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1.VEHICLE SPECIFICATIONS TABLE (MANDATORY) 

 

 

2.VEHICLE DYNAMIC TESTING 

 

Vehicle dynamic test was carried out on 3 August 2021 at Altınbaş University 

Mahmutbey Campus. Vehicle dynamic test video is in the link below. 

https://streamable.com/gdg0uw  

 

 

 

 

Feature Birim Değer 

Length Mm 325 

Width Mm 124 

Height Mm 105 

Chassis Material Carbofiber,Honeycomn,PVC 

Foam 

Shell Material Carbon Fiber 

Brake System Hydraulic disc, front, 

rear,hand brake 

Hydraulic Disc 

Motor Tip   

Motor Driver Self-designed,Ready-

make product 

Self-designed  

Motor Power kW 2 

Motor Efficiency % 94 

Electric Machine Weight Kg 18 

Battery Type Li-ion 

Battery Pack Rated Voltage V 72 

Battery Pack Capacity Ah 15 

Battery Pack Maximum 

Voltage 

V 84 

Battery Pack Energy Wh 1260 

Fuel Cell Power kW  

Number Of Hydrogen 

Cylinders 

#  

Hydrogen Cylinder Pressure Bar  

Super Capacitor Yes/no  

https://streamable.com/gdg0uw
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3.DOMESTIC SUB-COMPONENTS 

1. Motor Mandatory for Electro 

mobile/Hydro mobile 

☒ 

2. Motor driver Mandatory for Electro 

mobile/Hydro mobile 

☒ 

3. Battery management system 

(BMS) 
Mandatory for Electro 

mobile/Hydro mobile 

☒ 

4. Embedded recharging unit Mandatory for Electro 

mobile 

☒ 

5. Energy management system 

(EMS)* Mandatory for Hydro mobile 
☐ 

6. Battery packaging Optional ☒ 

7. Electronic differential application Optional ☐ 

8. Vehicle control unit (VCU) Optional ☒ 

9. Fuel cell* Optional ☐ 

10. Fuel cell control system (circuit)* Optional ☐ 

11. Insulation monitoring device Optional ☐ 

12. Steering system Optional ☒ 

13. Door mechanism Optional ☒ 

 

 

4.MOTOR 

4.1. Type of Motor 

   In the studies carried out in the past years, attention was paid to keep the mechanical 

losses on the motor as low as possible. For this reason, it was thought that there should 

be no gear group and it was decided to design and manufacture a permanent magnet 

brushless outer runner dc motor, which provides high efficiency and perfect control. 

4.2. Calculation of Motor Data 

   Before the motor design started, optimization studies were carried out on the Intercity 

Istanbul Park Track, where the races will be held. The vehicle dynamics parameters 

taken into account in the calculations are given in Table 4.1. The necessary power, 

torque and speed calculations are given in Table 4.2. The results in the table are 

obtained as a result of the averages of the calculations made for all flats and bends on 

the track. 

P =  Pgradient  +  Prolling  +  Paero 
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1

𝑛
[mgv(sin∅ + Crr) +

1

2
CdAp(v − vw)3] 

Torque[Nm] =
9.55 x P[W]

Speed[rpm]
 

Table 4.1. Vehicle Dynamics Parameters  

 

Table 4.2. Calculation Results 

 

   Before starting the design of the motor, some design parameters of the motor should 

be determined. These design parameters are determined according to the analysis 

results of the race track and the dynamic characteristics of the vehicle, so Table 4.1 

and Table 4.2 can be taken as reference. In Table 4.3, the design parameters were 

determined according to the analysis results of the runway. 

Table 4.3. Design Parameters 
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4.3. Electrical Design  

4.3.1. Rotor Design 

   Here, the appropriate outer diameter dimensions for the rim to be used while 

designing the rotor are selected. In this design, the outer diameter is kept as large as 

possible. The outer and inner diameter dimensions of this designed rotor are 310 mm 

and 280 mm, respectively. In this motor, which is designed with an outer rotor, magnets 

are placed on the rotor. 

 

 

 

 

 

 

 

 

4.3.1.1. Magnet Type and Features 

   One of the most important factors affecting the torque and efficiency values expected 

from the design is the relationship between the magnetic field created by the selected 

magnet and the magnetic field created by the current flowing through the windings. 

NdFe35 type magnet is used in this design. A neodymium magnet (also known as 

NdFeB, NIB, or Neo magnet) is a type of rare earth magnet commonly used on the 

market Nd2Fe14B is a permanent magnet made from an alloy of neodymium, iron and 

boron to form a tetragonal crystal structure. The dimensions of the magnet used in the 

design were chosen as 40x20x5 mm. 

4.3.1.2. Rotor Material Properties 

   7075 type aluminum alloy is used in the rotor design. 7075 aluminum alloy (AA7075) 

is a kind of aluminum alloy with zinc as its primary alloying element. It has almost 

excellent mechanical properties, has good ductility, high strength, toughness and good 

resistance to fatigue. It is more susceptible to brittleness than other aluminum alloys 

due to micro-clustering but has significantly better corrosion resistance compared to 

alloys in the 2000 series. The composition of 7075 aluminum alloy is roughly          

5.6%–6.1% zinc, 2.1% 2.5% magnesium, 1.2–1.6% copper and less than 50% silicon, 

iron, manganese, titanium, chromium and contains other metals. 

Figure 4.2. Ansys Electronics Rmxprt Rotor Design 

Figure 4.1. Ansys Electronics Rotor Properties 
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4.3.2. Stator Design 

   When determining the physical properties of the stator, the priority is the air gap 

between the stator and the rotor. It is necessary to reduce the air gap as much as 

possible and bring it to the optimum level. The air gap should be determined by taking 

into account the production errors, and the air gap was determined as 1 mm as a result 

of the calculations. The inner diameter of the stator is determined according to the flux 

density flowing over the windings. The power required from 

the motor, the current flowing through the windings and the 

magnetic field created by this current determine the magnetic 

flux that will occur in the stator. The stator volume and the 

stator material are the factors affecting the magnetic flux that 

the stator can store. As a result of the calculations made by 

considering these factors, the stator inner diameter was 

determined. The stator dimensions are outer diameter and 

inner diameter 278 mm and 200 mm respectively. In addition, 

the stator core length is 40 mm and the winding factor is 0.95.  

 

4.3.2.1 Stator Material Properties 

   The material used in the stator is siliceous sheet, which is a material that can store 

magnetic field. This material has a high magnetic field storage capability. In this way, 

the extra magnetic field is stored in the stator. Silicon steel is a soft material used in 

electrical power transformers, motors and generators. It has a high silicon content of 

about 3.2% by mass, which increases the electrical resistance losses of the iron and 

the backward eddy current losses. M350 silica sheet was used as the material. Table 

4.4 includes Gaussian standards. Table 4.5 includes the physical properties. 

Table 4.4. Gaussian Standards 

      

Table 4.5. Physical Properties of Some Siliceous Sheets 

 

Figure 4.3. Ansys 
Electronics RMxprt Stator 

Design 

Figure 4.4. Ansys Electronics RMxprt Stator Properties 
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4.3.2.2. Slot type and Features 

   The slot type of this motor was used from the ready-made slot types in the Ansys 

Electronics program. Slot Type 4 in the program was selected. The important 

parameters in the Slot Type are given in Figure 4.5. 

 

 

 

 

 

 

4.3.3. Winding Configuration 

4.3.3.1. Winding Type 

   One of the frequently used winding shapes in this design, "Half die – concentric 

winding” technique was used. In single layer windings, the entire groove is filled with a 

winding, so a lower winding resistance is obtained, but the inductance value is high. In 

double layer windings, two different phase windings are placed in a groove. This 

situation causes the winding resistance to be higher than the half-die winding and the 

inductance value to be lower than the half-die winding. Important details about winding 

are mentioned in Figure 4.7.                                                              

Figure 4.5. Slot Type 4 Figure 4.6. Slot Parameters 

 

Figure 4.7. Winding Parameters 
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4.3.3.2. Winding Connection Type  

   This designed motor has star connection. In star connection, similar ends (start or 

end) of three windings are connected to a common point called star or neutral point. 

Three-line conductors pass through the 

remaining three free terminals called line 

conductors. The wires are carried into the 

external circuit giving three phase, three wire 

star connected systems. Sometimes, however, 

a fourth wire is carried from the star point, called 

the neutral wire, to the external circuit forming 

three-phase, four-wire star-connected systems. 

The end terminals of the three windings a2, b2 

and c2 are connected to form a star or neutral 

point. Three conductors named R, Y and B pass 

through the remaining three free terminals as 

shown in the figure above. The current passing 

through each phase is called phase current and 

the current passing through each line conductor 

is called Line Current 𝐼𝑙. Similarly, the voltage 

in each phase is called Phase Voltage 𝐸𝑝ℎ and 

the voltage across two line conductors is known 

as Line Voltage 𝐸𝑙. When the system is balanced, a balanced system means that an 

equal amount of current flows through them in all three phases, namely R, Y and B. 

Therefore, the three voltages 𝐸𝑁𝑅, 𝐸𝑁𝑌 and 𝐸𝑁𝐵 are of equal magnitude but displaced 

120° (electrically) from each other. EMFs and arrowheads on the current show the 

direction, not their true direction, at any given moment. 

4.4. Analysis Results 

4.4.1. Efficiency Analysis 

   For a BLDC Motor, the efficiency of the energy given at the input is magnetic, copper, 

iron, etc. It can be defined as the rate of conversion to motion energy in the motor shaft 

after losses. Analysis results show that the maximum efficiency of the designed motor 

is 94.2%. The efficiency of the motor obtained as a result of the studies carried out at 

certain rpm ranges is shown in Figure 4.10. 

 

 

 

 

 

 

Figure 4.8. Star Connection Diagram 

Figure 4.9. Star Connection Phasor Diagram 

Figure 4.10. Efficiency - RPM Graph 
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4.4.2. Power Analysis 

   2 kW nominal power of the motor 

while designing was expected. This 

value was expected to be 5 kW 

maximum. Considering that this 

Motor to be produced will mostly be 

used in the 300 RPM - 425 RPM 

band, the design exceeds the 

requirements. Power – RPM graph is 

given in Figure 4.11. 

 

4.4.3. Magnetic Flux Analysis  

   Magnetic flux is a measure of the 

total magnetic field passing through 

a given field. It is a useful tool to help 

explain the effects of magnetic force 

on something occupying a certain 

area. The measurement of magnetic 

flux depends on the specific field 

chosen. We can choose to make the 

field the size we want and orient it in 

any way according to the magnetic 

field. The magnetic field created by 

the current passing through the windings should not be more than the material in the 

stator can store. This is very important for efficiency. To see the magnetic flux density 

across the stator, we need to analyze the design in Ansys Maxwell. The result of the 

analysis is shown in Figure 4.12. As a result of the analysis, the stator material - 

magnetic flux relationship is quite sufficient and appropriate. 

Related link: https://sendgb.com/L0r8TZ12qbD 

4.4.4. Thermal Analysis 

   The thermal behavior of the designed motor 

under load is important. In this context, Ansys 

Motorcade program was used for the thermal 

analysis of the motor. The thermal analysis 

performed is for the under load condition. As a 

result of this analysis, it is seen that the maximum 

temperature that can occur in the windings is 

58.1℃, and the maximum temperature that can 

occur in the stator teeth is 54.1℃. The thermal 

analysis output made in Figure 4.13 is shared.  

 Related Link: https://sendgb.com/6FyAxkCv8ls 

Figure 4.12. ANSYS Maxwell Magnetic Flux Analysis 

Figure 4.13. Thermal Analysis Output 

Figure 4.11. Power - RPM Graph 

https://sendgb.com/L0r8TZ12qbD
https://sendgb.com/6FyAxkCv8ls
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4.4.4.1. Cooling Method 

   The slope of 8.15% on the Intercity Istanbul Park track is the part where the motor 

requires the highest performance. In this part, the motor is expected to produce 2.8 

kW of power. Such high power will cause the motor to overheat. For this, we need to 

cool the motor. Self-cooling system will be used as the cooling method for this motor. 

It is aimed to cool the windings and the motor by blowing the outside air directly to the 

stator through the angled and specially formed holes on the motor cover. Figure 4.14 

shows the flow analysis of the air cooling system. 

 

4.5. Mechanical Analysis 

   All mechanical parts of the motor were analyzed with Ansys program. It is desired to 

control the problems that may occur by applying too much force to the parts. Despite 

these applied forces, no major deterioration occurred in any of the parts. The resulting 

distortions are within the tolerance values. 

 

Figure 4.16. Motor Shaft Analysis 

Figure 4.14 Air Cooling System Flow Analysis 

Figure 4.15. Rotor Mechanical Analysis 
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 Related link: https://sendgb.com/F86YCMvisw4 

4.6. FEA (Finite Element Method) Results 

   As a result of the studies carried out with the finite element method, some 

characteristic features of the motor are given in the table. The information written here 

may vary according to the racing strategies. Some parameters in the number of parallel 

wires in the windings and the number of turn may vary until the last moment of the start 

of the race. In this case, changes will occur in power, efficiency, efficiency range and 

average speed. 

Table 4.6. Finite Element Method Results 

 

   When the motor design is started, when compared with the targeted parameters, the 

motor produced is produced in accordance with all the demands. It has a wide 

efficiency range. It meets the desired average torque. The maximum output power is 

the desired level. 

4.7. Production Studies 

   After the electrical design of the motor was completed, the 3D drawings of the motor 

were made in Solidworks program. After the three-dimensional drawings were 

transferred to the technical drawing, the production of the stator part was started. 

Sheets on the stator part have been laser cut.115 pieces of 0.35 mm thick siliceous 

sheets were put on top of each other and then assembled with the parts we call the 

motor core and finalized. The windings have started on the assembled stator and with 

the installation of the sensors, the final connections have been made and made ready. 

The rotor part of the motor went through the same stages. CNC machines were used 

to process the rotor part. After gluing the magnets to the rotor, the rotor and the stator 

were mounted. The works performed on the motor are listed in the figures below in 

chronological order. 

Figure 4.17. Motor Core Analysis 

https://sendgb.com/F86YCMvisw4
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  Figure 4.20 shows the image of the silica sheets during laser cutting. In Figure 4.21, 

the silica sheets from the laser cutting are assembled with the parts we call the motor 

core. 

 

 

 

 

 

 

 

 

Figure 4.18. Technical Drawing I 

Figure 4.19. Technical Drawing II 

Figure 4.20. Stator Laser Cutting Figure 4.21. Stator Assembly 
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    Figure 4.22 shows the state of the stator before 

the windings are finished and the connections are 

made.              

 

 

 

 

    In Figure 4.23, the magnet slots on the rotor 

coming from the machining are tested. Magnets 

using magnet slots are suitable and then glued to 

the slots. 

 

 

 

 

 

 

   

 Figure 4.24 and Figure 4.25 show the first test moment of the assembled motor. 

 

Figure 4.22. Stator Winding 

Figure 4.23. Rotor Magnet Test 

Figure 4.24. Assembled Motor I Figure 4.25. Assembled Motor II   
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  In Figure 4.26, all the operations of the motor have been completed and it has been 

mounted to the vehicle for testing on the load.  

 

Related link: 

https://sendgb.com/QxWeZCUM5Pf 

 

 

 

 

 

 

 

4.8. Comparison Chart  

 

 Previous Design New Design 

Motor Type HUB MOTOR(BLDC)  BLDC Outer Rotor 

Motor Phase Voltage 96V-72V 72V 

Motor Power 1500 W 2000 W 

Motor Speed 1000 Rpm 450 Rpm 

Motor Dimensions 400x70 mm 310x95 

Motor Weight 27 Kg 18 Kg 

Motor Efficiency 87% 94% 

Motor Main Dimensions 400 310 

Stator Dimensions Outer Dimeter: 368,26 
mm 
İnner Diameter:150 mm 

Outer Dimeter: 278 mm 
İnner Diameter:200 mm 

Rotor Dimensions Outer Dimeter: 396,5 mm 
İnner Diameter:377 mm 

Outer Dimeter: 310 mm 
İnner Diameter:280 mm 

Winding Diagram 1 mm Width Copper Wire 
8 Parallel Wire 6 Turn 
Delta Type Winding 
 

0.5 mm Width Copper Wire 
14 Parallel Wire 11 Turn 
Star Type Winding 
 

Magnetic Design and 
Analysis Model 

FEA FEA 

Thermal Design and 
Analysis Model 

FEA FEA 

Mechanical Design and 
Analysis Model 

FEA FEA 

Motor Test Method and 
Results 

- - 

Figure 4.26. Motor Assembled on Vehicle 

https://sendgb.com/QxWeZCUM5Pf
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5. MOTOR CONTROLLER 
5.1. General Information 

   For Motor Controller design, it was started with 2 different circuit designs. The initial 

data for both circuits were determined in line with the values obtained as a result of the 

runway analysis. In this context, there is a need for a motor driver circuit that will 

operate at 72 volts and can withstand a maximum power of 5 kW. 

   It is aimed to reach an efficiency of over 95% in the 2 different circuits mentioned. 

When the motor and motor driver are considered together, it is aimed to reach an 

efficiency value of over 90%. The test and development process are still continuing in 

these 2 different designs that are designed and produced. 

   Both drivers mentioned use the same converter blocks and the same MOSFETs. 

The features that distinguish the two designs are; microprocessor selection, MOSFET 

driver selection and some other additional features. These additional features will be 

discussed in detail in the following sections. 

   In order to reduce confusion, the two different controllers mentioned in the rest of the 

report are named as “Driver 1” and “Driver 2”. 

5.2. Circuit Design 

5.2.1. Microprocessor Block 

Driver 1 

   In this design, Atmega328p processor of Atmel company was preferred as the 

microprocessor. The reason why this processor is preferred is that it is easy to code 

and its cost is relatively low. 

 

 

 

 

 

 

 

Driver 2 

   In this design, STM company's Stm32f405vgt6 processor is preferred as 

microprocessor. The reason why this processor is preferred is its higher processing 

power than Atmega328p. Although the coding part of this chip with ARM architecture 

is difficult compared to Atmega328p, it provides the opportunity to design more 

complex algorithms. 

Figure 5.1. Driver 1 Microprocessor Block 



15 

 

5.2.2. Converter Block  

5.2.2.1. Driver 1 and Driver 2 

   The motor driver circuit will be fed from the 72V battery placed in the vehicle. In this 

context, it is necessary to reduce the voltage for components operating at low 

voltage. This voltage is from Vin to 12V and from 12V to 5V in both circuits, 

respectively. For the "Driver 2" circuit, in addition to all this, a step-down from 5V to 

3.3V was made. Both drives use the same converter block. The first reduction from 

72v is done with the LM5161 converter IC. This IC reduces the voltage to 12V for the 

remainder of the circuit. 

   The voltage dropped to 12V needs to be reduced to 5V for use in the rest of the 

circuit. This process is done with the FR9801 buck converter IC. 

Figure 5.3. Technical Information of LM5161 IC 

Figure 5.4. Technical Information of FR9801 IC 

Figure 5.2. Driver 2 Microprocessor Block 
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   Finally, a voltage of 3.3V is needed in the "Driver 2" circuit. This voltage is obtained 

by reducing from 5V with the LP5907 IC. 

5.2.3. Power Block 

5.2.3.1. MOSFETs 

Driver 1 and Driver 2 

   In this section, MOSFETs and MOSFET drivers used in circuits will be discussed. 

Since the same MOSFET is used in both circuits, the MOSFET used will be mentioned 

first. In both designs, the IRF135B203 MOSFET is preferred. While choosing this 

MOSFET, firstly VDSS voltage, RDS resistance and Id current were taken into account. 

Considering that it is designed to work at 72V, this MOSFET was preferred to work in 

the safe zone. In addition, it is aimed to increase the current carrying capacity by 

increasing the number of MOSFETs. Low RDS resistance is of high importance in 

order to minimize the power electronics losses that will occur. 

   In addition to all these, values such as on-off times, input capacitance, gate charge 

were also considered when choosing the MOSFET. Since the gate voltage is known, 

the gate resistors are determined accordingly. This resistor is chosen as 10 ohms for 

fast charging of the gate capacitance. This resistance is positioned as close as possible 

to the MOSFET in order to reduce the possible parasitic effect. Since the system is 

estimated to operate at approximately 50-75 degrees, the values were examined under 

these conditions. As mentioned earlier in the development report, designs with 18-24 

MOSFETs were also tried, and it was decided to use 12 of these MOSFETs, which 

were selected as a result of the tests and calculations. 

MOSFET Driver 

   MOSFET drivers are used in both circuits. These MOSFET drivers are because the 

MOSFETs used are not logic level. Since the MOSFETs are not logic level, an 

amplification process is required on the gate signal of the MOSFETs. 

Figure 5.5. Technical Information of LP5907 IC 

Figure 5.6. Technical Information of IRF135B203 MOSFET 
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Driver 1 

   In the development report, it was stated that it 

was aimed to use the IR2101 MOSFET driver IC 

for the "Driver 1" circuit. While selecting this driver 

IC, care was taken to ensure that the high and low 

outputs can be controlled separately. However, 

on-off times and maximum output current are 

taken into account. As a result of the tests, it was 

determined that the maximum output current of the 

IR2101 integrated for this reason, it was decided 

to use the UCC27201 IC instead of IR2101. 

   In the figure above, the features of the ucc27201 IC are presented. The reason for 

choosing this IC is its high output current and lower delay times. Thanks to the high 

output current, it is aimed to reduce the switching losses as the input capacity of the 

MOSFETs will fill up faster. 

   As seen in the figure above, pull-down resistors are used between the MOSFET 

driver and the gate of the MOSFET. In this way, it is aimed to prevent a switching error 

that may occur. In addition, UF1D fast switching diodes are used in parallel with the 

gate resistor so that the gate current can be discharged quickly. 

  In this design, it is aimed to prevent feedback with SS310 diodes in addition to the 

body-diode of the MOSFET. 

Driver 2 

    An isolated MOSFET driver IC is used in the 

"Driver 2" circuit. In this circuit, ground 

separation and filtering processes are given 

high importance. For this reason, the 

UCC21520 IC was preferred. This IC was also 

preferred because of its features similar to the 

"Driver 1" circuit. It was chosen because of its 

high output current, high switching speed and 

resistance adjustable dead-time feature. 

 

Figure 5.7. Technical Information of 
UCC27201 IC 

Figure 5.8. Power Block of Driver 1 

Figure 5.9. Technical Information of 
UCC21520 IC 
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   As mentioned before, high attention was paid to filtration processes in this circuit. For 

this reason, the current here is limited by using resistors in the connections between 

the MOSFET driver and the microprocessor. Since the stm32f405vgt6 chip operates 

at 3.3V voltage, this resistor value has been taken into account when calculating it.

  

   In addition, pull-down resistors and filter capacitors are used on the input side of the 

MOSFET driver to prevent switching failures. A separate decoupling process has been 

performed for each supply pin of this isolated IC. 

   In addition to all these, studies were carried out on the current measurement 

feature in the "Driver 2" circuit. Current measurement is made from each phase with 

INA240 IC and 0.002-ohm shunt resistors. 

5.2.4. Interface Block 

It is important to have interface supports in the designed circuits. For this reason, 

both designs have USB ports. Through these ports, the circuits are enabled to 

communicate with the computer. 

Driver 1 

   In this circuit, the Atmega328p processor is supported by the CH340G USB-TTL IC. 

In this way, the circuit can be coded via the USB port. In addition, necessary data can 

be transferred to the computer via the USB port and viewed from there. 

   In addition to these, a serial port output is included in this circuit to enable 

communication with other components. 

Driver 2 

   In this design, the connection with the computer is provided via the USB port. In this 

way, the necessary data can be monitored, thanks to the interface that continues to be 

developed. An external st-link debugger is used to encode the stm32 processor. 

