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RESUMEN

Estoy diseflando un scooter eléctrico utilizando un motor BLDC de 48V. En primer lugar,
proporcioné una definicion de los scooters eléctricos, junto con sus ventajas, desventajas y
potencial de mercado. Luego, expliqué los componentes de un scooter eléctrico: el motor, la

bateria y el convertidor.

Para el motor, describi los tipos de motores utilizados en los scooters eléctricos, detallando sus
caracteristicas y comparando sus pros y contras. En cuanto a la bateria, primero expliqué las
baterias primarias y secundarias. Dado que este disefio utiliza una bateria secundaria, discuti los
tipos, el rendimiento y las ventajas y desventajas de las baterias secundarias. Luego investigué la
capacidad y los tipos de baterias utilizadas en los scooters eléctricos, describiendo sus

caracteristicas e incluyendo hojas de datos.

Finalmente, expliqué los convertidores DC/DC, detallando sus tipos, principios de
funcionamiento y comparando sus ventajas y desventajas. Después de investigar cada
componente, seleccioné tres modelos para cada componente de los mercados en linea y comparé

sus hojas de datos para resaltar sus pros y contras.

Después de seleccionar los modelos para cada componente, utilicé sus valores de datos para
disefiar un circuito basico en PSIM. Luego verifiqué la idoneidad y el funcionamiento adecuado de

los componentes seleccionados a través de los valores y gréficos de salida de PSIM.

Finalmente, completé el disefio encontrando y comparando el rendimiento y los precios de los

diodos, transistores y MOSFETs utilizados en el convertidor de los mercados en linea.
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RESUM

Estic dissenyant un escuter eléctric utilitzant un motor *BLDC de 48V. En primer lloc, vaig
proporcionar una definici6 dels escUters electrics, juntament amb els seus avantatges,
desavantatges i potencial de mercat. Després, vaig explicar els components d'un escuter eléctric:

el motor, la bateria i el convertidor.

Per al motor, vaig descriure els tipus de motors utilitzats en els escuters electrics, detallant les
seues caracteristiques i comparant els seus pros i contres. Quant a la bateria, primer vaig explicar
les bateries primaries i secundaries. Atés que este disseny utilitza una bateria secundaria, vaig
discutir els tipus, el rendiment i els avantatges i desavantatges de les bateries secundaries.
Després vaig investigar la capacitat i els tipus de bateries utilitzades en els escuters eléctrics,

descrivint les seues caracteristiques i incloent fulles de dades.

Finalment, vaig explicar els convertidors DC/DC, detallant els seus tipus, principis de
funcionament i comparant els seus avantatges i desavantatges. Després d'investigar cada
component, vaig seleccionar tres models per a cada component dels mercats en linia i vaig

comparar les seues fulles de dades per a ressaltar els seus pros i contres.

Després de seleccionar els models per a cada component, vaig utilitzar els seus valors de dades
per a dissenyar un circuit basic en *PSIM. Després vaig verificar la idoneitat i el funcionament

adequat dels components seleccionats a través dels valors i grafics d'eixida de *PSIM.

Finalment, vaig completar el disseny trobant i comparant el rendiment i els preus dels diodes,

transistors i *MOSFETs utilitzats en el convertidor dels mercats en linia.
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ABSTRACT

| am designing an electric scooter using a 48V BLDC motor. Firstly, | provided a definition of
electric scooters, along with their advantages, disadvantages, and market potential. Then, |

explained the components of an electric scooter: the motor, battery, and converter.

For the motor, | described the types of motors used in electric scooters, detailing their

characteristics and comparing their pros and cons.

Regarding the battery, | first explained primary and secondary batteries. Since this design uses a
secondary battery, | discussed the types, performance, and advantages and disadvantages of
secondary batteries. | then researched the capacity and types of batteries used in electric scooters,

describing their features and including datasheets.

Lastly, | explained DC/DC converters, detailing their types, operating principles, and comparing
their advantages and disadvantages. After researching each component, | selected three models
for each component from online markets and compared their datasheets to highlight their pros

and cons.

After selecting the models for each component, | used their data values to design a basic circuit
in PSIM. | then verified the suitability and proper operation of the selected components through

PSIM's output values and graphs.

Finally, I completed the design by finding and comparing the performance and prices of the

diodes, transistors, and MOSFETs used in the converter from online markets.
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1. Introduction

This paper introduces the structural understanding and design of electric scooters, as well as the
necessity of electric scooters and the advantages and disadvantages of each component. Using
PSIM, | will design components with optimal efficiency and verify their operation without overload,

followed by presenting the values of each measurement graph.

2. Background

In recent years, electric scooters have become a popular means of short-distance transportation
across various fields. Especially in major cities with high population densities, the number of
electric scooter users has been steadily increasing. Furthermore, companies are increasingly
managing and operating shared electric scooters. The reasons for this trend are manifold, but a
key reason is that many users in large cities prefer electric scooters due to issues like traffic
congestion, parking, and space consumption. Additionally, electric scooters are favored for their

economic efficiency, convenience, and effectiveness.
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Figure 1. Many office workers commute to work by electric scooter. (obtained from

solumpv.com)

Another major reason for the increasing demand is the environmental benefits they offer. The
environmental issues of our time are urgent, and many countries are imposing significant
restrictions and penalties on internal combustion vehicles and industries emitting carbon dioxide.
In this context, electric-powered transportation options have gained popularity as viable
alternatives. For instance, by 2022, the share of electric vehicles in Spain had expanded to 12%.
Moreover, most public transportation in major cities is being replaced by electric and hybrid

systems, and electric scooters are also being recognized as eco-friendly modes of transportation.
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Figure 2. Many people also use share electric scooters.(obtained from phys.org)

Electric scooters run on lithium-ion batteries, making them a low-carbon and environmentally
friendly mode of transport. Their small size and portability appeal particularly to younger
generations, and their demand is increasing. Shared electric scooters are also popular due to the

convenience of not having to own one and the ability to use them at desired locations.
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@' TEKTRENDY

Premium Electric Scooters, Electronics & More!

3 Key Benefits Of Using Electric Scooters

Save Time

* Easyto carrj/ with 3 second folding design
* Shorten your commute and avoid traffic jams
» Fully charges overnight and ready to go next morning!

Save Money

e Cut your spending on gas, parking and commute

e |ow cost & maintenance compared to e-bikes & cars

s Help save more money for personal hobbies & groceries!

Be In Control

¢ Choose how YOU want to get around everyday

¢ Give yourself more time to do the things you love

¢ Enjoy more freedom and be in control over your own life!

Figure 3. The biggest advantage of electric scooters is convenience. (obtained from

i.pinimg.com)

Given these trends, this paper aims to explore how electric scooters can be designed and
engineered for greater efficiency. While electric scooters offer the advantages of portability and
easy access, their compact size and design limit the distance they can travel on a single charge,

and the motor constraints affect their speed and acceleration.

Therefore, through this experiment, we aim to design an electric scooter that can achieve the best

efficiency and the longest travel distance using various motors, batteries, and converters.

2.1. What is an Electric Scooter?
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Figure 4. There are various designs of scooters. (obtained from weareellectric.com)

An electric scooter is an innovative personal transportation device that offers mobility and
convenience in urban environments. These scooters are composed of technical components such
as electric motors, batteries, converters, and controllers, all of which work harmoniously to enable

efficient driving.

2.2. Components of an Electric Scooter

2.2.1. Electric Motor

The electric motor of an electric scooter is one of the most crucial components of the vehicle.

Typically, electric scooters use brushless DC (BLDC) motors rather than traditional DC motors.
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Figure 5. Most electric scooters have motors attached to the wheels.(obtained from xlt-

scooter.com)

2.2.1.1. BLDC Motor

A brushless motor is defined as a motor designed to provide similar output characteristics to a
DC motor but without brushes. The rotor does not have brushes, and electronic commutation is
performed at specific rotor positions. A BLDC motor is a permanent magnet synchronous motor
with a unique back EMF waveform that allows it to operate similarly to a brushed DC motor.
However, BLDC motors do not operate directly from a DC voltage source; their fundamental

operating principle is similar to that of a DC motor.
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Figure 6. BLDC motor used in electric scooter(obtained from brushless.com)

A brushless DC motor consists of a rotor with permanent magnets and a stator with windings.
Essentially, a BLDC motor is an inside-out DC motor. The brushes and commutator are eliminated,
and the windings are connected to control electronics. These control electronics replace the
commutator's function and supply power to the appropriate windings. Power is supplied to the
windings in a rotating pattern around the stator. The powered stator windings guide the rotor

magnets to align with the stator, ensuring smooth rotation.
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Rotor Rotor

Stator

Inner Rotor Motor External Rotor Motor

Figure 7. Structure of BLDC motor (obtained from ablic.com)

> Advantages of BLDC Motors

@

High Reliability and Long Lifespan: Without brushes and commutators, which are the

major drawbacks of traditional DC motors, regular maintenance is not required.

Excellent Controllability: Since the field is a permanent magnet, it can control speed and

torque similar to a DC motor, except for controlling the field flux.

High Efficiency: There is no voltage drop or friction loss from brushes compared to

conventional DC motors.

Minimal Electrical (Spark Generation), Magnetic, and Mechanical Noise: BLDC motors

produce little to no noise and interference.

Ease of Miniaturization and Thin Design: Without brushes and commutators,
miniaturization is possible, and using coreless and flat configurations can achieve a thin

design.
Capability of High-Speed Operation: BLDC motors can operate at high speeds efficiently.

High Ratio of Maximum Instantaneous Torque to Rated Torque: Unlike conventional DC
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motors which have commutation limits, BLDC motors do not have these limits, allowing

for a higher maximum instantaneous torque.

Easy Cooling: In conventional DC motors, significant heat is generated on the rotor side,
requiring careful consideration for heat dissipation. In BLDC motors, heat is generated

only in the stator, making cooling easier.

> Disadvantages of BLDC Motors
Difficult to Repair: Once a BLDC motor breaks down, it is challenging to repair.

Higher Cost: Brushless motors are more expensive compared to brushed motors.

©@ ® 6

Additional Power Consumption for the Controller: BLDC motors require more power for

their controllers.

2.2.1.2. DC Motor

A brushed DC (BDC) motor is named for the "brushes" used for commutation. Brushed DC
motors are primarily used in household appliances and automotive applications. They also
maintain a strong presence in powerful industrial niches because they offer the ability to change
the torque-to-speed ratio used. BDC motors are easy to control because speed and torque are

proportional to the applied voltage/current.
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Figure 8. Electric Motor Brushed DC Motor Kit (obtained from amazon.de)

A brushed DC motor consists of four basic components: the stator, rotor (or armature), brushes,
and commutator. The rotor, also known as the armature, is made up of one or more windings.
When power is supplied to these windings, a magnetic field is generated. The poles of this rotor
magnetic field are attracted to the opposite poles generated by the stator, causing the rotor to
turn. As the motor rotates, the windings are powered in a different sequence so that the poles

generated by the rotor do not overrun the poles generated by the stator. This switching of the
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magnetic field in the rotor windings is called commutation. By reversing the polarity of the
brushes (i.e., reversing the battery leads), the direction of rotation can be easily changed to

clockwise and/or counterclockwise.

