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1. Vehicle Specifications Table  

Feature Unit Value 

Length cm 330  

Width cm 122  

Height  cm 110 

Chassis material Al 6063- T6 

Shell material Carbon Fiber (200 g/m^2 

Twill) 

The brake system hydraulic disc, 

front, rear, hand brake 

Disc 

Motor type  Brushless DC Hub motor 

Motor driver self-designed, ready-made 

product 

Domestic Product  

Motor power kW 1,5 

Motor efficiency % %90 

Engine weight kg 10 

Battery type Lithium-ion 

Battery pack nominal 

voltage 

V 51,8 

Battery pack capacity Ah 56,7 

Maximum voltage of 

the battery 

V 58,8 

Battery pack energy Wh 2937Wh 
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2. Vehicle Dynamic Testing 

https://sendgb.com/gJFVh4kKOT0 

3. Domestic Product 

1. Motor  Mandatory for 

Electromobile and 

Hydromobile 

☒ 

2. Motor driver Mandatory for 

Electromobile and 

Hydromobile 

☒ 

3. Battery Management System 

(BMS) 

Mandatory for 

Electromobile and 

Hydromobile 

☒ 

4. Embedded Recharging Unit Mandatory for 

Electromobile 

☒ 

5. Energy Management System * Mandatory for Hydromobile ☐ 

6. Battery Packaging Optional ☒ 

7. Electronic Differential Application Optional ☒ 

8. Vehicle Control Unit (VCU) Optional ☒ 

9. Fuel Cell * Optional ☐ 

10. Fuel Cell Control Unit * Optional ☐ 

11. Insulation Monitoring Device Optional ☐ 

12. Steering System Optional ☒ 

13. Door Mechanism Optional ☒ 

* Only for hydro mobile category 

  

https://sendgb.com/gJFVh4kKOT0
https://tureng.com/tr/turkce-ingilizce/domestic
https://tureng.com/tr/turkce-ingilizce/door%20mechanism
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4. Motor   

Additional files are shared on page 150 link. 

 

The speed of the motor is determined according to the racing rules. The length of 

the track where the race will be held is 5.4 Km, 7 laps, in total 37.6 Km. It is 

aimed that the vehicle will complete the track within 65 minutes. Therefore, the 

average speed of the vehicle should be approximately 40 Km / h. Due to the 

curves and slopes on the track, the speed of the vehicle decreases over time; and 

its speed increases over time . In the event to be held in IstanbulPark, it was 

concluded that the estimated speed of our vehicle, which will be on this track for 

the first time, will vary between 30 km / h - 50 km / h. Considering that the tire 

diameter of the vehicle is 560 mm, the motor speed should be between 300 - 500 

RPM. If the motor torque; calculated according to the wind friction and rolling 

resistance of the vehicle. The acceleration is assumed to be 0 at a speed of 50 

km / h (13,88 m / sec). 

 

Referace Speed V= 50 km/h=13,88 

m/sec 

Vehicle weight m=200 kg 

The radius of the used tire R=0,28 m 

Friction coefficient of the tire 

used 
C=0,8 

Friction coefficient of the tire 

used 
A=0,9252m2 

Vehicle friction 

coefficient(Obtained as a result 

of aerodynamic analysis) 

CD=0,20 

Air Density ρ=1,225 kg/m3 

The distance from the top 

of the vehicle to the wheel 

hub 

rD=0,850 m 

Max. Rotor Diameter 280mm 

Motor Nominal Voltage 48V 

Max. Eğim %9 

Efficiency %90 
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Due to the slopes on the track, the most needed power is the part of the track where the 

slope is the highest. Although the maximum slope on the track is given as 8% in the 

shared booklet, it has been taken as 9% in our calculations. In this case, considering the 

forces acting on the vehicle at constant speed; 

-Wind Friction 

-Rolling Friction 

- Force acting opposite to the vehicle's direction due to Gravity 

It can be determined as. 

𝐹𝐷 =  (
1

2
) ∗ 𝜌 ∗ 𝑉2 ∗ 𝐴 ∗ 𝐶𝐷              (1) 

𝐹𝐷 = ½ ∗ 1,225 ∗  (13,88)2 ∗ 0,9 ∗ 0,20 = 21,3 Newton (Wind Friction) 

𝐹𝑅 =  μrN                                                                  (2) 

𝐹𝑅 = 0,015 ∗ 200 ∗ 9,81 = 29,43 Newton (Rolling Friction)    

𝐹𝐺 =   𝑚 ∗ 𝑔 ∗ sin(𝑎)                                                                                   (3) 

𝐹𝐺 = 200 ∗ 9,81 ∗ sin(4,05) = 138,57 Newton(Gravity Friction) 

During the ascent of the ramp with 9% inclination, the gravitational force against the 

movement direction of the vehicle was calculated as 138,57Newtons. 

𝜏𝑚𝑜𝑡𝑜𝑟 = (𝐹𝐷 + 𝐹𝑅 +  𝐹𝐺) ∗
𝑊ℎ𝑒𝑒𝑙𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
             (4) 

= (21,3 + 29,43 + 138,57) ∗ 0,28 = 53,004 Nm ≜ 53 Nm 
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53 Nm torque value and 500 RPM (50 km/h) is an motor with ; 

 𝑇𝑜𝑟𝑞𝑢𝑒  =
𝑃𝑜𝑤𝑒𝑟

2∗𝜋∗(
𝑅𝑃𝑀

60
)
                                     (5) 

 

53 𝑁𝑚 =
𝑊

2∗3,14(
500

60
)
   

W= 2773,66 Watt should be this value . 

Based on these values, it was decided to use 2 motors to better control the vehicle and 

reduce the load of a single motor. 

After determining the main parameters of the motor, the power of the motor was 

calculated. 

The power of the motors to be designed will be equal and 1386.83 Watts. 

If %90 engine efficiency is also taken into account; 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑆ℎ𝑎𝑓𝑡 𝑃𝑜𝑤𝑒𝑟

𝑀𝑜𝑡𝑜𝑟 𝑃𝑜𝑤𝑒𝑟
∗ 100                                                 (6) 

𝑀𝑜𝑡𝑜𝑟 𝑃𝑜𝑤𝑒𝑟 (𝑚𝑊) =
1386,83

90
∗ 100 

𝑚𝑊 =  1540,33 𝑊𝑎𝑡𝑡 ≜  1500 𝑊 

In addition to the result of the equation, considering the production losses, the motor 

power was decided to be 1500 watts. In order to prevent the noise that may occur in the 

motor driver, the motor voltage was determined as 48V. 

While determining the motor dimensions; 

(𝐷2) ∗ 𝐿 =   3,94 ∗ 10−3 𝑚3
 for 𝑇𝑅𝑉 =  20

𝑘𝑁

𝑚3    and T = 26,5 Nm                             (7) 

In this case, the dimensions to be selected are;  

Package length 30mm  

Stator outer diameter 245mm 

𝑇𝑝 =  𝜋 ∗
𝑆𝑡𝑎𝑡𝑜𝑟𝐷𝑖𝑎

𝑃𝑜𝑙𝑒𝑠
                                       (8) 

𝑇𝑝 =  3,14 ∗
0,245

24
=  0,032 
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In line with the data in the table, the combination selected according to the Ksf value 

was determined as 36 slot and 24 poles. In this case, the winding factor is 0.866. 

 

𝑃ℎ𝑎𝑠𝑒 𝑉𝑜𝑙𝑡𝑎𝑔𝑒(𝑉𝑟𝑚𝑠) =
𝑉𝐼𝑁−𝐷𝑖𝑜𝑑𝑒𝐷𝑟𝑜𝑝

 (3∗2)
1
2

                                         (9) 

 𝑉𝑟𝑚𝑠 =
48−2 

 (3.2)
1
2

=  18,7𝑉                             

Frequency (F) =
𝑃𝑜𝑙𝑒𝑃𝑎𝑖𝑟∗𝑅𝑃𝑀

60
= 𝐻𝑧                                   (10) 

𝐹 =
12 ∗ 500

60
=  100 𝐻𝑧 

The stator , designed with 2 parallel branches 

So frequency should be calculated according to 6 pole pairs  

𝐹 =   6 ∗
500

60
= 50𝐻𝑧   

For 𝐵𝑔 = 0,85𝑇, 𝑉𝑟𝑚𝑠 = 18,7𝑉 

𝐹𝑙𝑢𝑥 𝑝𝑒𝑟 𝑝𝑜𝑙𝑒 (∅) =
2

𝜋
 ∗ 𝐵𝑔 ∗ 𝑇𝑝 ∗ 𝐿                     (11) 

∅ =
2

π
∗  0,85 ∗ 0,032 ∗  0,030 = 0,000519 Wb  

Number of Windings Per Phase (Wa) =  
𝑉𝑟𝑚𝑠

(
2∗𝜋

2
1
2

)∗𝐾𝑠𝑓∗𝐹∗∅

         (12) 

Number of Windings Per Phase (Wa)= 
18,7

(
2∗3,14

1,41
)∗0,866∗50∗0,000519

 = 187  
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Total number of conductors (Z) = Winding Layer* Phase Number *Wa                 (13) 

According to 2 Winding Layer Total number of conductors 

 𝑍 =  2 ∗ 3 ∗ 187 =  1122   

Number of conductors per slot  (𝑍𝑜) =
𝑍

𝑆𝑙𝑜𝑡 𝑁𝑢𝑚𝑏𝑒𝑟
                             (14) 

𝑍𝑜 =
1122

36
=  31,16 ≜ 32  

Variation Magnetic field intensity in the air gap (𝐵𝑔) =  0,85 ∗
32

31,16
=  0,872                      

Phase Current (%90 according to efficiency)   (𝐼𝑝) =
𝑃𝑜𝑤𝑒𝑟

𝑃ℎ𝑎𝑠𝑒 𝑁𝑢𝑚𝑏𝑒𝑟 ∗ 𝑉𝑟𝑚𝑠
         (15)  

𝐼𝑝 =
1500

3 ∗ 18,7
 

In cooled systems, the maximum current density should be 6A/mm2. We have cooling 

and therefore no problem was detected in the current density up to 8A/mm^2. Since the 

cooling system in the engine is integral with the vehicle, engine cooling is explained 

under the "Cooling Method". 

