity into 

motive energy. Hence, the motor has a significantly better 
efficiency than the petrol engine. 
 

 
 

Figure-5. BLDC motor in an hybrid engine (a) and its two 
main sections: stator and rotor (b). 

 
As shown in Figures 5 and 6, the BLDC motor is 

coupled directly to the engine and positioned between the 
engine and the transmission section. Therefore, the BLDC 
motor has the function of assisting the engine that serves 
as the main power source according to the performance 
being demanded, regenerating bracking energy in the form 
of electrical power. 
 

 
 

Figure-6. Different sections of a complete hybrid engine 
with the BLDC motor section highlighted in blue. 

 
Many automotive industries prefer BLDC motors 

because of their high-performance and fast motor 
responses; in fact, the small diameter of magnetic rotors 
allows to reduce the inertia of the armature and the 
rotational losses, obtaining high acceleration rates with 
smoother servo characteristics. Furthermore, this optimal 
motor response allows to have constant speeds, an instant 
speed regulation and a quiet drive system. In Figure-7, the 
disassembled BLDC motor employed in a hybrid engine, 
produced by a leader company in the automotive field, is 
shown. 
 

(a) (b) 
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Figure-7. Detailed view of an hybrid engine, produced by 
a leader company in the automotive field, with the 

employed BLDC motor disassembled. 
 

Finally, it must be noted that, unlike a traditional 
vehicle, where the engine must "ramp up" before full 
torque can be provided, an electric motor provides full 
torque at low speeds. Therefore, motor has low noise, high 
efficiency, excellent "off the line" acceleration, good drive 
control, good fault tolerance and flexibility in relation to 
voltage fluctuations. A further advantage of an 
electromotor, as previously cited, is the possibility to 
function as generator; in all hybrid/electric vehicle 
systems, mechanical braking energy is regenerated. 
 
 BLDC motor for industrial applications 

For industrial applications, brushless DC motors 
are primarily used in servo, actuation, positioning and 
variable speed applications where the precise motion 
control and stable operation are critical for the satisfactory 
operation of the manufacturing or industrial process. The 
industrial application of brushless motors has grown 
significantly thanks to several factors such as: reduction of 
the driving electronics costs, the need to have an highly 
accurate position control in the manufacturing processes 
and the need to have, as much as possible, all components 
in a very compact form in order to obtain space saving. 
 

 
 

Figure-8. Different employments of the BLDC motors 
inside a manufacturing or industrial process. 

 
Brushless motors are, in principle, easy to control 

because the torque is generated in proportion to the 

current; they have high efficiency and high dynamic 
responses can be achieved. The driving unit of BLDC 
motors compares the set speed with the feedback signals 
provided from Hall sensors embedded in the motor and 
adjusts the motor speed in order to reach the set speed 
value. For this reason, even if load variations occur, the 
feedback control allows the system to reach the set speed 
automatically, thus performing a stable rotation. With 
other motor typologies, feedback control is not performed, 
so the speed will drop significantly when the load 
increases. Therefore, brushless motors are recommended 
for applications where speed stability is important. 
Furthermore, they have a wider speed control range; the 
torque at low speed is not limited, so applications that 
require a constant torque, from low speed to high speed, 
benefit from the use of BLDC motors. In addition, direct 
connection with the drive shaft is possible without using a 
connecting part, thus allowing space saving. 
 

 
 

Figure-9. BLDC motors are optimal for switching 
between high speed and low speed operation, for arbitrary 

adjustment of speed and also for space saving. 
 

In many industrial applications the employed 
motors must be compact as much as possible, so that they 
can be mounted in small spaces. In fact, the trend towards 
ever-smaller products is increasing and the assembly 
equipments are consequently operating with ever-smaller 
components. 

Belt conveyors, just like those that work with 
standard-sized components, are now being used for 
transporting great amount of loads, with small dimensions, 
in safely. Optimized to meet the special requirements of 
transporting small items, in many cases, the BLDC motors 
are the more suitable choice. Robust materials and durable 
maintenance-free components guarantee high operational 
functionality over long periods of time. 