   In addition to these, this circuit also has a serial port output. In addition, TJA1051 IC 

and necessary components have been added to the circuit to enable can-bus 

communication. 

 

Figure 5.10. Power Block of Driver 2 
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5.3. Schematic and PCB Design 
   While schematic and PCB designs were made, KICAD program was used. The 

schematic and PCB designs of both circuits were made with this program. 

Driver 1 

  The microprocessor, voltage divider, temperature measurement and USB connection 

parts of the schematic of the "Driver 1" circuit are shared below. 

    

 

 

 

 

   The design of the converter block and power block of the circuit is also shown in the 

figure below. 

    

 

 

 

 

    

   While designing this circuit with a 2-layer PCB, a few issues were given utmost 

importance. First of all, the power ground, where the high current passes and the 

MOSFETs are connected, and the signal ground, which the control part is connected 

to, do not seem to be separate from each other in the diagram, but they are kept 

separate from each other while designing the PCB. These two planes are only 

connected at one point. Thus, it is aimed to keep the control part safe. 

   The microprocessor, which is one of the most sensitive elements of the circuit, has 

been kept separate from other elements as much as possible. Thus, it is aimed to be 

affected as little as possible by the electrical noise that may occur. The gate resistors 

of the MOSFETs have been tried to be placed as close as the design allows. (In 

previous versions, these resistors were located much closer. However, due to the 

limitations arising from the physical dimensions of the circuit, they had to be pulled a 

little further in this version.) 

Figure 5.11. Schematic of Driver 1 

Figure 5.12. Schematic of Driver 1 
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   The traces where the high current will pass are left open. In this way, those parts are 

supported with solder or DC bus bar. In addition, each phase is supported by an 

electrolytic and a film capacitor in order not to be affected by sudden voltage drops and 

to ensure the filtration process. 

Driver 2 

   The schematic design of the converter block and microprocessor block belonging to 

the "Driver 2" circuit is shared as follows.                                                                                                  

   The schematic design of the power block of the circuit is shared as follows.     

Figure 5.13. PCB Design of Driver 1 (168mm x 68mm) 

Figure 5.14. 3d Visual of Driver 1 

Figure 5.15. Schematic of Driver 2 
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The schematic design of the power block of the circuit is shared as follows. 

 

   For the "Driver 2" circuit, both 4-layer and 2-layer PCB designs were made. In the      

2-layer PCB design, the signal and power grounds are kept separate from each other 

as in the "Driver 1" circuit. In the 4-layer PCB design, analog, digital and power grounds 

are kept separate from each other. In this way, it is aimed to ensure stable operation 

of the circuit and to prevent problems that may arise from electrical noise. All the points 

mentioned in the "Driver 1" section are also taken into consideration in this section. 

Figure 5.17. PCB Design of Driver 2 (168mm x 68mm) 

Figure 5.18. 3d Visual of Driver 2 

Figure 5.16. Schematic of Driver 2 
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5.4. Production 

5.4.1. PCB Production 

   The production of the designed PCBs was made by JLCPCB, a Chinese PCB 

manufacturer. This company was chosen for reasons such as production quality, price 

and production speed. Then, the template tracing, sorting, placement, soldering, and 

inspection of the electronic components on the PCB was performed by EVA Team. 

   Since the aforementioned manufacturer's deadline is approximately 10 days, 

production and testing plans have been made considering this period. The production 

process is completed in about 2 weeks with about 3-4 days of soldering and testing 

processes after the PCBs arrive. 

5.4.2. Cooling & Housing 

The cooling part must be completed 

before full performance tests can be 

performed for the driver circuits. During the 

cooling process, 2 different main components 

were used. These; 

• Aluminum block 

• Aluminum housing 

 

 

Figure 5.19. Manufactured PCB of Driver 1 Figure 5.20. Driver 1 

Figure 5.21. Driver 2 Figure 5.22. Driver 2 

Figure 5.23. Aluminum Block 
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   Since there are 2 different designs, the 

PCB dimensions of these designs are kept 

the same in order not to design separate 

coolers for both. Thus, a single cooler design 

can be used for both circuits. 

   First, an aluminum block that the 

MOSFETs will contact directly with was 

purchased, holes suitable for the design 

were drilled and the MOSFETs were 

mounted on this block. Then, it was placed in 

the aluminum housing together with this block, and the cooling process was completed. 

According to the results of the ongoing tests, mini fans can be placed on this housing. 

5.5. Protection 
   For both driver boards, there must be at least 1 protection mechanism. Over 

temperature protection will be discussed first. In both driver boards, temperature 

measurement is taken with thermistor positioned as close as possible to the MOSFETs 

(to the extent the design allows). When the temperature of the MOSFETs rises above 

a certain value, the protection algorithm activates and turns off the controller until it 

falls below a certain temperature. 

   In addition, the “Driver 2” circuit also has overcurrent protection. Current values in 

each phase are measured with INA240 IC and shunt resistors. When this value 

exceeds the value determined in the code, the protection algorithm activates and 

prevents the microprocessor from outputting. 

5.6. Control Algorithm 

   Both driver boards receive the feedback required for control algorithms from hall 

sensors placed in the motor. These sensors are placed in the motor in line with the 

calculations. “Driver 1” circuit performs standard closed-loop six-step BLDC control 

with the feedbacks it receives from these sensors. This control is done with PWM 

signals applied to MOSFETs. “Driver 2” circuit also uses this system just like “Driver 

1”. In addition to this, FOC control algorithm is tried to be developed in "Driver 2" circuit. 

This control system also receives the necessary feedback from the same hall sensors. 

Figure 5.24. Aluminum Housing 

Figure 5.25. Driver 1 
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   Some information about the US1881 hall sensors placed in the motor is shared in 

the picture below. 

 

5.7.Simulation Results 

   Simulation studies of both circuits were made in the "LTSpice" program. While doing 

this simulation, the MOSFET and gate resistors of the circuit are used. PWM signals 

were applied with PWM generators from the gates of the MOSFETs. The simulation 

outputs are presented below. 

 

Figure 5.27. Simulation Studies 

   Since the same MOSFET and the same gate resistors are used in both designs, a 

single simulation study has been carried out. The amplitude of the PWM signal applied 

from the gate resistors to the MOSFETs is 12V, the frequency is 10 kHz. 

 

Figure 5.26. Technical Information of US1881 Hall Sensors 
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5.8. Bill Of Materials 
 

   The cost table for the components of the “Driver 1” and “Driver 2” circuits is presented 

below. Since the “Driver 2” circuit has higher characteristics, its cost was higher than 

the “Driver 1” circuit. 

 

 

Related Link: https://sendgb.com/tZueivgyHp6 

 

 

Designator Package Quantity Designation BİRİM FİYAT TOPLAM

C1,C2,C26,C27 C_0805_2012Metric 4 15p 0,013 0,052

C3,C5,C8,C34 CP_Radial_D16.0mm_P7.50mm 4 470u 0,022 0,088

C6 C_0805_2012Metric 1 10n 0,034 0,034

C7,C9 C_0805_2012Metric 2 10u 0,045 0,09

C10,C11,C13,C15,C18,C19,C20,C21,C22,C38,C39 C_0805_2012Metric 11 100n 0,032 0,352

C12,C14,C23,C24,C25,C35,C36,C37 C_0805_2012Metric 8 2.2u 0,075 0,6

C16,C40,C41 C_0805_2012Metric 3 1n 0,045 0,135

C17 CP_Elec_5x5.3 1 22u_16v 0,095 0,095

C28,C29,C30,C33C_Rect_L7.2mm_W7.2mm_P5.00mm_FKS2_FKP2_MKS2_MKP24 1u 0,07 0,28

D1 LED_0805_2012Metric 1 GREEN 0,012 0,012

RX,TX LED_0805_2012Metric 2 YELLOW 0,012 0,024

D4 LED_0805_2012Metric 1 RED 0,012 0,012

D8 LED_D3.0mm 1 GREEN 0,013 0,013

D9 LED_D3.0mm 1 RED 0,012 0,012

D13,D14,D15,D16,D17,D18,D19,D20,D21,D22,D23,D24 D_SMB 12 SS310 0,075 0,9

H1,H2,H3,H4 MountingHole_3mm_Pad_Via 4 MountingHole 0

J1 USB_Mini-B_Lumberg_2486_01_Horizontal 1 USB_OTG 0

+ MountingHole_3.5mm_Pad_Via 1 + 0

- MountingHole_3.5mm_Pad_Via 1 - 0

J4 PinHeader_1x03_P2.54mm_Vertical 1 POT 0

J5 PinHeader_1x05_P2.54mm_Vertical 1 HALL 0

J6 PinHeader_1x02_P2.54mm_Vertical 1 REV 0

J7 PinHeader_1x03_P2.54mm_Vertical 1 ICSP1 0

J8 PinHeader_1x03_P2.54mm_Vertical 1 ICSP2 0

B MountingHole_3.5mm_Pad_Via 1 B 0

C MountingHole_3.5mm_Pad_Via 1 C 0

A MountingHole_3.5mm_Pad_Via 1 A 0

J12 PinHeader_1x04_P2.54mm_Vertical 1 SERIAL 0

L1 L_7.3x7.3_H3.5 1 100u 0,35 0,35

L2 L_6.3x6.3_H3 1 4.7u 0,37 0,37

Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8,Q9,Q10,Q11,Q12 TO-220-3_Vertical 12 Q_NMOS_GDS 2,48 29,76

R1,R3,R4,R10,R11,R28,R44 R_0805_2012Metric 7 1k 0,0045 0,0315

R2 R_0805_2012Metric 1 402k 0,0032 0,0032

R5,R8,R9,R12,R13,R14,R15,R16,R17,R18,R37,TH1 R_0805_2012Metric 12 10k 0,0035 0,042

R6 R_0805_2012Metric 1 10K 0,0024 0,0024

R7 R_0805_2012Metric 1 2K 0,0021 0,0021

R19,R20,R21,R22,R23,R24,R38,R39,R40,R41,R42,R43 R_0805_2012Metric 12 10 0,0021 0,0252

R25 R_0805_2012Metric 1 100k 0,0032 0,0032

R26 R_0805_2012Metric 1 30.9k 0,0032 0,0032

R27 R_0805_2012Metric 1 5.76k 0,0021 0,0021

R29,R31,R33,R35 R_0805_2012Metric 4 150k 0,0045 0,018

R30,R32,R34,R36 R_0805_2012Metric 4 3k24 0,0042 0,0168

U2 SOIC-16_3.9x9.9mm_P1.27mm 1 CH340G 0,95 0,95

U3 SOT-23-6 1 FR9801 1,44 1,44

U4 TQFP-32_7x7mm_P0.8mm 1 ATmega328P-AU 2,01 2,01

U5,U6,U7 HTSOP-8-1EP_3.9x4.9mm_P1.27mm_EP2.4x3.2mm_ThermalVias3 UCC27210DDAR 2,56 7,68

Y1 Crystal_SMD_HC49-SD 1 12Mhz 0,36 0,36

C4 C_1210_3225Metric 1 4.7u_100v 0,42 0,42

C31,C32 C_0805_2012Metric 2 22u 0,11 0,22

U1 IC_TPS27S100BPWPR 1 LM5161PWP 4,6 4,6

Y2 Crystal_SMD_5032-4Pin_5.0x3.2mm 1 16Mhz 0,24 0,24

D5,D6,D7,D10,D11,D12,D25,D26,D27,D28,D29,D30 D_SOD-123 12 UF1D 0,097 1,164

52,41$     

Designator Package Quantity Designation BİRİM FİYATTOPLAM

H4,H1,H2,H3 MountingHole_3mm_Pad_Via 4 MountingHole

R58,R44,R45,R46,R47,R48,R49,R53,R54,R55,R56,R57R_0805_2012Metric 12 10R 0,0021 0,0252

J9,J10,J11 MountingHole_3.5mm_Pad_Via 3 PHASE WIRE 0

Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8,Q9,Q10,Q11,Q12TO-220-3_Vertical 12 IRF135B203 2,48 29,76

J12 MountingHole_3.5mm_Pad_Via 1 + 0

J13 MountingHole_3.5mm_Pad_Via 1 - 0

C1,C3,C15,C17,C24,C60,C61,C62,C63,C64,C65,C66,C75,C79,C83,C84,C89,C77C_0805_2012Metric 18 2.2u 0,075 1,35

C2,C7,C8,C9,C10,C13,C19,C21,C22,C23,C25,C36,C37,C38,C42,C43,C44,C57,C58,C59,C88,C76,C82C_0805_2012Metric 23 100n 0,032 0,736

C4,C5,C6,C30,C31,C32,C33,C34,C35,C39,C40,C41C_0805_2012Metric 12 270p 0,019 0,228

C11,C12 C_0805_2012Metric 2 15p 0,017 0,034

C14,C16,C18,C20,C26,C51,C52,C53,C54,C55,C56,C86,C87,C74C_0805_2012Metric 14 10n 0,027 0,378

C27,C28,C29 C_0805_2012Metric 3 2.2u 35V 0,063 0,189

C45,C46,C47,C48,C49,C50 C_0805_2012Metric 6 4.7u 25V 0,079 0,474

C67,C69,C71,C90 CP_Radial_D16.0mm_P7.50mm 4 470u 0,35 1,4

C68,C70,C72C_Rect_L18.0mm_W11.0mm_P15.00mm_FKS3_FKP3 3 6.8u 1,08 3,24

C78 CP_Elec_5x5.3 1 22u_16v 0,095 0,095

D1 LED_0805_2012Metric 1 RED 0,0023 0,0023

D2 LED_0805_2012Metric 1 GREEN 0,0023 0,0023

D3 LED_0805_2012Metric 1 BLUE 0,0023 0,0023

D4,D5,D6 D_SMA 3 SS115+ 0,1 0,3

FB1,FB2,FB3,FB4 L_0603_1608Metric 4 BLM18AG102SN1D 0,0011 0,0044

J1 PinHeader_1x05_P2.54mm_Vertical 1 SWD 0

J2 PinHeader_1x03_P2.54mm_Vertical 1 RC PWM 0

J3 USB_Mini-B_Lumberg_2486_01_Horizontal 1 6,14105E+11 0

J4 PinHeader_1x03_P2.54mm_Vertical 1 THROTTLE 0

J5 PinHeader_1x06_P2.54mm_Vertical 1 MOTOR SENSOR 0

J6 PinHeader_1x03_P2.54mm_Vertical 1 THROTTLE 2 (BRAKE) 0

J7 PinHeader_1x05_P2.54mm_Vertical 1 SERIAL 0

J8 PinHeader_1x04_P2.54mm_Vertical 1 CAN 0

R1,R2,R3,R4,R5,R6,R7,R8,R10,R12,R14,R15,R16,R17,R32,R33,R34,R35,R36,R37,R41,R42,R43R_0805_2012Metric 23 2k2 0,0037 0,0851

R9 R_0805_2012Metric 1 330R 0,0045 0,0045

R11,R13 R_0805_2012Metric 2 24R 0,0032 0,0064

R18,R19,R20,R21,R22,R23,R24,R25,R26,R27,R28R_0805_2012Metric 11 60R4 0,0035 0,0385

R29,R30,R31 R_0805_2012Metric 3 2.2R 0,0024 0,0072

R38,R39,R40,R65,TH1,R69 R_0805_2012Metric 6 10k 0,0021 0,0126

R50,R51,R52 shunt 3 200u 0,0021 0,0063

R59,R61,R63,R66 R_0805_2012Metric 4 150k 0,0032 0,0128

R60,R62,R64,R67 R_0805_2012Metric 4 3k24 0,0032 0,0128

R70 R_0805_2012Metric 1 2k 0,0021 0,0021

U1 LQFP-64_10x10mm_P0.5mm 1 STM32F405RGTx 11,45 11,45

U2 SOT-23-6 1 USBLC6-2SC6 0,06 0,06

U3 SOIC-8_3.9x4.9mm_P1.27mm 1 TJA1051T-3 0,97 0,97

U4,U5,U6 SOIC-16W_7.5x10.3mm_P1.27mm 3 UCC21520DW 3,97 11,91

U7,U8,U9 SOIC-8_3.9x4.9mm_P1.27mm 3 INA240A1D 2,97 8,91

U10 IC_TPS27S100BPWPR 1 LM5161PWP 4,6 4,6

Y1 Crystal_SMD_5032-4Pin_5.0x3.2mm 1 MCSJK-7I-8.00-18-10-60-B-10 0,45 0,45

C73 C_1210_3225Metric 1 4.7u_100v 0,75 0,75

C80,C81 C_0805_2012Metric 2 10u 0,095 0,19

C85 C_0805_2012Metric 1 1n 0,024 0,024

C91,C92 C_0805_2012Metric 2 22u 0,088 0,176

L1 L_7.3x7.3_H3.5 1 100u 0,35 0,35

L2 L_6.3x6.3_H3 1 4.7u 0,37 0,37

NT1,NT2 NetTie-2_SMD_Pad2.0mm 2 Net-Tie_2 0

R68 R_0805_2012Metric 1 402k 0,0045 0,0045

R71 R_0805_2012Metric 1 100k 0,0042 0,0042

R72 R_0805_2012Metric 1 30.9k 0,0037 0,0037

R73 R_0805_2012Metric 1 5.76k 0,0023 0,0023

U11 SOT-23-5 1 LP5907MFX-3.3 0,52 0,52

U12 SOT-23-6 1 FR9801-FR9801 1,44 1,44

80,59$ 

Figure 5.28. BOM of "Driver 1" Figure 5.29. BOM of "Driver 2" 

https://sendgb.com/tZueivgyHp6
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6. BATTERY MANAGEMENT SYSTEM 

   As studies on electric vehicles in the world progress, the development of sub-

components has accelerated. In this context, one of the most important components 

for electric vehicles is Battery Management Systems. It is aimed to develop battery 

management systems, which have different examples in the world, locally and to obtain 

value-added products. Details of the work done are below. 

6.1. Balancing Method 

   There are different balancing systems in battery management systems. Two different 

methods are used, mainly active and passive balancing. Active balancing is the 

technique where the BMS can charge or discharge cells independently and transfer 

this charge to another cell or battery. 

    In the passive balancing method, the cell with the highest voltage is discharged by 

means of high-power resistors connected to each cell until it reaches the cell with the 

lowest voltage in the system. In the passive balancing method, the excess energy 

obtained during charging in the battery is discharged through the series resistors in the 

system. By constantly switching on and off balancing resistors, excess energy is 

thrown away and the system is kept in balance. 

   It is planned to use passive balancing 

method in the designed battery 

management system. In Figure 6.1, the 

visual of the passive balancing method 

is shared. Among the reasons for 

choosing the passive balancing method, 

it is aimed to design it locally for the first 

time. 

 

6.2.SOC Algorithm 

   In general, SOC, one of the most important variables for batteries, is defined as the 

ratio of the amount of charge available Q(t) to the rated capacity C(n). The rated 

capacity is given by the manufacturer and represents the maximum amount of energy 

that can be stored in the battery. SOC(t) can be defined as follows. 

𝑆𝑜𝐶(𝑡) =
𝑄(𝑡)

𝐶(𝑛)
 

   Terminal voltage method has been applied for the calculation of SOC. In this method, 

it is based on the terminal voltage drops that occur in the battery due to internal 

impedances as the battery discharges. Therefore, the Electromotive Force (EMF) of 

the battery is proportional to the terminal voltage. Since the EMF of the battery is 

approximately proportional to the SOC, the terminal voltage of the battery is also 

approximately proportional to the SOC. 

Figure 6.1. Passive Balancing Image of Analog 

Electronic Company 
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6.3. Control Algorithm  

   There are multiple integrated units produced for use in battery management systems. 

These integrated units can be preferred by different units in terms of their features and 

competencies. Different integrations were examined in the decision-making phase. 

These integrations are presented in Table 6.1. 

Table 6.1. Battery Management IC Comparison 

 LTC6803-2 Bq76PL455 AD7280 LTC6802-2 

Manufacturer Analog Devices Linear 

Technology 

Analog Devices Linear 

Technology 

Minimum 
Number Of 
Cells 

4 5 3 4 

Maximum 
Number Of 
Cells 

12 16 6 12 

Lowest 
Voltage 
Measurement 
Error 

1.2 mV 0.75 mV 3.7 mV 1.5 mV 

Operating 
Temperature 

-40°C - 105°C -40°C - 105°C -40°C - 105°C -40°C - 105°C 

Cost 21$ 23$ 11$ 20$ 

 

   Considering the requirements, it was decided to use the LTC6803-2 IC of the Linear 

Technology. One of the reasons for preference is that it allows to control up to unlimited 

integrated units with only one master board.  

   Battery management systems can be used in different topologies. The most popular 

of these is the model used in the master-slave relationship. In this context, a processor 

is required that will control the integrated circuits, perform the necessary inspection 

and provide communication. At this point, ATmega328 model processor belonging to 

ATMEL company was preferred. Its speed, memory, GPIO inputs and outputs, as well 

as SPI communication has been an important reason for preference. LTC6803-2 IC 

exports data related to SPI communication and receives commands. At this point, the 

ATmega328 processor will provide the necessary tasks. At this point, the processor of 

the master card is determined. 

  The LTC6803-2 IC is controlled by the processor by 

sending commands. At this point, the SPI Protocol is 

used. SPI protocol is one of the types of synchronous 

serial communication. It is similar to I2C in terms of 

features and usage. It provides communication           

between two processors or with sensors. In SPI 

protocol, there is one Master device as in I2C. This 

device controls the peripheral devices connected to 

Figure 6.2. SPI Communication 
Chart 
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the line. The schema of the SPI protocol is presented in Figure 6.2. 

  There are three SPI lines, MISO (Master in Slave Out), MOSI (Master Out Slave in) 

and SCK (Serial Clock), which connect to the master and peripheral devices. 

• MISO: It is the line where the data sent from the peripheral devices (slave) is 

transferred to the master device. 

• MOSI: It is the line where the data sent from the master device is transferred to 

the peripheral devices. 

• SCK: It is the line where the clock signal that provides synchronization in SPI 

communication is located. The clock signal is generated by the master device. 

  As can be seen from the MISO and MOSI lines, the data lines are unidirectional in 

the SPI protocol, unlike I2C. In addition, peripheral devices (slave) do not need to have 

addresses. Each peripheral device has a selection pin. This pin is called SS (Slave 

Select). The number of this line is equal to the number of peripheral devices used. For 

each device, a separate SS line emerges from the master device. Peripheral device 

with SS line LOW (0 volts) starts communication with master device. 

    LTC6803-2 IC determines the method in the master slave structure to be used in 

the battery management system. It can be addressed thanks to the A0, A1, A2 and A3 

pins in the LTC6803-2 IC. When it is connected to the GND line with this pin, it takes 

the value 0, when it is connected to the Vreg (5V) line, it takes the value of 1. When all 

of the address pins are pulled to the GND line and made 0, the integrated 0x80 address 

is defined. Thus, this line is used during communication. 

   Communication tests were carried out on the designed and manufactured battery 

management system and these tests were observed over the oscilloscope. The 

oscilloscope image is shared in Figure 21. 

   In the shared image; Number 1 

indicates SS, number 2 MISO, number 

3 MOSI and number 4 SCK pins. As 

observed in the test, the SS pin was 

pulled to 0 before the communication 

started and the message was sent. 

Then, after sending the required 

message, the SS pin was reinstated 

and pulled back to 0 for the next 

message. The Figure 6.3 shows that 

the test was performed successfully. 

   LTC6803-2 IC works in different configurations. The user should examine these 

configurations in detail and adjust them in line with their use. There are 6 of these 

configuration settings CFGR0, CFGR1, CFGR2, CFGR3, CFGR4 and CFGR5. Each 

represents a different setting. It is 1byte data, each of which consists of 8-bit messages. 