Working 

Condition 
𝐽 =

𝐴

𝑚𝑚2
 

Fully Closed 1,5-5 

Air-Fan Cooled 5-10 

Liquid Cooled 10-30 

 

 

𝑊𝑖𝑟𝑒 𝐶𝑟𝑜𝑠𝑠 − 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎(𝑞𝑐𝑢)  =
𝐼𝑝

𝐽
                                   (16) 

Conductor cross section according 𝑡𝑜  𝐽 =  8
𝐴

𝑚𝑚2 

𝑞𝑐𝑢 =
26,73

8
=  3,34𝑚𝑚2  

2 parallel Branches; 

3,34 𝑚𝑚2

2
=  1,67𝑚𝑚2 1,45 mm(1,65 𝑚𝑚2) diameter wire will be used.   
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Min. Slot Area (𝐴𝑠𝑙) =  𝐶 ∗
𝑍𝑜

𝑆𝑙𝑜𝑡 𝐹𝑖𝑙𝑙 𝐹𝑎𝑐𝑡𝑜𝑟
            (17) 

𝐴𝑠𝑙 =  1,65 ∗
32

0,5
=  105,6 𝑚𝑚2  

The slot pitch of the motor (𝑇𝑜) =  𝜋 ∗
𝐷

𝑆𝑙𝑜𝑡 𝑁𝑢𝑚𝑏𝑒𝑟
          (18) 

𝑇𝑜 = 3,14 ∗
245

36
=  21,36𝑚𝑚    

Stator tooth width (𝑏𝑑) =
𝑇𝑜

𝑘𝑓𝑒∗𝐵𝑑
∗ 𝐵𝑔            (19) 

When the analysis was made according to the calculated slot dimensions, excessive 

iron loss was encountered. As a result of the trials made in the analysis, the values were 

changed to reduce the losses. Values and results are indicated in the table. 

  

Term Name Symbol Value Unit 

Wind Friction FD 21,3 Newton 

Rolling Friction FR 29,43 Newton 

Gravity Friction(%9 Grade) FG 138,57 Newton 

Motor Torque Tmotor 53 Newton*meter 

Power Requirement W 2773,66 Watt 

Motor Power mW 1500 Watt 

AirGap Max. Momentum TRV  3,94 ∗ 10−3 𝑚3
 𝑘𝑁/𝑚3 

Pole Step Tp 0,032 meter 

Phase Voltage Vrms 18,7 Voltage 

Frequency F 50 Hertz 

Flux Per Pole  ∅ 0,000519 Wb 

Number of Winding Per Phase Wa 187 - 

Total Number of Conductors Z 1122 - 

Number of Conductor Per Slot Zo 32 - 

AirGap Magnetic Field   Bg 0,872 Tesla 

Phase Current Ip 26,73 Amper 

Wire Cross – Sectional Area qcu 105,6 𝑚𝑚2 
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Slot Step  To 21,36 mm 

Tooth Width bd 5 mm 

Hs0 - 1 mm 

Hs1  1 mm 

Hs2  15 mm 

Bs0  3 mm 

Rs  1 mm 

Stator Lenght L 30 mm 

Stator Diameter D 240 mm 

 

 

Name Material Used 

Stator M330-35A 

Rotor Magnet Hoop 4140 Steel Pipe 

Magnet N48H Silver Plate 120Degree 

Caps Aluminum 7000 

Shaft 4140 Steel 

Outer Bearing SKF 6812 

Inner Bearing  SKF 6005 

Stator Hub Aluminum 7000 

Glue for Magnets Metal Epoxy 

Hall Effect Sensors S58 0-30V Unipolar 

Power Cables  10mm^2 NYAF 

Stator Insulation Material Pres Tape and 3D Hard ABS 

Coil External Insulation Winkel Isulation spray 
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- RMxprt Outputs 

The analysis parameters obtained by entering the parameters given in the table are 

indicated with pictures. 
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In this section, the values that occur when the engine is at full load are given.  

- The motor will be driven with full sine wave. In this case, the current will be 

expected to be 29A. 

- Armature Current density is 8,95
𝐴

𝑚𝑚2 .This will create a warm-up in the engine, 

but this heating will be controlled by the cooling system. 

- Transistor and diode losses are calculated on the motor driver. These losses are 

noted there. 

 

The eddy currents formed are high at some points. Although corrections were made, the 

loss could not be prevented due to the cooling and mounting condition of the motor. 
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The inductance and resistance values formed in the motor are transmitted to the motor 

driver. In this way, acceleration and deceleration ramps are softened, Back EMF is read 

fully and the motor is driven with a full 120 degree sine current. 

Speed Mode Operation



 

15 
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Torque Mode Operation(Limited 26,73A Phase Current) 
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A special production N48H magnet was chosen for the motor due to its high temperature 

and values. When determining the magnet thickness, it should be 10 times the air gap. 

However, since this type of motors will be used at low power, no problem has been 

detected in the smaller magnet size. The embrace ratio of the magnets was determined 

by taking the cogging torque into account in the analysis results. 

 

The percentage of the magnet to embrace the grooves was determined 

according to the analysis results. 
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Production Stages and Technical Drawings 

1- Manufacturing of Rotor Inner Caps 

 

 
 

 

  
 

  
 

2- Manufacturing of Rotor Outer Caps 
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3- Manufacturing of Rotor Hoop 
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4- Placing the Magnets 

 

 

5- Manufacturing of Stator 
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6- Manufacturing of Stator Hub 
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7- Manufacturing Shaft 
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8- Winding Diagram 
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Thermal Analysis 
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Sensor Placement and Information 

Electrical Magnet Angle (𝐸𝑑𝑒𝑔) =
360

𝑃𝑜𝑙𝑒𝑃𝑎𝑖𝑟𝑠
 

𝐸𝑑𝑒𝑔 =
360

12𝑝𝑝
=  30𝑑𝑟𝑐 

30

3
= 10 𝑑𝑒𝑔𝑟𝑒𝑒 mechanical sensor distance 

Low pass filter applied with 10k resistor and 4,7nF Capacitor. 

 

 

 

 

Motor Tests and Measurements 

 
Sensor Oscilloscope Display 



 

29 
 

 

 

Motor Phase-Ground Oscilloscope Display 

 

 

  
Old 

design 
New design 

Motor Type : - BLDC HUB Motor 

Motor Phase Voltage : - 18,7V AC 

Motor Power : - 1500W 

Motor RPM  : - 500RPM 

Motor Dimensions : - D:269mm L:70mm 

Motor Weight : - 15Kg 

Motor Efficiency : - %87 

Motor Base Dimension : - D:265mm L:30mm 

Stator Dimension : - D:185-240mm L:30mm 



 

30 
 

Rotor Dimension : - D:254-265mm L:30mm 

Winding Diagram : - Double layer 

Motor Optimization : - Ansys Maxwell RMxprt and MotorCad 

Magnetic Design and 

Analysis Model 
: - Ansys Maxwell RMxprt 

Thermal Design and 

Analysis Model 
: - Motor Cad 

Mechanical Design and 

Analysis Model 
: - Ansys 

Motor Test Method and 

Results 
: - Done 

 

 

5. Motor Driver 

Additional files are shared on page 150 link. 

The current value in the driver is calculated as 3000 watts at 50 km/h on the track 

and on the highest slope. To reduce the power density in a single engine, the use of a 

rear twin hub engine operating in torque mode was considered. Therefore, the maximum 

power to be produced in a single motor is 1500 Watts. According to the calculated motor 

parameters, the motor current will be 26.7 A RMS. However, in acceleration and uphill 

conditions (0.5 - 1 minute), the motor will draw high current for a short time. The highest 

current level is therefore limited to 80A. 

It has been determined that the temperature in the motor driver goes to 80 and 

above in 3 minutes at 50A. In this case, the cooling principle was further developed and 

liquid cooling was introduced. After liquid cooling, a load of 50A (at 60 degrees ambient 

temperature) was applied to the driver and a constant temperature of 58.8 degrees was 

obtained at the end of the 17th minute at this load. In this case, without using any extra 

power card, power density is increased, losses due to temperature are prevented and 

necessary energy needs are met. 