Beside to the electronic manufacturing, as shown 
in Figures 10 and 11, miniaturized motors are required 
also in laboratory robots, analysis equipment, measuring 
and testing apparatus or micro grip tongs. Tasks such as 
optical lens correction, dosing minute quantities of liquid 
or positioning of calipers must be carried out quickly, with 
great precision and very smoothly. 
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Figure-10. Miniaturized manufacturing requires very little 
space for the equipments, thus it finds great benefits by 

the use of BLDC motors. 
 

 
 

Figure-11. BLDC motors used in laboratory robots, 
analysis equipment, measuring and testing apparatus. 

 
BLDC motors are not subject to any brush wear, 

can be mass-produced with very small size, up to 1.9 mm 
diameter, and can be equipped with gears of the same 
diameter. The drive unit is either integrated into the 
motors or is external and it allows to obtain infinitely 
variable control of speed and torque, in a very sensible 
way. All these features allow to BLDC motors to be 
employed in many applications in the industrial field. In 
addition, BLDC motors are also mounted in equipments 

not only employed in the industrial field, but also 
frequently used, such as printer, scanner, office equipment 
in general, making possible the management of 
lightweight and quiet devices. Figure-12 shows a typical 
office printer equipped with different BLDC motors useful 
to perform the various required tasks. 
 

 
 

Figure-12. Office equipments such as printers, scanner 
employ BLDC motors. 

 
 BLDC Motors in medical applications 

BLDC motors are ever more frequently finding 
use into an increasing number of medical applications; 
they are, in fact, the ideal replacement for the more 
commonly used brushed DC electric motor. The need of 
efficient, compact and ever more reliable medical 
equipments is encouraging the emergence of BLDC 
motors within this field. An important application 
concerns the treatment of sleep apnea which requires the 
use of Positive Airway Pressure (PAP) respirators (M. M. 
Meenu et al., 2015). Most PAP respirators use a brushless 
DC motor to drive the blower fan; this last creates positive 
airway pressure to aid the patient in breathing while he is 
asleep. In this application, the blower fan will increase or 
decrease the patient's airway pressure in response to its 
breathing pattern. When the patient inhales, the blower fan 
must increase the volume of air into the lungs, therefore 
the motor must accelerate. When the patient exhales, the 
blower fan must reduce the volume of air entering the 
lungs, therefore the motor must decelerate. In addition, 
BLDC motors are ideal for this application because they 
are noiseless due to the absence of brushes, which emit 
audible noise during rotation, thus avoiding disturbing the 
sleep of the person sleeping next to the patient. 

In Figure-14, a photo of a PAP respirator 
available in the market, which employs a BLDC motor, is 
shown. The microcontroller sets the motor speed - and this 
in turn determines the output pressure - as function of the 
patient's breathing pattern. 
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Figure-13. The treatment of sleep apnea by means of PAP 
respirators, equipped with BLDC motors, becomes less 
severe thank to the low noise of these type of motors. 

 

 
 

Figure-14. Photo of a PAP respirators which employs 
a BLDC motor. 

 
Many other applications in the medical field 

derive benefit from the employment of BLDC motors. In 
fact, the worldwide increase in demand for medical 
analysis and testing services has resulted in the need to 
develop medical analysis and testing equipments with 
greater throughput and of high reliability. In hospital 
equipment, for example, or other patient care facilities, the 
used motors are required to comply with low noise level 
standards to endorse patient comfort and reduce anxiety. 
On the other hand, there is also an increasing market trend 
to reduce the cost of existing medical equiments. 
Furthermore, the designers have to satisfy the trade-off 
between the need to employ ever more small and complex 
devices in medical equipments and the costs reduction. 
BLDC motors are optimum candidates for satisfying both 
costs and space requirement; besides, compared to their 
brushed counterpart, BLDC motors have higher heat 
transfer efficiency which allows them to operate without 
become hot in crowded spaces such those of hospital 
equipments. In fact, being the heat dissipation of a motor 
correlated to the motor’s windings location, in a BLDC 
motor windings are affixed to the motor’s housing thus 
facilitating the heat transferring away from the motor. 