DC Motor Diagram

Pole Shoe / Face Armature Core
Field Winding

Stator

Bearing

haft

Armature Winding Commutator
Brush

IQSdirectory.com

Figure 9. DC Motor Diagram (obtained from igsdirectory.com)

» Advantages of DC Motors
@ Low Cost: Brushed DC motors are generally inexpensive.

@ Excellent Speed Control and Torque Characteristics: They provide precise control over

speed and torque.
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® Simple Design: They have a straightforward design.

> Disadvantages of DC Motors
@ Reduced Durability Due to Brush Friction: The brushes wear out over time.
@ Mechanical Noise from Friction: The brushes create mechanical noise.

® Heat Generation Due to Friction: The friction between the brushes and commutator

generates heat.

These motors provide efficient and rapid acceleration and require less maintenance. The motor
output of electric scooters typically ranges from 250W to 1000W, and the size and output of the
motor affect the driving performance and maximum speed. Additionally, there is a difference in

whether the motor is positioned on the front wheel or the rear wheel.

Front-wheel drive is often used in lightweight scooters. The advantage of front-wheel drive is that
it allows for a simpler mechanical design. In lightweight scooters, the battery and controller are
usually housed inside the tube beneath the handlebars. If the motor is front-wheel drive, the
distance between components is shortened, making the design easier. However, the disadvantage
is that most of the components and weight are concentrated at the front, which shifts the center
of gravity forward. If the front part is not durable, there is a higher likelihood of component

failure. Additionally, the shifted weight distribution can negatively impact the riding comfort.
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Front Wheel Drive
IU5 Electric Scooter

Figure 10. Front Wheel Drive (obtained from inomile.com)

Rear-wheel drive is commonly used in most of the current electric scooters. The advantages of
rear-wheel drive include improved riding comfort and reduced impact on the handlebars. It is also
safer and more stable for heavier electric scooters. The disadvantage is that it may slip more

easily on inclined surfaces, wet, or slippery roads.
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Rear Wheel Drive
IU3 Electric Scooter

=g

Figure 11. Rear Wheel Drive (obtained from inomile.com)

As previously mentioned, most electric scooters use BLDC motors due to their advantages, and

this design will also utilize a BLDC motor.

2.2.2. Batteries

A battery is a crucial power source for an electric scooter. It stores chemical energy and
converts it into electrical energy to produce direct current power when needed, not only for
electric scooters but also for devices such as flashlights, smartphones, and electric vehicles. The
capacity of batteries used in electric scooters typically ranges from 36V to 48V, and the driving

range and usage time depend on the battery's capacity and performance.

As technology advances, the importance of batteries has grown immensely. Batteries are now
used in most machines, and their efficiency has become increasingly crucial. In previous eras, oil
and coal were the primary energy sources, but now, due to eco-friendly policies, electrical energy

is gaining the most attention. Consequently, the significance of batteries has become a focal point.
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Figure 12. Batteries (obtained from hellot.net)

Batteries are broadly divided into primary and secondary batteries. Primary batteries, commonly

used in households, are non-rechargeable after a single use.

Types of primary batteries include alkaline batteries, mercury batteries, and lithium batteries, with

alkaline batteries being the most commonly used.
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Figure 13. Primary Battery (obtained from electronics.howstuffworks.com)

> Advantages of Primary Batteries
@ Long shelf life
@ Ready to use immediately

3® Low cost

> Disadvantages of Primary Batteries
@ Non-reusable
® Limited lifespan

® Environmental pollution: Generates a lot of waste due to non-reusability

Secondary batteries are rechargeable batteries that can be used multiple times. These batteries

store energy through internal chemical reactions and supply it as electrical energy when needed.
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Types of secondary batteries include lithium-ion batteries, nickel-metal hydride batteries, lead-

acid batteries, and lithium polymer batteries.

Figure 14. Several batteries are sometimes produced in this way. (obtained from

shutterstock.com)

> Advantages of Secondary Batteries

Reusable: Can be charged and used multiple times

Long Lifespan: Can be used for a long period with multiple charges
High Efficiency: Provides high energy density

Compact and Lightweight: Can be made small and light

© ® ®© 0O ©

Eco-friendly: Generates less waste due to reusability

> Disadvantages of Secondary Batteries

@ High Cost: More expensive to produce compared to primary batteries
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@ Charging Time: Requires time to recharge

® Complex Maintenance: Requires proper maintenance to avoid performance degradation

or reduced lifespan

Generally, the batteries used in electric products are secondary batteries such as lead-acid

batteries, lithium iron phosphate batteries, lithium-ion batteries, and lithium polymer batteries.

2.2.2.1. Lead-Acid Battery

A lead-acid battery is a type of secondary battery that uses lead and sulfuric acid. It employs
lead and lead dioxide as electrodes, with a sulfuric acid solution as the electrolyte. It is commonly

used in internal combustion engine vehicles.

Protective Positive
casing terminal

Negative
terminal

Cell divider

Positive electrode
(lead dioxide)

Negative electrode
(lead)

~ Dilute H,SO,

Figure 15. The basic structure of a lead-acid battery. (obtained from tycorun.com)
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» Advantages of Lead-Acid Batteries
@ Low Cost: Inexpensive to produce
@ Eco-friendly: Mostly recyclable and made of reusable materials

® Performance: Performs well in both low and high temperatures

> Disadvantages of Lead-Acid Batteries
Short Lifespan: Has a relatively short lifespan

Low Energy Density: Heavier compared to lithium-ion batteries for the same capacity

© ® 6

Maintenance: Requires maintenance procedures

2.2.2.2. Lithium Iron Phosphate Battery

Commonly known as LFP batteries, lithium iron phosphate batteries are composed of lithium (Li),
iron (Fe), and phosphate (PO4). These batteries operate electrochemically through the movement

of lithium ions and are used in low-cost electric vehicles.
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Lithium Iron Phosphate
Battery (LiFeP0s)
12.8V 18Ah j230.4 Wh)
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Figure 16. Example of lithium phosphate battery (obtained from enix-power-solutions.com)

» Advantages of Lithium Iron Phosphate Batteries
Structural Stability: More structurally stable compared to other cathode materials

Cost-Effective: Inexpensive because they include iron and phosphate, which are

abundant on Earth
Performance: Perform well in both low and high temperatures (-20°C to 75°C)

Eco-Friendly: Contain no harmful substances and are environmentally friendly even if

damaged

> Disadvantages of Lithium Iron Phosphate Batteries
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@ Lower Energy Density: Lower energy density compared to lithium-ion batteries

@ Cost: More expensive

2.2.2.3. Lithium-lon Battery

Lithium-ion batteries are currently used in most small and portable devices. With technological
advancements, lithium-ion batteries have garnered the most attention, and improving their

efficiency and safety is now one of the industry's key concerns.

Lithium-ion batteries are a type of secondary battery in which lithium ions move from the anode
to the cathode during the discharge process. During charging, the lithium ions move back from

the cathode to the anode, restoring their original positions and storing energy.

Lithium-ion Cell

Electrolyte

Current B : ; 7 Current
Collector @ _ Collector

Anode ‘tMumions Cathode

Separator

Figure 17. Basic principles of lithium-ion batteries. (obtained from ul.org)

> Advantages of Lithium-lon Batteries

31108



A R A
s UMIVERSITAT ﬁ
= 27| POLITECNICA EEEEN

le’ DE VALENCIA Escuela Técnica Superior de Ingenieria del Diseiio

@

© ® ® ©

High Energy Density: Lithium-ion batteries can store a large amount of energy per unit

weight, making them suitable for portable electronic devices and electric vehicles.
Long Lifespan

Fast Charging Speed

Low Self-Discharge Rate

Excellent Temperature Characteristics: Perform well in temperatures ranging from -55°C to

85°C

Disadvantages of Lithium-lon Batteries
High Cost

Safety Risks: There is a risk of fire or explosion under conditions such as overcharging,

over-discharging, or high temperatures.

Leakage Potential: The electrolyte is in liquid form, which can lead to leakage.

2.2.2.4. Lithium polymer battery

Lithium polymer battery, a type of lithium-ion battery, was developed to address the stability

issues of lithium-ion batteries. Its operational principle is similar to lithium-ion batteries, where a

gel-like polymer serves as the separator between the cathode and anode, also acting as the

electrolyte.
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Lithium polymer battery

IL# .’z.uudel I

. Cathode . Anode . Solvent

o Polvmerchain & 1Li' © Plasticlzer

Figure 18. Basic principles of lithium polymer batteries. (obtained from researchgate.net)

» Advantages include:
High energy storage density.
High stability due to the use of polymer electrolyte.

Capability for diverse design shapes.

® © © ©

Ideal for portable devices due to lightweight construction.

\4

Disadvantages include:
High manufacturing cost.

Lower ion conductivity compared to liquid electrolytes.

©® ©® ©

Reduced performance in low temperatures.
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Considering these battery characteristics, for the design of electric scooters, convenience is
crucial, stability across diverse environments is essential, and high energy density is necessary to
store more energy and cover longer distances. Therefore, for this design, | plan to use lithium-ion

batteries.

2.2.3. DC/DC Converter

A DC/DC converter is a device that converts direct current (DC) from one voltage level to
another. Many electronic devices, such as integrated circuits (ICs), have different operating voltage
ranges and require specific voltages to function properly. Therefore, supplying an unstable power
source can lead to malfunction or performance degradation. To convert or stabilize the voltage to

the required levels, a DC/DC converter is necessary.

DC/DC converters are mainly categorized into Buck Converters, Boost Converters, and Buck-

Boost Converters.

34 | 108



A UNIVERSITAT ﬁ
NS POLITECNICA EreTep——

Il; DE VALENCIA Escuela Técnica Superior de Ingenieria del Disefio

Figure 19. There are various types of converters. (obtained from eu.mouser.com)

2.2.3.1. Buck-Converter

A Buck Converter, also known as a Step-Down Converter, is a DC/DC switch-mode power supply
designed to stabilize and reduce the input voltage from an unregulated DC power source to a
lower output voltage. Unlike traditional voltage regulators, the Buck Converter has the advantage
of being able to output most of the input power, boasting a very high conversion efficiency of

over 95%. However, it also has the drawback of potentially generating switching noise.
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Figure 20. This schematic is a simplification and shows how the buck converter draws current

during a switching event. (obtained from Willy Technical Reference Blog)

When looking at the circuit diagram, when switch S is closed, energy is stored in the inductor L
due to the input voltage, and energy is transferred from the input side to the output side. At this
time, the Free Wheeling diode D is blocked. In the next moment, when switch S opens, the energy
stored in inductor L is delivered to the output side through the Free Wheeling diode D. By
adjusting the time ratio of the switch S opening and closing, the desired DC output voltage can

be obtained.
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Figure 21. Figure showing a graph of lowered voltage. (obtained from Willy Technical

Reference Blog)

The Buck Converter is widely used in various fields, including MCU microcontrollers,

communication equipment, and control systems.