Please review the Cooling Method . 
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Drive IC used L6398 

As a result of the previous tests, the MOSFET driver integrated that will provide the 

necessary charge for the MOSFETs, has been seen to consume 300ma power as a 

result of the experiments. Considering the cost and size, it has been seen that this 

integration is suitable for the circuit.  
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MicroController  

 

STM32F303CBT7 ARM® Cortex®-M4 series Microcontroller IC 32-Bit 72MHz 128KB 

(128K x 8) FLASH 48-LQFP (7x7)  
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General Structure 

 

Protections 

- Voltage Protection: 

If there is a voltage above the defined highest supply voltage, the MCU it completely 

cuts off the switching and goes into an error state. MCU for battery safety in case it 

drops below the lowest supply voltage it completely cuts off the switching and goes into 

an error state. 

   

- Current Protection: 
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The current in the channels is read through the shunt resistors in each channel. Since 

this current is read by the output, it is read in terms of Alternating Current. If there is a 

current higher than the defined maximum current, the MCU completely cuts off the 

switching and enters the fault state. 

 

- Temperature Protection: 

Temperature reading is done with NTC. NTC is in the power part of the card, where the 

most hot parts are the switching elements. With an external ntc that can be connected, 

this temperature can be placed on the aluminum block. In case of possible overheating, 

MCU it cuts off completely and goes into error state. 

- Speed Protection : 

The upper limit and lower limit of the speed value can be determined. The area between 

the lower limit and the upper limit is controlled by the speed reference input. In this case, 

even if the motor wants to accelerate or decelerate, the driver prevents it. 

- Ramp Acceleration- Deceleration Protection: 

Acceleration and deceleration take place at specified ramp times. This parameter is 

more stable acceleration and the possibility of reducing the instantaneous current values 

that will occur during acceleration offers. 

- Error Statement: 

A user-controlled button is used to cut the motor voltage without ramping the vehicle in 

case of a problem that occurs independently of the motor driver inside the vehicle. In 

case of pressing the button, the MCU completely cuts off the switching and enters the 

error state. 

Design Parameter 

While determining the design parameters, the first step was the current and voltage 

values. Attention was paid to ensure that the electricity coming to the power part of the 

card circulates as little as possible on the card and is directed to the motor. When this 

situation is realized, it has been observed that the temperature decreases to the 

minimum value. Then, isolated ICs have been tried to be used to separate the power 

and digital parts from each other. The resulting noises are suppressed. 

As a result of the experiments on the board, each parameter was assigned to a variable 

in order to facilitate communication and these parameters were changed according to 

the situation with the rs232 connection. Work continues on the computer interface for the 

driver. 
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Gate Drivers,Mosfets,Voltages and Currents Sensing : 

 

 

Current Calculation and Analog Inputs 
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Digital Inputs and RS232 Communication 

 

 

 

IC Power Block 
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Simulation 

In this simulation, the power side is simulated to see that the MOSFETs are properly fed 

and the output current and voltage values.Since the mosfet driver cannot be used in 

simulation, deviations occurred in the mosfet input signals and other values.However, it 

was still enough to give an idea for the power layer. 

 

Gate PWMSignal 
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Mosfet Gate PWM Signal Current 

 

Mosfet Gate PWM Signal 

 

Motor Voltage measurement 
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Current Measurement 

Experimental Studies and Design Outputs
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Control Diagram 
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Phase-GND Osilloscope Output 

 

Phase to Phase Osilloscope Output 
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  Old design New design 

Mosfets : - CSD19536KCS 

Driver IC : - L6398D 

Controller IC : - STM32F303CB 

Control Algorithm : - FOC or Sensored 

Protection Circuit : - - 

Electrical Circuit Design : - Altium Designer 

Printed Circuit Board 

Design 
: - Altium Designer 

Printed Circuit Board 

Production 
: - PCBWay 

Software Algorithm : - St 

Simulation Studies : - LtSpice 

Experimental Studies : - Done 

Size (PCB / Hardware 

Box) 
: - 

PCB:114x70x35 

Case:90x135x55 

Power / Current / Voltage : - 4kW / 80A / 50 V 

Efficiency : - >94 
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Cooling Method 
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Motor Driver Liquid Cooling Block Layout 

The region where the temperature is most intense in the motor driver is the region where 

the mosfets are located. An aluminum liquid cooling block is placed in this area. The 

outer area is closed with a box. Liquid gasket is used for waterproof. According to our 

tests, it complies with the IP55 standard. 
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Motor Liquid Cooling Block Layout 

The heat generated in the engine is transferred to the liquid by means of a 6 mm copper 

pipe placed inside the motor. 
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6. BATTERY MANAGEMENT SYSTEM (BMS) 

 

First Topology: 

Firstly, we needed to transfer energy cell to cell. So that, we think that a “Single 

Switching Capacitor Active BMS” topology. This topology simply transfer energy using 

capacitor with switching first cell to second cell continuously. In Figure 1 and Figure 2 

shows schematics and PCB drawings. 

 

Figure 1: First Topology Schematic 

 

Figure 2: PCB Drawing  
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First Topology Results: 

This topology is not worked because of non-ideal states like MOSFET’s and diodes 

forward voltage. This makes the capacitor lower voltage than low voltage cell. So, the 

capacitor always charging with each cell continuously. For example, we have 2 

MOSFETs and 2 diodes that makes 1.6V forward voltage (0.5V each MOSFET, 0.3V 

each diode). Finally, when we try to transfer energy from 4.2V, the capacitor voltage 

should 2.6V. Because of capacitor voltage to low, each cell will charge the capacitor for 

ever. 

 

Second Topology: 

Secondly, we needed a fast energy transfer topology and searched for it. Then we 

created our second topology that “Active Battery Balancing with Resonant Tank and 

Switched Capacitor”. Figure 3 and Figure 4 shows the system’s schematics and PCB 

drawings. We tested the topology and get some results in Figure 5 and Figure 6. In this 

topology, we tried to solve the single switched capacitor BMS (Battery Management 

System) topology’s problem that is MOSFETs, what is using for switching, has forward 

voltage (around 0.3V to 0.6V for our MOSFETs) and every transfer, this forward voltage 

dropping down our transfer voltage what we needed to start current flow. For example, if 

most voltage cell has 4.2V, the switched capacitor should 3.6V at minimum MOSFET 

forward voltage (with using 2 MOSFET for transfer both pins form capacitor to cell-cell) 

and this not enough to transfer energy. So, each cell charges the capacitor for ever. To 

solve that, we used this topology that works as a current pomp. Simply, in negative 

resonant, the capacitor will charge and in positive resonant, the capacitor will discharge. 

In this system, most serious thing is set MOSFET triggers and resonant side changing 

times have to sync.  To give an example, we should trigger MOSFETs 10ns after when 

changed resonant side (negative to positive or positive to negative). So, it is too hard to 

sync. “10ns” calculated using MOSFET datasheet values that rising and falling time 

values.  
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Figure 3: Second Topology Schematic 

 

 

Figure 4: Second Topology PCB Drawings 

In this circuit, we calculated required resonant capacitor, resonant inductor and final 

resonant circuit. Using frequency, we calculated switching capacitor. Values: 

 Lres: 330 uH 

 Cres: 6.8 nF 

 Fq: 106.245 kHz 

 Csw: 100 uF 
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To calculate these values, we checked the electronic component distributors. 

Test Results: 

 

Figure 5: Resonant Wave 

 

Figure 6: First Cell Voltage and Test System 

Second Topology Results: 

As we can see the unstable waves in Figure 5. Because of this unstable resonant wave, 

MOSFET triggers may interference with opposite triggers. As a conclusion, this topology 

is difficult to control and make it stable. 

Final Topology: 
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We called this topology as “Regulator Charge Single Switching Capacitor Active BMS”. 

With this system, we had able to solve all of our problems before. Other advantage is 

that we will not worry about capacitor’s voltage because of fixed regulated charging 

voltage. To be more precise, we have a charging regulator that charges the switching 

capacitor, MOSFETs that connecting capacitor or selected battery separately and a 

step-up converter for trigger most high side MOSFET. A microcontroller selects a cell 

that has lowest voltage, then charges capacitor and discharges to selected cell. This 

continues until cell voltage reaches average battery pack voltage. After the 

microcontroller selects another cell that has lowest voltage. This loop will be finished 

when lowest cell voltage reaches average pack voltage. We used high efficiency 

regulators that is 95%. So that, there will not be wasting much energy. In Figure 13 – 

Figure 19, we have schematics and PCB drawings for our final topology. We have done 

some tests to make final circuit working below. 

First Test: 

We needed to try this topoplogy for 5 cell because of charging regulators minimum 

enabling voltage. Figure 7 shows schematic, Figure 8 shows PCB drawing and in Figure 

9, there is a testing photo.  

 

Figure 7: Schematic for 5 Cell 
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Figure 8: PCB Drawing 

 

 

Figure 9: Testing Setup 

 

First Test Results: 

when trying to test circuit, we realise that we had not charged batteries to enough 

voltage. So, firstly the regulator did not start. Then we used an external supply to 

regulator. But again, we hit a new problem what is triggering high side MOSFETs. This 

problem has been solved with a step-up regulator on second design. 

 

Second Test: 
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Our topology’s simply working principle like a single cell charger using charging 

regulator and switching capacitor. Because of this reason, he wanted to try 1 cell BMS. 