An important factor, in many applications, is the 
power supply for feeding the employed electronic 
/mechanical devices. In this context, an innovative 
application in the medical field regards the employment of 
BLDC motors for magnetic energy generation. A leader 
company in the manufacturing of stepper, AC and DC 
motors has focused its production on the base of a patent 
in which the magnetic transfer of a rotary motion, from a 
source to a receiver, was studied, thus obtaining an 
efficient non-contact power transmission. In the receiver, 

also called generator module, the rotary motion is then 
converted into electricity (Wilfried Andrä et al., 2007).  
 

 
 

Figure-15. BLDC motors used in power transmission 
devices; magnetic energy, deriving from the rotary motion 

is transferred from source to receiver in which it is 
converted into electrical energy. 

 
In the company project, the transmitter module, 

very compact, can be easily worn on a belt, for example, 
for medical implants as shown in Figure-15; it is 
composed of a BLDC motor with 20mm outer diameter 
and a length of 60mm and a compact motion controller 
measuring just 34 × 25 × 14 mm. 

The transfer module is able to supply power both 
continuously over long periods of time and on tap in short 
spells as required. As a result, swallowed capsules can be 
powered, as can dosage systems implanted in the body, or 
hermetically sealed sensors in technical systems which 
only need to be powered on demand, such as for parameter 
polling. The use of a magnetic coupling enables the power 
to be transmitted through all non-magnetic materials. Even 
biological tissue, plastic, nonferrous heavy metal, titanium 
or amagnetic stainless steel shells are no obstacle. 
Consequently, the method is suitable for many different 
medical and technical applications. 

In addition, BLDC motors are ever more 
manufactured in small dimensions making possible their 
use in several applications in medical field. In fact, they 
are becoming well suited to be applied in very narrow 
spaces, for example like those inside the human body. 
Figure-16a shows an example of the reached dimension of 
BLDC motor, wherease Figures 16b and 17 their possible 
applications in a surgery room. Further application, in the 
context of BLDC motors employed in surgery rooms, 
beside the use in medical equipment, is also related to an 
innovative idea, according to which, this type of motors 
can be employed to remove the cholesterol plaques present 
inside the arteries. As shown in Figure-17, a very precisely 
system, through a rotation movement provided by the 
miniaturized BLDC motor, advancing slowly, allows to 
chip away the cholesterol residues deposited inside the 
arteries thus freeing the passage for the normal blood flow. 
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Figure-16. The small dimensions of BLDC motors (a) 
allow their use in several applications in the medical 

field, for example in a surgery room (b). 
 

 
 

Figure-17. View of the system during operation inside the 
arteries (a), rotation movement and advancing (b) and (c) 
and finally, artery cleaned for the normal blood flow (d). 

 
Several methods can be implemented, as function 

of the specific case, each of them based on a rotation and 
advancement movement. In Figure-18a, a device 
consisting of two rotating arms, at the initial instant of 
operation and at the end, is shown; whereas, in Figure-
18b, an helical shaped device is used to perform the artery 
cleaning in case of it is totally occluded. 
 
 
 
 
 
 
 

 

 
 

Figure-18. Miniaturized BLDC motors used to remove 
cholesterol plaques into arteries; different cleaning 

techniques (a) and (b) during their operation. 
 