Figure 6.3. SPI Communication Oscilloscope Test 
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Figure 6.4. LTC6803-2 CFGR0 Datasheet 

   The necessary image for the CFGR0 table is shared in Figure 6.4. To explain the 

data found here,  

• WDT: Watchdog Timer 0 = WDTB pin at logic ‘0’; 1 = WDTB pin at logic ‘1’ 

• GPIO 1-2:  0 = GPIO1 pin pull-down on; 1 = GPIO1 pin pull-down off  

• LVLPL: Level Polling Mode 0 = toggle polling (default); 1 = level polling 

• CELL10: 10-Cell Mode 0 = 12-cell mode (default); 1 = 10-cell mode 

• CDC: Comparator Duty Cycle 0= Standby 1= Comparator off 2= 13ms  

   It has been shared in the datasheet. When viewed from here, the WDT, LVLPL and 

CDC [2] pins are activated. Timer and LVLPL are required to be turned on. The CDC 

[2] mode was chosen to provide precise and frequent measurements. Thus, CFGR0 = 

10010100 is determined. Since data is not sent as binary within the scope of the 

communication protocol, it is converted to HEX and the value is 0x94. 

 

Figure 6.5. LTC6803-2 CFGR1 Datasheet 

  There are discharge commands in the CFGR1 section. In accordance with the 

settings to be made here, the keys of the cells whose command is sent will open and 

the unloading process will begin. The commands here are used with the control 

algorithm embedded in the system. The system calculates the difference after 

comparing the cells and then starts the unloading process by sending the 1 command 

on the heavily loaded cell. 

 

Figure 6.6. LTC6803-2 CFGR2-3 Datasheet 

   In the CFGR2 and CFGR3 sections, there are masking commands along with the 

discharge commands. 

 

Figure 6.7. LTC6803-2 CFGR4 Datasheet 

   The Under Voltage Flag is shared in the CFGR4 section. Thus, under voltage value 

can be defined to the system. However, calculations have to be made here. 

Comparison voltage = (VUV –31) * 16 * 1.5mV 

   It is calculated according to the given formula. Then the integrated calculates the 

reference value according to this value. The same calculation is valid for the 
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Overvoltage Flag in the CFGR5 section. The calculated and configured value is 

determined as the voltage exceed value of the system. 

   

 

   The mentioned configurations were examined and the appropriate model was 

determined. In this case, the CFGR settings are respectively, 

0x94, 0x00, 0x00, 0x00, 0x9C, 0xCA 

has been determined. With the SPI protocol, the necessary configurations are sent by 

the master to the necessary slave cards. 

   LTC6803-2 IC also requests PEC code. This PEC code is preferred to ensure the 

correctness of the command sent by the master. The familiar CRC (Cyclic Redundancy 

Check) method is used to calculate the PEC code. 

   In the CRC method, the data in a block are collected one by one, this total is divided 

by a certain number (let's call this number P) and the remainder of the division is added 

to the data. When the data is received on the opposite side, the data is collected one 

by one and the remainder of the quotient is subtracted from this total. The resulting 

number of subtraction is also divided by P. If the data was transmitted without error, 

the remainder should be zero. 

   After all settings have been made, the command must be sent to start the ADC 

measurements. "RDCV" command is sent with 0x04 code in LTC6803-2 IC.  

   ADC readings are performed as registers. The ADC outputs a 12-bit code with an 

offset of 0x200 (512 decimal). The input voltage can be calculated as: 

VIN = (DOUT – 512) * VLSB/VLSB = 1.5mV 

where DOUT is a decimal integer. For example, a 0V input will have an output reading 

of 0x200. An ADC reading of 0x000 means the input was –0.768V. The absolute ADC 

measurement range is –0.768V to 5.376V.  

   ADC readings are passed to array called cell voltages [ ]. The data transferred here 

is 12-bit. A portion of the code block used to perform 8-bit conversions of the data 

contained here is presented below. 

cell voltages [0] = (cvr [0] & 0xFF) | (cvr [1] & 0x0F) << 8; 

cell voltages [1] = (cvr [1] & 0xF0) >> 4 | (cvr [2] & 0xFF) << 4; 

   After the ADC readings are performed, the data is transferred to the array with the 

SPI protocol. ADC transformations of the data held in the transmitted array are 

required. At this point, ADC Conversion is performed with the STCVAD command.  
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6.4. Circuit Design 

   While designing the circuit, it is aimed that the system works at the optimum level 

and that it has a professional design at the same time. At this stage, the balancing part 

of the designed circuit is shared in Figure 6.8.  

 

Figure 6.8. Balancing Circuit 

   A screenshot of the schematic is given via the Figure 6.8 from Altium program. To 

explain this circuit, there are balancing resistors at the input after the CELL 

connections. These resistors, which are preferred as 33R 1W, are aimed to withstand 

working at high temperatures for a long time. The load is discharged to these resistors 

while balancing is performed. Then, an LED was used to light up during the balancing 

process and to give visual information to the user. It has been added to the circuit in 

order to see and monitor whether the system is unstable when not connected to the 

computer. Afterwards, MOSFET was used to perform the necessary bridge task for 

balancing. Although the manufacturer's recommendation is to use the 

RQJ0303PGDQALT model MOSFET, research and simulations have been carried out 

on different MOSFETs. The comparison chart that emerged after these tests is given 

in Table 6.2. 

Table 6.2. Balancing Circuit MOSFETs Comparison 

 TSM2323 DMP3056L RQJ0303PGDQA 

Manufacturer Taiwan 

Semiconductor 

Diodes Renesas 

𝐼𝐷 4.7 A 4.3 A 3.3 A 

𝑉𝐷𝑆 -20 V -30 V -30 V 

𝑅𝐷𝑆 39 mΩ 35 mΩ 54 mΩ 

𝑡𝑑 25 ns 4.9 ns 18 ns 

𝑡𝑟 43 ns 4.7 ns 29 ns 

Cost 0.17$ 0.1$ 0.34$ 

 

   Considering its price and domestic availability, it was decided to use the DMP3056L. 

The balancing circuit is completed with the addition of filter and protection diodes. 

  There are MOSFETs that will perform the switching inside the LTC6803-2 IC. 

However, the use of MOSFETs in the circuit will cause heat. The presence of high 

temperature also poses a problem for the integrated. 
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   ADC measurements are made from the C Filter pins of the LTC6803-2 IC. Here, after 

the ADC measurement is made, discharge processes are started through the S pins 

in the cells with overvoltage. 

   The operating ranges of the 

integrated are realized within 

certain voltage limits. It works 

safely between 10V and 55V. 

When the connection is made 

as 12 Cell, 50.4V input power 

is provided by the cells with a 

maximum of 4.2V. While 

maximum power is taken from the C12 positive leg, the safety of the IC is ensured by 

the protection diodes. Protection circuit is given in Figure 6.9. 

   Another critical point of the system is the communication and addressing blocks. 

Addressing blocks are important for controlling more than one slave card with the 

master. From here, the identities of the slave cards are determined. The address 

information they receive changes according to the determined identities. Thus, it offers 

the possibility of using up to 16 slave cards. 

 

Figure 6.10. Addressing Pins Circuit 

   It is planned to change the addressing pins later by using a male header. By 

combining the VREG (5V) and GND pins, the desired address is created. 

Figure 6.9. LTC6803-2 Power Safety Circuit 
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   One of the points that play a critical 

role in communication with the 

master card is the use of the isolator 

IC. Thanks to the digital isolator 

integrated, SPI communication is 

isolated with the analog part of the 

card, so that the communication is 

done in a cleaner way. The isolator 

circuit is shared in Figure 6.11. 

 

   When choosing an insulator; 

Maximum Data Rate, Minimum Pulse Width and Propagation Delay values are taken 

into calculation. At this point, 150 Mbps data transfer is quite sufficient for us. 

   While designing the master, the processor has been the priority among the things to 

be determined first. At this point, the competencies of the card are given as far as what 

it should be. It is aimed to use different communication protocols and to work modularly 

with many sensors. In this context, two different designs emerged. One of the cards, 

the preference of which will be determined according to the needs, uses the ATMEL 

ATmega328P processor and 

is designed separately from 

the slave card. Another uses 

the ATMEL ATmega2560 

processor and is designed to 

be integrated with the slave 

card. 

   The ATmega2560 has 

many GPIO pins and 4 serial 

communication channels. 

These competencies provide 

flexibility to work in different 

communication protocols. 

The schematic with the 

processor block is shared in 

Figure 6.12. 

   As in embedded systems, the frequency is adjusted using the processor crystal. In 

addition to the USB input and different regulators, pins defined for use in external 

current and temperature sensors and connectors connected to these pins are used. 

Figure 6.11. Digital Insulator Circuit 

 

Figure 6.12. ATmega2560 Block 
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Figure 6.13. Power Management Block Schematic 

   Different voltage sources are needed due to the presence of processor, digital 

isolator and communication ICs. The card designed to provide these values has an 

external 12V power input. This power input produces all voltage levels that the system 

needs, including 5V and 3.3V, thanks to its DC-DC converter integrated. Thus, all 

integrated circuits on the card are fed through this line. 

   It is mentioned that it is possible to use different communication protocols. These; It 

contains many communications used today, such as SPI, Serial, RS232, RS485 and 

CANBUS. 

   The circuit diagram used for RS232 communication is shared in Figure 6.14. 

 

Figure 6.14. RS232 Communication Circuit 

   For RS232 protocol, ST232BDR integrated of STM company is used. It is quite 

sufficient for the requirements of the integrated RS232 protocol, which has a 2/2 

converter structure and a data rate of 220kbps. 
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Figure 6.15. RS485 Communication Circuit 

   For the RS485 protocol, the MAX485ESA+T IC of MAXIM has been preferred. It 

meets the integrated need with a data rate of 2.5Mbps. Although the RS232 protocol 

is useful, it has a low data rate and short distance communication. It is expected that 

the RS485 protocol will meet this need due to the corruption of messages over 1 meter. 

At the same time, it is very important that more than one device can be connected to 

a single transmission line. 

   In addition to RS232 and 

RS485 protocols, CANBUS 

protocol has also been studied. It 

is aimed to attach importance to 

the CANBUS protocol, which 

plays an active role in vehicles 

used in daily life. At this point, 

CANBUS infrastructure was 

created on the board by using the 

TJA1050 IC. It is aimed to use a 

single protocol on the vehicle by 

using the communication system 

preferred by the team designing 

the vehicle control system. 

 6.5. Simulation Studies 

   During the circuit design phase, some simulations were carried out to ensure the 

accuracy of the system. In this context, simulation studies were carried out through the 

Proteus program. While the simulation is being performed, not all of the components 

used in the circuit are included in the program. At this point, since there is no    

LTC6803-2 IC, the input circuit to the IC was drawn and the user was asked to 

implement the system by triggering it during the simulation. 

Figure 6.16. CANBUS Communication Circuit 
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   In Figure 6.17, there is a pre-entry 

balancing block to the LTC6803-2 

IC. In the simulation, V1 represents 

the battery cell. It is desired to 

monitor the state of the system by 

giving a voltage of 4.2V at the input 

of the system. 

   After the simulation is started, 

there is no voltage on the D1 diode 

and the R1 resistor in Figure 6.17. 

In the continuation of the simulation, 

the gate pin of the MOSFET was 

triggered by the user by imitating 

the LTC6803-2 IC. In this case, as 

seen in Figure 6.18, there is 4.18V 

on resistor R1 and 2.14V on diode 

D1. In this case, it is seen that the 

system works normally and starts 

balancing. 

 

6.6. PCB Layout  

   A quality and useful formation is aimed in the printed circuit design for the production 

of the card whose schematic design has been completed. You can see the first design 

made in this context in Figure 6.19. 

 

Figure 6.19. EVA TEAM BMS v1.0 CAD View 

   Printed circuit drawing and 3D image were shared. The design made is the first 

design for BMS and has dimensions of 106x87mm. While designing, balancing 

resistors are planned to stay together. 

Figure 6.17. Balancing Circuit Simulation First Position 

 

Figure 6.18. Balancing Circuit Simulation Second 

Position 

 



37 

  Thus, in case the heat generated during the discharge process becomes too high, 

cooling can be applied to the area by using a heatsink or by making a fan mounted in 

the box. Thanks to the LEDs positioned behind the resistors, the balancing process 

can be seen without connecting to the computer. 

    After the tests and optimization 

studies, the card shared in Figure 

6.20 was designed. Due to the 

designed size of 88x64 mm, it 

occupies less space and a minimal 

design has been realized. The 

reason for the problems experienced 

during the communication was 

investigated and the new design was 

updated by adding a Pull Up resistor 

to the SPI line. 

 

   As mentioned during the design 

phase, two different models are 

being studied. Our design, which 

uses the ATmega2560 processor, 

is planned as a single board. 

Printed circuit design is given in 

Figure 6.21. As can be seen here, 

the digital isolator IC followed the 

balancing circuit. The isolator, 

which divides the card into two 

different areas, increases the 

quality of communication. In the upper right part, there are 12V input and converter 

circuit blocks required for the card.  

   While the processor block is located in the middle right, there are connectors on the 

right side of the board where analog and digital sensors can be connected. In the lower 

part, the integrations that realize the communication protocols are located. Thus, the 

design has been made in a way where different units are positioned within themselves. 

3D image is shared in Figure 6.22. 

Figure 6.20. EVA TEAM BMS V2.0 

 

Figure 6.21. EVA TEAM BMS v3.0 PCB Layout 
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Figure 6.22. EVA TEAM BMS v3.0 3D CAD View 

6.7. Production  

   After the design of the cards was completed, production planning began. In this 

context, our cards were produced by a foreign-based company that we received 

sponsorship support from. 

   The first image of the cards received was shared in Figure 6.23. 

 

Figure 6.23. EVA TEAM BMS v2.0 

   Solder paste is used in the production of our designs using SMD components. With 

our stencil order next to the card, component placement and soldering become easier. 

The use of microscope is important in the production stages, which are usually carried 

out using a hot air station. 

 

Figure 6.24. EVA TEAM BMS v3.0 Checking IC's Pins 



39 

   After making sure that 

the pins of the integrated 

are correctly and 

completely soldered, the 

test phase is started. The 

completed soldering card 

is shared in Figure 6.25. 

  

   The test battery is 

packaged for performing 

the tests. The battery, 

configured as 12S3P, will 

provide flexibility during 

testing. After packaging 

the battery, the visual 

that it is together with 

BMS is shared in     

Figure 6.26. 

 

 

   During the first tests, Arduino UNO 

was determined as the master card 

and its communication with the slave 

card was ensured. During the 

communication using SPI protocol, the 

configuration settings were calculated 

and sent to the card. The simple test 

system is shared in Figure 6.27. 

 

Figure 6.27. EVA TEAM BMS v2.0 Test with Master Board 

   Cells that are balanced during the tests are followed by the LEDs on. Simultaneously, 

data is received from the computer. The received data is shared in Figure 6.28. 

 

Figure 6.28. BMS Received Data Computer Screenshot 

Figure 6.25. EVA TEAM BMS v3.0 

 

 

Figure 6.26. Test Battery Package and BMS v1.0 

 

 



40 

   When we interpret the screen shot output, it is seen that the configuration settings 

sent by the user in the 1st line are correctly received by the integrated and sent back. 

Line 2 confirms that the ADC conversion process has started. In the 3rd line, 17 

registers that meet the voltage values under the name of CVR have been successfully 

received. Then, the voltage values were calculated by applying transformations. While 

the total voltage value is given in the 4th row, the voltage values of all cells in the 5th 

column are given. 

   The test image shows that the cells are unbalanced. Since the battery was not 

charged before the test, it would be wrong to reduce the cells to the lowest level of 

2.61V. For this reason, the test image was shared directly. When the battery voltage 

was measured with a multimeter, 39.98V was read. Thus, the error rate was calculated 

as 0.25%. It is planned that the ratio will decrease even more with 1 more units of 

reading voltage values. 

6.8. Comparison Chart 
Table 6.3. Comparison Chart 

  Previous Design Current Design 

Battery Packing Design :  27S8P 

Output Voltage :  96V Nominal 

Output Current :  24A 

Balancing Method (active or passive) :  Passive Balancing 

Circuit Design Type :  LTC6803-2  

SOC Estimation Algorithm :   

Control Algorithm :  
Integrated with SPI 

Communication 

Native or not : Not Local 

 

7. EMBEDDED RECHARGE UNIT 

   The basis of plug-in chargers are converters that convert AC power supplies to DC 

power supplies. Switch Mode Power Supply, on the other hand, are power supplies 

that contain a switched regulator to produce power efficiently. The stages of the design 

and production of the domestic SMPS as a team were shared. 

   SMPS, switched mode power supply is a system that uses semiconductor switching 

techniques instead of obtaining the required output voltages with standard methods. 

   The most important advantage of SMPS is that it can convert at very high efficiency 

compared to standard linear regulators. And this conversion is achieved by switching 

a transistor or MOSFET inside the circuit. 

7.1. Circuit Design 

   Many different topologies are used in AC-DC or DC-DC converters. With the 

experience gained, the Half Bridge topology has been advanced. 
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Figure 7.1. Half-Bridge Topology Reference Circuit 

   The primary side capacitors are employed to maintain a constant mid-point voltage 

across the primary winding, which is half the input voltage. This means that the 

switching parts of an equivalent forward converter only have to tolerate half the voltage. 

   The voltage (0.5 Vin) across the primary winding is switched by the converter's two 

switching elements, which alternate back and forth. As a result, the primary voltage 

swings between positive and negative, necessitating a full-wave bridge circuit for the 

output. Half-bridge converters have the advantage of fully utilizing the core flux and 

secondary winding. 

   The secondary side of the circuit also works at double the frequency of the 

fundamental switching frequency because of its full-wave nature. In comparison to a 

forward converter, this allows the secondary inductor and capacitor to be significantly 

smaller, saving both money and space. 

   In the designs made in previous years, an embedded recharge unit with 96V 20A 

and 2000W power output was produced. In the design made this year, it was planned 

to increase the reliability and stability of the system instead of increasing the power, 

and it was aimed to reach at least 500W output power. 

7.2. Schematic 

The schematic of the designed SMPS is given in Figure 7.2.  

 

Figure 7.2. Embedded Recharge Unit Schematics 
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   If the design is examined in order and in detail, the primary part is shared in Visual 

X. The primary part comes from the primary part of the transformer. A fuse is used for 

protection at the entrance. Then filter capacitors and inductors are used. Again, varistor 

is used to prevent voltage fluctuations that may occur at the input of the circuit. 

 

Figure 7.3. Embedded Recharge Unit Primer Side Schematics 

   Behind the protection and filter elements is the bridge diode, which is necessary for 

our AC-DC conversion. At this point, which is one of the distinctive parts of the design, 

4 different diodes with a power of 1000V 3A were used in previous years. However, 

after the experience gained, a metal cased bridge diode was used to increase the 

safety limit and directly serve as a bridge diode.  

   The GBPC3506W-G coded bridge diode has 600V and 35A values. Thanks to the 

metal outer casing, the heat generation will be very low as well as the power on it. 

There are capacitors that increase the DC voltage when the line on the circuit is 

continued in sequence. The voltage here is transferred to the Drain leg of the 

MOSFETs. MOSFET coded IXFH20N50P3 has 500V and 20A values. It is very 

convenient for design. After the voltage is brought to the drain leg, the switching 

operation, which is the main purpose of the circuit, must be performed. At this point, 

the IR2153 IC is included. 

 

Figure 7.4. IR2153 Reference Circuit 
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   In Figure 7.3, a circuit suitable for the IC whose reference design is shared on the 

datasheet is designed. When the datasheet is examined, it is important to carry a 

voltage suitable for the 10-15.6V operating range. The resistor with 22K 5W values is 

quite suitable for this job. It makes switching with integrated 100kHz frequency value 

connected to gate legs of MOSFETs via HO and LO pins. 

   After the integration, the circuit continues with the transformer. In the past years, the 

transformer was prepared by wiring it again by the team members. After the experience 

gained, it was agreed that changes should be made. In this direction, ETD39 type 

transformer core was preferred in previous years. However, when the winding of the 

transformer was realized, it was noticed that it was a rather large core than necessary. 

 

Figure 7.5. ETD29 Core Calculation Screenshot 

   Accordingly, it was decided to prefer a smaller core. In the research and calculations, 

E30, E47, ETD29 and ETD34 cores were examined. 

Table 7.3. Transformer Core Comparison 

     

   As a result of the examinations, it was decided to use ETD29 type core. Examined 

parameters and some of the calculations are shared in Table 7.3. 

   Afterwards, bridge diodes are used to convert the AC voltage to DC at the 

transformer output. The diodes used here have been specially selected to keep the 

output power high. TO-220 sheathed diodes, which are suitable for cooling due to high 

power, are used. After the diodes, inductors are used for filtering. After the diodes, 

there is an opt coupler that acts as a bridge between the integrated and the integrated.    

The Q3 element helps to adjust the frequency of the IR2153 IC by referencing the 

voltage at the output of the circuit. Output voltage can be adjusted by the user thanks 

to the trim pot on the line. Thus, it is aimed to provide stabilization at the output. 

 E30 E47 ETD29 ETD34 

Effective Cross 

Section Area (mm2) 
60 233 76 97 

Cable (mm) 0.63 0.63 0.63 0.63 

Primary Winding 113 (0.63x6) 30 (0.63x6) 92 (0.63x6) 72 (0.63x6) 

Secondary Winding 
106x106 

(0.63x5) 

28+28 (0.63x5) 84x84 (0.63x5) 66x66 (0.63x5) 

Output Voltage (V) 
110         110 110 110 
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   In order to prevent the fluctuation that may occur in the voltage down the line, a filter 

capacitor is placed. Afterwards, a crowbar circuit was established to increase security. 

Crowbar Circuit will aim to prevent damage to the circuits in case of overvoltage in the 

load provided by the power supply, by reducing the load given to the system by the 

power supply. When the output terminals of the power supply are shorted, the large 

current flow causes the fuse to blow, thus separating the power supply from the rest of 

the circuit. In other words, the Crowbar circuit detects the overvoltage and causes the 

fuse to blow. Finally, a diode is placed at the output of the circuit to prevent feedback. 

Precautions have been taken against the case that the element to be connected to the 

output of the circuit wants to feed the circuit. 

7.3.Simulation 

   After the realized schematic design, it is desired to make sure that the design works 

before it is sent to production. In this context, tests are carried out on different 

simulation programs and the points that need to be followed are checked. Simulation 

possibilities of the designed complex circuit are very limited. In the absence of 

integrations or some components in the programs, the desired simulation cannot be 

fully realized. 

 

Figure 7.6. SMPS Primary Side Simulation 

   The simulation is carried out by dividing the circuit into different parts. In this context, 

the simulation shared in Figure 7.6 belongs to the test of the primary part. Such a study 

was carried out in order to make sure that the line to the integrated and MOSFETs 

works correctly. As a result of the test, it was seen that; The AC voltage entering the 

circuit was successfully rectified through the bridge diode, passed over the capacitors 

in the continuation of the line, and continued on the integrated and MOSFETs. 

 

Figure 7.7. Seconder Side of the Circuit 
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   After the tests on the primary part, simulation planning was made for the secondary 

part. Since there is no IR2153 integrated in the system, the circuit is powered by using 

the output values of the transformer. In the simulation, the states of the post-

transformer bridge diodes, the filter capacitor and the crowbar circuit included in the 

system were examined. The simulation output is shared in Figure 7. 7 Ohm resistor is 

connected to the output as a load. Thus, it has been observed that the system can 

operate at 102V 14.8A. Based on the simulation result, it was concluded that the circuit 

capable of producing 1.5 kW of power was designed. In line with the obtained data, 

necessary plans were made for the production of the circuit. 

7.4. PCB Layout 

   It is aimed to be an optimum 

design for the layout design of the 

circuit whose schematic design has 

been completed. In this context, 

one of the priorities is to implement 

a design in which it will be easy to 

connect a heat sink to MOSFET 

and rectifier diodes. In addition, it is 

important that no road passes 

under the transformer in line with 

the design. The layout image of the 

domestically designed SMPS was 

shared on Figure 7.8. 