With this simply circuit, we could see easily every signal and trigger. In Figure 10 and 

Figure 11, there are the schematic and PCB drawing. The test results is in Figure 12. 

 

 

Figure 10: Single Cell Schematic 
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Figure 11: PCB Drawing 

 

Figure 12: Test Capacitor Voltage Result 

Second Test Results: 

Just as we expected, the test is successfully finished. According de results, we edited 

the final schematic and Figure 13-18 shows that. To make work this circuit and look 

schematic simple, we used multiple schematic pages and block notation sheets. The 

sheets are blow: 

 Step-Up Regulator 

 Capacitor Charge Regulator 

 5V Regulator 

 Single Cell Balancing Circuit 

For test, we manually select the cell that be balance process than we did it successfully.  

During balancing, the current of charging regulator is around 900mA (may be incorrect 

because of multimeter’s sampling rate). We calculated it with using maximum values 

and the steps below: 

1. Capacitor charge voltage is 6.8V 

2. 2 MOSFETs and 1 diode consumes around 1V 

3. Remaining capacitor voltage is 5.8V 

4. Cell voltage set to 4V and the voltage difference is 1.8V 

5. Again 2 MOSFETs and diodes consumes 1V 

6. Remaining voltage is 0.8V 

7. Capacitor’s safety resistor is 1ohm so we should see 800mA current. 

This result has calculated for maximum values but in tests each value was lower than 

our values (MOSFETs and diodes forward voltage). For safe charging, we checked the 

maximum charging voltage and 900mA is enough for now. 



 

57 
 

T = R x C was used to determine the 100uF switching capacitor. In here, T is time 

constant, R is resistor, C is capacitance. The time constant was calculated as 100us. 

This value shows the maximum time to charge the capacitor. Now the circuit is trigger 

with 2 KHz that is 500us period. With this triggering, the capacitor will be charge full as 

shows in Figure 12. According to calculation, in this frequency range, the minimum 

capacitance should be 500uF but we choose 100uF for safe energy transfer. Lower the 

capacitance will increase the balancing time as chosen. 

According to Test Results, Our Final Design: 

 

 

Figure 13: Final BMS Schematic 

Transfer and Triggers: 

As shown with Figure 14, all energy transfer system is here. Every MOSFET in here, act 

as an analog multiplexer and just connects the capacitor to battery or charging regulator. 

To pretend potential leakage currents, we used diodes. Most problem in this topology 

was the MOSFET triggers. Main reason is that, MOSFETs working with Vgs voltage, 

then if Vsource voltage increase, Vgate voltage should increase too. As an example, if 

the MOSFET can trigger with Vgs=3V and Vsource=0V, we can easily set Vgate=3V. 

But in the same scenario but Vsource=3V, we must apply Vgate=6v. This problem is 

called “Floating Ground” and using this problem, we hit another problem called “High 

Side MOSFET Trigger”. It is simply that, if Vsource connected to your system’s max 

voltage source, Vgate will need more than system’s maximum voltage.  We found a 

method that trigger MOSFETs using directly from cells. But with this method, there was 

a problem again that is most high side MOSFET. To solve this, we add a step-up boost 
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regulator to get more than system’s maximum voltage in Figure 15. We called this 

“Virtual 15. Cell”. 

 

Figure 14: Balancing System Schematic 
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Figure 15: Virtual 15. Cell Schematic 

 

Measuring Cells Voltage: 

Circuit in Figure 16 is makes us possible to measure each cell’s voltage separately. 

Working principle is explained below: 

1. Firstly, each cell connected to a voltage divider. 1M // 56K divider converts 

battery pack’s maximum voltage to TTL (0V to 5V). 

2. Two 4067 IC connected to divider and select pins is connected too (S3 to S3, 

S2 to S2, etc…). One of 4067, selects a cell then other 4067 selects next cell 

to get cells negative and positive side. 

3. Each of 4067’s output, connected to emitter follower to pretend any signal 

problem. 

4. Using an Op-amp difference amplifier, we get the cell’s voltage using just one 

analog pin and ready to use type. Using this circuit, there are some losses. On 

simulation, for 4V input, we get 3.977V output. The voltage constant is found 

simply 4V / 3.977V = 1,005783253708826 with. This constant is used for 

making perfect voltage measuring. The microcontroller will multiply by constant 

with measured voltage. 

 

 

Figure 16: Voltage Measuring Schematic 
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Figure 17: Capacitor Charge Regulator         Figure 18: 5V Regulator for TTL Devices 

 

 

Figure 19: PCB Drawing 
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Control Algorithm: 

To explain our control algorithm easily, we created a flowchart shown with Figure 20.  

 

Figure 20: Control Algorithm Flowchart 
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Final BMS Photo: 

We order our final circuit from a PCB manufacturer. The soldered photo is shows with 

Figure 21.   

 

Figure 21: Final BMS’s Soldered Photo 

  Previous Design Present Design 

Battery Packing Design :  14 Series – 9 Parallel 14 Series – 9 Parallel 

Output Voltage : 58,8V 58,8V 

Output Current : 18,9A 18,9A 

Balancing Method (Active or 

Passive) 
: Passive Active 

Circuit Design Type : Central BMS Central BMS 

SOC Guest Algorithm : Voltage Based Voltage Based 

Control Algorithm : Microcontroller Microcontroller 

Self-Manufacture or Not : Self-Manufacture Self-Manufacture 
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7. Embedded Recharging Unit 

a) Circuit Design 

The circuit is composed of four parts in general. In the first part, 220V AC voltage 

is transformed to 311V DC by H-bridge diode. For the operating voltage of DC voltage 

integrate, firstly the closed transformer is used to reduce the voltage to 15V, then to 12V 

with 7812.   The second part of the circuit is generation of the PWM signal needed for 

the switching mode power supply (SMPS) oscillation, this signal is generated by the 

SG3525 which is fed to IR2110, and the signal generated by the IR2110 MOSFET driver 

is applied to the MOSFET gate. The frequency of the generated PWM signal depends 

on the resistor and capacitor values connected to the T and CT ends of the SG3525, 

which can change output voltage by changing the frequency.  

   The third part of the circuit is where the MOSFETs and ETD59 are located, the 

MOSFETs are operating at 50 kHz frequency, the MOSFETs drain is connected to the 

primary winding. The primary winding of ETD59 was calculated as 1.12mm 12 turns and 

the secondary winding was 1.43mm 2x9 turns. 

   When the MOSFET operates like a switch, a current is cut and discharged 50,000 

times in a second via the transformer, which creates a variable magnetic field 50,000 

times in a second on that transformer. In this variable magnetic field, the current is 

induced in the secondary windings (Induction current) so that the desired voltage is 

obtained according to the number of windings. 

  The fourth part of the circuit is the rectification of the voltage obtained at the output of 

the SMPS, where the bridge diode is used to rectify the current followed by filter with the 

aid of capacitors. 

   The selected topology is the half-bridge topology, and the circuit also has feedback. 

Pin 10 (shutdown) of SG3525 is used to provide overcurrent protection. 
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Figure x: Circuit Schematic 

 

Figure x: PCB Circuit 
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b) Simulation Studies 

(MOSFET Trigger) 

 

 
Figure x: Simulation Circuit 

 

 
Figure x: Mosfet Trigger 
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c) Printed Circuit Studies 

 

 
Figure x: Printed Circiut 

 

 
Figure x: Printed Circiut 
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d) Production Studies 

Primer Winding Turn Calculation 

Parameters to be used for winding number; 

Np= Number of turns for primer winding 

F=Operation frequency (50000 Hz) 

Ae=Core area (çekirdek alanı)  (3.68 mm^2) 

Bmax=1800 Gaussian mean value was obtained. 

Magnetic flux constant for ferrite core = 4 

Nominal voltage= 220*1.41=310V 

Half Bridge Topology for voltage calculation = 310/2=155V 

Common equation; 

N_p=(155*〖10〗^8)/(4*50000*1800*3,68)≅12 

The number of turns in the primary part was set to 1 * 12. 

 

Secondary Winding Turn Calculation 

Parameters to be used for winding number; 

Ns= Number of turns for primer winding 

F=Operation frequency (50000 Hz) 

Ae=Core area (çekirdek alanı)  (3.68 mm^2) 

Bmax=1800 Gaussian mean value was obtained. 