 BLDC motors for bionic hand or foot prothesis 

Prothesis is a complex medical device which 
needs to be adapted to the specific individual requirement. 
A good prothesis is based on the reliable and smooth 
interaction of mechanics, electronics and the user. It is 
controlled by small electrical signals in the body. These 
are generated by muscle contractions and can be measured 
with electrodes on the skin – the same way as an ECG in 
heart diagnostics. In a generic hand prothesis two 
electrodes are integrated into the prothesis shaft to detect 
the myoelectric signals and forward them to the control 
electronics. These signals are amplified and used to 
activate the small electric motors (one for each finger) that 
move the fingers and thumb - the hand opens or closes 
itself. As a result, the strength of the muscle contraction 
controls the speed and the gripping force: a weak signal 
generates a slow movement, a strong signal generates a 
quick movement. 

In the modern prothesis, in order to control the 
individual fingers, each finger is equipped with its own 
electric motor. Four motors for the fingers are located in 
the palm of the hand, the fifth in the thumb itself. 
Encoders are integrated into the motors which precisely 
detect the position of the fingers at any time. An intensity 
research activity in the last years, from developers and 
leader companies in design of motors, is resulted in motors 
featured by lightness and at the same time robustness and 
small size, with an exceptional power-volume ratio. The 
strong performance, among others, is made possible by the 
development of a new coil design which contains 60 
percent more copper than its predecessor and has been 
combined with a powerful rare-earth magnet. In Figure-19, 
a modern hand prothesis, with mounted BLDC motors in 
order to perform easly the desired movement, is shown. 
The prosthesis weighs between 400 and 600 grams which 
is about the weight of a natural hand. 
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Figure-19. Micro BLDC motors in bionic hand prosthesis 
due to their lightness, small dimensions and energy saving. 
 

An example of these type of motors, designed for 
the specific application, is the BLDC-micromotor with a 
diameter of 10 mm and a length of 24 mm; it delivers a 
stall torque rating of 4.6 mNm and offers a consistently 
high torque across the entire speed range as a result of the 
flat speed/torque curve. A photo with the view of a BLDC 
motor embedded on the back of the hand prothesis is 
reported in Figure-20. 
 

 
 

Figure-20. View of an hand prosthesis equipped 
with a BLDC motor. 

 
Each prothesis, once designed and produced by 

its company, is fine tuned by the local orthopaedic 
specialist to suit the individual user. Concerning foot 
prothesis, the device uses its electromechanical systems to 
adapt itself to the individual's walking style and create a 
truly natural feeling for the user. Finding a way to simulate 
this natural damping requires great attention to be paid to 
the mechanics and electronics.  

Thanks to modern high-power microprocessors, 
miniature precision sensors and micromechanical motors, 
the technology now exists to achieve very impressive 
results; technology, in fact, allows the user to walk slowly 
or fast, run, climb slopes or cycle without needing to pay 
much special attention to what the limb is doing. In 
addition, the knee joint can react immediately to changes 
in speed or surface conditions improving safety 
considerably. Even in the case of a stumble, the real-time 
electronics will reliably prevent the prosthesis from 
breakages. Over the long term, the ability of the prosthesis 
to react intelligently safeguards the health of the user, 
avoiding undue wear and tear on the other joints or 
problems arising from poor posture and thus overstraining 
of the healthy leg. All these requirements can be satisfied 
by employing lightness and, at the same time, robust and 

reliable devices; therefore, beside sensors and the needed 
electronic/mechanic equipment, also in this case, the 
BLDC micromotors. These micromotors offer high 
performance in combination with a slimline design. The 
high efficiency of these motors means that prostheses can 
work without needing recharging for periods of up to two 
days, even with the limited capacities of lithium batteries. 
In Figure-21, as example, a robotic foot prothesis, with 
indication of the different sections, in which the use of a 
BLDC motor is also highlighted, is reported. 
 

 
 

Figure-21. Robotic foot prothesis which makes use 
of the BLDC motor. 

 
The combination of modern electronics with 

robust, high-performance micro BLDC motors, provides 
an enormous improvement to the comfort of those using 
prostheses. Dynamic motors, real-time electronics and 
high resolution sensors mean that it is now possible to fit 
all the components required for natural movement into the 
limited space provided by a prosthesis. 
 