   The circuit is designed in two different ways as primary and secondary. A gap is left 

between the ground lines of the primary and secondary parts. In order to box the design 

and create an industrial product, the input and output fuses are positioned towards the 

outside of the card, and the input and output connectors are positioned so that they 

can be easily intervened from the outside. The 3D image of the card is shared in    

Figure 7.9. 

 

Figure 7.9. EVA TEAM Embedded Recharge Unit 3D CAD View 

Figure 7.8. EVA TEAM Embedded Recharge Unit PCB 

Layout 
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   As can be seen in the 3D image, the MOSFET and rectifier diodes are positioned 

side by side to the edges of the board. Thus, the cooling process will be achieved 

successfully. 

7.5. Production 

   After all the planning was done, communication was made with the foreign sponsor 

company for the production of the card and PCB production was given. The final 

version of the board, whose PCB production was completed and soldering was 

performed by the team members, is shared in Figure 7.10. 

 

Figure 7.10. EVA TEAM Embedded Recharge Unit After the Production 

 

7.11. Transformer Winding by Team Members 

 

7.6. Final Product Tests 

   At this stage, we carried out load tests on the card, the production of which was 

completed. In the tests here, we aimed to test the power of 500 W first. For this, we 

applied a calculation like this 

        𝑃 = 𝑉 × 𝐼 (1) 

500𝑊 = 102 × 𝐼 

𝐼 = 4.9𝐴 
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   From the result obtained from equation (1), we can use equation (2) to select the 

appropriate resistance 

      𝑉 = 𝐼 × 𝑅 (2) 

102 = 4.9 𝑥 𝑅 

𝑅 = 20.8 𝑅 

   We performed another test with a 15Ω resistor as the load. The current from the 

test was 

𝑉 = 𝐼 𝑥 𝑅 

96.76 = 𝐼 𝑥 15 

𝐼 = 6.45𝐴 

   Then finally we computed the result for the power, and our experimental readings 

matched our calculation results. 

 

𝑃 = 96.76 𝑥 6.45  

𝑷 = 𝟔𝟐𝟒𝑾 

 

Figure 7.12. Embedded Recharge Unit Test Result 

   During our experimental test, our aim was to achieve an operating output current of 

10 A form system, it was aimed to exceed the 500W power limit and to perform the 

tests in a safe range. This meant that our load resistance would be about 18 Ω. After 

the data we received from here, we tested the resistance of 15 Ω  in our inventory by 

connecting it to the load in the test stages. As a result of the test; 

 

96.5 = 𝐼 𝑥 15 

𝐼 = 6.43 𝐴 

  While our theoretical values showed that we need an output around 6.43 A. After that, 

according to the power calculation we made: 

 

𝑃 = 96.5 𝑥 6.43 

𝑷 = 𝟔𝟐𝟎𝑾 
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7.7. Comparison Chart 
Table 7.2. Comparison Chart 

  Previous Design Current Design 

Circuit Topology : Half Bridge Half Bridge 

Power Level : 1920W 1500W 

Output Voltage Range : 96V 96-102V 

Output Current Oscillation : 20A 15A 

Input Power Factor : 0.873 0.942 

Power Cycle Efficiency : % 87,27 % 88.61 

PWM Control Integration : IR2153 IR2153 

Protection Circuits / 
Elements 

: Entry Insurance 

Crowbar Circuit, 

Reverse Diode, Input 

and Output Fuses 

Printed Circuit Size : 200x100mm 155x95mm 

 

8. BATTERY PACKAGING 

8.1 General Information 

 Cylindrical rechargeable lithium-ion battery cells are used in the battery pack. The 

model of the cells used in the battery is LG INR18650HG2. 

8.2 Nominal Specification 
Table 8.1. Nominal Specification [2] 

Item Condition / Note Specification 

8.2.1 Capacity 
Std. charge / 

discharge 

Nominal 3000mAh 

(Cnom) 

8.2.2 Nominal Voltage 
Average for Std. 

discharge 
3.60V 

8.2.3 Standard Charge  

Constant current 

Constant voltage 

End condition   

(Cut off) 

1500mA 

4.2V 

50mA 

8.2.4. Fast charge                      

Constant current 

Constant voltage 

End condition          

(Cut off) 

4000mA 

4.2V 

100mA 

8.2.5. Max. Charge Voltage - 4.20±0.05V 

8.2.6. Max. Charge Current - 6000mA 

8.2.7. Standard Discharge  

Constant current 

End voltage               

(Cut off) 

600mA 

2.0V 
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8.2.8. Fast Discharge                      

Constant current 

End voltage               

(Cut off) 

10000mA, 20000mA 

2.0V 

8.2.9. Max. Discharge Current 
For continuous 

discharge 
20000mA 

8.2.10. Weight Max. 47.0 g 

8.2.11. Operating Temperature                           
Charge 

Discharge 

-5 ~ 50℃ 

-20 ~ 75℃ 

8.2.12. Storage Temperature  

1 month 

3 months 

1 year 

-20 ~ 60℃ 

-20 ~ 45℃ 

-20 ~ 20℃ 

 

8.3 Dimension and Calculations 
Table 8.1. Battery Pack Cell Layout 

 Serial Battery Parallel Battery Total Battery 

Number of Batteries 20 5 100 

V-A Value 72 V 15 A 1080 Wh 

 

Table 8.3. Voltage Calculations of The Battery Pack 

Min. Voltage Nominal Voltage Max. Voltage 

3.0𝑉 ×  20 =  60𝑉 3.6𝑉 ×  20 =  72𝑉 4.2𝑉 ×  20 =  84𝑉 

 

Table 8.4. Capacity Calculation of Battery Pack (Ah-Wh) 

Capacity (Battery Pack) 5 ×  3000𝑚𝐴ℎ =  15𝐴ℎ 

Max. Battery Package Capacity (Wh) 84𝑉 × 15𝐴ℎ  =  1260𝑊ℎ 

 

 

 

Diameter: 18.3 +  0.2/−0.3 𝑚𝑚 (𝑀𝑎𝑥. 18.5 𝑚𝑚)  

Diameter is defined as the largest data value measured on the “A” area of a cylindrical 

cell. 

Height: 65.0 ±  0.2 𝑚𝑚 (𝑀𝑎𝑥. 65.2 𝑚𝑚) 



50 

 

Figure 8.1. Cells Dimension [1] 

 

8.4. Standard Test Condition 

8.4.1. Standard Charge 

   Except if in any case determined, "Standard Charge" will comprise of charging at 

consistent current of 1500mA.The cell will at that point be charged at steady voltage of 

4.2_V while tightening the charge current. Charging will be ended when the charging 

current has tightened to 50mA. For test purposes, charging will be performed at 25ºC 

± 2ºC. 

 

8.4.2. Standard Discharge  

   "Standard Discharge" will comprise of releasing at a consistent current of 600_mA to 

2.0V. Releasing is to be performed at 25 ºC ± 2 ºC except if in any case noted, (for 

example, limit versus temperature). 

 

8.4.3. Fast Charge / Discharge condition  

    Cells shall be charged at constant current of 4000_mA to 4.2V with end current of 

100_mA. Cells shall be discharged at constant current of 10000_mA and 20000_mA 

to 2.0_V. Cells are to rest 10 minutes after charge and 60 minutes after discharge. 

8.5. Electrical Specification 
Table 8.5. Electrical Specification [2] 

Item Condition 

 

Specification 

 

 

Initial AC 

Impedance 

Cell shall be measured at 1kHz after charge per 

8.4.1. 

 

≤ 20 mΩ, without 

PTC 

 



51 

 

Initial Capacity 

Cell shall be charged per 8.4.1 and discharged 

per 8.4.2 within 1h after full charge. 

 

3000 mAh (Cnom) 

 

 

Cycle Life 

Cells shall be charged and discharged per 8.4.3, 

300 cycles(10A) and 200 cycles(20A). A cycle is 

defined as one charge and one discharge. 301st 

(10A) and 201st (20A) discharge 

capacity shall be measured per 8.4.1 and 8.4.2. 

 

 

≥ 60 % (of Cnom 

in 9.2.1) 

 

8.6. Environmental Specification 

8.6.1. Storage Characteristics  

   Cells shall be charged per 8.4.1 and stored in a temperature-controlled environment 

at 23ºC ± 2ºC for 30 days. After storage, cells shall be discharged per 8.4.2 to obtain 

the remaining capacity.  

Specification: Capacity remaining rate ≥ 90% (of Cnom in 9.2.1)  

 

8.6.2. High Temperature Storage Test  

   Cells shall be charged per 8.4.1 and stored in a temperature-controlled environment 

at 60ºC for 1 week. After storage, cells shall be discharged per 8.4.2 and cycled per 

8.4.1 and 8.4.2 for 3 cycles to obtain recovered capacity. 

Specification: No leakage, Capacity recovery rate ≥ 80% (of Cnom in 9.2.1)  

 

8.6.3. Thermal Shock Test  

  72ºC (8h) ← 3hrs → -20ºC (8h) for 8 cycles with cells charged per 1.4.1 After test, 

cells are discharged per 1.4.2 and cycled per 1.4.1 and 1.4.2 for 3 cycles to obtain 

recovered capacity.  

Specification: No leakage Capacity recovery rate ≥ 80% (of Cnom in 1.2.1)  

 

8.6.4. Temperature Dependency of Capacity  

   Cells shall be charged per 4.1.1 at 23ºC ± 2ºC and discharged per 4.1.2 at the 

following temperatures.  
 

Table 8.6. Temperature Dependency of Capacity 

 

Charge Discharge Capacity 

25℃ -10℃ 60% (of Cnom in 8.2.1) 

25℃ 0℃ 80% (of Cnom in 8.2.1) 

25℃ 25℃ 100% (of Cnom in 8.2.1) 

25℃ 60℃ 95% (of Cnom in 8.2.1) 
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8.7. Mechanical Specification 

8.7.1. Drop Test 

   Cells charged per 8.4.1 are dropped onto an oak board from 1-meter height for 1 

cycle, 2 drops from each cell terminal and 1 drop from side of cell. (Total number of 

drops =3).  

Specification: No leakage, No temperature rising  

 

8.7.2. Vibration Test  

   Cells charged per 8.4.1 are vibrated for 90 minutes per each of the three mutually 

perpendicular axes (x, y, z) with total excursion of 0.8mm, frequency of 10Hz to 55Hz 

and sweep of 1Hz change per minute. 

Specification: No leakage  

 

8.8. Safety Specification   

8.8.1. Overcharge Test  

   Cells are discharged per 8.4.2, then charged at constant current of 3 times the max. 

Charge condition and constant voltage of 4.2V while tapering the charge current. 

Charging is continued for 7 hours (Per UL1642).  

Specification: No explosion, No fire  

 

8.8.2. External Short - Circuiting Test  

Cells are charged per 4.1.1, and the positive and negative terminal is connected by a                   

100m Ω, wire for 1 hour (Per UL1642).  

Specification: No explosion, No fire  

 

8.8.3. Over Discharge Test  

   Cells are discharged at constant current of 0.2C to 250% of the minimum capacity.  

Specification: No explosion, No fire  

 

8.8.4. Heating Test  

   Cells are charged per 8.4.1 and heated in a circulating air oven at a rate of 5ºC per 

minute to 130ºC. At 130ºC, oven is to remain for 10 minutes before test is discontinued 

(Per UL1642).  

Specification: No explosion, No fire  

 

8.8.5. Impact Test  

   Cells charged per 8.4.1 are impacted with their longitudinal axis parallel to the flat 

surface and perpendicular to the longitudinal axis of the 15.8mm diameter bar (Per 

UL1642).  

Specification: No explosion, No fire  
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8.8.6. Crush Test  

   Cells charged per 8.4.1 are crushed with their longitudinal axis parallel to the flat 

surface of the crushing apparatus (Per UL1642).  

Specification: No explosion, No fire  

8.9. Properties 

   Aluminum Alloy 1050 H14 was used in the construction of the battery pack case. The 

properties of the material used are under the following headings. 

8.9.1. Mechanical Properties 
Table 8.7. Mechanical properties [2] 

Tensile Strength Proof Strength 
Elongation % 

Min.: 
Hardness(Brinell) Max. 

105-145 MPa 85 Min MPa %12 34 HB 

 

8.9.2. Physical Properties 
Table 8.8. Physical Properties [2] 

 

8.9.3. Chemical Properties 
Table 8.9. Chemical properties [2] 

 

8.9.4. Process 
Table 8.10. Process properties [2] 

Density 2.71 kg / m3 

Melting Point 650 °C 

Modulus of Elasticity 71 GPa 

Electrical Resistivity 0.282 x 10-6 Ω.m 

Thermal Conductivity 222 W/m.K 

Thermal Expansion 24 x 10-6/K 

Magnetic Properties No Magnetic Properties 

Cu Mg Si Mn Fe Zn Ti Al 

0-0.05% 0-0.05% 
0-

0.25% 

0-

0.05% 

0-

0.4% 

0-

0.07% 

0-

0.05% 
Balance 

Process Rating 

Workability – Cold Excellent 

Machinability Poor 

Weld ability – Gas Excellent 

Weld ability – Arc Excellent 

Weld ability – Resistance Excellent 

Bras ability Excellent 

Solder ability Excellent 
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8.10. Battery Cooling System 

   Air cooling system is used in the cooling system of the battery. In this system, the 

fans are placed in the coil box. It could use the "maximum power" approach to maintain 

circulation in the battery, but this was seen as a far from ideal method. The cooling 

system was installed with the idea that the air flow should be balanced. 

   The more fans, the more air intake and exhaust, which plays a major role in cooling 

the battery. Attention has been paid to noise levels as the fans can generate buzz. 

Less or quieter fans have been used to avoid raising the battery to very high sound 

decibels. Air enters from one side and is pushed out on the other. By changing the 

direction in which a fan is installed, it can act as a suction fan or an exhaust fan. 

Therefore, attention has been paid to the placement of the fans. Air is evacuated 

through the battery box. The general procedure is that the fans in front of the coil let 

the air in and the fans at the back evacuate the intake air. Neutral pressure principle is 

used in the system. The air pressure in the battery is equal to the air pressure outside 

the battery. 

8.11. Battery Pack Making Process 

   Battery packaging operations are done with a spot welding machine produced by us. 

The production process is shown in the figures below. Trials have been made by 

starting the production process with used batteries. Later, we started to work with the 

cells we will use in the battery. The battery was firstly assembled and then welding. 

During the assembly process, the 96v 24Ah battery pack has been changed as 72V 

15Ah. The battery pack, whose starting target is 72V 15Ah according to the racing 

strategy may vary V (Voltage) and Ah (Ampere Hour) values. The insulation of the 

battery pack will be made with shrink wrap. 

 

Figure 8.2. Battery Pack Assembly Process 
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Figure 8.3. Battery Pack BMS Connect 

 

Figure 8.4. Battery Pack Assembly 

                                                             
Figure 8.5. Battery Pack Final 
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8.12. Battery Case 

8.12.1. Technical drawing 

   The battery case is shown in Figure 8.6. It is drawn according to car geometry. 

  

Figure 8.6. Battery Pack Technical Drawing 
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8.12.2. Battery Case Solidworks Pictures 
 

  

Figure 8.7.  Battery Box Solid Works Drawing-A 

Figure 8.8.  Battery Box Solid Works Drawing-B Figure 8.9.  Battery Box Solid Works Drawing-C 
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9. VEHICLE CONTROL UNIT 

   The vehicle control system consists of people who are made by the team with the 

hardware of originality, original software and tools. As a domestic product, this system 

aims at satisfactory quality: 

• Vehicle Energy Management System 

• In-Vehicle Communication System 

• Diagnostics 

• Monitoring and Transmitting Vehicle Status to the User 

• Transfer of Vehicle Data to the Monitoring Center 

   A circuit has been designed and produced to realize these functions. In addition to 

all the functions written above, the produced circuit also includes some additional 

features added to be used in the testing process. The schematic of the domestic VCU 

design is presented in Figure 9.1. 

   As seen in the diagram shared above, there is one Atmega2560 processor and one 

Atmega328p processor on the VCU board. In addition to these, there is MCP2515 IC 

to offer CAN communication option, an SD card module to record data in the vehicle 

during testing, and an HC/06 Bluetooth module to remotely access VCU. 

   Atmega 328p and Atmega 2560 processors of Atmel company were used in the 

design. The reason for this is that these processors are relatively easy to code and 

relatively inexpensive. The fact that there are 2 processors on the card is made in order 

to divide the processing load. Because the speed data of the vehicle is also produced 

directly via the VCU card. These two processors communicate with each other via 

serial communication protocol. A USB-TTL converter was needed in order to connect 

these processors with the computer and to facilitate the code uploading process. By 

using the CH340G IC, this need has been met. In the design, a separate CH340G chip 

is used for each processor. Thus, both processors can be coded separately and 

connected to the computer. 

Figure 9.1. VCU Schematic 
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   The HC 05/06 module, which is used for the Bluetooth feature, is connected to the 

Atmega 2560 processor on the circuit via serial port 3. This feature can be disabled if 

desired and the serial port can be used on its own. 

   MCP2515 IC is used for CAN communication. It does IC SPI -can bus conversion. 

By using TJA1051 with can bus IC, it provides CAN communication capability to the 

design. This block is connected to the Atmega 2560 processor and can be disabled at 

any time. 

   SD card module is another block that is connected to Atmega 2560 processor and 

uses SPI communication protocol. Thanks to this block, the vehicle's current, voltage, 

temperature, position etc. during the test. information is collected, graphed and then 

analyzed by the team. 

   The speed information of the vehicle is updated once per second. This process is 

done with the Atmega328p processor. In the algorithm developed for this, the magnet 

number of the motor and the data from the hall sensor are used, and the data obtained 

by counting the rising edges in the square wave coming from the hall sensor is 

combined with the wheel diameter to produce speed data. 

   During the PCB design of the 

designed VCU board, headers were 

used for each added block in order 

to activate/deactivate all the added 

features. These headers are short-

circuited and the relevant block is 

energized and activated. The PCB 

design of the design is presented in 

Figure 9.2. 

In order to establish the in-vehicle communication system, the VCU card is 

designed to support 3 different communication protocols. Serial communication, SPI 

communication and CAN bus communication are supported by the design. The battery 

management system in the vehicle communicates with the VCU via serial 

communication protocol. Likewise, 

the information screen and 

telemetry system positioned inside 

the vehicle also uses serial 

communication protocol. The 

communication process with the 

motor driver will be done via serial 

or can bus protocols according to 

the driver design to be used. 

Figure 9.2. PCB Design 

Figure 9.3. VCU 3D Visual 
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   Establishing the in-vehicle communication system is important for monitoring the 

vehicle status and transferring it to the user. The transfer of the vehicle status to the 

user is done with a 5-inch Nextion touch screen. This screen, which is specified as 7 

inches in the progress report, has been shrunk due to the cockpit design constraints of 

the vehicle. It is possible that it will be reduced to 3.5 inches as a result of the tests to 

be carried out in the coming days. 

   In order to determine the vehicle status, data must first be obtained from the battery 

management system. Data such as battery voltage, temperature, and amount of 

charge received from here are reflected to the user on the screen. In addition, data 

such as phase-phase voltage and MOSFET temperature in the motor are taken from 

the motor driver and displayed on the screen. In addition, the motor temperature is 

measured with the temperature sensor placed on the motor and this information is 

given to the user. 

   Determining the vehicle condition lays the groundwork for fault detection. If the 

temperature in components such as battery, motor, motor driver exceeds the specified 

level, it creates a malfunction. In this case, the user is warned on the screen. In 

addition, the status of the doors remaining open indicates a malfunction. Thanks to the 

micro switches placed on the doors, the information that the doors are closed-open is 

obtained. If the vehicle speed is different from 0 and the doors are open, this indicates 

a fault condition. 

9.1. Vehicle Energy Management System 

   As a sub-module of the developed vehicle control system, the energy management 

system has been developed. The task of this system is to monitor, control and manage 

the electronic subunits in the vehicle. Regarding the content and features of the design, 

there is a microcontroller embedded in the board itself. Thanks to this microcontroller, 

5 different devices can be connected simultaneously. 

 

Figure 9.4. Produced VCU Board 
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   The 3D image of the design mentioned in 

Figure 9.5 is shared. Current measurements 

can be made for 5 different devices connected 

to the card. The systems, for which current 

measurements are made and power 

expenditures are controlled, will be stopped by 

cutting off their energy with the relay on the 

card, in case unnecessary expenditure is 

detected. Thus, unnecessary power usage will 

be prevented. 

 

The management system, which monitors the 

consumption data, also sends the data to the 

VCU board via CANBUS or Serial 

communication protocol. Thus, the control and 

monitoring of the system is done on a single 

card and displayed on the driver's screen. In 

Figure 9.6, the visual of the energy 

management system card produced is 

presented. 

Related Link: 

https://sendgb.com/cqVonUOp0uX 

  Previous Design Current Design 

VCU Functions : 

-In-Vehicle Communication 

System 
-Monitoring and Transmitting 
Vehicle Status to the User 
-Transfer of Vehicle Data to the 
Monitoring Center 

-Vehicle Energy Management System 
-In-Vehicle Communication System 
-Diagnostics 
-Monitoring and Transmitting Vehicle 
Status to the User 
-Transfer of Vehicle Data to the 
Monitoring Center 

Controller 
Integrated Circuit 

: Atmel 328 ATmega 2560 

Number of VCU 
I/O 

: 12 25 

Electronic Circuit 
Design 

: - In KiCAD and Altium 

Printed Circuit 
Board Design 

: - In KiCAD and Altium 

Printed Circuit 
Board Production 

: - Produced  

Software 
Algorithm 

: - Writed in Arduino IDE 

Experimental 
Study 

: 
Tested with using 

breadboard 
Tested with using breadboard 

Size (PCB/Box) :   

Figure 9.5. Energy Management System 3D 

View 

 

Figure 9.6. Energy Management System 

Board Produced View 

 

https://sendgb.com/cqVonUOp0uX
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10. STEERING SYSTEM 

   A steering system consists of the steering wheel and the column responsible for 

carrying the movement over the steering wheel. The circular movement of the driver 

during the race is carried to the horizontal plane by means of columns and gears and 

movement is provided. This column is usually rack type or rotary ball gearboxes. [3]            

3D CAD Modelling is performed using SolidWorks and it is given in Figure 10.1. 

                                                                   

Figure 10.1. Steering System Assembly as Seen in Solid Works 

   Figure 10.2. shows that the rack and pinion gear system has a pressure angle of 

module 2 and 20 and a helical angle of 20 degrees. Rack and pinion is a system that 

is connected to a flat apparatus with a pinion, which works to convert the rotational 

movement made with the steering system to straight movement.  

   Above you can see steering box assembly and the other 2 steering columns and they 

are mounted to each other with the help of cardan joints. These two columns were 

made of carbon fiber. 

 

 

Figure 10.2. Rack and Pinion Assembly 
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   In Figure 10.3. you can clearly see the assembled state of the entire steering system 

and the location of the steering wheel on our vehicle. Our steering system is made of 

85% carbon fiber due to its lightness. 

 

Figure 10.3. The Position of The Steering System in The Main Assembly File 

10.1. Rack and Pinion Steering System 

   A simple steering system consists of 3 basic parts; 

   Steering is a steering box connected to the steering wheel and the connecting piece 

that transfers these parts to the front wheels. The main reason for using rack and pinion 

mechanism is that it is lighter and more complex than other systems (Electric or 

hydraulic steering systems). In short, the working logic transmits the movement made 

by the steering wheel to the wheels through the steering box and provides a facilitated 

movement. 