Magnetic flux constant for ferrite core = 4 

Vout=90V 

Common equation; 

90=4*1800*3.68*50000*〖10〗^(-8)*N_s 

 

From here N_s≅9 is calculated. Because the circuit has a symmetrical feed and the 

wires of the secondary windings are wrapped in 2 * 9 turns so that the cable can 

resist current. 
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Figure x: Transformer Winding 

 

 

Figure x: Circuit Soldering Works 

 

 

 

e) Tests and Measurements 
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Figure x: No-Load operating voltage of the circuit 
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Figure x: Load operating voltage of the circuit 

 

 

  Previous Design Current Design 

Circuit Topology : Half-Bridge Half-Bridge 

Power Level : 650W 540W 

Output Voltage Range : 145-130V 90-100V 

Output Current Oscillation : 6-7A 6A 

Input Power Factor : 220 ACV 220 ACV 

Power Cycle Efficiency : 0,834 0,876 

PWM Control Integration : SG3525 SG3525 

Protection Circuits / 

Elements 
: 

- High Current Protection 

Circuit 
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Printed Circuit Size : 20,6cmx27,8cm 18,6cmx25,8cm 

 

8. Battery Packing 

Before creating the battery pack, we determined our current, voltage values according to 

the analysis results of the engine we designed and designed our battery pack 

accordingly. Our battery pack is designed in 14 series 9 parallel. We will use 3 parallel 

connected battery packs in our car. 

a) Cell Properties: 

Battery Material Li-On 

Manufacturer SONY 

Nominal Voltage 3,7v 

Minimum-Maximum Voltage 2,5-4,2v 

Rated Capacity (25 Degrees) 2100 mAh 

Cell Weight 45 g 

Continuous Discharge Current 10A 

Maximum Discharge Current 30A 

Cell Dimensions Ø18 X 65 

Operating Temperature -20 ~ 60℃ 

Table 1: Cell Data 

b) Specification Of Package: 

Cell Capacity 14s 9p 979 Wh 

Number Of Cells 126 Adet 

Total Weight 5670 Gr 

Max Voltage 58,8v 

Nominal Voltage 51,8v 

Minimum Voltage 35v 
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Continuous Discharge Current 90A 

Maximum Discharge Current 270A 

c) Specifications Of Package Material: 

Material Name PVC 

Shrinkage Temperature 80℃ 

Melting Temperature 105℃ 

Rated Voltage 300v 

Table 2: Package Material Data 

d) Placement And İsolation Of Modules And Packages: 
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Technical Design Of Battery Module 
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Battery Design 

 

Battery Pack Soldering Operations 
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Battery Module Final State 

e) Battery cooling circuit design 

 

Battery Box 

 



 

76 
 

 

9. Electronic Differential Operation 

The angle of rotation of the shaft will be calculated by means of the gear to be 

connected to the steering shaft. The rotation angles and speeds of the inner and outer 

wheels will be calculated by taking into account the given parameters of the vehicle. As 

a result of these calculations, the vehicle control system will send the speed reference 

information that should be given to the motors to the motor drivers. 

 

Name Value Unit 

Max.Inner Wheel Angle 40 Degree 

Max. Outer Wheel Angle 30 Degree 

Max.Steering Right Turn 

Angle 

180 Degree 

Max.Steering Left Turn 

Angle 

180 Degree 

Vehicle Lenght 1,9 Meter 

Vehicle width  0,9 Meter 
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Wheel Diameter 0,57 Meter 

 

Code Test  
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First of all, a small test board was made on the arduino and the results were observed. 

Steering Angle = 0 , Motors Average Speed = 20 m/s 

 

Steering Angle = 45 Motors Average Speed = 20 m/s 

 

Steering Angle = 180 Motors Average Speed = 20 m/s 

 

Since the radius is taken in the parameters entered, not the wheel diameter, the wheel 

speeds appear to be 2 times less. 

  

Prototype implementation has been carried out successfully. Trials on the vehicle are 

still in progress. 

Inputs and outputs of the differential application will be indicated on the screen and 

differential cancellation and torque control mode transition will be provided with the 

button in case of problems during vehicle use. 

10. Vehicle Control Unit 

 

The Vehicle Central Control Unit is embedded system in automotive electronics that 

controls operations like Emergency stop, Vehicle condition monitoring like temperature, 

speed, voltage and current usage, Telemetry etc. 
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The AKS Card contains basic components such as Power Supply, Telemetry, Sensors, 

Switches (Buttons), Monitor, Relays. Effectively merging these components make 

vehicle control Unit. 

Vehicle Control System (AKS) is locally manufactured. AKS consists of two systems to 

control the dashboard and rear part of the vehicle. Sensor connections for the 

processing of temperature, current, voltage, speed relays for flashers that enable the 

system to be switched on and off and give visual warning in case of critical temperature, 

RF module for telemetry are part of the rear system. Buttons for headlights, horns, 

wipers relays for horn, wiper, headlight, lcd screen where the user can track vehicle data 

are part of the front dashboard. Serial Communication (UART) was used to provide 

communication in the Rear and Front systems. 

RESEARCH AND DEVELOPMENT PHASE 

Microprocessor/Microcontroller 

Arm-based microprocessor of STMicroelectronics was used for the system. It is 

preferred due to its high performance, low power consumption and ease of use of the 

interface programs provided by the company (e.g. STM32CubeMX). During the research  

phases, a microcontroller called "Blue Pill" also known as development board was used 

with the microprocessor STM32F103C8T6.  

Pin assignments for microcontrollers are shown in Figure 1. Software studies were 

carried out by assigning these pin assignments and system configurations to the 

compiler. Figure 1.a represents the Front Card system, Figure 1.b The Rear Card 

System. 

  

Figure 1. Pin assignments of stm32CubeMx (a) front and (b) rear microprocessor 
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(a) 

 

(b) 
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Figure 2.Schematic Drawings of the Test Card for (a) The Back System and (b) the 

Front System 

 

(a)                                                                    (b) 

Figure 3.(a) PCB Drawings of the Test Card for The Back System and (b) the Front 

System 

 

Figure 4: Experimenting with the Rear and Front systems 

Power Supply 
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Regulators were used to provide the necessary power for front and rear systems. 3.3V 

and 5V for microcontroller; sensors 5V, RF Module for 3.3V and 5V; 12V is used for 

relays. 

The 12V DC voltage applied to the system is adjusted to 3.3v and 5V' DC voltage 

through regulators. 

 

 
Figure 5: Regulators on the Rear System Test Card 

Telemetry 

 

With the RF module in the rear system, temperature, current, voltage, speed information 

was transmitted to the computer interface on the receiving end. UDEA UFM-A12 WPA 

has been selected as rf module. 

As shown in Figure 8, the RF Mode on the rear card and the module on the receiving 

end are communicated and transmitted data to the computer. 

For the test of the RF Module, the information given in the datasheet have been applied. 

The hardware layout of the test phase is shown in Figure 6. The information sent from 

the transmitter side via the serial port screen can be observed as in Figure 7 on the 

receiving side as indicated in the datasheet. 
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Figure 6: Experimental assembly installed during the Test phase of the RF Module 

 

 
 

Figure 7: Information sent from the transmitter side and data output on the receiving side 

respectively during the Test phase of the RF Module 
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Figure 8: Realization of telemetry system on the Test Card 

 

 
Figure 9: Comparison of rear system outputs with the interface on the receiving end 

 

Sensors and Switches 

 

At 31 degrees and above, which is determined as the critical temperature, the necessary 

relay in the Rear board is triggered, ensuring that the flasher is active as in Figure 10 
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and that the horn is activated by triggering the necessary relay in the Front System when 

temprature reaches 45 degree.  

 

    

Figure 10: Flasher is active or passive depending on temperature status 

Display  

 

The LCD screen was used to  provide visual inform to the user about the status of car. 

Nextion brand display has been selected as LCD screen.  

The speed value can observed on the screen in Figure 11 varies according to the 

magnet speed held near to the hall effect sensor. The temperature value is transfered 

from the temperature sensor on the rear system to the front dashboard which is then 

printed on the LCD screen of the front system. A pocinciometer was used for the current 

value as simulator. 

Temperature warning information on lcd screen at 31 degrees, which is determined as 

critical temperature in Figure 11, and headlight information is active on the screen when 

the headlight is activated by the user in Figure 12. 

 
Figure 11: Observance of data on lcd screen 
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Figure 12: Seeing headlight status information on lcd screen 

 

Emergency Stop 

Telemetry (Receiver)  

Communication with BMS 

Vehicle Control System, Battery Management System and battery voltage information 

and the highest temperature values of battery cells were obtained. This information was 

processed in VCU and the necessary systems were activated or deactivated 

accordingly. For example, if critical temperature reach certain limit , it trigger the horn 

and flash drive and the system shutdown were performed. Voltage information is printed 

on the LCD screen, allowing the user to monitor left over energy instantaneously. Figure 

13 states that the green circle batteries are balanced in the BMS section of the LCD 

screen, the yellow is balancing process is in process, and the red is not balanced and 

fault has been fond. Serial communication (UART) was used in communication. The 

information received by the rear VCU  System was transferred to the Front dashboard 

and printed on the LCD screen. 
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Figure 13: LCD Screen interface 

 

Insulation Monitoring Device 

The insulation monitoring device was communicated with the VCU and the situation of 

isolation or not was transferred to the LCD screen. Serial communication (UART) was 

used in communication.  

Electronic Differential System 

The electronic differential system is configured within the VCU. After the research of the 

electronic differential system development were carried out effectively in the 

experiments, it will be communicate with the VCU using UART. 

The experiment in Figure 1 was carried out with the STM32F103C8T6 microcontroller, 

which is shown to obtain ADC information on the steering wheel and to obtain the output 

of this information on the serial port screen using the calculation of the necessary 

parameters. 

 

Figure 1: Obtaining electronic differential steering ADC information and output of 

calculated values on the serial port screen 

Final Board Devlopment 

Power Supply:  
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Two LM317 IC are used to power the circuit. One LM317 provides 3.3v while other 

provides 5.0v for proper fuction of circuit. Each LM317 can provide upto 1.5A of current 

which is more than enough for proper fuction of Stm32f103 and other peripheral. One 

capactitor of capacitance 10uF as shown in figure 1.1 is connected to the input to filter 

the ripple in voltage level as recommended in datasheet. 22uF capacitor is connected to 

output to fiter out any ripple in output voltage.  