 BLDC motor for robotic applications 

Robots can be considered, from a certain point of 
view, close to the prothesis field; robots, in fact, are 
complex electromechanical systems where several electric 
drives are used to control the movement of articulated 
structures. Mobile robots are often deployed in critical 
situations considered too dangerous to handle for humans, 
in law enforcement or anti-terror measures, e.g. to identify 
a suspicious object or disarm a bomb, or in industrial 
operations. For these reason, these machines must operate 
in a very precise way and for difficult and dangerous tasks 
they must be controlled wirelessly via radio. At the same 
time, these robots have to assume a little dimension in 
order to allow access through narrow passageways. 
Furthermore, in order to gain optimum advantage from the 
ground clearance, to surmount the obstacles, thus 
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advancing without difficult, these robots are usually 
provided by more than four wheels, as shown in Figure-
22. 

It is clearly that electrical/mechanical equipment 
of which such machines are supplied, must be chosen 
accurately respecting the requirements of lightness, energy 
savings (because of the autonomous energy system), little 
dimensions, robustness and reliability being employed in 
great quantity in a robot-machine. 
 

 
 

Figure-22. Complex electro-mechanical systems, in 
robotic field, employ BLDC motors thank to their 

optimal features for these type of applications. 
 

Many robotics applications make widespread use 
of BLDC motors because of the ease of controlling speed 
and direction. As previously reported, they are capable of 
an infinite speed range, from full speed down to zero, with 
a wide range of loads. They can be used in many motion-
control applications, for repetitive motion applications, 
such as sanding, material removal and polishing. 
Furthermore, BLDC motors are also applied for vehicular 
dynamic-braking applications where the energy from 
BLDC motors is used to replace or decrease the size of 
mechanical brakes, in this way it is possible to reduce the 
overall system weight thus obtaining also space savings. 
Because BLDC motors present a high ratio of torque to 
inertia, they can respond quickly to changes in control 
signals; a BLDC motor, in fact, can be smoothly 
controlled to near-zero motion and instantly accelerated in 
the opposite direction without the need for complex 
power-switching circuitry. Beside these features, BLDC 
motors can provide advantages in power consumption, 
reliability and obviously lightness becoming therefore the 
ideal choice for airborne applications, for drones and so 
on. The driving units of BLDC motors operate even at 
minimal supply voltages and are therefore ideal for 
autonomous battery - backed systems, designed in order to 
avoid to fail immediately in the event of a voltage drop. 
 

 
 

Figure-23. Lightness, small dimensions and low power 
consumption are the principal elements of motors 

employed in airborne applications, drones and so on. 
 

Finally, BLDC motors represent the best option 
for long service life and maximum dynamics. Small 
dimensions, low noise and power consumption, variable 
speed as function of the specific event and the possibility 
to have constant output torque, beside lightness, are all 
features required in robotic applications. Therefore, BLDC 
motors can be used in sophisticated humanoid robots, in 
critical situations, in industrial activity, or in sectors in 
which robots must assume an "human social behaviors", 
e.g. for service functions or providing information in 
places such as museums, airports or hospitals, where 
sophisticated technology for robot construction is very 
important. 
 

 
 

Figure-24. Humanoid robots are sophisticated electro / 
mechanical machines that take advantage from 

the use of BLDC motors. 
 
BLDC MOTORS DRIVING BOARDS: DESIGN AND 
TESTING OF AN EASY - PRACTICAL SOLUTION 

In this paragraph, the design and realization of a 
driving system for monitoring and controlling of a BLDC 
motor, with Hall sensors embedded, is reported. As 
previously cited, the BLDC motor control can be done in 
sensor or sensor-less mode; in this last mode higher 
requirements for control algorithms and more complicated 
electronics are needed. The BLDC motor control has been 
realized by using development electronic boards properly 
programmed, as shown in Figure-25, which allow to get 
very low implementation costs (Visconti et al., 2016, 
2015), (Primiceri et al..2017). 
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Figure-25. Block diagram of realized system: STM32 
Nucleo board on the left, X-Nucleo-IHM07M1 motor 

driver expansion board at the center and BLDC 
motor on the right. 