   Thanks to the pinion, force is applied to the gears in the joint bearing and the rack 

gear is moved to the right or left, and the wheels are turned. Said relationship is shown 

in Figure 10.4. [5] 

 

Figure 10.4. Rack and Pinion Relations 
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10.2. Ackerman Geometry 

   One of the main goals of Ackermann geometry is to prevent the tires from slipping 

during straight driving and cornering. According to this geometry, the axles of the 

steering wheels should be arranged as radii of circles with a focal point. Since the rear 

wheels are not capable of turning, this focus should be on a line extending from the 

midpoints of the rear wheels [3-4]. 

                                                                        

Figure 10.5. Ackerman Geometry Parameters of a Vehicle Performing Turning Via the Front Wheels 

 

w=Wheel deflection angles in Ackermann geometry vehicle track width 

l= Wheelbase between right and left wheels  R1= Turning center radius  

i = inner wheel turning angle   o= outer wheel turning angle 

 

 

Figure 10.6. Analysis of the Rotation Angles of the Inner and Outer Wheels 
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Tan 𝛿𝑂 =
𝑙

𝑅1+
𝑊

2

  Tan 𝛿𝑖 =
𝑙

𝑅1−
𝑊

2

 

   R1 is the radius of rotation with respect to the axis of rotation, so this value was set 

to 3500mm.
 

R1=3500mm  w=1050 mm  L=1750 mm  Tan 𝛿İ = 0.5882 

Angle of inside lock (𝛿i) = 30.47 

According to Ackermann Geometry for perfect steering is given by: 

Cot 𝛿𝑂 − Cot 𝛿𝑖 =
𝑤

𝑙
   Cot 𝛿𝑂 − Cot 𝛿𝑖 =

1050

1750
 

Cot 𝛿𝑂 = 𝐶𝑜𝑡(30.47°) +
1050

1750
 

𝛿𝑂 = 23.5° 

Also, 

Inner Turning Radius, 

𝑅𝑖𝑛𝑛𝑒𝑟 =
𝑙

sin 𝛿𝑖
=

1750 

sin 30.47
   𝑅𝑖𝑛𝑛𝑒𝑟 = 3450,99 

Outer Turning Radius,  

𝑅𝑜𝑢𝑡𝑒𝑟 =
𝑙

sin 𝛿0
=

1750

sin 23,5
   𝑅𝑜𝑢𝑡𝑒𝑟 = 4389.26𝑚𝑚 

 

  By comparing both graphical and analytical data, it was concluded that both values 

converged thus, the system design is accurate. They are given in Figure 10.6 and 

Figure 10.7. 

 

Figure 10.7. Graphical Representation of Ackerman Geometry 
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 Our design is bicycle model and it is given in Figure 10.8. 

 The center of gravity was assumed to be in the middle. 

a2 = Center of gravity. 𝑹 = √𝒂𝟐
𝟐 + 𝒍𝟐 × 𝐜𝐨𝐭𝟐 𝜹 

𝒂 = 𝟖𝟕𝟓 𝒎𝒎                  𝑹 = 𝟒𝟓𝟑𝟕, 𝟏𝟗𝒎𝒎 

 

Steering Ratio:  

   Steering ratio indicates the amount of change in direction of the wheel per full turn of 

the steering wheel. This ratio mostly varies between 12:1 and 20:1 in passenger cars,  

but this ratio is between 5:1 and 20:1 in racing cars. 

 

 

Where the  is wheel radius, 

Wheel radius = 285 mm 

The steering wheel travel for one complete rotation = 1789,8 mm 

Pinion gear radius = 11 mm 

Pinion gear perimeter = 2×π×r= 69,115 mm 

The distance required for the pinion gear to move left and right from the middle of the 

rack is  

=                 

Rack travel is 138,23 mm       

 

Figure 10.8.  Bicycle Model for Measuring Turning Radius 

𝑆𝑡𝑒𝑟𝑟𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜 =  
1789,8

138,23
= 12,94 = 12: 
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Rack and Pinion Calculations: 

  

D: Distance between front axis and rack  lrack; Rack casing length   

lrod: Tie rod length 

larm; Steering arm length  R: Pinion Radius 

TW : Track width  ∆P; Linear change in rack position  δin; Steering wheel angle  

δL; Left wheel angle   δR; Right wheel angle 

 

Equations were used to calculate the steering angles: 

 

l1 =
TW−lrack

2
− ∆P   l2

2 = l1
2

+ D2   ∆P = rδin 

β =
π

2
− tan−1

D

l1
− cos−1

larm
2 + l2

2 + lrod
2

2larm × la2
 

Figure 10.9. Representation of Front Layout of The Steering System 

Figure 10.10. Representation of Wheels Turning Angles 
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   The angles in this chart include the Ackerman and actual values of the inner and 

outer wheel angles requested from us. It should be noted that the results may vary, as 

our actual angles and rod adjustments are not fully adjusted. There will be changes in 

this graphic after the wheel settings are made. In this graph, it was understood that the 

true value and the Ackerman values diverged as the angle values increased. 

   As you can see in the graph the inner wheel and outer wheel steer angles according 

to the steering angle in the same graph for theoretical and real situation. 

Figure 10.11. Graph of Internal and External Wheel Turning Angles 

Figure 10.12. Inner and Outer Wheel Turning Angles According to Steering Wheel Turning Angle 

Figure 10.13. Steering Wheel Turning Angle Steering Ratio Graph 
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   The steering wheel must have at least 360 degrees (1 turn) of rotation to the left and 

right and this 360degree turn must be equivalent to the wheel side. This can be 

understood as follows. Our pinion diameter is 22 mm. 

Rack size (for 1 tour left and right) = mm 

Rack size (for 1,5 tour left and right) = mm 

   From here, it was understood that the steering wheel turned left and right for more 

than 1 turn. 

   There must be at least 1 cm clearance between the wheels and any part on the shell 

or vehicle during the rotation of the wheels. Drawing can see in figure 10.14. 

 

 

   During our production, great attention is paid to the durability and weight of the 

materials, and as you can see in Figure 10.15. the steering wheel is made of airex and 

carbon fiber sandwich material, resulting in a steering wheel of 114.29 grams in weight. 

Figure 10.14. Clearance Between the Wheels and Any Part 

Figure 10.15. Steering Wheel 
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   The steering system is designed to be as light as possible but does not compromise 

on rigidity. Accordingly, the rack is formed from a combination of aluminum and carbon 

fiber tubing. The gear parts, which are the critical parts of this part, are made of 

aluminum gear and the rest are made of carbon fiber pipes. (Figure 10.16.) 

 These parts welded to the hub were used as pitman arms. 

   In Figure 10.18., it is seen that our steering system, which is completely assembled 

to the vehicle, completely domestically produced. 

 

Figure 10.16. Cutting and Combined Parts 

Figure 10.17. Hub Holder and Pitman Arm 

Figure 10.18. Front Layout 
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11. DOOR LOCK MECHANISM 

   A new sliding door mechanism was made in our door lock mechanism. (Figure 11.1). 

The working principle of the system is as seen in the Figure 11.1. There is a slider in 

the case which is directly connected to the latch. At the top of the case there is a 

screwed rectangle parts which is preventing the movement of the slider about z axis 

so the slider only goes on 1 direction. As seen in the Figure 11.2. there is a part on the 

slider to connect the latch to the slider directly. There is a spring place in the case 

(Figure 11.3) so when you pull the slider back the spring squeezes and latch comes 

in. After the applied force becomes zero, it elongates back to original position and latch 

goes out. For opening the door from inside as seen in the Figure 11.3. There is an 

open part at bottom of the case and lever arm connected to slider goes out from there 

so by using this arm door can be opened from inside. Besides this arm actually works 

for the lock mechanism too. As seen in the Figure there is a locker next to case. When 

you turn the key the arm part on the locker turns 90˚ and prevents the movement of 

the slider by blocking the arm at the inside which is a part of the slider. 

   As a material all parts of the mechanism produced by the 3D printer 

 

 

Figure 11.1. CAD Model of Door 
Mechanism 

Figure 11.2. Slider and Latch of the Door 
Mechanism 

Figure 11.3. Back View of the Door Mechanism 
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   The necessary strength analyzes were made for the door hinges of the vehicle. The 

designs made with Solidworks program were analyzed with the help of Ansys 

Workbench program. Analyzes were also used to determine the hinge location. The 

vehicle body and the bonding area are produced more durable than the body. Figure 

11.4 shows the image of the vehicle door combined with its hinges. 

 

Figure 11.4. Door Design Assembled with Hinges 

   During the analysis, a load of 50 N was applied vertically down the y-axis from the 

maximum moment point by adding the safety coefficient to the door, more than 3 

kilograms of its own weight. The load and fixing points applied to the doors and hinges 

of the vehicle are shown in Figure 11.5. 

 

Figure 11.5. Load And Fixing Points Applied on the Door 

 

   As a result of the analysis, a maximum deformation of approximately 0.125 mm 

occurred on the door under the effect of 50 N weight. The analysis results of the 

deformation are shown in Figure 11.6. 
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Figure 11.6. The Result of the Deformation Occurring in The Door Analysis 

 

   As a result of the analysis on the door and hinges, a maximum stress accumulation 

of approximately 45 MPa occurred on the door and mounted hinges. The maximum 

stress point is shown in Figure 11.7. It has been determined that the material can 

withstand the desired strengths by looking at the analysis results and calculations in 

the doors and hinges where carbon fiber production materials are used. 

 

Figure 11.7. Door Analysis of Maximum Equivalent Stress 

 

There are 2 doors at each side of the car and as seen at the sketch the surface area 

of the doors is bigger than 0.44 m2. As seen in the analysis hinges of the door fits 

perfect for the stress distributions and there is 2 hinge and the dimensions of the hinges 

made by considering the results of the analysis. There is a plastic wick between the 

doors so when the door closed. It blocks all physical contact. As seen in the simulation 

there is a lock which locks the door by blocking the arm at the back of the slider. 

Because of the door is so lightweight and fits perfect with the design of the car it closes 
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easily by pushing it by hand and as a result of the design and plastic wick, there is not 

any material can pass inside when the door is closed. 

Area calculation of the window part = 317x1610.5/2 =255264   

 255264– (510.5 x 107/2) =227952 – [(305x1496/2) -(83x396/2) = 16246 mm2 

Center of mass = G = [(1100 x 478 x 239) + (16246 x 585.65)]/[(1100x478) + 16246)] 

= 249.4mm 

 

Figure 11.8. Dimensions of The Door 

 

Moment of Inertia about centroid axis (I)  

= [(1/12) x (1610x4783) + (478x1100 x (239-249)2] + [(1/36) x((1610x3373) -(510x1073) 

-(305x11003) +(396x833)] + (108968x (585.65-249)2) = 1.75x1010 mm4 

M = 600x3x9.81 = 17658 N.mm 

Normal tension stress on upper hinge = 17658x80.6/1.75x1010 = 8.13x10-5 N/mm2 (Pa) 

Normal compression stress on lower hinge = 17658x124.4/1.75x1010 = -1.25x10-4 

N/mm2 

Shear stress on the hinges = 3x9.81x0.03x0.50 = 0.44 N/m2  [5] 

Related Link: https://sendgb.com/rdkqyjbSC8B 

 

https://sendgb.com/rdkqyjbSC8B
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12. MECHANICAL DETAILS (Chassis, Roll Bars, etc.) 

12.1. Technical Drawing  

12.2. Strength Analysis 

12.2.1. Roll Bar Roll Cage  

   Our roll bar and roll cage designs are designed in an environmentally and protective 

way to protect the driver of our vehicle. We decided to make our roll bar roll cage design 

from carbon fiber in order to get rid of the weight and create a safer environment for 

our driver. In this way, both our driver will be much safer and our overall weight will be 

3 kilos lighter than our previous work. You can see the design made in figure 12.2, 12.3 

and 12.4.  

 

 

 

 

 

 

 

 

 

 

Figure 12.1. Technical Drawing of The Body 

Figure 12.2. Rollbar Rollcage Design 

 

Figure 12.3. Rollbar Rollcage Design 
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Design Measurements: 

Height: 86 mm 

Width: 75 mm 

Length: 90 mm 

Weight: 1.7 kg 

 

Analysis for Roll Bar Roll Cage  

   By fixing our roll bar and roll cage designs at the points to be attached to the chassis, 

1 kilo newton force was applied towards the driver's cabin, which was created in the 

vehicle as desired. As a result of the analyzes made with the applied forces, it was 

determined that it was in compliance with the "> h/200" rule written in the rules and all 

other values. After the final product design was revealed, the molds were designed 

and produced. Figure 12.5, Figure 12.6 and Figure 12.7 show the given. 

 

 

 

 

 

 

 

 

Figure 12.5. Roll Cage Fixing Point 

Figure 12.4. Rollbar Rollcage Design 
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Analysis Results: 

 The results of the analyzes made with the roll cage state of our front and rear roll 

bar designs are shown in figure 12.8. 

 

 

 

 

 

 

 

Figure 12.8. Equivalent (von-Mises) Stress Analysis for Roll Cage 

 

 

 

 

 

 

Figure 12.8.a. Total Deformation Analysis for Roll Cage 

Analysis result: 

Equivalent (von-Mises) stress analysis: 108.46 MPa 

Total deformation: 3.16 mm 

Figure 12.6. Given Force Value and Area 

 

Figure 12.7. Selected Material 
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12.3. Chassis Design 

   TÜBİTAK Efficiency Challenge is an efficiency race that's why the weight is the most 

important factor regarding the mechanical characteristics of the car. We can say that 

the lower the weight of a vehicle, the more efficient the vehicle is mechanically. As we 

do annually, we worked on the chassis to design our vehicle as light as possible. Last 

year, we tried to decrease the weight by producing our chassis, which was aluminum 

in the first year. So we used composite materials (carbon fiber). This year, we used 

carbon fiber composite materials again to further lighten our chassis. Unlike last year, 

we changed the core materials we used this year with lighter ones and completely 

changed the overall composition of the design. In Figure 12.9, the design differences 

of the chassis over the years can be seen. 

 

Figure 12.9. The Design Differences of the Chassis Over the Years 

   We replaced the Gur it, PVC foam material that had a density of 90 kg/m3, and a 

thickness of 20 mm last year as the core material, with the Nomex honeycomb material 

that instead has a thickness of 1.5 mm and a density of 29 kg/m3. With this we achieved 

a weight reduction of nearly 95 percent in the use of core materials only. Without 

effecting the strength and rigidity of the chassis we were able to significantly lower the 

weight. We achieved so by changing the composition of the chassis structure. 

Configuration of the sandwich structure used in previous and current chassis are 

shown in Figure 12.10. 

 

                  Figure 12.10. The Previous and Current Chassis, Left and Right Side Respectively 

Last year, the chassis composition was used together with the sandwich method with 

PVC foam and carbon fiber. This year however we decided, to completely change the 

composition, it is aimed to lighten the entire chassis by almost half. The building 

composition used in the current chassis is as shown in Figure 12.11. below. As seen 

in this figure, the main load carriers of the chassis are designed to be carbon fiber, 

25mmx25mm square profiles. Then, these square profiles were sandwiched with 

honeycomb-carbon fiber structures, which are very light, by closing the top and bottom. 
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Figure 12.11. The Composition Used in The Current Chassis 

  We replaced the carbon-airex sandwich structure, used in the main composition of 

the chassis last year. With a carbon-honeycomb and carbon square profile sandwich 

structure. In other words, the core materials being used is carbon square profiles. Not 

only its being used as a core material but also used as a strong carrier with its high 

strength properties. 

 

Figure 12.12. The Sandwich Structure Made Of Honeycomb And Prepreg Carbon 

   Since weight is our main priority when making the chassis, we preferred to use the 

lightest and most optimum durability materials that is being used in aviation industry. 

These materials are carbon profiles with 25mmx25mm and 1.5mm wall thickness, 

Nomex honeycomb core material with 29 kg/m3 density and 200gr prepreg                 

(pre-impregnated, pre-epoxy-impregnated composite fabric) carbon fiber fabrics, 

which is the latest technology in the composite materials production. 

   The wall thickness of 25mmx25mm square 

profiles is 1.5mm in thickness and the weight of 

the carbon profile is 218gr/meter. These 

profiles were cut at a depth of 12.5mm as 

shown in Figure 12.13 and intertwined brining 

the profiles together. 

 

            

      

 

Figure 12.13. Shows How the Profile Is Cut 

and Supported 
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   As can be seen in Figure 12.14, the inner surfaces of the profiles are supported in 

the direction of the tensile and compression forces, making the structure stronger. As 

seen in the figure, the corners of all the profiles are supported and reinforced by placing 

carbon plackets. 

 

         

    

               

Before closing the chassis, the locations of all the parts to be mounted on the chassis 

were determined and assembled beforehand. After all the necessary assemblies are 

made, the honeycomb plates of the chassis were glued and closed with Araldite 2015, 

and the chassis is finalized. (Figure 12.15.)  

 

Figure 12.15. The Picture of the Chassis Before the Bottom Side is Closed 

   Sections from the production stages of the chassis are given in Figure 12.16. Shown 

are Carbon fiber-honeycomb panels produced and then cut to enclose the chassis 

frame. In Figure 12.17, the main carrier frame of the chassis is shown as its interlocked 

with the plug-in system. 

 

Figure 12.16. The Manufacture and Cutting of Honeycomb Materials 

Figure 12.14. The Profiles are Supported and Reinforced by Placing Carbon Brackets 
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   Sections from the production stages of the chassis are given in Figure 12.16. Shown 

are Carbon fiber-honeycomb panels produced and then cut to enclose the chassis 

frame. In Figure 12.17, the main carrier frame of the chassis is shown as its interlocked 

with the plug-in system. 

 

Figure 12.17. The Main Carrier Carbon Fiber Square Profile Skeleton 

 

Figure 12.18. The Sewn to Prepreg Carbon Fiber and PVC Foam with Ballistic Grade Kevlar Thread 

   Another difference of this year's chassis compared to last year is the connecting 

flange of the wishbones. While these flanges were being designed, wishbones made 

of aluminum 7075-T6 material processed in CNC machine were embedded in PVC 

foam and in closed with carbon. Reaching this point, 2mm holes were drilled on the 

aluminum part to prevent delamination of the carbon from the foam, and as seen in the 

figure, it was sewn to Prepreg carbon fiber and PVC foam with ballistic grade Kevlar 

thread, and it was designed and manufactured to withstand extreme levels of 

compression and tensile forces. This eliminates the need to fix metal parts with bolts 

to the front and back of the sandwich structure to fixate the wishbone. Thus, a 

significant amount of weight is saved. 
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Figure 12.19. 3D Views of Chassis 

12.3.1. Chassis Analysis 

 

   As seen in Figure 12.20. Firstly, standard gravity acceleration was applied to the 

structure shown in the figure. Adding to that, 2500N force was applied to the places 

where the seats are placed. After that, it is assumed that the chassis is fixed from the 

places where the wishbones will be attached, and the most reliable setup was made. 

 

Figure 12.21. Meshing Method and Dimensions 

Figure 12.20. The Setup Applied During The Analysis 

 



83 

   As can be seen in Figure 12.21, cautions have been taken to obtain the smallest 

mesh sizes possible by the sources and as well as a smooth mesh in order to obtain 

most realistic results possible. The smaller the dimensions of the discarded meshes, 

the more realistic the simulation modeling emerges in theory. 

 

Figure 12.22. Stress Levels 

   The maximum stresses that emerged as a results of the analysis are shown in red in 

figure 12.22, and this value was calculated as 54.572MPa. Using computer simulation 

program called ANSYS. This stress value is improved by 21% than the previous year. 

This data shows us that a more robust and lighter chassis design has been made 

compared to the previous year. 

 

Figure 12.23. Results of The Deformation 

   As a result of this analysis setup applied, a deformation of 0.14 mm occurs as shown 

in figure 12.23. Again, this value is less deformed by more than 30% compared to last 

year. This data supports the claims from earlier that the chassis is both a lighter and 

more rigid design compared to last year. 

   As mentioned above, we can list a few reasons why the chassis is both lighter and 

more robust/rigid this year. First of all, the use of a very solid square profiles as a carrier 

in terms of design using core material has caused the chassis to be both stronger and 

lighter. In addition, the fact that the materials used are from modern technological 

methods compared to classical methods is taken as one of the main reasons. The 

manufacturing methods of these materials are different from the classical methods.   
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   The prepared (the method in which thermoplastic epoxy is used while the epoxy is 

impregnated with the carbon) carbon fiber fabrics must be cured under pressure by 

applying high temperatures. Autoclave furnaces should be used to manufacture these 

materials. Therefore, an autoclave furnace was designed and produced to meet the 

needs of the team. This furnace was used in all Prepreg manufacturing stages.    

(Figure 12.24) 

 

Figure 12.24. Oven Manufactured for Our Needs 

 

Carbon Fiber Armrest 

   One of the original mechanical components is carbon fiber armrest. In this part 

200gr/m2 carbon fiber is used. Twill type of the carbon fiber is chosen because it can 

take shape easily. For making the mold of the armrest foam is used. For giving the 

mold desired shape firstly it is modeled and sliced in Solidworks. After the modeling 

slides are cutter in 3 axis CNC foam cutting machine. After slicing the parts are glued 

and extra parts sandpapered. When reached the desired shape the mold is covered 

with tape with 3 layers. After the taping carbon fiber fabric is covered and left to dry. 

After drying for losing weight inside of the carbon fiber layer is emptied with the help of 

a little hole. After the losing weight operation, potentiometer hole is opened in the 

armrest. Desired cable is putted in the armrest, and it is ready to use. The designed 

and manufactured original mechanical component is putted in place where is next to 

the pilot arm. 
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12.4. Body Design  

     Our body’s design was estimated according to aerodynamic efficiency conditions, 

all design and production processes made by us. Final design took so much time to 

make perfect decision. Each steps of the design are shown in Figure 12.25, 12.26 and 

Figure 12.27. 

Figure 12.25. First Design of Our Vehicle 

The transparent view of our vehicle with its internal components is in the Figure 12.28. 

 

Figure 12.26. Second Design of The Our Vehicle 

Figure 12.27. Final Design of Our Vehicle 

Figure 12.28. Transparent View of The Our Vehicle 



86 

Body Measurements: 

Height: 105 mm  Width: 124 mm Length: 325 mm Weight: 18 kg 

Vehicle dimensions are shown in Figure 12.29. and Figure 12.30. 

   As an addition our top side and back side views are shown in Figure 12.31 and   

Figure 12.32. 

 

Aerodynamic analysis of the body: 

   ANSYS Fluent was used for aerodynamic analysis. The main topics of analysis are 

defining a wind tunnel geometry and then making an extraction command. Then the 

Boolean command was used with the wind turbine and the vehicle. The dimensions of 

the wind tunnel are 13m long, about 4m wide and almost 3.5m high. Then it continues 

with the mesh part. Here, firstly, the limit values of the wind tunnel, which are speed 

input (18 m/s), pressure output (101325 Pa), walls (top and sides), road, symmetry and 

vehicle body are shown. Vehicle’s front section area is 1.20 m2. The data is given in 

Figure 12.33, Figure 12.34. and Figure 12.35. 

Figure 12.29. Front View with The Width 
Dimension 

Figure 12.30. Side View with The Length and Height Dimensions 

Figure 12.31. Top View of 
Our Vehicle 

Figure 12.32. Back View of Our Vehicle 
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   Our mesh took 15 minutes, the nodes value is near 3 million, and elements value is 

near to 8 million. It is shown in Figure 12.37. Also, dimensions and mesh views are 

shown in Figure 12.38. and Figure 12.39. 

 

Face Sizing for Body: 5 mm. 

Wind Tunnel Sizing: 80 mm. 

Y+ Value (Boundary Layer): 0.2255 mm. 

Reynolds Number: Over 3.5 x 106 (Turbulence was noticed after a while time at the 

tail-end of the car.) 