 

Figure 1.1 Power module LM317 

Telemetry RF module: 

Udea Rf module is used as RF transmitter. The module can send data in radius up to 

1.5Km. The module requires 3.3v and 5.0v for proper function for which Ams117-3.3v 

and Ams117-5.0v are used along with coupling capacitors. The module also requires 

additional two 10uF coupling capacitors to filter out any unnecessary ripple in voltage 

supply. The connection of module with microprocessor as recommended is given in 

figure 1.2 

 

 

Figure 1.2 RF Telemetry Module 
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CANBus Module: 

The Vehicle control system supports can bus to communicate with others components. 

MCP2561 IC is used as transmitter to send and receive data through Can bus protocol. 

The connection of MCP2561 with supporting components is given in figure MCP2561. 

But as per the rules of Competition UArt protocol is being used as common 

communication protocol as other components do not have CAN Bus capabilities. 

 

Figure 1.3 CANBus Module 

Switching Circuits: 

Relays and Mosfets are being used to switch on/off the devices. For Relay a diode is 

connected in reverse direction to protect the circuit from back emf. Relays are used to 

provide isolation while switching. The figure 1.4 shows the connection of relay to 

microcontroller. 

 

Figure 1.4 Switching circuit based on relays 
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Mofets are used along with mosfet driver for switching the circuit. Two capactiors are 

connected to input of Mosfet drive as recommended in datasheet.  

 

Figure 1.5 Switching Circuit based on Mosfets 

 

Figure 1.6 Main Board Stm32f103 Connections 
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Figure 1.7 Front Dashboard Stm32f103 Connections 
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Figure 1.8 Main Board 3D model 

 

 

Figure 1.8 Front Dashboard’s 3D model 

  Previous Design Present Design 

Vehicle Control System 

Functions 
: 

a) In-Vehicle 

Communication 

b) Display Vehcile 

parameters to user 

c) Transfer of vehicle data 

to the monitoring center 

a) In-Vehicle 

Communication 

b) Display Vehcile 

parameters to user 

c) Transfer of vehicle 

data to the monitoring 

center  

d) Fault Troubleshooting 

e) Motor Tork control 

Controller Integrated 

Circuit 
: Arduino Mega 2560 STM32F103x 

VCS G/Ç Number : 18 42 

Electronic Circuit 

Design 
: True hole Pcb SMD Pcb 

Printed Circuit Board : Manufactured by Hand  Manufactured by Pcb 
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Design Manufacturer 

Printed Circuit Board 

Production 
: Made by hand 

In the early stages, it was 

made by hand. 

The final printed circuit 

board is planned to be 

made as SMD. 

Software Algorithm : 
Based on Ardunio mega 

microcontroller 

Based on Arm based 

STM microcontroller 

Experimental Work : Example card was printed. 

Development have taken 

place on the PCB and 

breadboard 

manufactured for 

research. 

Dimension (PCB / Box) : 200x 170 mm  
130x110 mm, 152x102 

mm 
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11. Steering System (Optional) 

STEERING WHEEL DESIGN: 

 

Figure x: Exploded front view 

 

Figure x: Exploded rear view 
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Steering box design 
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Tuning bump steer analysis of double wishbone suspension system: 

         

(a)                                                                      (b) 
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                     (c)           (d) 

Lower control arm design , structural analysis ,and manufacturing processes 

 

12. Door Mechanism 

Car door lock mechanism was designed by SolidWorks. All parts of the door lock 

were made of Steel. 

 

     

                              (a)                                                                    (b) 

https://tureng.com/tr/turkce-ingilizce/door%20mechanism
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(c) 

 

(d) 

                    

                             (e)                                                        (f) 
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(g) 

 

(h) 

(a) and (b), are Isometric view, (c) and (d) are exploded view, (e) outside view ,(f) inner 

view ,(g) and (h) are views of exploded view assembly domestic car door lock 

mechanism 

Door surface area: 1.94 m2 
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Manufacturing domestic door lock mechasim: 
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13. Mechanical Details (Mandatory) 

Aerodynamics of Car: Computational Fluid Dynamic (CFD) Analysis 

Reducing the fuel consumption is the primary concern in automotive development, for 

energy resources conservation and protecting the global environment. Reduction of drag 

force is an essential essence in vehicle aerodynamics for improving the fuel 

consumption as well as the vehicle driving performance. 

The numerical simulation of the airflow around car is usually complicated and difficult; 

therefore, using CFD technique is an effective tool as it provides the detailed, 

quantitative data at any point in the flow field. 
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(a) 

 

(b) 

(a) Physical model, and (b) Creating enclosure 
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(a) 

 

(b) 

(a) and (b) are car virtual wind tunnel meshed geometry 

Velocity of the air at the inlet is considered to be 30 m/s (108 km/h) and with a 

temperature of 300 K. The boundary condition at the outlet is considered to be pressure 

outlet with a gauge pressure of 0 Pa. The boundary condition for the car contour and top 

and bottom of the virtual wind tunnel is considered as wall boundary condition. The 

density of air is set as 1.225 kg/m3. To get the accurate results within the identical 

conditions, mesh is discretized with same density in both cases of the geometry. The 

CFD analysis for the turbulent flow is carried out considering SST-k-ω model. 
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The flow can be described by Navier-Stokes equation: 

𝜌 (
𝜕𝑢𝑖

𝜕𝑡
+ 𝑢𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
) =  −

𝜕𝑝

𝜕𝑥𝑖
+ 𝜇

𝜕2𝑢𝑖

𝜕𝑥𝑗𝜕𝑥𝑗
+ 𝑓𝑖         (1) 

Where u is the velocity, t is the time, x is the position, p is the pressure and ρ is density 

in kg/m3.[1] 

 

Figure 1. Meshed geometry in Fluent 

 

The meshed geometry is analyzed in FLUENT by applying the specified boundary 

conditions and the variation of the flow parameters are plotted and studied. The variation 

of static pressure over the car geometry is shown in Figure. 

     

                       (a)                                                                    (b)  
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(c)  

Static pressure contour (a) on side view, (b) isometric view, and (c) on car body 

 

         

                          (a)                                                                      (b) 

       

(c) 

(a) Side view, (b), and (c) are streamlines in isometric view  
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(a) 

 

(b) 

 

(c) 

 

(d) 

(a) Turbulent Kinetic Energy, (b) Velocity Magnitude (c) Vorticity Magnitude, and (d) 

Velocity Magnitude vector view on car body 
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MANUFACTURING VEHICLE BODY: 

Explaination for new mold production; first of all, the model of the drawn vehicle was 

created in CNC with foam processing. The female model was operated with CNC.  The 

reason for operating the female model is that in case the male model, male mold is first 

extracted and then the female mold is extracted from that which make it more expensive 

and takes longer. 

 

Fig.1 CNC Operation 

 

Fig.2 CNC Operation 

Processes shown in figure below were made to increase the strength on the operated 

styrofoam foam. The strength of the styrofoam foam is important during manufacturing, 

so styrofoam foam with a strong surface strength was preferred in 28 dances. For foam 

insulation; joint filler, concrete primer, mastic, steel putty was applied. 
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             Fig. 3. Joint Filling Process                           Fig. 4 Concrete Lined Part                              

           

Fig. 5 Steel Putty Process 

In order to increase the strength of the mold, 3 layers of glass fiber having  weight of 450 

g per square meter was applied.  Blend of polyester, MEK (methyl ethyl ketone), cobalt 

was made for each layer. The glass felt was toughened. According to the literature, 2 gr 

MEK and 0.2 gr cobalt are used for 100 gr polyester. After the applying the glass fiber, a 

thin layer of steel paste was applied to the entire surface of the model. In this way, the 

gaps on the surface were eliminated and the surface became smoother. As the final 

stage of the female mold, a thin coat of gelcoat was applied after the steel paste had 

dried. Since the female mold will be used in the vacuum infusion method, its strength 

must be intense. 

https://tureng.com/en/turkish-english/mek%20(methyl%20ethyl%20ketone)
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Fig. 6 Glass Fiber Process                                 Fig. 7 Gelcoat Process 

The mold we made is in two parts. In this regard, vacuum infusion method was applied 

by performing the same procedures on both parts. Carbon fiber is used as composite 

material. The square meter weight of the carbon fiber used is 200 gr/m2 and 3K- Twill 

was  used as the fabric type.  

 

vacum infusion process steps  

In this method, surface cleaning was performed ın the first step. The carbon fiber fabric 

cutting process, which was be applied on the surface later, have started. Carbon Fiber 

laying process was then done.  

 

 

Fig. 8 Carbon Fiber Laying Stage 

After laying on the carbon fiber mold, the peel ply was laid on it. 
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Fig. 9 Peel Ply Spreading Process 

As the next step, it was covered with vacuum mesh. Thanks to the perforated structure 

of the vacuum mesh, homogeneous spreading was ensured. It was attached with paper 

tapes to keep the vacuum net on the mold. Spiral hose was drawn on the vacuum mesh 

for the flow process. The spiral hose was determined according to the mold surface. 