 
BLDC motors need a dedicated electronic control 

in order to function properly. The microcontroller, used 
for driving phases commutation, has to feed the different 
motor phases, correctly in sequence, by processing the 
output signals from Hall sensors placed on the stator. By 
means of the ST X-Nucleo-IHM07M1 motor driver board, 
realized for this purpose, it is possible to program 
microcontroller using a dedicated firmware in order to 
control the BLDC motors, both those sensor-less and those 
equipped with Hall sensors. In this work, a software in 
ARM mbed environment was developed, using the object-
oriented programming (C ++ language), thus realizing the 
firmware for STM32 Nucleo development board needed to 
control and drive properly any BLDC motor equipped 
with Hall effect sensors (Visconti et al., 2016, 2017).  

The X-Nucleo-IHM07M1 motor driver expansion 
board is based on the L6230 IC driver. This last is a three-
phase brushless DC motor driver and provides an 
affordable and easy-to-use solution for driving three-phase 
BLDC motors. It is compatible with the ST Morpho 
connectors of the STM32 Nucleo board, used for 
cnnecting expansion board, and supports the addition of 
other boards which can be stacked onto the STM32 board. 
The X-Nucleo-IHM07M1 is fully configurable and ready 
to support different closed-loop control modes for motors 
without or equipped with sensors; finally, it is compatible 
with three shunt or single shunt current measurement. In 
Figure-26, the expansion board X-Nucleo-IHM07M1 
(Figure-26a) and its assembly on STM32 Nucleo 64-pins 
board (Figure-26b) are shown. 

A BLDC motor is highly reliable since it has no 
brush to wear out and replace. As seen previously, this 
motors typology is particularly well suited for applications 
that need smooth running and long service life. The high-
energy permanent magnets (located on rotor) allow high 
acceleration and speeds up to 14.000rpm with exceptional 
efficiency. Rotor position is detected electronically using 
three Hall sensors, located to 120° between them.  
 

 

 
 

Figure-26. View of the Nucleo-IHM07M1 motor driver 
expansion board with indication of the principal blocks (a) 

and its assembly on STM32 Nucleo 64-pins board by 
means of the Morpho connectors (b). 

 
Before analyzing the BLDC motor driving 

system implemented in this work, different typologies and 
related operating principle of BLDC motors are described 
following. These motor typologies can be distinguished in: 
"internal rotor motors" in which the rotor is rotated by 
permanent magnets on a shaft in an immobile stator with 
coils, or "external rotor motors" (used in this work and 
shown in Figure-27a) in which stator is located inside and 
rotor consists of an externally rotating bell-shaped housing 
in which magnets are mounted. The simplified cross 
section of a three-phases BLDC motors, with external 
rotor, is shown in Figure-27b. 

 

(a) 

(b)
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Figure-27. View of the external rotor motor with 
indication of the Hall sensors used to detect the position 

and speed of the rotating magnets (a) and cross sections of 
a three phases BLDC motors (b). 

 
The three-phases motor, used in this research 

work, offers a good compromise between precise control 
and number of power electronic devices required to 
control the stator currents. For the rotor, a greater number 
of poles usually determines a greater torque for the same 
level of current. On the other hand, by adding more 
magnets, a point will be reached where, due to the space 
needed between magnets, the torque will not increase 
more. The manufacturing cost increases with the number 
of poles; therefore, the number of poles is a compromise 
between cost, torque and volume. The used motor, in this 
work, is provided by 8 pole pairs. 