2.2.3.2. Boost-Converter

The Boost Converter, also known as a step-up converter, is a DC/DC switch-mode power supply
designed to stabilize and increase the input voltage from an unregulated DC supply to a higher
output voltage. Similar to the Buck Converter, the Boost Converter uses an inductor, diode,
capacitor, and power switch to regulate the output voltage. However, the placement of these

components differs slightly from that in the Buck Converter.
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Figure 22. This schematic is a simplification and shows how the buck converter draws current

during a switching event. (obtained from Willy Technical Reference Blog)

When looking at the circuit diagram above, when switch S is closed, energy is stored in inductor
L due to the input voltage, and diode D is blocked. During this time, the charge stored in
capacitor C discharges through the load resistor R on the output side. In the next moment, when
switch S is open, the energy stored in inductor L is released to the output side through diode D.
In this way, by adjusting the time ratio of switch S opening and closing, the desired DC output

voltage can be obtained.
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Figure 23. Figure showing a graph of increased voltage. (obtained from Willy Technical

Reference Blog)

In a boost converter, the output voltage is converted to a value higher than the input voltage
(Vin) depending on the ratio of the switch's opening and closing. However, the power level
remains constant. Therefore, a boost converter with an output voltage three times the input
voltage will have an output current that is one-third of the input current. In practice, boost
converters are widely used in battery-powered devices where a pair of batteries provide 3V but

need to supply a 5V circuit.

2.2.3.3. Buck-Boost Converter

A Buck-Boost Converter is a type of DC/DC converter that can either step up or step down the
voltage. The circuit of a Buck-Boost Converter combines the elements of both a Buck Converter

and a Boost Converter, which may result in a physically larger design.
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Figure 24. Simplified circuit diagram of Buck-Boost Converter (obtained from Willy Technical

Reference Blog)

A Buck-Boost Converter can either step up or step down the input voltage, resulting in a wide
range of input voltages. Due to its ability to maintain high efficiency within this wide input voltage

range, the Buck-Boost Converter is used in many applications.

However, compared to Buck Converters or Boost Converters, the Buck-Boost Converter tends to
have lower efficiency. Additionally, it must withstand both the maximum input voltage and high

input current, which makes it more expensive.

An example application for a Buck-Boost Converter is powering 9-14V LED lighting from a 12V
lead-acid battery.
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3. Component Selection

In this section, | will select the components necessary for designing an electric scooter. As
mentioned in the previous chapter, | will use the most critical components for an electric scooter:
the motor, battery, and converter. | will select suitable components from the market for each part

to design the scooter.

When building a machine, it is essential to consider various factors such as price, efficiency, and
functionality of each component to ensure they work together seamlessly and produce optimal
results. Therefore, | will research online marketplaces to compare the price and performance of
each component, select the most suitable ones, and describe them. In the next section, | will

proceed with the design using these selected components and appropriate software.

3.1. Motor

As previously mentioned, | will use the most commonly employed BLDC (Brushless DC) motor for
the motor. This decision is based on the advantages of BLDC motors, such as long lifespan,
compact size, and high efficiency. Additionally, the majority of electric scooters use BLDC motors,

which makes them versatile and easily accessible in the market.

Electric scooter motors generally come in specifications of 24V, 36V, and 48V. Based on market

research, | have identified three models.
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KUNRAY 8inch Scooter Hub Motor 36V 48V 350W
500W Brushless Motor with LCD Display Scooter Rear
Wheel Motor Drum Brake

SKU: BIN-G51-24V350W

[8 inch Scooter Motor Wheel]500W Brushless Motor, Rated Voltage: 48V,
Max Torque:22N.m, Non-inflatable tyre.

[High Quality Material] It has a strong grip, making the scooter more stable
on corners and slopes. In addition, the rubber wheel is also durable and not
easy to wear.

[More Choice] If you need other sizes or inflatable tires, please feel free to
contact us and we will provide you with high quality products.

0.0 (0 Reviews) 0sold
$He-60 $77.90

TYPE: G51 DISPLAY KIT

7 *
o) 79

PARAMETERS: 24V350W

24VI50W 36V350W 48V350W 36V500W

48V500W

Figure 25. BLDC motor with specifications of 24V 350W (obtained from cnkunray.com)

V-MOTION HIGH
TORQUE
BLDC MOTOR “

uators. HT
various pOSit 0N Sensors

d motion applications.

Product Number: V-MOTION High Torque 350\

Qutput Power:

Dimensions:: 18 )
Weight: 2795 * 10% (kg)

Figure 26. BLDC motor with specifications of 36V 350W ((obtained from volrad.com)
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SKU: BIN-G51-48V500W

[8 inch Scooter Motor Wheel]500W Brushless Motor, Rated Voltage: 48V,
Max Torque:22N.m, Non-inflatable tyre.

[High Quality Material] It has a strong grip, making the scooter more stable
on corners and slopes. In addition, the rubber wheel is also durable and not
easy to wear.

[More Choice] If you need other sizes or inflatable tires, please feel free to
contact us and we will provide you with high quality products.

0.0 (0 Reviews) 0sold

TYPE: G51 DISPLAY KIT

ol
o) 79

PARAMETERS: 48V500W

24VI50W 36V350W 48V350W 36V500W

%

Figure 27. BLDC motor with specifications of 48V 500W (obtained from cnkunray.com)

The following table shows the specifications of each motor.

Type 24V, 350W 36V, 350W 48V, 500w
Rated Power 350W 350W 500W
Rated Voltage 24V 36V 48V

Rated Current 14A T1A T1A

Speed 950 RPM 7415RPM 950RPM
Diameter 200MM 67MM 200MM
Max Torque 22Nm 0.45Nm 22Nm
Efficiency >80% >89% >80%
Weight 3 KG 1.6 KG 5 KG

Price 77.90% - 98.90%

Figure 28. Table comparing each motor (obtained from each motor specifications)

When looking at the following table, it can be observed that as the voltage increases, both

weight and price also increase. The advantage of higher voltage is improved power efficiency and

enhanced power output of the electric scooter, enabling it to operate smoothly in various

environments.
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However, considering the price and weight, | have decided to adopt the 36V motor. The
reasoning is that using a 24V motor may not be suitable for various environments and could
result in lower climbing power. On the other hand, using a 48V motor would increase the bulk,
weight, and cost. Therefore, for this design, | will opt for the 36V motor. By the way, the 36V
motor | intend to use may look somewhat different from the conventional wheel-integrated motor
design. However, this type of motor is often used in many electric scooters, primarily operating

when mounted on the rear wheel.

Figure 29. Electric kickboard with a motor mounted outside the rear wheel(obtained from

scootercity.co.uk)
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3.2. Battery

As previously mentioned, | will use lithium-ion batteries for this design. The reasons for choosing
lithium-ion over lithium-polymer batteries include market availability and performance
characteristics. Lithium-ion batteries are widely used in various transportation devices and other
applications, making them more readily available and cost-effective. Additionally, lithium-polymer
batteries have lower conductivity compared to lithium-ion batteries, and given the nature of
electric scooters, the components need to perform well even in low-temperature environments.

Hence, lithium-ion batteries are deemed more suitable.

Lithium-ion batteries are generally categorized into 48V types such as 18650, 21700, and 32650.
The numbers indicate the size of the battery (e.g., 18650 = 18mm diameter, 65mm length; 21700
= 21mm diameter, 70mm length). The physical size difference of the batteries also results in
differences in their Ah capacity. Typically, 18650 batteries have a charging capacity of 2000-
3500mAh, while 21700 batteries have a capacity of 3000-5000mAh.

 Ahorra 218,03€ £ E"fs‘;”
178,39€ 39é-42€ -55% dto. Termina: 20 jul, 23:59 (CET)
/ Precio con IVA incluido
108mm
Chamrider-bateria de litio para bicicleta eléctrica, paquete de 38V, 10AH, 25A, BMS, 48V,
30A, 18650

Wyt | s mas * s % % % 5.0 13 valoraciones | 96 vendido@

e
E Color: 48V13AH
f
Censions |86 218 (mm) [7T88°208 Cmmm [FE48°218 Cren) (7748288 ey (0048383 ()| 9868/ 280 (o) ROV AV LIRH Samsung 36V14.5AH
Bamery Wolgh awe | ame | ime | ame | ame | 4w
DR v | avem | avnewr | avis | svoen | eveow 48V13AH
v P e e e
i T o e 3 e 3 o Samsung 48V14.5AH

il Tyes Li<on 18930 121790

Bus e

avzsotooow
Deensions |59 270 (mm) [WSE 209 Comm? S SE270 () BOH270 o) 80068320 () [ 10670 3200mm )
Bamery i wo | wa | wm | am | o | s

Figure 30. 18650 battery information on Aliexpress (obtained from Aliexpress.com)
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# Ahorra 109,17€ a:ﬂ'sﬂ"

L al

221,65€ =sce0e 330

(BN EIERY 21700 Cells

LI-ION BATTERY

CET)
© Alpormayor  +2 unidades, -1%
Precio con IVA incluido | 2% de descuento extra
& 0,94€ off over 36,65€ b

LiitoKala-Paquete de bateria de litio 21700, cargador gratuito de 36V, 48V, 60V, 30Ah,
750w, 1000w, 1200w, 42V, 54,6 V, 67,2V

1vendido

2R

Mas informacién sobre el precio (@

Sign up and get 100% off on your first order

Piso Cellphone  Bape Sta Shoes Original Pants 3 In1Case Aguaflask 40cz Original  Diaper Organizer Storage Rack  Blutooth Earphone Original  Lovito

Shopee > Sports & Travel > Cycling, Skates & Scooters > Others > 448V 20ah lifepo4 battery 32650 lifepo4 cells with S0A BMS for 2000w scooter electric vehicles ¢ %@

4148V 20ah lifepo4 battery 32650 lifepo4 cells With 50A BMS for 2000w

Size:88%200*260mm g
scooter electric vehicles ¢ # (1)

No Ratings Yet Report
37,220

Return 4’ Free & Easy Returns  Learn More (%)

Shipping 3 Pre-Order (ships in 12 days)
B> Shipping Discount

B Shipping To Metro Manila «

Shipping Fee PO v

48V 20Ah lifepo4

Share: ° o @ o @ Q @ Shopee Guarantee  Get the items you ordered or get your money back

AV 20AD lifcpad S5¥ 204N ifepod

Figure 32. 32650 battery information on Shopee (obtained from Shopee.com)

Below is a comparison table of the basic specifications:
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Type 18650 21700 32650

Cell Capacity 2600mAh 5000mAh -
Dimensions 270*90*68 MM 230*130*75 MM 88*200*260 MM
Weight 5.6 Kg 4.5 Kg 6 Kg

Ah 13Ah 30Ah 20Ah
Discharge -20°C to 65°C -20°C to 65°C -20°C to 60°C
Temperature

Price 140.29€ 221.29¢€ 587.08€

Figure 33. Table comparing each battery (obtained from each battery specifications)

Based on the previous table, the 32650 battery may appear to be the best option in terms of
electrical efficiency. However, for this design, | will be using the 18650 battery. The reason for this
is that as battery size increases, the weight and volume of the electric scooter will also increase.
This could result in a scooter that is almost the size of a motorcycle, negatively impacting its

portability.