After determining the places where the spiral hose will be placed, vacum mesh was 

placed. Connector locations for epoxy delivery and extraction are determined and placed 

on the mold. 

 

Fig. 10 Spiral Hose Placement 

Vacuum nylon is cut larger than the model because of shrinking, shrinking margin must 

be calculated when the air is removed with the help of the vacuum pump. Sealing is 

ensured by bringing the vacuum nylon cut in appropriate sizes into a closed form with 
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the help of double-sided vacuum tape. After these processes, the vacuum pump, 

vacuum hose and ports for the epoxy inlet were placed on the vacuum nylon.  

 

 

Fig. 11 Vacuum Nylon Laying Process 

After the vacuum pump hose was placed, its tightness was checked. After this process, 

our carbon fiber deposited model was insulated. The air inside has a negative effect on 

the absorption of the epoxy by the carbon fiber. In order to prevent air bubbles inside, all 

the air inside was drawn by using the vacuum pump. After this process, we determined 

the epoxy mixture ratio as 3 units of resin and 1 unit of hardener in the research and 

development stage. Epoxy was prepared by mixing the resin and hardener in a 

container at the same rate for 5-6 minutes at high speeds. A hose was connected to the 

previously prepared epoxy inlet port. The other end of the hose was left in the epoxy 

filled container. The vacuum pump was turned on and the epoxy was pulled from the 

container and taken into the vacuum nylon with the help of the port. Meanwhile, carbon 

fiber meets epoxy. 

 

Fig. 12 Vacuum Infusion Process 

The vacuum pump continues until all carbon fiber surfaces meet with epoxy. At the 

same time, the vacuum pump takes the excess epoxy in the vacuum nylon into the 

vacuum tank. In this way, the excess epoxy is taken from the carbon fiber without 
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hardening so that it did not add extra weight. After these two parts were finished, they 

were removed from the mold surface. It was combined with carbon fiber in the middle by 

hand laying method. Thus, the shell was made into one piece. It was then left to the sun 

and continued to vacuum. In the vacuum infusion process, a total of 7.5 kg of epoxy was 

given for the two molds. A total of 28 square meters of carbon fiber was used. 

                 

Fig.13 End of Carbon Fiber Curing Process         Fig. 14 Stick together of the our finally model 

 

Fig. 15 final version of our model 

SUSPENSION SYSTEM DESIGN; 

The most common types of the independent suspension systems are  

 Double Wish-bone 

 MacPherson Strut 

Double wishbone suspension system, upper and lower control arms are attached by a 

pivot to car chassis and respective outer portions are connected by a steering knuckle. 

Double wishbone designs allow carefully control the motion of the wheel throughout 

suspension travel, controlling such parameters as camber angle, caster angle, toe 

pattern, roll center height and more. [2] 
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Parametric model for our double wishbone suspension system design using SolidWorks 

software. Then CAD Model imported into ANSYS to obtain which loads effects on 

suspension geometries.[3]  

 

Figure x: Exploded view of suspension system 

Parts of the suspension were made of Aluminum alloy Al 7075-T6. These were 

optimized for weight and safe design stress.  

 

Material 
Density 

(kg/m
3
) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

Yield 

Stress 

(MPa) 

Ultimate 

Tensile 

Strength 

(MPa) 

Aluminium 

Alloy 

(Al 7075-T6) 

2810 71.7 0.33 503 572 

 

TABLE X. MATERIAL AND PROPERTIES 
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(a) 

 

(b) 

(a), exploded rear view, (b) Isometric view of suspension system 

Brake disk and calliper design: 
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Shimano ZEE Hydraulic Disc Brake 4-Piston Caliper design: 

The model used for wheel travel analysis on MSC ADAMS-Car was modeled by using a 

pre-set template and then modifying the dimensions as per the dimensions of the 3D 

model. 

 

(a) 
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(b)                                                                      (c) 

 

(d)  

(a) and (b) are Isometric view, (c) front view ,and (d) top view of the assembly 

suspension system in ADAMS Software 

 

Figure x: Local coordinates used for the model 

Camber ,caster ,kingpin angle: 

Camber is the angle between the top and bottom of the tire and true vertical as viewed 

from the front side.[4] 
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 Conclusion: 

 A force of 250kg is applied on lower control arm. The highest stress occured is 73.501 

MPa. The calculated total deformation 0.5368mm, and safety factor is 5.9346. 

Upper control arm design, structural analysis and manufacturing; 
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Figure x: Upper control arm design 

 

Figure x: Upper control arm topology optimization study 

Structural Analysis: 

 

(a) 
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(b) 

 

(c) 

 

(d) 

(a)Total deformation, (b) Equivalent (von-Mises) stress, (c) Equivalent Elastic 

strain, and (d) Safety factor of lower control arm 

Manufacturing process: 

                           

                 (a)                                            (b)                                           (c) 
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                  (d)                                                (e)                                          (f)        

 (a), (b), (c), (d) ,and (e) are manufacturing process of lower and upper control arm (f) 

upper control arm final manufactured design 

 

STEERİNG KNUCKLE DESİGN, STRUCTURAL ANALYSİS AND MANUFACTURING 

PROCESS: 

The steering knuckle design was realized using SOLIDWORKS. Then CAD Model 

imported into ANSYS to obtain which loads effects on model. Control arms and steering 

knuckle are most important parts of suspension system. Each upper and lower control 

arm has two assembly points attached to the chassis, and is connected to the steering 

knuckle by a spherical joint.In this way control arms give support spring and help vertical 

movement while steering knuckle supports the axel of wheel. [5-7] 

 

         

(a) (b)   

(a) Steering knuckle design, (b) topology optimization study 
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Structural Analysis: 

The static analyis of the knuckle was done by using ANSYS Workbench. 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

(a)Total deformation, (b) Equivalent (von-Mises) Stress ,and (c) Equivalent Elastic Strain 

,and (d) Safety Factor of steering knuckle 

 

Conclusion: 

The static structural analysis of steering knuckle has been performed Finite Element 

Method. The highest stress occured is 46.751 MPa. The calculated total deformation 

0.0060054 mm. Safety factor is 2.9176. 

Manufacturing and assembly of knuckle: 
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(a) 

                    

   (b)                                (c)                                        (d)         
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                             (e)                                                                      (f) 

(a), (b),(c), (d) face milling ,(e) final model ,and (f) assembly knuckle 

Stepped shaft design, structural analysis, and manufacturing; 

 

Figure x: Shaft design 

 

Material 
Density 

(kg/m3) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

Yield 

Stress 

(MPa) 

Ultimate Tensile 

Strength (MPa) 

Carbon 

Steel 
2810 71.7 0.29 503 440 

 

Torsion analysis: 

Statically, static analysis for stepped shaft under the effect of torque 2000 N.mm 

 

(a) 
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(b) 

 

(c) 

(a)Total deformation, (b) Equivalent (von-Mises) Stress ,and (c) Equivalent Elastic Strain 

 

 

Figure x: Final model 

Upper and lower control arm connectors design and manufacturing processes: 
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(a) 

 

(b) 

(a) Upper connector, (b) lower connector design 

Manufacturing: 
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Rear motor housing design, structural analyis, and manufacturing: 
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Model of motor housing was designed by SolidWorks. The structural analysis part was 

completed using ANSYS Workbench. 

 

Figure x: Rear motor housing design 

 

Figure x: Assembly of rear motor housing 
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Figure x: Exploded view rear motor housing 

Structural analysis: 

There are approximately 542019 elements and 779410 nodes in the model. 

 

(a) 

 

(b) 
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(c) 

 

 

 

(d) 

(a)Total deformation, (b) Equivalent (von-Mises) Stress ,and (c) Equivalent Elastic Strain 

,and (d) Safety Factor of motor housing 

Manufacturing: 
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(a)                                           (b)                                              (c) 

                                          

                               (d)                                                         (e) 

                                      

 

                               (g)                                                            (h) 
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(a), (b) Aluminium block CNC machining, (c) connector between 2 parts ,(d) Face 

milling, (e) milling holes, (f) final manufactured design, (g) and (h) are assembly of rear 

motor housing. 

Chassis design, structural analysis, and manufacturing: 

Model of chassis was designed by SolidWorks. Impacts and collisions involving chassis 

frame model are simulated and analyzed using ANSYS software. The Chassis is 

realized by means of rectangular section tubular beams, having external dimension 

30mm and wall thicknesses 3mm, joined each other by full welding. 

 

Figure x: Chassis design 

 

 Material 
Density 

(kg/m3) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

Yield 

Stress 

(MPa) 

Ultimate 

Tensile 

Strength (MPa) 

Aluminium 

Alloy 

(Al 6063-T6) 

2690 68.9 0.33 214 241 

TABLE X. Chassis material mechanical properties 

 

Structural analysis:There are approximately 140499 elements in the model. 
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(a) 

 

(b) 
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(c) 

 

(d) 

(a) Total deformation, (b) Equivalent (von-Mises) Stress, (c) Equivalent Elastic Strain, 

and (d) Directional Deformation (X axis) 

Conclusion: 

The static structural analysis of car chassis has been performed Finite Element Method. 

Applying 4 kN from the rear chassis, the highest stress occured is 72.768 MPa. The 

calculated total deformation 2.4862mm, directional deformation on x axis is 0.27398 

mm. 