Figure-28 shows an example of Hall sensors 
signals with respect to the Back Electromotive Force 
(BEMF), i.e. the voltage that occurs when there is a 
relative motion between magnets of the rotor and magnetic 
field from the windings, and respect to the phase currents. 
Each Hall sensor changes its state every 60 electrical 
degrees of rotation, therefore six steps are needed to 
complete an electrical cycle. However, an electrical cycle 
may not correspond to a complete mechanical revolution 
of the rotor. The number of electrical cycles to be repeated 
to complete a mechanical rotation is determined by the 
rotor pole pairs. For each rotor pole pair, one electrical 
cycle is completed; thus, for a complete mechanical 
revolution, the number of electrical cycles/rotations equals 
the rotor pole pairs (in the example of Figure-28, one 
mechanical revolution requires two electrical cycles, 
therefore there are two rotor pole pairs). This sequence of 
conducting winding pairs is essential to the production of a 
constant output torque; each sequence has two powered 
windings, one positive, the other negative and the third 
winding opened (no current flows in this winding). 
 

 
 

Figure-28. Hall sensor output signals, Back EMF, output 
torque signal and phase current signals. 

 
The realized motor driving system includes the 

STM32 Nucleo board model F302R8, suitable for 
monitoring and controlling of the different sections by PC 
interfacing, the X-Nucleo IHM07M1 motor driver 
expansion board required for proper feeding/driving the 
motor phases and for signals acquisition provided from the 
Hall sensors embedded on BLDC motor and from 
temperature sensor, integrated on board, used to monitor 
the L6230 IC driver during its operation. Obviously, the 
developed system is composed of a BLDC motor, Nanotec 
DF45M024053-A2, with Hall sensors embedded. The 
block scheme and a photo of the realized system are 
shown in Figure 29 where the connections between the 
different blocks are highlighted. STM32 Nucleo board is 
connected to PC through a USB cable and supplied by 5V 
provided from USB connection (Visconti et al., 2017), 
(Primiceri et al., 2016). 

The two Nucleo boards, STM32 F302R8 and 
IHM07M1 motor driver expansion board, are assembled 
together using the STM Morpho connectors; the expansion 
board is powered by 24V provided from Agilent E3631A 
power supply. BLDC motor is connected to the expansion 
board using the connectors, present on board itself, for 
driving the three motor phases and for detecting Hall 
sensors signals; also Hall sensors are supplied by means of 
5V DC voltage (red wire) and GND (black wire), as 
shown in Figure-29(a). 
 

(a) (b) 
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Figure-29. Block scheme (a) and photo (b) of the realized 
control system; BLDC motor driven by PC through X 

Nucleo expansion board and STM32 Nucleo development 
board. 

 
In order to verify the proper operation of realized 

system, a Picoscope 3000 digital oscilloscope was used; 
the most significant I/O pins of the IHM07M1 motor 
driver board were connected to analog/digital probes for 
oscilloscope viewing. In particular, the digital probes are 
connected to enable, PWM variable duty-cycle pins and 
Hall sensors outputs, whereas analog probes are connected 
to BEMF signals pins. In this way, it was possible to 
observe signals trend during motor speed variation. In 
Figure 30, temporal trend of D3-D4-D5 PWM signals 
related to input pins of IHM07M1 driving board, of D0-
D1-D2 enabling pins and of D6-D10-D9 signals from Hall 
sensors are reported. 
 
 
 
 

 
 

Figure-30. Signals taken by oscilloscope during motor 
operation: D0, D1 and D2 are enabling signals for D3, D4, 

D5 PWM signals respectively. D6, D10, D9 are Hall 
sensors signals. 

 
As shown in Figure-30, soon after D6 signal 

(output signal form Hall sensor) is low, D3 PWM signal is 
disabled and D4 PWM input signal is enabled by D1 
signal activation. In other words, D0-D1 and D2 signals 
enable PWM input signals as function of Hall sensor 
outputs commutations. By varying the potentiometer 
value, located on IHM07M1 driving board, the PWM 
duty-cycle changes and also the motor rotation speed. 