Additionally, the 18650 battery is more versatile due to its smaller size. It allows for more
compact designs and there is a wide variety of 18650 battery packs available on the market in

different shapes and sizes. Therefore, | will be using the 18650 battery for this design.

3.3. Converter

In this design, since | will be using a 48V battery with a 36V motor, | need to adjust the voltage
accordingly. Therefore, the installation of a converter is unavoidable, and | will use a Buck-

Converter for this purpose. Converters vary based on the different voltages they handle.

In this design, a 48V — 36V converter will be installed, and the most important factors to

consider are the converter's maximum current capacity, efficiency, price, and size.
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34,75¢€

@ Alpormayor  +20 unidades, -5% dto. extra
Precio con IVA incluido

Step Down Voltage Converter DC-DC 48V to 36V CE ROHS Buck Converter DC Power
Supply 36 Volts Regulator Aluminum Waterproof IP67

* 1.0 1 Review | 14 sold

Color: 20A Aluminum

L8P HEE E2e
&

Input Voltage: 48V

48v

Output Voltage: 36V

36V

Figure 34. 48V to 36V converter information on Aliexpress (obtained from Aliexpress.com)

A> VGEPS®

[E==]

VGEPS vzrissn
360W DC-DC CONVERTER
IN:48V (40~80V)
OUT:36V10A (MAX)

IN our
o

48V to 36V 10A 360W

13,85€

@ Alpormayor  +50 unidades, -10% dto. extra
Precio con IVA incluido

Convertidor de potencia de 48V a 36V CC, transformador de médule de potencia reductor
de modificacién de coche, 40 ~ 60V a 36V

Wk k1 4.4 Svaloraciones | 35 vendido

Color: 48V to 36V 10A

Tensién de entrada: 48V

Voltaje de salida: 36V

36V

Figure 35. 48V to 36V converter information on Aliexpress (obtained from Aliexpress.com)

48| 108



AR UNIVERSITAT ﬁ
]ﬁf Y POLITECNICA EEEEn
S DE WALENCIA Escuela Técnica Superior de Ingenieria del Diseiio

48V to 36V 10A 360W DC to DC Converter

Nelso is the manufacturer of high precision, high-reliability DC to DC Converter in Kolkata,
ndia. DL5-4836DC series is designed to provide 48V to 36V power conversion with output

current up to 10A/360W as per customer requirement for heavy-duty applications.

nput-output isclation

High efficiency

High precision

Wide input voltage range
Reverse polarity protection
Veltage transient protection

Owverload protection

K € K K K K &R

Short circuit protection

&6 Request a quote

Figure 36. 48V to 36V converter information posted in other stores (obtained from

nelsotech.com)

Below is a comparison table of the basic specifications:

Type Figure 34 Figure 35 Figure 36
Current 20A 10A 10A

Weight 300 g 250g 1.2 Kg

Size 58*40.5*22 MM 74*74*32 MM 193*142*70 MM
Efficiency >93% >95% >80%

Working Temperature | -30 °C to 80 °C -40 °'C to 80 °C -40 °C to 80 °C
Price 34.75€ 13.85€ 45.38¢€

Figure 37. Table comparing each converter (obtained from each converter specifications)

After comparing the table, it appears that the Figure 31 product is the most suitable. While the
Figure 32 product is better in terms of size and efficiency, it has a lower current rating of 10A

compared to the Figure 31 converter.

Since the battery used in this design has an amperage of 11.6Ah, which exceeds the maximum
allowable amperage of the Figure 32 converter, the Figure 31 converter is deemed the most

appropriate for this design.
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4. Circuit diagram creation using PSIM

Before proceeding with the design, it is important to note that there are various applications
available for drawing electrical circuits. In this design, | used the PSIM program to create the BLDC

circuit diagram and the converter circuit diagram.
4.1. PSIM

PSIM is an electronic circuit simulation software package designed for use in power electronics
and motor drive simulations. Developed by POWERSIM, PSIM includes simulations for control
theory, electric motors, solar power systems, and various other circuits. It is widely used across

different industries, research, and product development.

4.2. Starting Circuit Design

First, run the PSIM program. Next, click on the 'File' button in the top menu and select 'Open
Examples...". This will display various circuit diagrams provided by PSIM. For this design, | will be
creating a circuit using a BLDC motor, so navigate to the 'Motor Drive' folder and open the

'brushless dc motor drive - current & speed feedback’ file.
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PSIM - untitied e o x
o S i s S e ot o s
D e B B o @ v oAb @ o000 GN Bl o) IE /A DR R
[rsr— L r———_ =
e e

L |
~—

RLC Branches

Soitches
Tanslomess
agnetic Fements
other

Woter Drive
MagCoupler
MagCoupler-RT

[

Therma:

Renewatia Enagy

W R R

EM Design Sute

e Bl | o

pr rRREEEL R Oon HHc 000000t ARRREEABE.C0

Zoom Levet 8128

Figure 38. PSIM program home screen (obtained from PSIM)
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_brushless dc motor drive... X |

@ Brushless DC Motor Drive with Speed Feedback (PWM Control)

Figure 39. 'brushless dc motor drive - current and speed feedback' file schematic (obtained

from PSIM)

Using this circuit, | can input the data values for each of my components to achieve the desired
results. However, this circuit diagram contains elements that are either necessary or unnecessary
for this particular design. Therefore, | need to remove the unnecessary parts and add any required

components.

First, for this design, the part of the circuit related to Speed Feedback is not needed, so | will

delete that section.

Next, to add the frequency value and modulation, include the following circuit diagram:
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Figure 40. Circuit diagram with unnecessary parts removed and modulator added (self-made

in PSIM)

Since | are using a battery for power supply in this design, | need to add the impedance values
to the battery section by including resistance and capacitor components. This is because each

battery has its own impedance values that need to be incorporated.

If the datasheet does not provide the impedance values, use the default values: 10mQ for Rbat
and Tm (1*107-3) for Cbat. For the battery selected in this design, only the resistance value is
provided. Therefore, add the R value from the datasheet and use a general value of 10m for Cbat.
Additionally, depending on the capacitor chosen later, the ESR_C value will be added. Each
capacitor also has its own impedance value, so the impedance value specified for the selected

capacitor component will be added accordingly.
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Brushless DC Motor Drive with Speed Feedt

‘ ‘ 1-\-'1?
—WE —kE K =

lL@ : \ BDCH
o8 O— 142
IZES K} K} Ly : b—J\I{QGO

=
#
v
by
-
-
ol
I
-

Figure 41. Added a sensor to measure the resistance value entering the battery (self-made in
PSIM)

To input the torque value for the motor, connect the 'Mechanical Load (constant-torque)'

component to the BLDC motor. Next, add a 'Torque sensor' to measure the torque value.
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lo_@ i \' BDCH e ;Lu::.cTumu
K} L :b—J\T/oc}o

. |—® WE
WG

|
Figure 42. Circuit diagram photo added for motor torque value and measurement (self-made
in PSIM)

Finally, place probes at the connection points of each component and in the sections where |

want to take measurements.
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Brushless DC Motor Drive with Speed Feedback (PWM Control)

wI7

—®

KE —kE —+3

ll@ lff_\\?)t:t‘[ = ::::ICTUM
06\\ - nﬂ ° |_| *
g | s | g =

e

&

Figure 43. Photo of completed circuit diagram design (self-made in PSIM)

With this, the circuit design is complete.

4.3. Inputting and calculating parameter values

In the previous chapter, | completed the basic circuit design needed for the project. Now, | need
to input the values from the datasheets of the components | have selected into the circuit

components in the schematic.
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4.3.1. BLDC Motor

Model
Voltage

Product Number

Nominal Speed rpm
Nominal Power
Maximum Continuous Torque Nm
Nominal Current A
No-Load Speed rpm
Efficiency
Stall Torque Nm
Stall Current A
Number of Phases
Number of Poles
Operating Temperature
Phase-to-Phase Resistance m0
Phase-to-Phase Inductance mH
Rated-Torque Constant Nm/A
Back -EMF Constant /ra
MO

Dielectric Strength at 1000V

Figure 44. BLDC Motor Datasheet (obtained from volrad.com)

First, | will input the data values of the selected BLDC motor into the PSIM circuit.

data values, double-click on the component shown in the picture.

TECHNICAL DATA

24V
VMHT3524H1C1-67

BASIC MOTOR PARAMETERS

50.04 + 10%

0118 *10%

Escuela Técnica Superior de Ingenieria del Diseiio

-67 VMHT3548H1C1-67

10 10
301 z02
3 3
-55 >> +85 -55 >> +85
36.76 10
24 %1 0.47%10%
0041 £ 10/ 0.058 £ 10%
0037 ¢ 1 0.052 :10%
500 (min) 500 (min)

To enter the
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th Speed Feedback (

Briichlace T arhina « O T
Dl LS E S LA wial.THI - DL |

i)

Parameters |Dﬂ'1er Info I Color |

- Brushless dc machine (trapezoidal) Help I >_
! W7
1 Display e
|| Name |Loc v -l \ e Tor
| R (stator resistance) [119.34m [ 1] {2 i @
| | L fetator selFind.) [0.24m =l }Jmc}m

M (stator mutual ind.) |-0.096m | e P

Vipk / krpm |38/9.177 [

vVrms / krpm ISGIQ.l?}" v =l ._@""‘3"-
1 | No. of Poles P IB { |15

Moment of Inertia I?E-DUE | liE] ved e

Shaft Time Constant IU | ®_'

theta_0 (de.) |o =

theta_advance (deq.) II:I i

Conduction Pulse Width I:lll:l hd

Torgue Flag Il El

Primary/Secondary Flag Il [

' ]

Figure 45. Brushless DC Machine Parameters (self-made in PSIM)

This will open a window where various parameters can be entered. The data | need to enter are

as follows:

@ R (stator resistance): The R value from the table in the datasheet.
@ L (stator self inductance): The L value from the table in the datasheet.

® M (stator mutual inductance): If this value is not provided, click the 'Help' button in the

Parameters window to see the formula for calculating it.
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Name

R (stator resistance)

L (stator selfind.)