Figure 12.33. Inflation of The Shape Figure 12.34. Inflation Settings 

Figure 12.35. 5 mm Mesh for Body Figure 12.36. 5 mm Mesh for Body 

Figure 12.37. Elements and Nodes Value 
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Figure 12.39. y+ Boundary Layers of Our Mesh 

   The next part was the Installation and Solution part. Since the shape of the vehicle 

was suitable for this model, the analyzes were performed with the k-epsilon realizable 

(includes improved wall treatment) viscous model. Then, input limit parameters and 

reference values were entered and solution methods were defined.  

 

   For a standard model, the pressure value was selected and other upwind parameters 

were selected first and then the things to know from the analysis were chosen, for 

example Drag Coefficient, Drag Force and Buoyancy Force, the given parameters 

were also classified as hybrid. Finally, an iteration value (1000) is added and then the 

analysis is started to run. They are shown in Figure 12.40, Figure 12.41, Figure 12.42, 

Figure 12.43, Figure 12.44, Figure 12.45 and Figure 12.46. respectively. 

Figure 12.38. Inside View of the Mesh 

Figure 12.40. General View of CFD Solve 
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Figure 12.41. Viscous Model Settings 

Figure 12.42. Solution Method 
Settings 

Figure 12.43. Drag Coefficient Plot 

Figure 12.44. Lift Force Plot Figure 12.45. Drag Force Plot 
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The Results 

Drag Coefficient: 0.15 

Drag Force: 35 N 

Lift Force: 60 N 

 

    After the results, CFD Post was used to show the Contours and Flow lines. They 

are given in Figure 12.47, Figure 12.48, Figure 12.49, Figure 12.50, Figure 12.51. and 

Figure 12.52. Maximum velocity value was 30 m/s at the top of the vehicle, and the 

maximum pressure is seen at the beginning of the vehicle, in other terms inlet 

boundary. 

 

Figure 12.46. Residuals Plot 

Figure 12.47. Pressure Contour and Streamlines 
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Figure 12.48. Pressure Contour 
Settings 

Figure 12.50. Velocity Contour Settings Figure 12.51. Velocity Streamlines 

Figure 12.49. Velocity Contour 

Figure 12.52. Velocity Streamlines Settings 
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Glass 

   New glass production was made by taking the glass mold from the existing car body. 

First, mold separators were applied with the help of a brush on the areas where the 

mold will be taken on the car body. After the surfaces were dry, the hand laying method 

was applied with glass fiber and epoxy resin and left to cure. After the curing process 

was completed, pasting and sanding operations were carried out for surface 

improvement. The mold, which is ready for glass production, was sent to the oven as 

shown in Figure 12.53. Glass production was made from Plexiglas suitable for glass 

mold. Finally, the manufactured glasses are fixed to the body with Araldite adhesive. 

 

 

 

 

 

 

 

 

Figure 12.53. Glass Mold 
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12.5. Rims (Wheels) 

12.5.1. Aluminum Rims  

   The main purpose of rim production is to reduce the weight of the rim and increase 

efficiency. Therefore, a low density but strong substance should be used. 7075-T6 

aluminum is preferred. As a production method, it is aimed to process the billet material 

with the machining method. Its design has been simplified as much as possible to keep 

the production cost low. 

 

Figure 12.54. The Technical Drawing of The Rim 

   In Figure 12.54. shows that the rim is designed for a diameter of 16 inches and a 

width of 2.53 inches. This rim will be the rim that will be attached to the chassis with 

the bearings and shafts. Its weight is 4883 grams. The reason this rim is relatively 

heavy is because the magnet mounts in the electric motor are embedded in this rim. 

Although it seems heavy when considered as a rim, when the weight of the rim and 

the motor is considered together, the weight decreases. 

   The inner width and diameter of the rim, designed for the motor like the previous rim 

dimensions, is 16 inches and 2.50 inches as can be seen in Figure 12.54. The weight 

of this rim is 1870.12 grams. 

 

 

Figure 12.55. Render Picture of The Rim 
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Rim Analysis: 

   Analyzes were performed on ANSYS Workbench to Static Structural. Body sizing 

was used as the meshing method and the element size was limited to 1.5 mm. 

 

 

   Fixing for the first rim was done with roller bearings. (Figure 12.59.) The force and 

moment around the circle are given. A force of 750 N, 600 N, 0 N (x, y, z) was applied 

to a cross circle of 960.47 N in total. (Figure 12.60.) (Figure 12.61.) 

 

Figure 12.57. Technical Drawing of The Rim 

Figure 12.56. Nodes and Elements Details of The Rim 

Figure 12.58. Render Picture of The Rim 
for Electric Motor 

Figure 12.59. Fixed Support is Painted as Blue 
Color 

Figure 12.60. Forced Surfaces are Painted Pink 

Figure 12.61. Moment Applied Surfaces are Painted with Red 
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   According to the simulation result, it was seen that the total deformation was 

maximum 0.81mm (Figure 12.62.) and the equivalent stress was 58.271 MPa                    

(Figure 12.63.) 

 

   In the other, the motor is fixed with 4 holes. (Figure 12.65.) The force around the 

circle is given. By giving a force of -600N, -750N, -350N (x, y, z) a total of 1022.3 N 

transverse load was placed on the rim. (Figure 12.66.) (Figure 12.67.) 

 

Figure 12.64. Nodes and Elements Details of The Rim for Electric Motor 

Figure 12.62. Maximum Deformation of Rim 

Figure 12.63. Maximum Equivalent Stress of The Rim 

Figure 12.65. Fixed Rim from The Holes Figure 12.66. Forced Surfaces are Painted Red 
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   According to the simulation result, it was seen that the total deformation was 

maximum 1.4 mm (Figure 12.67.) and the equivalent stress was 278.7 MPa                

(Figure 12.68.). 

Production Stage: 

   The block material became the desired ideal shape with some processes. Milling was 

done to fit the magnet supports for the electric motor. (Figure 12.69.). Tire places were 

turned with lathe machine. 

13.5.2. Carbon Fiber Wheel 
 

   In the electric motor part, the option of using 

aluminum 7075 T6 rims and carbon fiber rims on 

the other three wheels was created. The technical 

drawing with carbon fiber design is shown in Figure 

12.70.  

 

 

 

 

 

Figure 12.67. Maximum Deformation of The Rim Figure 12.68. Maximum Stress of The Rim 

Figure 12.69. Magnet Supports for Electric 
Motor 

Figure 12.70. Carbon Fiber Design 
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   The material is Prepreg carbon fiber to be used on different floors locally. Carbon 

fiber wheels were produced by molding metal. It is shown in Figure 12.71. 

   

  

   In the manufacturing part, the vacuum method was used. It is shown in Figure 12.72. 

    A thickness of 1.6 mm at the edges and 0.6 mm inside the wheel was achieved in 

certain layers. It was determined according to the material properties used. 

Carbon Fiber Wheel Analysis: 

   ANSYS Static Structural was used to get the results. Our support is inside the wheel 

where the wheel hub is located. 

Figure 12.73. Magnet Supports for Electric Motor 

Figure 12.71. Metal Molds 

Figure 12.72. Vacuum Process with Compressor 
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   The force was applied for each axis selected from the corner of the rims (Braking, 

rotation and stable states were simulated together, so the force was applied from each 

axis.) It is shown in Figure 12.75. You can see the results in Figure 12.76, Figure 12.77. 

and Figure 12.78.   

Figure 12.74. Details for Analysis 

Figure 12.75. Force Applied Surface 

Figure 12.76. Total Deformation Analysis for Carbon Rim 
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      The results are show us the carbon fiber wheel is strength against with given 

maximal conditions, so it is safe. 

12.6. Suspension System 

   To be used in TÜBİTAK Efficiency Challenge Electric Vehicle Races, it is analyzed 

in accordance with the mechanical properties of the vehicle and calculations are made 

according to the optimized data of the vehicle to allow the most comfortable driving of 

the electric vehicle. 

   The calculations of the designed shock absorber are shown below. 

𝑇ℎ𝑒 mass of driver: 70 kg 

𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑣𝑒ℎ𝑖𝑐𝑙𝑒: 130 𝑘𝑔 

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠: 200 𝑘𝑔 

𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛(𝑔) = 9,80665 𝑚
𝑠2⁄  

𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑥𝑖𝑠 𝑓𝑜𝑟𝑐𝑒(𝐹𝑦) = 50𝑥9,80665 = 490,3325 𝑁 

Figure 12.78. Total Deformation of the Carbon Fiber Wheel 

Figure 12.77. Max Deformation Area for Carbon Fiber Rim 
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𝐴𝑛𝑔𝑙𝑒 𝑤𝑖𝑡ℎ 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑥𝑖𝑠(𝛽) = 20 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

cos(20) = 0,939692621 

𝐹𝑜𝑟𝑐𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟 = 𝐹𝑦 ∗ 𝑐𝑜𝑠20 

𝐹𝑜𝑟𝑐𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟 = 490,3325 ∗ 0,939692621 = 460,76183208648 𝑁 

𝑇ℎ𝑒 𝑚𝑎𝑠𝑠 𝑝𝑒𝑟 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟: 46 𝑘𝑔 = 460,75 𝑁𝑒𝑤𝑡𝑜𝑛 

𝑇ℎ𝑒 𝑐𝑜𝑟𝑛𝑒𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑝𝑒𝑟 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟: 304,5 𝑁𝑒𝑤𝑡𝑜𝑛 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 𝑝𝑒𝑟 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟: 765,25 𝑁𝑒𝑤𝑡𝑜𝑛  

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑚𝑎𝑔𝑒𝑑 𝑟𝑜𝑎𝑑 𝑓𝑜𝑟𝑐𝑒 = 500 𝑁 

𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑚𝑎𝑠𝑠(𝑚) = 1265,25 𝑁 = 130 𝑘𝑔(𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦) 

1𝑁 (𝑁𝑒𝑤𝑡𝑜𝑛) = 0,224808943 𝑙𝑏𝑓(𝑃𝑜𝑢𝑛𝑑𝑠 𝑓𝑜𝑟𝑐𝑒) 

𝐹𝑜𝑟𝑐𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟: 1265,25 ∗ 0,224808943 = 284,439515 3075 𝑙𝑏𝑓 

   Wire diameter and oscillation calculations of the shock absorber spring are shown 

below. 

∆s =  30 mm 

F1 =  500 N 

𝐹 = F2 =  1400 N 

𝑘 = 37083,33 

𝐷𝑑 = 52𝑚𝑚 

𝑑 = 𝑘1 ∗ √𝐹𝑚𝑎𝑥 ∗ 𝐷𝑑
3

 

𝐹𝑜𝑟 𝑠𝑡𝑒𝑒𝑙 𝑡𝑦𝑝𝑒 𝐴, 𝐵, 𝐶 𝑜𝑟 𝐼𝐼: 

𝑘1 =  0.15 𝑓𝑜𝑟 𝑑 < 5 𝑚𝑚 

𝑘1 =  0.16 𝑓𝑜𝑟 𝑑 =  5 . . . 14 𝑚𝑚 
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𝑑 = 0,16 ∗ √1400 ∗ 52
3

 

𝑑 = 0,16 ∗ 41,755189573269 𝑚𝑚 

𝑑 ≥ 6,680830331723 𝑚𝑚 = 7 𝑚𝑚 

D𝑜𝑟  =  D𝑑 − 𝑑 = 52 − 7 = 45 

𝐷𝑖 = 45 − 7 = 38 𝑚𝑚 

𝜏𝐼𝑒𝑚 = 740 𝑁/𝑚𝑚2 

𝑤 =
𝐷𝑂𝑟

𝑑
 

𝑤 =
45

7
= 6,4285714285714 

𝑘𝑘 =
𝑤 + 0,5

𝑤 − 0,75
 

𝑘𝑘 =
6,43 + 0,5

6,43 − 0,75
 

𝑘𝑘 =
6,93

5,68
 

𝑘𝑘 = 1,22 

𝑑 ≥ √
𝑘𝑘 ∗ 𝐹 ∗ 𝐷𝑜𝑟

0,4 ∗ 𝜏𝐼𝑒𝑚

3

 

Figure 12.79. Time Selection 
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𝑑 ≥ √
1,22 ∗ 1400 ∗ 45

0,4 ∗ 740

3

 

𝑑 ≥ 6,3797209680018(𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝑑) 

𝑑 = 7 𝑚𝑚 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑔 𝑤𝑖𝑛𝑑𝑖𝑛𝑔𝑠 = 𝑖𝑦 =
𝐺 ∗ 𝑑4 ∗ ∆S

8 ∗ 𝐷𝑜𝑟
4 ∗ ∆F

 

𝑖𝑦 =
83000∗𝑑4∗∆S

8∗𝐷𝑜𝑟
3∗∆F

 [1] 

∆S = 30 mm 

𝑖𝑦 =
83000 ∗ 74 ∗ 30

8 ∗ 453 ∗ 900
 

𝑖𝑦 = 9,11216278 

𝑖 = 9,112 + 2 = 11,112 

11,112 ∗ 7 = 77,784 = 77,8 𝑚𝑚 

𝑆𝑎 = (0,0015 ∗
𝐷𝑜𝑟

2

𝑑
+ 0,1 ∗ 𝑑) ∗ 𝑖𝑦 = 18,9 𝑚𝑚 

30

900
∗ 1400 = 46,66 𝑚𝑚 

𝑇ℎ𝑒 𝑓𝑟𝑒𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑝𝑟𝑖𝑛𝑔: 77,8 + 18,9 + 46,66 = 143,36 𝑚𝑚 

   Using the data obtained as a result of the dynamic analysis of the vehicle according 

to the track, the calculations on how the shock absorber will move if it is exposed to 

the maximum forces in the curve are shown below. 

𝐶𝑜𝑟𝑛𝑒𝑟𝑖𝑛𝑔 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑎 =
𝑣2

𝑟
=

152

15
= 15

𝑚

𝑠2
 

𝐶𝑜𝑟𝑛𝑒𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 = 𝑚 ∗ 𝑎 = 200 ∗ 15 = 3000 𝑁 

𝐶𝑢𝑟𝑣𝑒 𝑠𝑙𝑜𝑝𝑒 = 5 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

𝐶𝑜𝑟𝑛𝑒𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒  𝑤𝑖𝑡ℎ 𝑠𝑙𝑜𝑝𝑒 = 𝑐𝑜𝑠5 ∗ 3000 = 2988,58409428 𝑁 

3000𝑁 ∗ 0,2𝑚 = 600 𝑁 ∗ 𝑚 
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600𝑁 ∗ 𝑚

0,23𝑚
= 2608,695652173914 𝑁 (𝑡𝑜𝑡𝑎𝑙) 

2608,7 − (490 ∗ 4) = 648,7 𝑁 

648,7 𝑁 ∗ 𝑐𝑜𝑠20 = 648,7 ∗ 0,93969262078 𝑁 = 609,578603099986 𝑁 

𝑇ℎ𝑒 𝑐𝑜𝑟𝑛𝑒𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑝𝑒𝑟 𝑠ℎ𝑜𝑐𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟: 
609 𝑁

2
= 304,5 𝑁 

   Calculations of the piston, which heavily loaded the damping, are given below. The 

values of the data used on MATLAB Simulink were calculated by using the damping 

constant and the spring constant. 

𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 = 𝑄 = 𝑣. 𝐴 

𝑄 = 𝑄𝑑 

𝐴 = 𝜋.
𝐷2

4
 

𝑃𝑖𝑠𝑡𝑜𝑛 𝐹𝑜𝑟𝑐𝑒 = 𝐹 = 𝐴. ∆𝑃 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = ∆𝑃 =
128 ∗ 𝑄 ∗ 𝐿 ∗ µ

𝑑4
 

𝐹 = 𝑐. 𝑣 

𝐷𝑎𝑚𝑝𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = 𝑐 =
𝐹

𝑣
 

𝑐 =
𝐴 ∗ ∆𝑃

𝑣
=

𝜋 ∗ 𝐷2

4 ∗
128 ∗ 𝑄 ∗ 𝐿 ∗ µ

𝜋 ∗ 𝑑4

(
𝑄
𝐴)

=
8 ∗ 𝜋 ∗ 𝐷4 ∗ 𝐿 ∗ µ

𝑑4
 

𝐹𝑜𝑟 𝑁 ℎ𝑜𝑙𝑒𝑠 𝑓𝑜𝑟𝑚𝑢𝑙𝑎, 

𝑄1 =
𝑄

𝑁
 

𝑐 =
8 ∗ 𝜋 ∗ 𝐷4 ∗ 𝐿 ∗ µ

𝑁 ∗ 𝑑4
 

𝜋 = 3,14159265359 

𝑐 =
8 ∗ 3,14159265359 ∗ (0,03)4 ∗ 0,01 ∗ 0,0467

6 ∗ (0,002)4
=

594,18512653674

6

= 99,030854442279 
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𝐷𝑎𝑚𝑝𝑖𝑛𝑔 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = 𝑐 = 99,030854442279 
𝑁 ∗ 𝑠

𝑚
 

𝑐

𝑚
=

99,030854442279

130
∗

𝑁 ∗ 𝑠

𝑘𝑔 ∗ 𝑚
= 0,7617758034021 

𝑘

𝑚
=

37083,33𝑁

115 𝑘𝑔∗𝑚
= 322,46373913043  

   The design of the calculated shock absorber is shown in Figure 12.80. with its sub parts. 

A static strength test has been 

carried out to test the reliability of the 

upper connection body. The force of 

1400 Newton’s, which is the maximum 

load, was applied to the area where the 

spring applied. The part is fixed from the 

area where metal bushings connecting 

to the chassis are mounted. A pressure 

of approximately 3 MPa is applied to the 

hydraulic damping piston, which is 

subjected to stress. Analysis model is 

shown in Figure 12.81. 

As a result of the static analysis performed on the upper connection body, while 

the maximum stress accumulation was on the damper shaft, stress accumulation of 

approximately 10 MPa occurred in the connection part. Appropriate values have been 

analyzed for the aluminum 7075-T6 material. The piston rod where the stress values 

and maximum stress accumulated are shown in Figure 12.82.  

 

Figure 12.80. Assembled Shock Absorber Design 

Figure 12.81. The Static Structural Analysis of 
Connection Part 
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MATLAB-Simulink Analysis of Shock Absorber 

   While the shock absorbers were in the design phase, they were first started to be 

analyzed in MATLAB-Simulink environment. Modeling of the system is shown in Figure 

12.83. Here, Force and time values need to be entered into the program, especially 

the data requested from us (k/m) value (c/m) value and 1/m value. Along with the 

entered values, the data such as the speed, acceleration and position change of the 

shock absorber are given as output. 

   The shock absorber in figure 12.83. was designed based on the mechanical 

properties of the vehicle to be used in the Electric Vehicle Race. Calculations and 

analyzes have been made so that the vehicle can move more comfortably and in 

accordance with the road dynamics. Vehicle weight is accepted as approximately 130 

kilograms. The driver's weight is considered to be an additional 70 kilograms. Based 

on the total weight of 200 kg, the shock absorbers are specially designed according to 

the damping time and forces of the vehicle. 

 

Figure 12.83. The Modeling of Shock Absorber at MATLAB-Simulink 

Figure 12.82. The Maximum Equivalent Stress of 
Connection Part 
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12.7. Carbon Fiber Wishbones 

   Within the framework of the determined rules, a design suitable for the wishbones 

under static and dynamic loads has been made. It was decided to design a skeleton 

with radius, avoiding sharp corners.  

   In this context, wishbones under load must have high strength. Since one of the 

parameters affecting the maximum energy efficiency is low weight, it was decided to 

use materials with both high strength and low density. For this reason, it was decided 

to use carbon fiber when necessary research were made. A wooden core is used to fill 

the inside of the wishbones, whose outer circumference is covered with carbon fiber, 

and to increase their strength. The reason for using wood is to create a solid internal 

structure using minimum weight. During the construction phase of the wishbones, 

whose design and materials to be used were determined, female swing molds were 

removed from glass fiber and cut with a CNC router. 

 

   First, the prepared epoxy mixture was applied to the cavities in these female molds. 

In order for the carbon fiber fabric to fit the mold better, the epoxy mixture used was 

placed on the carbon fiber fabric, then epoxy was applied on the carbon fiber again 

and S-glass fiber was placed on it, the same process was repeated 4 times (Figure 

12.84). As a result, a more cost-effective and robust structure was obtained by using 

carbon fiber fabric 4 times and S-glass fiber 4 times for the production of one 

wishbones. 

    After all these parts were placed, the epoxy mixture was applied again on the last 

layer and the nylon and pee ply material was prepared so that the vacuum was infused. 

The glass fiber was removed from the mold after 24 hours in vacuum infusion so that 

the wishbones could be shaped. A smooth surface was obtained by sending the 

excessive and uneven parts of the swings removed from the mold (Figure 12.84). The 

final wishbones arm was compared in terms of weight with the same size but aluminum 

wishbones. 

 

Figure 12.83. Laying Carbon Fiber Fabric on 
the Molds 

Figure 12.84. Products Obtained After 
Molding 
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   As a result of the comparisons, it was seen that aluminum is heavier than the carbon 

fiber wishbones produced. In vehicle tests, no problems were encountered in terms of 

durability. For this reason, it has been decided to use carbon fiber wishbones, which 

are approximately 64.5 g lighter in weight compared to the aluminum wishbone, which 

are designed and produced (figure 12.85). As a result, approximately 516 g of profit 

was obtained from 8 swings used in total. 

    

               

12.8. Brake System 

12.8.1. Disc-Based Hydraulic Brake System 

   It was decided to use a disc-based hydraulic brake system for the EVA-2S. The 

reason for choosing this system is that it is powerful enough to be used on front and 

rear brakes in everyday vehicles with the fluid being incompressible, the brake 

cylinders receive the fluid in a single line. Using small forces with brake pedal will allow 

us to utilize huge forces to the disc. Likewise, the brake pedal works on the lever 

principle. The power will be increased by using the torque arm. Forces applied by the 

brake will exert pressure on brake pads and compresses the brakes. This slows down 

the vehicle by the friction force of the discs. with this being undergo braking and wear 

quality depletes in the brake discs. Finally, 190 mm diameter discs were chosen to be 

use in the brake system which is shown in the Figure 12.87. 

 

 

 

 

 

 

 

Figure 12.86. Aluminum Swing Weight 

Figure 12.87. Brake Disc 

Figure 12.85. Carbon Fiber Swing Weight 
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   Based on the research, it was decided to use a two-piston (two-cylinder) caliper, 

which strengthens the brake quality. R16/2.75 when the necessary brake calculations 

for the tires (counting the vehicle weight) are made by saying that the brake discs used 

in motorcycles will be used. It was decided to use tires of the same size. 

    Keeping in mind the aim of efficiency to the vehicle brakes running as smooth as 

possible where the vehicle has no friction while in motion so, the brake centers were 

declared adequate for installation on the vehicle floor, complete with all necessary 

parts. Considering that the center of the brakes was chosen to ensure adequate safety 

equal to the brake force in the vehicle. An assembly drawing was made showing the 

brake system with the brake center plane shown in Figure 12.88.  

   A ready-to-use system with hydraulic hose calipers after assembling all parts is 

shown in Figure 12.89. 

13.9. Wheel Hub Holder 

   The hub holders, which provide the connection between the wheel shafts and the 

wishbones on the vehicle, were designed as aluminum 7075 series T6 tempered and 

then analyzed in the Ansys Workbench program. After the conformity of the results 

was confirmed, their production was carried out. 

   Designed front, right rear and electric motor side hub holders Figure 12.90., Figure 

12.91. and Figure 12.92. shown in the images. 

Figure 12.88. Drawing of Brake 
System Assembly 

Figure 12.89. Assembly of Brake System 

Figure 12.90. The Design of 
Hub Holder of Front Sides 

Figure 12.91. The Design of 
Hub Holder of Left Rear Side 

Figure 12.92. The Design of 
Hub Holder of Electric Motor 

Side 



109 

   Static Structural analysis of hub holders in Ansys Workbench Program Figure 12.93 

is also shown. Forces and moments were applied to the hub holders from the shaft 

connection parts and Stress values and deformation values were checked. 