Different tests were carried out to verify the 
proper function of BLDC motor; from a standing start, 
once inserted on PC terminal the parameters related to 
desired direction and rpm value, by pressing the on board 
button, the motor starts the rotation. In Figure-31a, a photo 
of the IHM07M1 motor driver expansion board with 
indicated the BLDC motor connections is reported, 
whereas in Figure-31b, a screenshot of PC terminal with 
received data by USB connection with STM Nucleo board. 
It is possible to see, in Figure-31b, the selected clockwise 
direction, the set rpm value (480) and the L6230 IC driver 
temperature value (33.57°C) just before starting rotation. 
Soon after starting rotation, as shown in PC terminal, the 
motor reaches, in a short time, the set rpm value being the 
PWM duty-cycle increased up to 25%, whereas 
temperature value does not undergo significant variations. 
In addition, in the performed tests, it was verified that 
motor stops (by removing its power supply), when PWM 
duty-cycle value is 100% without reaching set speed 
value. Figure-31c shows the motor operation changing 
rpm speed by varying the on board potentiometer value. 
 

(a) 

(b) 
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Figure-31. View of the hardware connections between X 
Nucleo motor driver expansion board and BLDC motor 
(a), screenshot of PC terminal with data received from 

STM32 board with increasing duty-cycle to reach set rpm 
value (b) and BLDC motor rotation with variable speed by 
changing on board potentiometer value; on the right, the 
variations of motor rpm value and temperature of L6230 

IC driver (c). 
 

As reported in the screenshot of PC terminal, the 
L6230 IC temperature, in this case, changes as function of 
potentiometer value variation and thus of the rpm speed; 
this is due to increased L6230 driver solicitation which 
determines its greater heating. Furthermore, it was verified 
the proper control, added in the developed firmware, for 
safeguarding the motor/system integrity; it removes the 
power supply if BLDC motor is stalled for a time greater 
than 3 sec. In another test, it was verified that motor 
resumes the rotation after being blocked for a time interval 
lower than 3 sec; the rotation starts again reaching the 
initial rpm speed value. 

In this way, it was tested that realized driving 
system works properly, PC receives data from board 
relative to duty-cycle variation as function of set rpm or 
potentiometer value and relative to L6230 IC driver 
temperature so obtaining complete control and monitoring 
of motor rotation. 
 
CONCLUSIONS 

In this paper a broad overview on the application 
fields of BLDC motors is initially presented. The use of 
BLDC motors is increasing ever more in the last years 
thanks to many exellent features that characterize this 
motor typology. For example, efficiency, which leads to 
longer periods of use before the battery needs charged, 

reliability, lower maintenance costs (no brush erosion), 
smooth torque delivery, high speed operation, lightness 
and increasingly smaller dimensions are all features which 
characterize BLDC motors and required in many 
application fields. Therefore, this motor typology is 
employed, and its use is increasing over time, in different 
sectors such as home appliances, automotive, aerospace, 
consumer, medical, industrial automation and so on. In 
this work, after the overview on the application fields of 
BLDC motors, a designed and realized drive/control unit 
is proposed.  

The realized system allows to drive and control a 
BLCD motor, with Hall sensors embedded, by energizing 
properly the motor phases determining, in this way, its 
rotation in a clockwise or anti-clockwise direction; it 
allows to estimate and control the motor speed, by 
processing digital signals provided from Hall sensors, and 
implements methods for the safeguard of motor and of the 
realized driving electronic system itself. The realized 
driving unit makes use of development electronic boards: 
the STM32 Nucleo board, model F302R8, used for 
monitoring and controlling of the entire realized system by 
PC interfacing and the X-Nucleo IHM07M1 motor driver 
expansion board used for proper feeding/driving the motor 
phases and for acquiring signals provided from the Hall 
sensors embedded on BLDC motor. Furthermore, a 
temperature sensor, integrated on the IHM07M1 board, is 
used for monitoring of the temperature value of L6230 IC 
motor driver (embedded on board) during its operation. 
Finally, the results related to the performed tests are 
shown confirming the correct motor operation. 
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