M (stator mutual ind.)
Vpk [ krpm

Vrms f krpm

No. of Poles P

Moment of Inertia
Shaft Time Constant
theta_0 (deg.)
theta_advance (deg.)
Conduction Pulse Width
Torque Flag
Primary/Secondary Flag

C—
[Ewm |
oo
[EEr |
[Erimr |
O
Eawe |
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Find |

Language |English =

£ Motor Drive Module

Squirrel-cage Ind. Mac
Squirrel-cage Ind. Mac

- Squirrel-cage Ind. Mac
- Squirrel-cage Ind. Mac
- Squirrel-cage Ind. Mac
- Squirrel-cage Ind. Mac
--Wound-rotor Ind. Mac

Wound-rotor Ind. Mac

--Wound-rotor Ind. Mac
--DC Machine

- Brushless DC Machine
- Brushless DC Machine
- PMSM

PMSM (V)

- PMSM (nonlinear)

- PMSM (spatial harmor
- PMSM (high freq.)
--PMSM (high freq.)(V)
- PMSM (with load)

PMSM (FluxMotor)

- PMSM (Flux)
- B-ph PMSM
- B-ph PMSM (zerc pha
- Synchronous Machine
- Synchronous Machine

Synchronous Machine
3-ph SRM

--3-ph SRM (nonlinear)
- 4-ph SRM
--4-ph SRM (nonlinear)
--5-ph SRM

5-ph SRM (nenlinear)
MPTA Control (IPM)

.. MITPA fnonlinear 1P Y
>

Home J

Find

Description:

3-phase permanent magnet brushless dc machine with trapezoidal back emf

Image:
a o BDICM
Shaft
b o | o
e e
S eiree
B Tep

Stator winding resistance R. in Ohm.
Stator self inductance, in H.

Stator mutual inductance, in H.

The stator mutual inductance M is a negative value. Depending on the winding
structure, the ratio between M and the stator self inductance L is normally
between -1/3 and -1/2. If M is unknown, a reasonable value of -0.4"L can be
used as the default value.

Peak ine-to-line back emf constant, in V/krpm (mechanical speed).

Rms line-to-line back emf constant, in V/krpm (mechanical speed).

The values of Vpk/krpm and Vrms/krpm should be available from the machine
data sheet. f these data are not available, they can be obtained through
experiments by operating the machine as a generator at 1000 rpm and
measuring the peak and rms line-to-line voltages.

Figure 46. Definition and calculation of each parameter (obtained from PSIM)

According to the explanation, the mutual inductance M is calculated as:

@ Vpk/krpm: Since the BLDC motor operates with a square wave, | use the same value as

Vrms, which is 36V.

M=-0.4%L

Vrms/krpm: The V value from the table in the datasheet.

No. of Poles P: The Poles value from the table in the datasheet.
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Parameters |Dther Info | Color I

Brushless dc machine (trapezoidal) Help |

Display
Name |BLDC vzl
R (stator resistance) | 119.34m 1=l
L (stator selfind.) |0.24m 1=l
M (stator mutualind.)  |-0.096m L=l
vk / krpm |36/9.177 I iz
vrms [ krpm ISE;"EI. 177 W -l
Mo. of Poles P IB =]
Moment of Inertia I?E—DI:IE 1 i
Shaft Time Constant ICI izl
theta_0 (deg.) [o = |
theta_advance (deqg.) IU |
Conduction Pulze Width Il.'lU =l
Torgue Flag |1 fd |
Primary /Secondary Flag |1 e

Figure 47. Photo of completed BLDC Parameters (self-made in PSIM)

Other parameter values that are not provided in the datasheet will use the default values in PSIM.
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4.3.2. Battery

Escuela Técnica Superior de Ingenieria del Diseno

_ 36V 10.4AH 36V 13AH 36V11.6AH 36V 14.5AH 36V 17.4AH 36V 20.3AH
Cell Capacity nﬁfﬂ:h 26{;2‘;:]1 2900mah 2900mah 2900mah 2900mah
Composed Type 10S4P 10S5P 10S4P 10S5P 10S6P 10S7P
Cell Type Li-ion 18650 / 21700
BMS 25Amp
Fit Motor Power 36V250W-500W
Dimensions 75'68°215 (mm) (77°68°265 (mm) [75°68°215 (mm) |77°68"265 (mm) [90°68°253 (mm) |90"68"290 (mm)
Battery Weight 4.2KG 4.8KG 2.7KG 3.25KG 3.8KG 4.35KG
_ 48V 10.4AH 48V 13AH 48V 11.6AH 48V145AH | 48V17.4AH | 48V20.3AH
Cell Capacity ;::ﬂ:h @2‘:‘:’1 2900mah 2900mah 2900mah 2900mah
Composed Type 13s4P 13S5P 13s4P 13S5P 13S6P 13s7P
Cell Type Li-ion 18650 / 21700
BMS 30Amp
Fit Motor Power 48V250W-1000W
Dimensions 75°68°270 (mm) (90°68°270 (mm) [75°68"270 (mm) [90°68"270 (mm) [80°68°320 (mm) |108*70"320(mm)
Battery Weight 49KG 5.6KG 3.4KG 41KG 4.8KG 5.5KG

Figure 48. Battery Datasheet (obtained from Aliexpress.com)

Battery Cell Parameters

Authentic

Samsung
Battery Cell

Low Internal Resistance

1.9
3.7378

Figure 49.Resistance value of the battery (obtained from Aliexpress.com)

o
=
L

|
aTA

= e e e
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To enter the battery parameters, double-click on the Vbat component to open the window where

| can enter the parameter values. The parameters to be modified are as follows:

@ D - Batteries e of

Parameters 1 Color ]

+ DC voltage source }_

.
T b T 1
éjm Display
|

+£SR B Mame 1Eiatteries

. « | amplitude |48 F -l L

Series Resistance

T Besieries Series Inductance 0 =i

Figure 50. Batteries Parameters (self-made in PSIM)

Amplitude: Enter the V value from the table in the datasheet.
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1

@ Resistor : ESR_Bat w

Parameters |D1i1».=_-r Info | Color I Simulation Models |

| Resstor 1

Display
Name |ESR_Bat V-l
4 | Model Level ILe-uel i ;I E
T| | Resistance |11.99m T4l
Current Flag ICI hd
Voltage Flag IU ud |

AA AA AA

Figure 51. Resistance value of the battery (self-made in PSIM)

@ Resistor ; ESR_C b4 3
T i

Parameters |D1i1».=_-r Info | Color I Simulation Models |

[ >
! Display
- ga g ||| Name |Esk_c F =l
: s ¢ | Model Level | A
@)‘g 1 odel Leve |Leue 1 m ;I
N W Resistance Ilu v j A
Ci s Current Flag ICI hd
Voltage Flag IU ud |

3 AA A A o

Figure 52. Resistance value of the condenser (self-made in PSIM)
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Parameters ]Dmer Info l Color l Simulation Models l

+— Capacitor k }_
é_\}” é Display
srsn mw Mame [cbat I =l &
g ks « | Model Level ILeuel | LJ =
6) |:: Capacitance |1I2Im I |
C"’}Eﬂw | Initial Capaditor Voltage IA'IB I -
Current Flag | | d
Voltage Flag ] 1 |

i L AA AA

Figure 53. Capacitor value (self-made in PSIM)

For the added impedance values:

ESR_bat: Enter the R value from the datasheet.

ESR_C: This value will be obtained from the datasheet of the capacitor selected later. For

now, | will use a minimal value of 1uQ.

® Cbat: Since the datasheet does not provide this value, | need to calculate it. The

calculation method is as follows:

Zc = 11.99mQ
Zc
ZCESR = E = 1.199m.0
7 _ 1
CESR 2 % T % f * Cteorica
1 1
Ctheory = = = 13.27mF

2xm* fxZ.ger 2 *m* 10000 % 1.199 = 103

However, since this calculated value is very precise, | used a value of 10mF for this design.
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4.3.3. PWM digital controller parameters

Next, go to the digital controller and double-click on the component shown in the image to

adjust the values according to the design.

o iy I L]
l Triangular : VTRI2 X
Vikty — | Parameters 1[:[:|Dr ]
@ 1 Triangular—J(\u\Je voltage source
g > | Display :
! = Name [vrRIz [ ']
N @m V_peak_to_peak ]1 1 i
Freguency 11I:II:IIIID il
_‘_ Duty Cyde |':'-5 |l
e DC Offset 0 [ 1=
Tstart o i
Phase Delay 10 | i =]

Figure 54. PWM digital controller parameters (self-made in PSIM)

@ Frequency : Since the datasheet does not provide this value, a common range of 1-10kHz

is used. For this design, | selected 10kHz.

@ Duty Cycle: | selected the default value of 0.5.

All other values remain the same as previously set.
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L] L] ‘H w7

@ =
DC : VDC43 *®

* + 4
> Parameters ||:c||c|r |

é:\f Co DC voltage source

CJ_Pma
Display
Mame |vDc43 [ 1=]
E amplitude |36/48 W -l
Series Resistance IU 1 ;I
Series Inductance ID |

Figure 55. PSIM Duty value (self-made in PSIM)

Amplitude :

All other values remain the same as previously set.

4.3.4. Torque Value

Finally, to change the torque value, double-click on the component shown in the image to adjust

the value according to the design.
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BLD:C
BDCH Muecaric Torgue

i T o,
o g . A e
J Kﬁ{'}{}{“) @ LI'

Parameters lDﬂ'lerR?ﬁa ] Color ]

W2
‘-® Constant-torque mech. load

ves s Display
@“ Mame 1Mecanin:T|:|rque [+ ﬂ
Constant Torgue |I:I.45 ||
Moment of Inertia ]EI [ 1:=)

Figure 56. Torque Value (self-made in PSIM)

Constant Torque : Enter the Torque value from the datasheet.

All other values remain the same as previously set.

5. Results and Graphs

With the circuit design complete, | can now obtain the results. To run the simulation, click on the

button labeled "Run PSIM Simulation" as shown in the image.
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Figure 57. Run PSIM Simulation. (self-made in PSIM)

This will provide various data points that can be used to plot the necessary graphs. By inputting

the required values, | can generate graphs such as:
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Figure 59. Vt, Vduty, V62, V63, V64 value graphs (obtained from PSIM)

By examining the graphs, | can observe that the V; graph forms a triangular wave oscillating
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between 0 and 1. The Vgyy value displays the calculated 0.75 for this design.

Additionally, the graphs for Ve, Ves, Ves show values oscillating between 0 and 1, each with a
phase difference. This phase difference aligns with the back EMF for each phase of the BLDC
motor and the signals from the Hall sensors positioned at 120° intervals. As shown in figure 56,
the back EMF for each phase alternates every 120° causing current to flow through each phase.
The three-phase switches, activated by the Hall sensor positions, send current to the connected
motor coils, thereby energizing them and causing the rotor to rotate. This results in the observed

phase differences in the graphs.