12.10. Shaft 

   In accordance with the designs of the vehicle, two different shaft designs were made 

for the motor connection and the other three parts. The shafts, whose production was 

completed in accordance with the motor design of the vehicle, were revised and 

designed many times with the motor design changes. 

   The weight of the vehicle was overestimated and the necessary analyzes were made 

for the mile designed in the Ansys application. The following Figure 12.94, 12.95, 12.96 

and 12.97 show the analysis results of the designed shaft. In the analysis, 500N force 

was applied to the shaft designed as 17 mm and no problem was observed. According 

to the analysis results, it was deemed appropriate that the shaft diameter designed in 

Solidworks application was 17 mm. 

 

 

Figure 12.93. Maximum Equivalent Stresses and Total 
Deformations of Hub Holders 

Figure 12.94. Equivalent Stress Analysis 
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   The shafts, which had completed their production by machining using the steel 1040 

material, were hardened by irrigation. 

  

 

Figure 12.95. Total Deformation Analysis 

Figure 12.96. Safety Factor Analysis 

Figure 12.97. Safety Factor Analysis 

Figure 12.98. Completed Shafts 
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12.11. Vehicle Dynamics Calculations 

   Our energy consumption method was made by thinking Istanbul Park’s technical 

details. First, the total distance of the course, the details of each bend and its slopes 

were obtained. critical section. After the track information, the vehicle dynamics inputs 

were focused and the values are given in Figure 12.99. 

                                                         

Figure 12.99. Vehicle Dynamics Inputs 

   Based on these inputs, vehicle dynamics were calculated using some basic formulas 

about the forces acting on the vehicle. These formulas are given in Figure 12.100. 

 

Figure 12.100. Forces That Acting on Our Car 

   These are Rolling Force (Fr), Aerodynamic Force (Fa), Acceleration Force (Fn), 

Gravitational Force (Fgr), Lift Force (Flift), Weight (Fw). Lift and weight are opposing 

forces and eventually subtract them from each other, resulting in the gravitational force 

and tilt to produce the final weight. It is given in Figure 12.101. 

                                                                                                      

Figure 12.101.  Final Weight After Vertical Force Equilibrium 

   For energy consumption calculations, the entire track was divided into many sections 

and energy consumption was calculated for each section according to vehicle 

dynamics details. Our initial strategy is given in Figure 12.102. 

 

Figure 12.102. Start to 1st Curve Details 
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   It can be seen that our energy consumption is 3,38 Wh for 1st section. The 

calculations are same for other 33 sections. Here power is found with average velocity 

times total force, torque is found with wheel radius times total force, RPM is found with 

power divided by 2π times torque and final value multiplies with 60 for second to 

minutes’ conversion. As a final, energy consumption is found with power multiplies by 

time and dividing by 3600 for second to hour conversion. 

   There are some critical sections on the track, the most important of which are the 

2nd turn and the 3rd straight road because the slope is constantly increasing close to 

500 meters and the maximum value is around 8 degrees. In these 2 sections, in these 

2 sections, 40% of the total tour energy is consumed. Our strategy for these 2 sections 

is given in Figure 12.103. 

 

Figure 12.104. Maximum Slope Strategy 

   In order to avoid more consumption, it is aimed to keep the acceleration constant in 

these sections as much as possible. Also, another goal was to keep the input velocity 

as high as possible for curve 2. As you can see for those two sections our energy 

consumption is near to 30 Wh. 

   Another critical part is the 7th curve and the 8th circle. These sections have positive 

slope and are close to the maximum slope value. Ideal acceleration and speed must 

be reached in these sections before Turn 8 because it is really difficult to pass Turn 8 

with full speed and minimum energy consumption. You can see the 7th curve and 8th 

flat road strategy in Figure 12.105. 
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Figure 12.105. 7th Curve and 8th Flat Strategy 

   It is anticipated that 15.82 Wh of energy will be consumed for each revolution in these 

two sections, and it is understood that 1.5 kW of motor power is needed at 370 RPM 

rotation speed. 

   As mentioned in the 7th turn and 8th circle strategy, it is planned to pass the 8th turn 

at an unmatched speed to reduce energy consumption. In the first part of these 4 mini 

curves, it was decided to enter Turn 1 at high speed and to reduce the speed of the 

vehicle gradually, for acceleration stability and less consumption. The strategy for 

curves 8 is given in Figure 12.106. 

 

Figure 12.106.  Strategy for Most Difficult Section 
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   For Turn 8 it consumes 3.48 Wh with less power and RPM. In these sections the 

speed of the vehicle will average 7.5 m/s which is below the total average speed which 

is close to 10.64 m/s which means that after this section or somewhere the speed of 

the vehicle should be increased if possible to do. 

   After turn 8, there is a big flat road which is near to 500 m. Since the slope was 

negative and there was no consumption, it was planned to increase the speed of the 

vehicle in this part. One of our key goals is stability for our car. Therefore, the 9th 

straight road was divided into 2 sections.  

 

   The first is to gain speed, and the other is to prevent the vehicle from skidding at the 

end of the 9th straight road and at the beginning of the 9th turn. The strategy for the 

9th straight path is given in Figure 12.107. 

   It is seen that first section is near to 400 m. and second one is near to 100 m. 

Acceleration is 0,22 m/s2 for first section with initial velocity 7,5 and final velocity is 15. 

It is aimed to pass the 9th circle in under 40 seconds, as each lap must be completed 

in a maximum of 8.30 minutes. 

   On small curves 9th and 10th, the vehicle's speed is reduced to minimum slip. Then, 

acceleration starts on the entire 10th straight road, which is 450 m. long. 220 meters 

of climbing is done in this section. With 2 degrees of inclination. The ideal plan for this 

section is the determination for minimal energy consumption. In the second part, it 

goes down with a negative slope. The strategy for the 10th straight path is shown in 

Figure 12.108. 

Figure 12.107.  9th Flat Road Strategy 
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Figure 12.108. - 10th Flat Road Strategy 

   On the 10th straight road, 5.77 Wh is consumed with a small acceleration value. The 

second sector can be called the regenerative section. 

   After the 10th straight road, the longest straight road is the 11th straight road. The 

total distance is 720 m. This straight path is divided into 3 sections because there are 

sections with positive and negative slopes as in the 10th circle. The strategy for the 

11th straight path is given in Figure 12.109. 

 

Figure 12.109. Longest Flat Road Strategy 

   11. On the flat road, 10 Wh of energy is consumed and the average speed of the 

vehicle is close to the total average speed and the power demand is lower than the 

average power demand. 

   After this section, the vehicle speed needs to be reduced because the smallest 

corners are after the 11th straight road. The radius of the curves is 15m, 11m, 15m, 

with respectively. Ideal road lines for minimum energy consumption (no slip) and 

vehicle speed are matched on these curves. The strategy for these curves is given in 

Figure 12.110. 
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Figure 12.110.  Critical Curves Strategy 

   Here it is seen that our velocities are lowest according to whole lap. The acceleration 

is none or negative and energy consumption is parallel across to these curves. The 

energy consumption is only visible at Turn 14 because to finish the lap faster, 

acceleration is required. 12, 13, 14 turns are given in Figure 12.108. for clarity. 

 

Figure 12.111. 12th, 13th and 14th Curves 

   In Figure 12.111, it can be seen that F1 car’s velocities and gear count for Istanbul 

Park. Also, radius values are given in ideal path line. 

   After these bends, the starting level of 400 m is reached. In this section, the car 

should be faster if possible because in other laps, when our car comes back to Turn 1, 

it should accelerate anyway. The end section strategy is given in Figure 12.112. 

 

Figure 12.112. Finish Section Strategy 
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   At the end of the first round, it is observed that the round ends close to the expected 

time, and it is seen that time management is good with this strategy. For the other 6 

laps, this value gets better with the acceleration strategy in some sections. The 

possibility of a pit-stop for the worst case is also planned. About 4 minutes are given 

for the pit stop. The first round results are given in Figure 12.113. 

 

Figure 12.113.  First Lap Results 

   Figure 12.113. shows that the total time spent was 519.93 seconds and was close to 

8.40 minutes. Its arithmetic value for 7 rounds is close to 8.30 as mentioned earlier so 

the value is not bad because it is achieved faster in the other 6 rounds. Total energy 

consumption is 84,40 Wh for first lap and 20 Wh regenerative energy is usable if there 

is need. Our average velocity is 10 m/s and our target is hit with this value. Our 

maximum power value is near to 2.7 kW and average power is over the 800 W. Our 

maximum torque value is 85 Nm and average value is 27 Nm. Maximum RPM is 352 

RPM and average RPM is 271 RPM. The result values for each 34 sections are given 

in Figure 12.114. 

 

Figure 12.114.  Energy, Power, Torque and RPM Values for First Lap 
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   Some sections are marked in Figure 12.114. these sections are the sections with the 

highest energy consumption. Section 5 (3rd flat road) is most critical part for us 

because the greatest values are seen there. 

   For the first round, lateral forces were calculated for each of the 14 curves. Values 

are shown in Figure 12.115. 

 

Figure 12.115. Lateral Forces for Each 14 Curves in First Lap 

   According to Figure 12.115, lateral forces are most exposed during left turns., so our 

motor usage will be decided after other lap’s results. Our other 6 lap’s results are given 

in Figure 12.116. 

 

Figure 12.116. - Other 6 Lap’s Results 

   The results that are most realistic and that interest us the most are the results of the 

other 6 laps so our final motor designs are generated according to these results. Our 

total time value is 488 second and over the 8 minutes. Total energy consumption is 75 

Wh per each 6 laps. Our average velocity is bigger than expected value and it is 10,64 

m/s in other terms 38,3 km/h. Our competition aim is to finish 7 laps in 1 hour and total 

distance is 36.400 meter for 7 laps so our velocity value is over then competition rules 

value. Our maximum power requires is 2.1 kW and average power consume is 780 W. 

Our maximum torque usage for 6 laps is 66 Nm and average torque usage is 24,65 

Nm. Our maximum RPM value is 370 RPM and average value is near to 300 RPM. 

The result values for each 34 sections are given in Figure 12.117. 
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Figure 12.117. Energy, Power, Torque and RPM Values for Other 6 Laps 

   It is seen that most consumption sections are same with the first lap but values are 

less than first lap with acceleration strategy. Some sections are marked; these are the 

most consumed sections. Chapter 5 (straight path 3) is the most critical part for us 

because the greatest values are seen there. Lateral forces were calculated for the 

other 6 rounds and it was ensured where the lateral forces affected the vehicle the 

most. The lateral forces for the other 6 turns are given in Figure 12.118. 

   Here the results are the same as the first lap, so it was decided to use the hub motor 

on the right wheel side because there is too much lateral force in left turns, with the 

right wheel use of the hub motor the left turn lateral forces are reduced as much as 

possible According to our 7 laps results our total energy consumption is 535 Wh, if we 

add to hub motor’s %90 efficiency the value is up to 595 Wh. Total results are given in 

Figure 12.119.  

 

Figure 12.118. - Lateral Forces for Each 14 Curves in Other 6 Laps 

Figure 12.119. Total Energy Consumption Results According to 

Our Strategy 
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     12.12. Estimated Cost Calculation 
 

   First Preparation Support by TÜBİTAK to the wheel material of the vehicle, rim work, the workmanship and material of the fittings 

between the wheels and the chassis, the production of vehicle control system, motor driver, battery management system cards and 

the components that should be used, customs duties of expenditures made abroad, bolts, nuts, etc. mounting parts required for 

assembly, was spent on consumables for electronic cards produced. 
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Line 
Number 

Area of 
Commodity 

Asm/ 
Part 

Asm Components 
Unit 

Cost(₺) 
Quantity 

Material 
Cost(₺) 

Process 
Cost (₺) 

Fastener 
Cost (₺) 

Tooling 
Cost 
(₺) 

Total 
Cost(₺) 

Material 

 

1 Brake System BR2101   Front Brake System                 
 

2 Brake System 1 Front Brake System Assembly Caliper 130 2 0 0 0 0 260 Steel 
 

3 Brake System 2 Front Brake System Assembly Brake Disc 150 2 0 0 0 0 300 Steel 
 

4 Brake System 3 Front Brake System Assembly Brake Mater Cylinder 200 2 0 0 0 0 400 Steel 
 

  Brake System     Area Total 960           960    

5 Motor&Drivetrain MOD2101   Motor                 
 

6 Motor&Drivetrain 1 Motor Assembly Siliceous Sheet 4300 1 4300 0 0 0 4300 Siliceous 
 

7 Motor&Drivetrain 2 Motor Assembly Copper Enameled Wire 450 1 450 0 0 0 450 Copper 
 

8 Motor&Drivetrain 2 Motor Assembly Aluminum Sheet 4000 1 4000 0 0 0 4000 Aluminum 
 

9 Motor&Drivetrain 3 Motor Assembly Aluminum Billet 2200 1 2200 0 0 0 2200 Aluminum 
 

10 Motor&Drivetrain 4 Motor Assembly Magnet 20 35 0 0 0 0 700 Neodyum 
 

11 Motor&Drivetrain 5 Motor Assembly 1040 Work Tool Sheet  150 1 150 50 0 0 200 Steel 
 

  Motor&Drivetrain     Area Total   

 

        11850   
 

12 BMS BMS2101   BMS                 
 

13 BMS 1 BMS Assembly Component(Resistor,Capacitor,ETC.) 200 1 200 0 0 0 200 SMD 
 

14 BMS 2 BMS Assembly Integrated 150 5 750 0 0 0 750 SMD 
 

15 BMS 3 BMS Assembly PCB Printing 124 2 248 0 0 0 248 Production 
 

16 Charger CHG2101   Charger                 
 

17 Bms&Charger 1 Charger Assembly Component 200 1 200 0 0 0 200 THT 
 

18 Bms&Charger 2 Charger Assembly Integrated(Include transformer) 150 2 300 0 0 0 300 THT 

 

19 Bms&Charger 3 Charger Assembly PCB Printing 75 2 150 0 0 0 150 Production 
 

  BMS&Charger     Area Total             1848   
 

20 Motor Driver MOD2101   Motor Driver                 
 

21 Motor Driver 1 Motor Driver Assembly Component(Resistor,Capacitor,ETC.) 450 1 450 0 0 150 600 SMD 
 

22 Motor Driver 2 Motor Driver Assembly Integrated 35 20 700 0 0 0 700 SMD 
 

23 Motor Driver 3 Motor Driver Assembly PCB Printing 124 2 248 0 0 500 748 Production 
 

  Motor Driver     Area Total             2048   
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24 Frame&Body FR2101   Frame&Body Assembly                 
 

25 Frame&Body 1 Frame&Body Assembly Body  5000 1 0 0 0 0 5000 Carbon Fiber 
 

26 Frame&Body 2 Frame&Body Assembly Glasess 500 3 0 0 0 0 1500 Plexi-Glass 
 

27 Frame&Body 3 Frame&Body Assembly Chasis 20000 1 0 0 0 0 20000 Carbon Fiber 
 

  Frame&Body     Area Total             26500   
 

28 Instruments & Wiring EL2101   Battery Assembly                 
 

29 Instruments & Wiring 1 Battery Assembly Baattery  45 135 6075 0 0 0 5850 Battery 
 

30 Instruments & Wiring 2 Battery Assembly Sensor 30 2 60 0 0 0 1000 Temperature/Current 
 

31 Instruments & Wiring 3 Battery Assembly Converter 650 1 650 0 0 0 300 96V / 12V 
 

32 Instruments & Wiring 4 Battery Assembly Battery Case 350 1 350 0 0 0 700 Aluminum 
 

33 Instruments & Wiring 5 Battery Assembly Cooling System 50 2 100 0 0 0 150 Fan 
 

34 Instruments & Wiring EL2102   Brake Light Assembly                 
 

35 Instruments & Wiring 1 Brake Light Assembly Brake Light 200 2 400 0 0 0 400 Ready Product 
 

36 Instruments & Wiring EL2103   Dashboard Assembly                 
 

37 Instruments & Wiring 1 Dashboard Assembly Dashboard Body  600 1 600 0 0 0 600 Carbon Fiber 
 

              

              

38 Instruments & Wiring 2 Dashboard Assembly Buttons 15 10 150 0 0 0 20 Plastic 
 

39 Instruments & Wiring 3 Dashboard Assembly Screen 750 1 750 0 0 0 150 Touchscreen 
 

40 Instruments & Wiring 4 Dashboard Assembly Holder 10 5 50 0 0 0 500 PLA 
 

41 Instruments & Wiring EL2104   VCU Assembly                 
 

42 Instruments & Wiring 1 VCU Assembly Component 250 1 250 0 0 0 250 SMD 
 

43 Instruments & Wiring 2 VCU Assembly Integrated 150 5 750 0 0 0 750 SMD 
 

44 Instruments & Wiring 3 VCU Assembly PCB Printing 120 2 240 0 0 0 120 Production 
 

45 Instruments & Wiring EL2105   Wiring Harness Assembly                 
 

46 Instruments & Wiring 1 Wiring Harness Assembly Wires and Connnectors 500 1 500 0 0 0 500 Wire 
 

  Instruments & Wiring     Area Total             11240   
 

47 
Miscellaneous, 
Fit&Finish MS2101   Miscellaneous Assembly                 

 

48 
Miscellaneous, 
Fit&Finish 1 Miscellaneous Assembly Seat 3500 2 0 0 0 0 7000 Mix 

 

49 
Miscellaneous, 
Fit&Finish 2 Miscellaneous Assembly Fire Wall 500 1 0 0 0 0 500 Mix 
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50 
Miscellaneous, 
Fit&Finish 3 Miscellaneous Assembly Seat Belt 1000 1 0 0 0 0 1000 Mix 

 

  
Miscellaneous, 
Fit&Finish     Area Total             8500   

 

51 Steering System ST2101   Steering Rack&Pinion Assembly                 
 

52 Steering System 1 Steering Rack&Pinion Assembly Rack 200 1 0 0 0 0 200 Steel  
 

53 Steering System 2 Steering Rack&Pinion Assembly Pinion 100 1 0 0 0 0 100 Steel  
 

54 Steering System 3 Steering Rack&Pinion Assembly Rack Holder Carbon Fiber Pipe 100 1 0 0 0 0 100 Carbon Fiber 
 

55 Steering System 4 Steering Rack&Pinion Assembly Pinion Holder Carbon Fiber Pipe 100 1 0 0 0 0 100 Carbon Fiber 
 

56 Steering System ST2102   Steering Wheel Assembly     0 0 0 0     
 

57 Steering System 1 Steering Wheel Assembly Steering Wheel Assembly 200 1 0 0 0 0 200 PLA 
 

58 Steering System 2 Steering Wheel Assembly Steering Wheel Holder 250 1 0 0 0 0 250 Steel 
 

  Steering System     Area Total             950   
 

59 Suspension SU1601   Front Left Assembly                 
 

60 Suspension 1 Front Left Assembly Suspension 1000 1 0 0 0 0 1000 Aluminum 
 

61 Suspension 2 Front Left Assembly Wishbone 250 2 0 0 0 0 500 Carbon Fiber  
 

62 Suspension 3 Front Left Assembly Wishbone Connection Part to Wheel  150 2 0 0 0 0 300 Aluminum 
 

63 Suspension 4 Front Left Assembly Wishbone Connection Part to Chasis 200 4 0 0 0 0 800 Glass Fiber 
 

64 Suspension SU1602   Front Right Assembly      0 0 0 0     
 

65 Suspension 1 Front Right Assembly Suspension 1000 1 0 0 0 0 1000 Aluminum 
 

66 Suspension 2 Front Right Assembly Wishbone 250 2 0 0 0 0 500 Carbon Fiber 
 

67 Suspension 3 Front Right Assembly Wishbone Connection Part to Wheel  150 2 0 0 0 0 300 Aluminum 
 

68 Suspension 4 Front Right Assembly Wishbone Connection Part to Chasis 200 4 0 0 0 0 800 Glass Fiber 
 

69 Suspension SU1603   Rear Left Assembly     0 0 0 0     
 

70 Suspension 1 Rear Left Assembly Suspension 1000 1 0 0 0 0 1000 Aluminum 
 

71 Suspension 2 Rear Left Assembly Wishbone 250 2 0 0 0 0 500 Carbon Fiber 
 

72 Suspension 3 Rear Left Assembly Wishbone Connection Part to Chasis 200 4 0 0 0 0 800 Glass Fiber 
 

73 Suspension SU1604   Rear Right Assembly     0 0 0 0     
 

74 Suspension 1 Rear Right Assembly Suspension 1000 1 0 0 0 0 1000 Aluminum 
 

75 Suspension 2 Rear Right Assembly Wishbone 250 2 0 0 0 0 500 Carbon Fiber 
 

76 Suspension 3 Rear Right Assembly Wishbone Connection Part to Chasis 200 4 0 0 0 0 800 Glass Fiber 
 

  Suspension&Shocks     Area Total             9800   
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77 Wheels&Tires WT2101   Front Wheel Assembly                 
 

78 Wheels&Tires 1 Front Wheel Assembly Hub 1000 2 0 0 0 0 2000 Aluminum 
 

79 Wheels&Tires 2 Front Wheel Assembly Hub Holder 500 2 0 0 0 0 1000 Aluminum 
 

80 Wheels&Tires 3 Front Wheel Assembly Shaft 300 2 0 0 0 0 600 Steel 
 

81 Wheels&Tires 4 Front Wheel Assembly Bearing 500 4 0 0 0 0 2000   
 

82 Wheels&Tires 5 Front Wheel Assembly Wheel 7000 2 0 0 0 0 14000 Aluminum 
 

83 Wheels&Tires 6 Front Wheel Assembly Rod Eye 150 6 0 0 0 0 900   
 

84 Wheels&Tires WT2102   Rear Wheel Assembly     0 0 0 0     
 

85 Wheels&Tires 1 Rear Wheel Assembly Hub 1000 1 0 0 0 0 1000 Aluminum 
 

86 Wheels&Tires 2 Rear Wheel Assembly Hub Holder 500 2 0 0 0 0 1000 Aluminum 
 

87 Wheels&Tires 3 Rear Wheel Assembly Shaft 300 2 0 0 0 0 600 Steel 
 

88 Wheels&Tires 4 Rear Wheel Assembly Bearing 650 4 0 0 0 0 2600   
 

89 Wheels&Tires 5 Rear Wheel Assembly Wheel  7500 2 0 0 0 0 15000 Aluminum 
 

  Wheels&Tires     Area Total             40700    

        Total             114396    
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13.VEHICLE ELECTRICAL DIAGRAM 
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14. ORIGINAL DESIGN 

14.1. Motor 

   Based on the exercises and previous experiences, the most suitable Brushless 

Permanent-Magnet Motor (BLDC) design for our vehicle in this project is the design. 

The design was made using Ansys Electronics Rmxprt. Motorcade program was used 

in some analysis. Technical drawings were made in SolidWorks program. 

   High efficiency has been achieved by minimizing mechanical losses. Some results 

of the designed motor are given in Table 14.1.1. 

Table 14.2 Analysis Results 

 

Assembly Process 

   Information on the slot/pole combination of the motor design, rotor and stator 

properties, materials used, magnet properties, winding, connection, magnetic flux, 

thermal analysis, cooling method and mechanical analyzes are detailed in the report. 

   In motor production, only stator cutting 

and rim production were carried out outside 

the workshop. The remaining assembly, 

magnet bonding, winding and other 

connections were carried out by us. Below 

are the images showing the details of the 

production stages. In Figure 14.1, the silica 

sheets from the laser cutting are assembled 

with the parts we call the motor core. Figure 

shows the state of the stator before the 

windings are finished and the connections 

are made. Winding stages and final winding 

are given in Figure 14.2 and 14.3. 