B simusen - - [CWusersss 48D topbrushless dc motor v - curent & speed feedoack TFG hacho.smv]
B Fle ESt View Ads Screen Messure Analysis Label Oplions Window Help

e EEVRxy RERE cL0QQ% N PP A m»ae

« & B ¥ 5 %

Il . vcuo - R A meem % s X PF P S o

¥=0255738, Vi= 586554

Figure 60. V(Cbat), V(IGBT1), V17 value graphs (obtained from PSIM)
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Figure 61. V(Cbat), V(IGBT1), V17 value graphs (obtained from PSIM)

From the graphs, | can confirm that the battery outputs 48V and the motor operates at 36V. The
changes in the graph values are due to the periodic switching in the transistors, which adjust the
supplied voltage to achieve the desired voltage variation. Examining the RMS values in the table

below, | can see that they are close to the nominal values of 48V and 36V.

Measure n

E X1 X2 A RMSE
Time 2.28193e-82 1.79578e-82| -4.86238e-83 i
V{Cbat) 4.79612e+81 4.,79813e+81 E.EEQlBE-E“Z 4.,79472e+81
V({IGBT1)| -6.50958e-96| -1.21658e-85 -5.65548e-86 3.286891=+01
V17 4.79611e+81| -7.58948e-85 -4.79612e+81 3.59589e+81
[

Figure 62. V(Cbat), V(IGBT1), V17 Table (obtained from PSIM)
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Figure 63. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) Value Graghs (obtained from PSIM)

The graph shows the current values from each sensor's position. To get a clearer view, let's zoom

in:
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Figure 64. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) Value Graghs (obtained from PSIM)

As previously mentioned, due to the nature of the BLDC motor, the current also exhibits phase
differences, resulting in the plotted graphs. These graphs help us determine the current values for

each component.

To select the appropriate MOSFET and capacitor in subsequent chapters, | need the I(IGBT1)

value. Thus, | derive the RMS values for each graph as follows:

Measure n

7 X1 X2 A RMS
Time 3.81462e-81 3.85482e-81 4.81923e-83 ﬁ
Ia 9,588858=-82 5.31388e-81 4.35499&-9‘1 9.85492=+88
Ib| -1.34498e+81| -1.31835e+81 3.45483e-81 §.79578e+88
Ic 1.33532e+81 1.25722e+81 -7.88982e-81 9.4663%9=+88
Ibat 5.255860e+08 4.,939658=+048 -3.15382e-81 4.74437+88
Idc| -1.38@854e+81 8. 20048 +88 2.27718e+81 1.18192e+81
I{IGBT1) 9.58838e-82 5.31385e-81 4,35581e-81 6.91282e+88
I{Cbat) 1.16338e+81 4., 22545e+068 -7.48836=+080 9.93148=+8

Figure 65. la, Ib, Ic, Ibat, Idc, 1(IGBT1), I(Cbat) Table (obtained from PSIM)
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These data values will be used to select the necessary semiconductors in the following chapters.

Finally, using these values, | will select the appropriate components from online markets to

finalize the design.

6. MOSFET and Capacitor selection

In this chapter, | will proceed with selecting capacitors and transistors from the market that fit
into my previously designed circuit. Each MOSFET and capacitor has specific specifications, and it
is crucial to select components that meet or exceed these specifications. This is because the
machine must operate reliably in various environments, and thus, always consider the margin of
error. For instance, the datasheet for | selected motor specifies tolerances such as +10% for R, L,
and torque values. This margin accounts for manufacturing variations, implying that selecting

components with slightly higher specifications than the calculated values is prudent.

6.1. MOSFET Selection

Before selecting MOSFETs, I'll briefly explain the reasons for their choice, along with their
advantages and disadvantages. A MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor) is a
semiconductor device that controls the flow of current by creating or blocking the path for

electrons based on the applied voltage.

4 Understanding MOS Structure:
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Nz

SK Careers Journal

{MOS capacitor structure)

Ve

--) Metal
--) Oxide

--) Semiconductor

Figure 66. MOS Description (obtained from skcareersjournal.com)

To grasp the concept of a MOSFET, it's essential to understand the MOS structure first. MOS
stands for Metal-Oxide-Semiconductor, indicating a layered structure where a non-conductive
oxide is sandwiched between a metal and a semiconductor. If the semiconductor substrate is N-
type, it is called NMOS, and if it is P-type, it is called PMOS. The oxide is typically SiO2, which is
an insulator. This structure is similar to a capacitor, thus sometimes referred to as a MOS capacitor.
Key parameters determining the properties of a MOS structure are the thickness of the oxide layer

and its dielectric constant.
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Figure 67. MOSFET Description (obtained from skcareersjournal.com)

MOSFET combines this MOS structure with a Field-Effect Transistor (FET). The basic operation
involves controlling the current flow between the source and drain terminals through the voltage

applied to the gate terminal.

Other Types of Transistors:

@ IGBT (Insulated Gate Bipolar Transistor): Combines the characteristics of bipolar transistors

with the gate control of MOSFETs, making it suitable for high voltage applications.

@ BIJT (Bipolar Junction Transistor): Consists of P-type and N-type semiconductor materials

and controls output current based on input current.

Despite the availability of other transistors, | chose MOSFETs for this design due to their

advantages:

@ Suitability for High-Frequency and Low-Voltage Applications: MOSFETs are ideal for these

environments, which aligns well with my design.

@ Low Power Consumption: MOSFETs have low power requirements.
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® High Switching Speed: The fast switching capability is crucial for my circuit.

When selecting a MOSFET, consider the following specifications:

Voltage Rating (Vds): Ensure it exceeds the operating voltage by a significant margin.
Current Rating (Id): Should be higher than the maximum current expected in the circuit.
Frequency value: It must have a frequency value that can accept the data value of the experiment.

Thermal Performance: Ensure the MOSFET can dissipate heat effectively.

The data values | have are as follows:

Parameters Value
Vds 48 vV

id 6.91 A

F 10kHz

Figure 68. Data values to use (obtained from self-made PSIM)

Therefore, since they are the Vds and Id values that | have first, | selected them based on this data.
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Ly

STB4ONF10L

N-channel 100V - 0.028Q - 40A - D“PAK
Low gate charge STripFET™ Il Power MOSFET

General features

Type Vpss Rosion) Ip

STB40ONF10L 100V <0.03302 40A

m Exceptional dv/dt capability
m 100% avalanche tested
m Application oriented characterization

Description

This Power MOSFET series realized with
STMicroelectronics unique STripFET process has
specifically been designed to minimize input
capacitance and gate charge. It is therefore
suitable as primary switch in advanced high-
efficiency isolated DC-DC converters for Telecom
and Computer application. It is also intended for
any application with low gate charge drive
reguirements.

Applications

m Switching application

D2PAK

Internal schematic diagram

D(TAB or 2}

(1)

s(3)
SCO8440

&

Figure 69. Datasheet information for selected MOSFET (obtained from st.com)
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Table 3. On/off states
Symbeaol Parameter Test conditions Min. Typ. Max. | Unit
Drain-source
VierDss | preakdown voltage I = 250yA, Vg =0 i ¥
Ve = Max rati
Zero gate voltage e ke 1 pA
bss drain current (Vg = 0) Vpg = Mae iing: 10 A
68=%  |Te=125°C g
Gate-body leakage
I Vs =+ 20V +100 A
it current (Vpg = 0) ag== .
II'FGEI:Eh] Gate threshold Uﬂltﬂge I'ulrEG = Il."'G ] lD = 250pA 1 1.7 2.5 v
R Static drain-source on Vigs = 10V, I = 20A 0.028 | 0.033 0
DS(on) | resistance Vigs = 5V, Ip = 20A 0.030 | 0.036 0
Table 4. Dynamic
Symbaol Parameter Test conditions Min. | Typ. | Max. | Unit
Farward
i = =
9= transconductance Mg = 100, |y = 20 = o
Input capacitance
G 2300 F
c % | Output capacitance Vpg =25V, f = 1MHz, 290 EF
E'“E Reverse transfer Vgs=0
rss : 125 pF
capacitance
Turrn-on delay time 25 ns
Hion) | Turn-o i Vpp = 50V, Ip = 20A
L Rise time a2 ns
Rg = 4.7QVgg = 45V
Lo Turrn-off delay time (96e Figvre 13 64 ns
|Falltime g 24 ns
Qq Total gate charge Vpp = 80V, I = 404, 46 64 nC
Oy Gate-source charge Vgg = 4.5V, Rg =4.70) 12 nC
Qg Gate-drain charge {see Figure 14) 22 nc

Figure 70. Datasheet information for selected MOSFET (obtained from st.com)

| selected the MOSFET from STMicroelectronics, given the vast range of manufacturers and
specifications available. Selecting an appropriate MOSFET requires careful consideration of the

following factors:

» Voltage Peaks and Vpgs Selection:

The semiconductor will be subjected to consistent high-frequency switching (1MHz), which can

cause voltage peaks. To prevent damage from these peaks, the MOSFET must have a Vpss rating
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significantly higher than the operating voltage of 48V. | have chosen a MOSFET with a Vpss rating
of 100V to ensure reliability.

» Current Rating (Ip) Considerations:

The current value | have is an average, as shown in Figure 65. However, the actual current can
increase with temperature. To ensure the MOSFET operates reliably under various conditions, it is
prudent to select a MOSFET with a current rating (Ip) that is 2-3 times higher than the average
current. Therefore, | selected a MOSFET with an Ip rating of 25A at 100°C.

» Thermal Resistance, Junction-to-Case (R0JC): 1°C/W

MOSFET must be checked to ensure that it can operate normally in various environmental

temperature situations and that it can dissipate heat efficiently.

6.2. Capacitors

Capacitors are components that temporarily store electrical energy within an electronic circuit,
consisting of two facing electrode plates. There are several types of capacitors, such as electrolytic
capacitors, ceramic capacitors, and film capacitors. For this design, | have chosen to use

electrolytic capacitors.
Reasons for Choosing Electrolytic Capacitors:

» Ceramic Capacitors: These are generally not suitable for circuits with high voltage levels
due to their relatively low capacitance and rated voltage characteristics. Additionally,

they have poor temperature characteristics.

» Film Capacitors: Although they are suitable for high voltage circuits, they are larger in
size and more expensive compared to electrolytic capacitors, making them less ideal for

this design.

Capacitor Selection Process:
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» Voltage Rating: Must exceed the operating voltage.
» Capacitance Value: As calculated or specified in the design.

> Equivalent Series Resistance (ESR): Preferably low for better performance

The site used in this selection is called Farnell.

KEMET ALC80D822EH100

Condensador Electrolitico, 8200 pF, 100 V, + 20%, Encaje a Presién, 9000 horas a 105°C

[l Date/Lot code

aYAGEO company

Fabricante: KEMET

Referencia del fabricante: ALCBOD822EHI00

Codigo Farnell: 4.° 100

Su codigo Farnell element14: € Introduzca su nimero de referencia
[0 ~racir s la comparacionTambién conocido como: AD4THKB22M100L

Hoja de datos técnicos: ‘E ALCBODB22EHI00 Ficha de datos

u)
| Request Free CAD Models
ECAD / MCAD 4l

Figure 71. Capacitors selected from Farnell.com (obtained from farnell.com)
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Series ALCBO
SIDE VIEW TERMINAL PCB LAYOUT e T Sechybiz
- A END VIEW Description Smiap-In, Aluminum Electrolytic

; [ L = B RoHS Yes

| ) i ; Lead 2 Pin Short

D 8 e £ -."\/ AEC-G200 Mo

| ' - ‘-:,— il J Halogen Free Yes

1 = L F \ 5 Typical Component Weight 25g
Motes Dimensicns D And L Inclede Sleeving.
Shelf Lifa 156 Weeks

Specifications
Click here for the 3D model.

Capacitance 8,200 uF
Capacitance
Dimensions Tolerance I
D A0mm +Imm Voltage DC 100 VDC, N5 VDC (Surge)
L &0mm +/-2mm Temperature -40/+105°C
Range
5 10 +f-0.0
4 2 Rated 105°C
LL 4mm +/-Imm Temperature
F 2mm +/-0.mm Lite 2000 Hrs (Rated Voltage And Ripple Current
At 105C), 1000 Hrs (Rated Voltage At 105C)
428 mOhms (100Hz 20C), 36.36 mOhms (10kHz
i = ESH 20C
Packaging Specifications )}
Sleeving Yes Ri Current %EESC? Amps (100Hz 105C), 10.59 Amps (10kHz

Packaging Bulk, Bag

Leakage Current 2460 uA (Smin 20°C)

-

Figure 72. Selected Capacitor Datasheet (obtained from farnell.com)

Selected Capacitor:

| have chosen a specific capacitor from Farnell that meets the design requirements. However,
since the calculated theoretical capacitance value differs from the available capacitors, | will
determine the number of capacitors needed in parallel to achieve the desired voltage through the

following calculations:

Calculation for Parallel Capacitor Configuration

To maintain the required voltage, | can calculate the necessary number of capacitors to be

connected in parallel, considering the total capacitance needed. Here is the step-by-step process:

@® Determine Total Required Capacitance: Calculate the total capacitance value required by

the design.

@ Capacitance of Selected Capacitor: Note the capacitance value of the selected capacitor
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® Calculate Number of Capacitors Needed: Use the formula for capacitors in parallel.

1 1
2%m* f % Zpsp 2 %1 10000 * 1.199 + 10-3

Cineory ~ 13.27
n = =

capacitor
Cselection 8.

Ceneory = 13.27mF

= 1.618 = 2 capacitors

@ It is important to consider that the normalized model of capacitors typically includes a
resistance known as equivalent series resistance (ESR). This represents the heating of the
capacitor due to thermal dissipation. The ESR value is provided by the manufacturer in
the datasheet as 42.8mQ. Therefore, reflecting a bus with two capacitors connected in

parallel, | will calculate the capacitor value and the ESR value to be entered into PSIM as

follows:

ESR 42.8
== 21.4mQ

ncapacitor

Creal = ncapacitor * Cselection = 2 * 82 = 164mF

Finally, if put the values obtained in this way back into the PSIM circuit diagram and run the

simulation:
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Figure 73.V(Cbat), V(IGBT1), V17, Vbat value graphs (obtained from PSIM)
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Figure 74. V(Cbat), V(IGBT1), V17 value graphs (obtained from PSIM)
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Measure n
: X1 X2 A RMS
Time 2.48734e-81 .52748e-81| 4.81414=-83 a
Vi{Chat) 4.,.79511e+81 4 ,79535e+81 2.35391!&-8‘% 4.,.79478e+81
V(IGBT1)| -6.91814=-86 9.5981%9:-86 -2.6872852-86 3.28475e+81
V17 4.796841e+81 9.38872e-85 -4.798412+81 3.61116e+81
Vhat 4.79842e+81 4,.58624e+81 1.58228e-81 4.,.79478e+81

Figure 75. V(Cbat), V(IGBT1), V17, Vbat Table (obtained from PSIM)
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Figure 76. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) values graph (obtained from PSIM)
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Figure 77.1a, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) values graph (obtained from PSIM)

Measure n

: X1 X2 A RMS
Time 1.88552e-81 1.92567e-81 4.81443e-83 ﬁ

Ia 1.24418e-81| -1.45386e-86 -"_.24428-2-8“1 9.53743e+08
Ib| -1.35716e+81| -1.27394e+81 £.32173e-81 9.66319=+88
Ic 1.34472e+81 1.273%4e+81 -7.87753e-81 9.58228=+08
I{Cbhat) b.658860e+88| -2.98381e+88 -9.56188c+88 3.58767e+08
I{IGBT1) &, 8a888:+8a8 8.88888:+08 8.88888:+08 6.682542+88
Ibat| -7.25281e+88| -1.85418=+88 6.19863e+88 7.73547e+08
Idc| -1.41998e+81| -4.254%96e+88 9.54488:+08 1.88873e+81

Figure 78.1a, Ib, Ic, Ibat, Idc, 1(IGBT1), I(Cbat) Table (obtained from PSIM)

In this way, | have completed the selection of the appropriate transistor and capacitor for this
design. The market offers a wide variety of transistors and capacitors, each with its unique
resistance values and capacitance (C) values, among other characteristics. Therefore, if we

experiment with different components, the graph values may vary slightly.
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7. Conclusion

This completes the design of the motor and battery used in the electric scooter, as well as the
components for voltage conversion. The market for electric scooters is expanding, and due to
eco-friendly policies, it is becoming difficult to find a substitute that is as convenient for short-
distance travel as electric scooters. Consequently, numerous electric scooters are being developed

and produced, and various manufacturing and sharing companies are emerging.

Of course, this new mode of transportation is somewhat different from the conventional ones
we are accustomed to, leading many to raise concerns about the risks and safety issues of electric
scooters. However, this is because clear safety laws and guidelines for the use of electric scooters
have not yet been fully established. Therefore, over time, as clear standards for electric scooter
operation are developed and they become more integrated into our daily lives, there is no doubt

that they can replace existing modes of transportation.

With this future vision in mind, | approached this design, prioritizing efficiency, practicality,
convenience, and portability. There is indeed a wide variety of motors and batteries available in
the market. As previously mentioned, an electric scooter can be designed based on a DC motor,
and it can also be made using a lithium polymer battery. If a lithium polymer battery is used, the

size of the scooter can be further reduced, and it can be customized into various shapes.

However, we must consider the pros and cons, cost, and market availability of each component.
Therefore, in this design, | used the commonly used BLDC motor and lithium-ion battery. While
this paper focuses on one method, various designs using different methods and components are
possible, requiring extensive research and experimentation. This paper prioritized efficiency and

convenience, leading to the results presented.
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https://es.aliexpress.com/item/1005006824684018.html?spm=a2g0o.productlist.main.5.1ef427b91MTibs&algo_pvid=9b9edec3-6ff2-458e-aa04-27781d8e3eb0&algo_exp_id=9b9edec3-6ff2-458e-aa04-27781d8e3eb0-2&pdp_npi=4%40dis%21EUR%21268.83%21120.97%21%21%212080.75%21936.34%21%402103956b17211397994384950e27bf%2112000038430425927%21sea%21ES%211873791919%21&curPageLogUid=qcTzE6Rqrb8E&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005006824684018.html?spm=a2g0o.productlist.main.5.1ef427b91MTibs&algo_pvid=9b9edec3-6ff2-458e-aa04-27781d8e3eb0&algo_exp_id=9b9edec3-6ff2-458e-aa04-27781d8e3eb0-2&pdp_npi=4%40dis%21EUR%21268.83%21120.97%21%21%212080.75%21936.34%21%402103956b17211397994384950e27bf%2112000038430425927%21sea%21ES%211873791919%21&curPageLogUid=qcTzE6Rqrb8E&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://es.aliexpress.com/item/1005003580552621.html?spm=a2g0o.productlist.main.13.d6b67d1a5e8mCy&algo_pvid=fc8fdb17-fead-40e3-9a4a-1930e4f7e917&algo_exp_id=fc8fdb17-fead-40e3-9a4a-1930e4f7e917-6&pdp_npi=4%40dis%21EUR%21330.82%21221.65%21%21%21352.01%21235.85%21%402103956b17211399033847439e27a5%2112000026363295249%21sea%21ES%211873791919%21&curPageLogUid=FrXUElAV3gm1&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
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BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-
647a-46ea-8f8b-3d350819a9d9-
2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%40
2103872a17204878857982166ecd5b%2167046799872%215€a%21ES%211873791919%21&
curPagelogUid=5eJEbcGINt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A

Table comparing each battery

https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist. main.45.28be
63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-
€6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-

228 pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211
b801a17204894608293000e4db7%2110000014888930345%215€a%21ES%211873791919%
218&curPagelogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A

https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.67
4c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-
e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-
08pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%4021
0387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919

%218&curPagelLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A

https://www.nelsotech.com/products/power-supply/dc-to-dc.php?model=DLS-4836DC

Table comparing each converter

PSIM program home screen (Screenshot taken from PSIM Program)

PSIM program home screen (Screenshot taken from PSIM Program)

Samples that appear when click 'Open Examples..." (Screenshot taken from PSIM Program)

Select 'brushless dc motor drive - current and speed feedback' file for design.