Figure 14.1. Stator Assembly 

 



127 

  

   Figure 14.4 shows the stator and motor assembled with the designed rim of the 

vehicle. In Figure 14.5, all the operations of the motor have been completed and it has 

been mounted to the vehicle for testing on the load. 

 

 

 

 

 

  

 

 

 

 

14.2. Motor Controller 

   The motor design made in accordance with the power and torque data obtained as 

a result of the track analysis of the track where the race will take place, also specified 

the starting parameters for the design for the motor controller. Since the battery voltage 

to be operated is selected as nominal 72v, the maximum current that the controller can 

output has been calculated. In this context, motor driver design has been started. 

   When starting the design, it was aimed to be easy to implement and to obtain a 

professional product. This has led to the creation of two different controller designs. 

These two controllers contain as many identical parts as possible. 

Şekil 19.6.1 Stator Assembly 

Figure 14.2. Winding Stages Figure 14.3. Final Winding 

Figure 14.4. Stator and Rotor Assembly Figure 14.5. Mounting The Motor to The Vehicle 
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   MOSFETs, which are used in common in both designs, have been selected 

considering the current and voltage values obtained in line with the calculations 

mentioned above. In addition, on-off, internal resistance, etc. values are taken into 

account. 

   Stepping down the 72v voltage to 12v and 5v respectively is required for both 

designs. For this task, the same converter block was used in both designs. In addition 

to this, a 5v - 3v3 converter block is used for the "Driver 2" circuit. 

   The "Driver 1" circuit uses Atmel's Atmega328p processor to provide a cheaper and 

simpler solution. This processor has benefited in the development processes due to its 

easy coding. This is a situation where many benefits are obtained when using the 

standard 6 step bldc control technique. 

   The "Driver 2" circuit uses the Stm32f405vg processor of the Stm company, which is 

a more powerful processor. Although the coding process of this processor is relatively 

more difficult than the other, the final outputs are quite satisfactory. High processing 

power and processing speed lead to the development of more complex algorithms and 

to obtain a more efficient controller. 

   While designing the PCB of both designs, similar considerations were taken into 

account. The paths through which the high current will pass are left open as they will 

be strengthened with solder or dc bus bars. In addition, considering the cooling and 

housing process, the PCB dimensions of both designs are made the same. In this way, 

a single cooling block and housing size was valid for both designs. 

Figure 134.6. Driver 1 

Figure 14.7. Driver 2 
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   "Driver 1" circuit has a 2-layer PCB design. Signal ground and power ground contact 

at a single point. In the "Driver 2" circuit, there is a 4-layer PCB design. As with the 

"Driver 1" circuit, there is a ground separation. But this is analog ground, digital ground 

and power ground. In this circuit, maximum attention was paid to the filtration 

processes. 

   Both designs have temperature measurement and protection. When a value above 

the pre-programmed temperature is measured, the circuit knows this and activates the 

protection mechanism. In addition, high current protection is available in the “Driver 2” 

circuit. When the current value passing through the phases is measured by means of 

shunt resistors and current sensors, and this value exceeds the pre-programmed 

value, the relevant protection mechanism is activated. 

   Both controller circuits work with the standard 6-step bldc control algorithm, using 

the data from the hall sensors placed in the motor. This algorithm is a pre-programmed 

6-state algorithm according to the truth table of hall sensors. In addition to this, FOC 

algorithm development studies are still continue in the "Driver 2" circuit. The FOC 

algorithm also receives the necessary feedback from the hall sensors mentioned 

above. 

14.3. Embedded Recharge Unit 

   The basis of plug-in chargers are converters that convert AC power supplies to DC 

power supplies. Switch Mode Power Supply, on the other hand, are power supplies 

that contain a switched regulator to produce power efficiently. The stages of the design 

and production of the domestic SMPS as a team were shared. 

 

Figure 14.8. Embedded Recharge Unit Schematics 

   The primary part is shared in Figure 14.8. The primary part comes from the primary 

part of the transformer. A fuse is used for protection at the entrance. Then filter 

capacitors and inductors are used. Again, visitor is used to prevent voltage fluctuations 

that may occur at the input of the circuit. 



130 

 

Figure 14.9. Embedded Recharge Unit Primer Side Schematics 

   Behind the protection and filter elements is the bridge diode, which is necessary for 

our AC-DC conversion. The GBPC3506W-G coded bridge diode has 600V and 35A 

values. Thanks to the metal outer casing, the heat generation will be very low as well 

as the power on it. 

   One of the priorities is to implement a design in which it will be easy to connect a 

heat sink to MOSFET and rectifier diodes. In addition, it is important that no road 

passes under the transformer in line with the design. The LAYOUT image of the 

domestically designed SMPS was shared on Figure 14.10. 

 

Figure 14.10. EVA TEAM Embedded Recharge Unit PCB Layout 

   The circuit is designed in two different ways as primary and secondary. A gap is left 

between the ground lines of the primary and secondary parts. In order to box the design 

and create an industrial product, the input and output fuses are positioned towards the 

outside of the card, and the input and output connectors are positioned so that they 

can be easily intervened from the outside. 

   As can be seen in the 3D image, the MOSFET and rectifier diodes are positioned 

side by side to the edges of the board. Thus, the cooling process will be achieved 

successfully. 
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Figure 14.11. EVA TEAM Embedded Recharge Unit 3D CAD View 

14.4. Battery Management System  

   As studies on electric vehicles in the world progress, the development of                    

sub-components has accelerated. In this context, one of the most important 

components for electric vehicles is Battery Management Systems. It is aimed to 

develop battery management systems, which have different examples in the world, 

locally and to obtain value-added products. Details of the work done are below. 

   There are different balancing systems in battery management systems. Two different 

methods are used, mainly active and passive balancing.  

    Active balancing is the technique where the BMS can charge or discharge cells 

independently and transfer this charge to another cell or battery. 

    In the passive balancing method, the cell with the highest voltage is discharged by 

means of high-power resistors connected to each cell until it reaches the cell with the 

lowest voltage in the system. In the passive balancing method, the excess energy 

obtained during charging in the battery is discharged through the series resistors in the 

system. By constantly switching on and off balancing resistors, excess energy is 

thrown away and the system is kept in balance. 

   While designing the circuit, it is aimed that the system works at the optimum level 

and that it has a professional design at the same time. At this stage, the balancing part 

of the designed circuit is shared in Figure 14.12.   

 

Figure 14.12. EVA TEAM BMS Balancing Circuit 
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   There are balancing resistors at the input after the CELL connections. These 

resistors, which are preferred as 33R 1W, are aimed to withstand working at high 

temperatures for a long time.  

   As a master board two different designs emerged. One of the boards, the preference 

of which will be determined according to the needs, uses the ATMEL ATmega328P 

processor and is designed separately from the slave board. Another uses the ATMEL 

ATmega2560 processor and is designed to be integrated with the slave board. 

   After the tests and optimization studies, the card shared in Figure 14.13 was 

designed. Due to the designed size of 88x64 mm, it occupies less space and a minimal 

design has been realized. The reason for the problems experienced during the 

communication was investigated and the new design was updated by adding a Pull Up 

resistor to the SPI line. 

 

Figure 14.13. EVA TEAM BMS V2.0 

   As mentioned during the design phase, two different models are being studied. Our 

design, which uses the ATmega2560 processor, is planned as a single board. Printed 

circuit design is given in Figure 14.14. As can be seen here, the digital isolator IC 

followed the balancing circuit. The isolator, which divides the card into two different 

areas, increases the quality of communication. In the upper right part, there are 12V 

input and converter circuit blocks required for the card.  

 

Figure 14.14. EVA TEAM BMS V3.0 
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   While the processor block is located in the middle right, there are connectors on the 

right side of the board where analog and digital sensors can be connected. In the lower 

part, the integrations that realize the communication protocols are located. Thus, the 

design has been made in a way where different units are positioned within themselves. 

 

Figure 14.15. EVA TEAM BMS V3.0 

14.5. Vehicle Control Unique Design Report 

   It is important to monitor the status of the components in the vehicle and this situation 

by the driver and the control center. For this reason, the vehicle control system, 

although an optional part, is of high importance. 

   The developed vehicle control system has the following features: 

• Vehicle Energy Management System 

• In-Vehicle Communication System 

• Diagnostics 

• Monitoring and Transmitting Vehicle Status to the User 

• Transfer of Vehicle Data to the Monitoring Center 

   VCU has an Atmega2560 processor and one Atmega328p processor on the VCU 

board. In addition to these, there is MCP2515 IC to offer CAN communication option, 

an SD card module to record data in the vehicle during testing, and an HC/06 Bluetooth 

module to remotely access VCU. 

Figure 14.16. VCU Board 
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   Atmega 328p and Atmega 2560 processors of Atmel company were used in the 

design. The reason for this is that these processors are relatively easy to code and 

relatively inexpensive. The fact that there are 2 processors on the card is made in order 

to divide the processing load. Because the speed data of the vehicle is also produced 

directly via the VCU card. These two processors communicate with each other via 

serial communication protocol. A usb-ttl converter was needed in order to connect 

these processors with the computer and to facilitate the code uploading process. By 

using the CH340G IC, this need has been met. In the design, a separate CH340G chip 

is used for each processor. Thus, both processors can be coded separately and 

connected to the computer. 

   The HC 05/06 module, which is used for the Bluetooth feature, is connected to the 

Atmega 2560 processor on the circuit via serial port 3. This feature can be disabled if 

desired and the serial port can be used on its own. 

   MCP2515 IC is used for CAN communication. It does IC SPI-can bus conversion. By 

using TJA1051 with can bus IC, it provides CAN communication capability to the 

design. This block is connected to the Atmega 2560 processor and can be disabled at 

any time. 

   SD card module is another block that is connected to Atmega 2560 processor and 

uses SPI communication protocol. Thanks to this block, the vehicle's current, voltage, 

temperature, position etc. during the test. information is collected, graphed and then 

analyzed by the team. 

   With all these features listed above, the VCU is capable of doing all of the specified 

tasks. In addition, hardware improvements have been made in order to have some 

skills that are not desired by the competition but determined by the team in line with 

the needs. 

14.6. Chassis Design and Production 

   TÜBİTAK efficiency challenge is an efficiency race that's why the weight is the most 

important factor regarding the mechanical characteristics of the car. As we do annually, 

we worked on the chassis to design our vehicle as light as possible. This year, we used 

carbon fiber composite materials again to further lighten our chassis. Unlike last year, 

we changed the core materials we used this year with lighter ones and completely 

changed the overall composition of the design. The building composition used in the 

current chassis is as shown in Figure 

14.17 below. As seen in this figure, the 

main load carriers of the chassis are 

designed to be carbon fibre, 

25mmx25mm square profiles. Then, 

these square profiles were sandwiched 

with honeycomb-carbon fiber structures, 

which are very light, by closing the top 

and bottom. 

Figure 14.17. The Composition Used in the 

Current Chassis 
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The wall thickness of 25mmx25mm square 

profiles is 1.5mm in thickness and the weight of the 

carbon profile is 218gr/meter. These profiles were 

cut at a depth of 12.5mm as shown in Figure 14.18 

and intertwined brining the profiles together. 

 

 

   Before the chassis was closed, the locations of all the parts to be mounted on the 

chassis were predetermined and assembled. After all the necessary assemblies were 

made, the honeycomb plates of the chassis were glued and closed with araldite 2015, 

and the chassis was given its final shape. (Figure 14.19.) 

 

 

 

 

 

 

 

 

Chassis Analysis  

   As can be seen in Figure 14.20. cautions have been taken to obtain the smallest 

mesh sizes possible by the sources and as well as a smooth mesh in order to obtain 

most realistic results possible. The smaller the dimensions of the discarded meshes, 

the more realistic the simulation modeling emerges in theory. 

 

 

 

 

 

 

 

 

 

 

Figure 14.18. Shows How the Profile 

is Cut and Supported 

Figure 14.19. The Picture of The Chassis Before The Bottom Side is Closed  

the 

Figure 14.20. Meshing Method And Dimensions 
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   The maximum stresses that emerged as results of the analysis are shown in red in 

Figure 14.21. This value was calculated as 54.572MPa. Using computer simulation 

program called ANSYS. This stress value is improved by 21% than the previous year. 

This data shows us that a more robust and lighter chassis design has been made 

compared to the previous year. As a result of this analysis setup, 0.14 mm deformation 

occurs. These data support previous claims that the case is both a lighter and more 

robust design than last year. 

 

 

14.7. Body Design 
   Our body’s design was estimated according to aerodynamic efficiency conditions, all 

design and production processes made by us. Final design took so much time to make 

perfect decision. The final version of the body design is shown in Figure 14.22. 

   Before fabrication, Slicer software was used to slice each layer to the shell and then 

all were cut with a defamer. Cutting stages are shown in Figure 14.23 and Figure 14.24. 

 

Figure 14.21. Results of The Deformation 

 

Figure 14.22. Final Design of Our Vehicle 

Figure 14.23. Our Shell with 

Foam Layers 

 

Figure 14.24. Parts of The Foams 
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   After taping process, we lay-upped fiberglass and carbon fiber layers respectively 

and we used wash primer to observe roughness surfaces. It is shown in Figure 14.26. 

  

 

 

 

 

 

 

    

   ANSYS Fluent was used for aerodynamic analysis. The main topics of analysis are 

defining a wind tunnel geometry and then making an extraction command. Then the 

Boolean command was used with the wind turbine and the vehicle. The dimensions of 

the wind tunnel are 13m long, about 4m wide and almost 3.5m high. Then it continues 

with the mesh part. Here, firstly, the limit values of the wind tunnel, which are speed 

input (18 m/s), pressure output (101325 Pa), walls (top and sides), road, symmetry and 

vehicle body are shown. Vehicle’s front section area is 1.20 m2. 

Figure 14.25. Shaped Foams with Our Design 

 

 

Figure 14.26. First Surface with Wash Primer 

Figure 14.27. Smooth Surface from Backside Figure 14.28. Extraction of The Foam 

Figure 14.29. General View After Cutting Process 
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   The next part was the Installation and Solution part. Since the shape of the vehicle 

was suitable for this model, the analyzes were performed with the k-epsilon realizable 

(includes improved wall treatment) viscous model. Then, input limit parameters and 

reference values were entered and solution methods were defined. 

   For a standard model, the pressure value was selected and other upwind parameters 

were selected first and then the things to know from the analysis were chosen, for 

example Drag Coefficient, Drag Force and Buoyancy Force, the given parameters 

were also classified as hybrid. Finally, an iteration value (1000) is added and then the 

analysis is started to run. 

   After the results, CFD Post was used to show the Contours and Flow lines. Maximum 

velocity value was 30 m/s at the top of the vehicle, and the maximum pressure is seen 

at the beginning of the vehicle, in other terms inlet boundary. 

14.8. Steering System 

   Rack and pinion are a system that is connected to a flat apparatus with a pinion, 

which works to convert the rotational movement made with the steering system to 

straight movement.  

   Above you can see steering box assembly and the other 2 steering columns and they 

are mounted to each other with the help of cardan joints. These two columns were 

made of carbon fiber. 

   During our production, great attention is paid to the durability and weight of the 
materials, and as you can see in Figure 14.31. the steering wheel is made of airex and 
carbon fiber sandwich material, resulting in a steering wheel of 114.29 grams 

Figure 14.30. Rack and Pinion Assembly 

Figure 14.31. Steering Wheel 
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14.9. Disc-Based Hydraulic Brake System  

   It was decided to use a disc-based hydraulic brake system for the EVA-2S. The 

reason for choosing this system is that it is powerful enough to be used on front and 

rear brakes in everyday vehicles. 

   This slows down the vehicle by the friction force of the discs. 

with this being undergo braking and wear quality depletes in 

the brake discs. Finally, 190mm diameter discs were chosen 

to be use in the brake system which is shown in the Figure 

14.32. 

    

   According to research, it was decided to use two-piston (two-cylinder) calipers to 

enhance the quality of the brake. R16 / 2.75 indicates that the brake discs used in 

motorcycles will be used when performing the necessary braking calculations for the 

tires (calculating the weight of the vehicle). Decided to use tires of the same size. 

Taking into account the efficiency goal of vehicle brakes running as smoothly as 

possible when the vehicle is running without friction, it is declared that the brake center 

is suitable for installation on the vehicle floor with all necessary components. The 

center of selecting the brake is to ensure sufficient safety equal to the braking force of 

the vehicle. The drawn assembly drawing shows the brake system, and its center plane 

is shown in Figure 14.33. Figure 14.34. shows the ready-to-use system with hydraulic 

hose pressure gauge after all components are assembled. 

 

14.10. Wishbone 

   Within the framework of the determined rules, a design suitable for the wishbones 

under static and dynamic loads has been made. It was decided to design a skeleton 

with radius, avoiding sharp corners.  

   In this context, wishbones under load must have high strength. Since one of the 

parameters affecting the maximum energy efficiency is low weight, it was decided to 

use materials with both high strength and low density. For this reason, it was decided 

to use carbon fiber when necessary research were made. 

Figure 14.32. Brake Disc 

Figure 14.33. Drawing of Brake System 
Assembly 

Figure 14.34. Assembly of Brake System 
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   During the construction phase of the wishbones, whose design and materials to be 

used were determined, female swing molds were removed from glass fiber and cut 

with a CNC router. 

   As a result of the comparisons, it was seen that aluminum is heavier than the carbon 

fiber wishbones produced. In vehicle tests, no problems were encountered in terms of 

durability. For this reason, it has been decided to use carbon fiber wishbones, which 

are approximately 64.5 g lighter in weight compared to the aluminum wishbone, which 

are designed and produced (Figure 14.38.). As a result, approximately 516 g of profit 

was obtained from 8 swings used in total. 

  

 

 

 

 

 

 

 

 

14.11. Suspension System 

   The shock absorber in Figure 14.40. was designed based on the mechanical 

properties of the vehicle to be used in the Electric Vehicle Race. Calculations and 

analyzes have been made so that the vehicle can move more comfortably and in 

accordance with the road dynamics. Vehicle weight is accepted as approximately 130 

kilograms. The driver's weight is considered to be an additional 70 kilograms. Based 

on the total weight of 200 kg, the shock absorbers are specially designed according to 

the damping time and forces of the vehicle 

Figure 14.35. Female Molds Figure 14.36. Carbon Fiber Wishbones 

Figure 14.37. Carbon Fiber Wishbone Figure 14.38. Aluminum Wishbone 
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14.12. Rims (Wheels) 

   The primary goal of rim manufacturing is to minimize rim weight and boost efficiency. 

As a result, a low-density but sturdy material should be employed. Aluminum 7075-T6 

is the best choice. The machining method is used to process the billet material as a 

production method. To keep production costs low, the design has been streamlined as 

much as feasible. 

   In Figure 14.42. The design diameter of the screen edge is 16 inches and the width 

is 2.53 inches. The rim will be the rim connected to the chassis through bearings and 

axles. Its weight is 4883 grams. The reason 

this rim is relatively heavy is because the 

magnetic motor mount is embedded in this 

rim. Although considering that the tire looks 

heavy, when you consider the weight of the 

tire and the motor, the weight will drop. The 

width and inner diameter of the rim 

designed for the motor are 16 inches and 

2.50 inches, as shown in Figure 14.42. The 

weight of this rim is 1870.12 grams. 

 

   According to the simulation results, it is observed that the maximum total deformation 

is 0.81 mm and the equivalent stress is 58.271 MPa (Figure 14.43.) 

Figure 14.40. The Modeling of Shock Absorber at 
MATLAB-Simulink 

Figure 14.39. The Maximum Equivalent Stress 
of Connection Part 

Figure 14.41. The Technical Drawing of The Rim 

Figure 14.42. Maximum Deformation of Rim 
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Production Stage 

The bulk material is transformed into the ideal shape 

desired by some processes. Milling consists of 

installing the magnetic motor mount. (Figure 14.44.). 

Rotate the tire position on a lathe.  

 

 

Carbon Fiber Rims 

In the manufacturing part, the vacuum method was used. It is shown in Figure 14.45. 

   In some layers, the thickness at the edges is 1.6mm and the thickness inside the 

wheel is 0.6mm. It is determined according to the characteristics of the material used. 

   ANSYS Static Structural was used to get the results. Our support is inside the wheel 

where the wheel hub is located. 

 

 

 

 

 

 

   Apply force to each selected axis from the corner of the tire (braking, rotation, and 

steady state are simulated together, so force is applied from each axis). As shown in 

Figure 14.47.  

Figure 14.43. Magnet Supports for 
Electric Motor 

Figure 14.44. Vacuum Process with Compressor 

Figure 14.45. Magnet Supports for Electric 

Motor 
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   The results are show us the carbon fiber wheel is strength against with given maximal 

conditions, so it is safe. 

14.13. Door Lock Mechanism 

   This design created from zero for the EVA-2S the dimensions of the slider part fits 

perfect with the door of EVA and there is a small design trick on the slider as you can 

see EVA TEAM writes inside the slider. The lower and upper barriers on the case 

designed for the protecting the lack from big loads and the upper barrier is an assembly 

part for assembling the mechanism to door from inside so only the slider part going to 

be seen from outside. And the arm at the back of the slider goes near driver with the 

calculated dimensions so driver can open the door easily by pulling it. The parts which 

is screwed to the system is produced for keeping the slider in the case. And the length 

of the case of lack designed for the optimized seen lack length to hold the door of EVA-

2S. The part at the and of the arm of the slider designed for the driver. So, if there is 

an emergency driver can easily hold the arm and open the door. And the spring of the 

mechanism chosen carefully for making the opening of the door easily. But at the same 

time it is hard enough to push the lack back so the door is not going to open during the 

driving and the race. 

 

Figure 14.46. Force Applied Surface Figure 14.47. Total Deformation of The Carbon Fiber 
Wheel 

Figure 14.48. CAD Model of Door 
Mechanism 
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14.14 Insulation Monitoring Device  
 

   The insulation monitoring device started to be redesigned as a result of the feedback 

received from the results of the technical design report and in line with the appropriate 

data. Therefore, it is included only in the original design part of the report. Details of 

the new design are given here. Insulation monitoring device is an electronic system 

produced to measure the loss of insulation in electric vehicles and to give the 

necessary warning in this case. This system works to detect short circuits that may 

occur in the chassis from the battery in the vehicle. In case of any short circuit, the 

insulation monitoring device informs the vehicle control system and thus a warning is 

sent to the pilot screen. An additional audible warning system is included with the 

insulation monitoring device. During the design of the insulation monitor, a circuit is 

designed using shunt resistor logic to measure any ground condition in the circuit. A 

shunt resistor is a precision device used to measure current in an electrical circuit. The 

current sensor working with the shunt resistance principle is used in the circuit. The 

reason for using shunt resistor here is to sense very small currents instantaneously. 

The current sensor used here is INA282. The INA282 takes the necessary 

measurement and generates an analog signal. The INA282 requires a supply voltage 

of 2.7 to 18 volts. The maximum current consumption of the INA282 is 900 microamps. 

The voltage at IN+ and IN- inputs can vary between -14 and +80 volts. 

 

Figure 14.49. Insulation Monitoring Device Circuit 

   The circuit design is shown on Figure 14.49. Arduino Nano is used to measure the 

signal and generate the necessary warning in the circuit. This process will take place 

thanks to the Atmega328 processor in the Arduino nano. The PC817C photocoupler 

added to the circuit is a circuit element that provides isolation. Here, in case of any 

high voltage, our arduino board will be protected from this voltage. Thanks to the 

PC817C, we will not damage any circuit element while measuring and we will have 

completed the measurement safely. Here, the Arduino supply will be made separately 

in the form of 5V. Here, our INA 282 circuit element will instantly transmit the current 

value, voltage value and power value between the two legs to the system with the 

written code. The formulas used in the code to be written are written using the 

sensitivity graphics specified in the datasheet. The circuit will send data to the system 

every 2 seconds. According to the feedback received from the tests, software and 

hardware will be developed and then produced as 45 x 90 mm PCB. 
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