(Screenshot taken from PSIM Program)

'brushless dc motor drive - current and speed feedback' file schematic (Screenshot taken

from PSIM Program)

Circuit diagram with unnecessary parts removed and modulator added (Screenshot taken

from PSIM Program)
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https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/33012011292.html?spm=a2g0o.productlist.main.5.14ac4624BJEKjb&algo_pvid=364ad66d-647a-46ea-8f8b-3d350819a9d9&algo_exp_id=364ad66d-647a-46ea-8f8b-3d350819a9d9-2&pdp_npi=4%40dis%21EUR%21444.99%21355.99%21%21%21470.69%21376.55%21%402103872a17204878857982166ecd5b%2167046799872%21sea%21ES%211873791919%21&curPageLogUid=5eJEbcG9Nt5Y&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/4001145642321.html?spm=a2g0o.productlist.main.45.28be63beiheOWF&algo_pvid=2d4d6e83-473a-4b66-afc9-e6cc9762482f&algo_exp_id=2d4d6e83-473a-4b66-afc9-e6cc9762482f-22&pdp_npi=4%40dis%21EUR%2112.03%2112.03%21%21%2112.73%2112.73%21%40211b801a17204894608293000e4db7%2110000014888930345%21sea%21ES%211873791919%21&curPageLogUid=ucZvMwksdWOi&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.aliexpress.us/item/1005002387963723.html?spm=a2g0o.productlist.main.1.674c8194nuA5Cm&algo_pvid=dbe49fd7-855f-4353-8d22-e11e326e1d04&algo_exp_id=dbe49fd7-855f-4353-8d22-e11e326e1d04-0&pdp_npi=4%40dis%21EUR%2113.80%2113.80%21%21%21106.82%21106.82%21%40210387dd17211473750146866ee9b0%2112000020469777477%21sea%21ES%211873791919%21&curPageLogUid=3cutirzqPSxC&utparam-url=scene%3Asearch%7Cquery_from%3A
https://www.nelsotech.com/products/power-supply/dc-to-dc.php?model=DLS-4836DC
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Added a sensor to measure the resistance value entering the battery (Screenshot taken

from PSIM Program)

Circuit diagram photo added for motor torque value and measurement (Screenshot taken

from PSIM Program)
Photo of completed circuit diagram design (Screenshot taken from PSIM Program)

https://volrad.com.tr/en/product/v-motion-high-torque-350w/

Brushless DC Machine Parameters (Screenshot taken from PSIM Program)
Definition and calculation of each parameter (Screenshot taken from PSIM Program)
Photo of completed BLDC Parameters (Screenshot taken from PSIM Program)

https://es.aliexpress.com/item/1005006824684018.html?spm=a2g0o.productlist.main.5.1ef
427b91MTibs&algo_pvid=9b9edec3-6ff2-458e-aa04-
27781d8e3eb0&algo_exp_id=9b9edec3-6ff2-458e-aa04-27781d8e3eb0-

28 pdp_npi=4%40dis%21EUR%21268.83%21120.97%21%21%212080.75%21936.34%21%4
02103956b17211397994384950e27bf%2112000038430425927%215a%21ES%2118737919
19%218&curPageLogUid=qcTzE6Rqrb8E&utparam-

url=scene%3Asearch%7Cquery_from%3A

https://es.aliexpress.com/item/1005006824684018.html?spm=a2g0o.productlist. main.5.1ef
427b91MTibs&algo_pvid=9b9edec3-6ff2-458e-aa04-
27781d8e3eb0&algo_exp_id=9b9%edec3-6ff2-458e-aa04-27781d8e3eb0-

28 pdp_npi=4%40dis%21EUR%21268.83%21120.97%21%21%212080.75%21936.34%21%4
02103956b17211397994384950e27bf%2112000038430425927%21s5ea%21ES%2118737919
19%218&curPageLogUid=qcTzE6Rqrb8E&utparam-

url=scene%3Asearch%7Cquery_from%3A

Batteries Parameters (Screenshot taken from PSIM Program)

Resistance value of the battery (Screenshot taken from PSIM Program)
Resistance value of the condenser (Screenshot taken from PSIM Program)
Capacitor value (Screenshot taken from PSIM Program)

PWM digital controller parameters (Screenshot taken from PSIM Program)
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58. PSIM Duty value (Screenshot taken from PSIM Program)
59. Torque Value (Screenshot taken from PSIM Program)
60. Run PSIM Simulation. (Screenshot taken from PSIM Program)
61. Selection Parameters. (Screenshot taken from PSIM Program)
62. Vt, Vduty, V62, V63, V64 value graphs (Screenshot taken from PSIM Program)
63. V(Cbat), V(IGBT1), V17 value graphs (Screenshot taken from PSIM Program)
64. V(Cbat), V(IGBT1), V17 value graphs (Screenshot taken from PSIM Program)
65. V(Cbat), V(IGBT1), V17 Table (Screenshot taken from PSIM Program)
66. la, Ib, Ic, Ibat, Idc, I(IGBT1), [(Cbat) Value Graghs (Screenshot taken from PSIM Program)
67. la, Ib, Ic, Ibat, Idc, I(IGBT1), [(Cbat) Value Graghs (Screenshot taken from PSIM Program)
68. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) Table (Screenshot taken from PSIM Program)

69. https://www.skcareersjournal.com/2689

70. https://www.skcareersjournal.com/2689

71. Data values to use

72. https://www.st.com/en/power-transistors/stb40nf10l.html

73. https://www.st.com/en/power-transistors/stb40nf10l.html

74. https://es.farnell.com/kemet/alc80d822eh100/conden-8200uf-100v-alu-elec-
qc/dp/2951100

75. https://es.farnell.com/kemet/alc80d822eh100/conden-8200uf-100v-alu-elec-
qc/dp/2951100

76. V(Cbat), V(IGBT1), V17, Vbat value graphs (Screenshot taken from PSIM Program)

77. V(Cbat), V(IGBT1), V17, Vbat value graphs (Screenshot taken from PSIM Program)

78. V(Cbat), V(IGBT1), V17, Vbat Table (Screenshot taken from PSIM Program)

79. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) values graph (Screenshot taken from PSIM Program)

80. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) values graph (Screenshot taken from PSIM Program)
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81. la, Ib, Ic, Ibat, Idc, I(IGBT1), I(Cbat) Table (Screenshot taken from PSIM Program)
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In this chapter, we will estimate the budget for the current design. In any engineering project,

expenses occur in various areas, and engineers must prepare for these by estimating the budget

for the product they have designed to avoid excessive spending. | will calculate the total budget

by considering the software and hardware used, components involved, and labor costs.

8.1. Software

For this design, | used Word, PowerPoint, and Adobe PDF software for writing the thesis, and
PSIM 2024 for the design.

Software Price (€/year) Use time(Year) Spending (€)
Microsoft Office 365® 83.88 0.5 41.94

Adobe PDF 187.67 0.5 93.84

PSIM 2024 2,753.40 03 1,376.70
Total - - 1512.48

8.2. Hardware

| used my laptop to write the thesis, and the estimated cost is:

Hardware Price (€) Use time(year) Total Price (€)
Asus Vivobook Pro 15 540.35 0.5 270.18
SteelSeries Rival 3 Wireless 34.99 0.5 17.5

Total - - 287.68

8.3. Components

The components used in this design include a BLDC Motor, Battery, MOSFET, and Capacitor.

Components Unit Price (€) Total Price (€)
V-MOTION HIGH TORQUE BLDC MOTOR 350W 1 8292 82.92
Chamrider-bateria de litio para bicicleta eléctrica, paquete de 36V, | q 174.83 174.83

10AH, 25A, BMS, 48V, 30A, 18650

MOSFET (STB40NF10LT4) 1 2.4 24
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Capacitor (KEMET ALC80D822EH100)

2 8.89 17.78

Total

277.93

8.4. Human resources

Human resources refer to the personnel required for the design. Each engineer's salary varies

based on their experience and skills. For this design, | used the average starting salary for an

engineer in Spain, which is 25,000 euros annually. This translates to earning 2,000 euros per

month, and assuming a monthly working time of 165 hours, the hourly wage is 12.12 euros.

Work Time (hour) Price (€)
Specification Analysis 50 606.06
Design and calculations 40 484.8
Circuit diagram production 60 727.2
Total - 1818.06

8.5. Total Project Cost

The total project cost is the sum of all expenses calculated above, excluding any exceptional

costs.

Description Price (€)
Software 1512.48
Hardware 287.68
Components 277.93
Human resources 1818.06
Total 3896.15
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9. Specification Document

9.1. Objective

This specification document aims to establish the technical conditions and guarantees for the
power converter designed in this thesis, which supplies power to the 500W BLDC motor of an
electric scooter using a 48V battery. This document outlines the specific requirements to ensure
the safety, efficiency, and reliability of the system. It provides detailed descriptions of all

components and procedures involved.

9.2. Material Conditions

9.2.1. General Materials

All materials used in the prototype must be of the highest quality and meet the following

criteria:
» Compliance with relevant regulations and standards.
» Possession of the characteristics specified in the technical specifications.

»  Certification from appropriate authorities.

9.2.2. Electrical Cables

T he electrical cables used in the prototype must meet the following conditions:

» Conductors must be made of copper with a nominal voltage rating of 570V.
»  Wiring must withstand voltages up to 1000V.

» Cable identification should follow the color code below:

» Black and brown for cables connected to the negative polarity.

» Red and blue for cables connected to the positive polarity.

>  All cables must be covered with an orange protective sleeve to prevent short circuits.
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9.2.3.  Electronic Components

The electronic components used in the prototype must meet the following conditions:

A. MOSFET

» The selected MOSFET must withstand voltage peaks exceeding 48V, with a rated
voltage of 100V.

»  The current capacity must be at least 25A.

Example: STMicroelectronics STB4ONF10LT4 MOSFET meets these conditions.

B. Capacitors
» Capacitors must have a minimum capacitance of 13.27mF and an ESR of 24.4mQ.
» At least two units should be connected in parallel.

Example: KEMET ALC80D822EH100 capacitors meet these conditions.

9.2.4. Battery
»  The battery must have a rated voltage of 48V and provide 500W of output power.

Example: Chamrider 36V 10AH, 25A BMS, 48V 30A lithium battery pack.
9.2.5. Motor

»  The motor must be of the BLDC type and provide a rated output of 350 W.

Example: V-MOTION HIGH TORQUE BLDC MOTOR 350W.
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9.3. Execution Conditions
9.3.1. Assembly

All components must be assembled in accordance with the manufacturer's technical

specifications and meet the following conditions:

»  All components must comply with relevant safety regulations.

» During assembly, direct and indirect contact with conductive materials not designed

and selected for contact must be avoided to prevent short circuits.

9.3.2. Operating Temperature
» The battery must operate within a temperature range of -20°C to 60°C.

» Electronic components must not be exposed to temperatures higher than those

specified.

9.3.3. Mechanical Requirements
» The prototype must not be exposed to impacts or sharp objects.

» Al connection points and contact areas must be made of designed materials, and any
unintentional contact with conductive objects must be avoided to prevent direct or

indirect contact.

» The prototype is not designed to withstand temperatures above the specified limits

and should not be subjected to fire or destructive tests.

9.4. Testing and Adjustments
9.4.1. Operational Testing

» All components must undergo operational testing according to the specific regulations

of each product.
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» \Voltage, current, and temperature tests must be performed to ensure the proper

operation of the power converter and BLDC motor.

9.4.2. Final Adjustments
» Final adjustments must be made to ensure the system meets the project requirements.

> All results from the tests and adjustments performed must be documented.

9.5. Warranty

The prototype must guarantee the protection of individuals and property while ensuring safety
and efficiency. The energy values established in the project must be met as minimum values to

ensure the proper performance of the system.

9.6. Documentation

All technical documents and certifications for the components used must be provided, including
user manuals and technical specifications for the power converter and motor. Additionally, records

of all tests and verification procedures performed during the project must be included.
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Brushless DC Motor Drive with Speed Feedback (PWM Control)
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Figure 79. Completed circuit diagram (Obtained from self-made PSIM)
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