Modal Analysis: 

The modal analysis is the most basic and important part of analysis of dynamic 

character.We used this metod to find the natural frequency and mode shapes of chassis 

frame. First six frequency modes of the modified chassis that determine its dynamic 

behavior are below 100 Hz and vary from 50,705 to 94,346 Hz. Using this method, we 

can prevent resonance and unusual chassis vibration and place the natural frequencies 

in natural range. 
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Mode Frequency [Hz] 

1 50,705 

2 52,713 

3 81,435 

4 91,171 

5 91,73 

6 94,346 

Table x: Natural Frequencies 

 

Figure x: 1st mode shape of deformation 

 

Figure x: 2nd mode shape of deformation 
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Figure x: 3th mode shape of deformation 

  

 

Figure x: 4th mode shape of deformation 

 

Chassis welding process: 
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Rollbar & Rollcage design, strength analysis, and manufacturing: 

The Rollbar & Rollcage design was realized using SOLIDWORKS. In particular, the 

tubular frame was realized by rolls with diameter of 30mm and 3mm of thickness. 

Choosing circular tubes instead of square tubes helps us to improve rigidity and reduce 

the chance of buckling in the roll cage.[8] 

 

(a) 

(a)3D Model , (b) exploded view of rollbar&rollcage 
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Material 
Density 

(kg/m3) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

Yield 

Stress 

(MPa) 

Ultimate 

Tensile 

Strength 

(MPa) 

Aluminium 

Alloy 

(Al 6063-

T6) 

2690 68.9 0.33 214 241 

 

TABLE X. Rollbar & Rollcage material mechanical properties 

 

Strength Analysis: 

The analysis part was completed using ANSYS Workbench with the respective 

parameters that given 1kN force applied to the highest point of each front and rear 

rollbar. 

 

There are approximately 140499 elements in the meshed model. 

 

 

Figure x: Meshed model 
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Parameters Value 

Hfront 645 mm 

Hrear 950mm 

Front displacement (Hfront / 200) 3.225mm 

Rear displacement (Hrear / 200) 4.750mm 

 

 

(a) 
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(b)                                                                (c)              

 

(d) 

 

(a)Represent remote force on front,(b) Equivalent (von-Mises) Stress ,(c) Equivalent 

Elastic Strain ,and (d) Total Deformation 
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(a) 

 

           (b)                                                                      (c) 

 

(d) 
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(a)Represent remote force on rear,(b) Equivalent (von-Mises) Stress ,(c) Equivalent 

Elastic Strain ,and (d) Total Deformation 

 

Results / Profile Front  Rear  

Total Deformation 

(mm) 

3.0848 1.7421 

Equivalent Elastic 

Strain (mm/mm) 

0.00065603 0.00042939 

Equivalent (von-

Mises) Stress (MPa) 

38.831 25.553 

H / 200 3.225mm ≥ x 4.750mm ≥ y 

 

TABLE x: Strength analysis of rollbar&rollcage results 

 

Conclusion: 

Applying 1 kN from the front profile, the highest stress occured is 38.831 MPa. The 

calculated total deformation 3.0848mm. The rear profile, the highest stress occured is 

25.553 MPa. The calculated total deformation 1.7421mm.  

Domestic car windscreen wiper: 

The wiper mechanism that we were used, was heavy. Model of car windscreen wiper 

was designed by SolidWorks.We aimed windscreen wiper mechanism is evaluated for 

its effectiveness on sweeping areas of our car. Tranmission angle is at an optimum and 

motion quality of the mechanism will be satisfactory. In addition to weight reduction, can 

improve fuel efficiency in other way.[9] 



 

145 
 

            

(a) (b) 

 

(c) 

TECHNICAL PROPERTIES 

Working voltage 12V 

Speed 40 rpm/min 

Idle current  10A 

Engine Stop Torque 5kg/cm 

Engine diameter 34mm 

Reducer diameter 37mm 

Shaft 6mm (Center Outlet D Shaft) 

Shaft length 15mm 

End-to-end dimensions 93mm 
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Weight 180 gr 

Table x: Technical properties of screen wiper 12V 50 RPM 37mm Gear Dc Motor 

Manufacturing: 

                   

         

Assembly of car design: 

The human body model is the basis of ergonomics analysis tool. In Catia V5, it  has a 

human body model to analysis simple ergonomics. The human body model can be 

associated with human body data in software, creating conditions for building 3D human 

body model. In addition, it can to positioning all kinds of shape of human body model 

according to the comfortable angle of joints.  

Cost Calculation 

Product Name Quantity Price(TL) 

Strafor 7 m^3 7.500,00   ₺ (sponsorship) 

Polyester 54 kg 2.500,00  ₺ (sponsorship) 
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Fiber glass 30 m^2 1.500,00  ₺ (sponsorship) 

Epoxy 10 kg 2.800,00  ₺ 

Carbon fiber 30 m^2 10.000,00 ₺ (sponsorship) 

Steel putty 27 kg 700,00 ₺ 

Grouting  3 kg 30,00 ₺ 

Concrete lining 3 cans 240,00 ₺ 

Mould release-agent 6 kg 500,00 ₺ 

Aluminum rod (barrel) 200 15.500,00 ₺ (sponsorship) 

Steel  rod (barrel) 20 700,00 ₺ (sponsorship) 

CNC Operation 120 hours 10.000,00 ₺ (sponsorship) 

Strafor foam CNC operations 30 hours 2.250,00 ₺ (sponsorship) 

Brake system 1 piece 3.700,00 ₺ (sponsorship) 

Alumınıum shape 13 metre 3.200,00 ₺ 

Velding operations 40 hours 1.500,00 ₺ (sponsorship) 

Motor Driver 4 piece  10.000,00 ₺ (sponsorship) 

Motor 2 piece  15.000,00 ₺ (sponsorship) 

Vehicle Control Unit 1 piece  5.000,00 ₺ 

Seat  2 piece 5.480,00 ₺ 

Horn 1 piece 50,00 ₺ 

Rear view mirror 2 piece 100,00 ₺ 

Aluminum bending 3 piece 3.500,00 ₺  

Telemetry Equipment 1 piece 1.500,00 ₺ 

Wiper 1 piece 100,00 ₺ 

Stop Lamp 2 100,00 ₺ 

Battery 360 piece 12.00,00 ₺  

Flasher 1 piece 100,00 ₺ 

Glass production 1 piece 300,00 ₺ 

TOTAL  115.850,00 ₺ 
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Energy Consumption Calculation  

- 4000 meters Energy consumption required to complete a straight road at 50 km/h 

𝑇𝑖𝑚𝑒 =
60
50

4

= 4,8𝑚𝑖𝑛 = 0,08 ℎ𝑜𝑢𝑟𝑠  

𝐹𝐷 =  (
1

2
) ∗ 𝜌 ∗ 𝑉2 ∗ 𝐴 ∗ 𝐶𝐷               

𝐹𝐷 = ½ ∗ 1,225 ∗  (13,88)2 ∗ 0,9 ∗ 0,20 = 21,3 Newton (Wind Friction) 

𝐹𝑅 =  μrN                                                                       

𝐹𝑅 = 0,015 ∗ 200 ∗ 9,81 = 29,43 Newton (Rolling Friction)  

𝐹𝐺 =   𝑚 ∗ 𝑔 ∗ sin(𝑎)                                                                                                                         

(3) 

𝐹𝐺 = 200 ∗ 9,81 ∗ sin(2,7) = 92,42 Newton(Gravity Friction)  

FA = m * a 

FA = 200* 0,7 = 140 Newton (Force required to reach 50 km/h in 20 seconds)  

𝜏𝑚𝑜𝑡𝑜𝑟 = (𝐹𝐷 + 𝐹𝑅) ∗
𝑊ℎ𝑒𝑒𝑙𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
             

= (21,3 + 29,43) ∗ 0,28 = 14,2 Nm ≜ 14 Nm 

14 Nm torque value and 473 RPM (50 km/h) is an motor with ; 

 𝑇𝑜𝑟𝑞𝑢𝑒  =
𝑃𝑜𝑤𝑒𝑟

2∗𝜋∗(
𝑅𝑃𝑀

60
)
                                                  

14 𝑁𝑚 =
𝑊

2∗3,14(
473

60
)
   

𝑊 =  693,1
𝑊𝑎𝑡𝑡

ℎ𝑜𝑢𝑟𝑠
 

Straight Road Energy consumption = 693,1 𝑊 ∗ 0,08 ℎ𝑜𝑢𝑟𝑠 =  55,44 𝑊ℎ  

- Motor power required to reach 50 km/h on a 6% slope 

𝜏𝑚𝑜𝑡𝑜𝑟 = (𝐹𝐷 + 𝐹𝑅 + 𝐹𝐺 + 𝐹𝐴) ∗
𝑊ℎ𝑒𝑒𝑙𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
             

=  (21,3 + 29,43 + 92,42 + 280) ∗ 0,28 =  79,282 𝑁𝑚 ≜ 80 𝑁𝑚 



 

149 
 

In the case of acceleration, the highest engine power will be required at the fastest 

moment. 

𝑇𝑜𝑟𝑞𝑢𝑒  =
𝑃𝑜𝑤𝑒𝑟

2∗𝜋∗(
𝑅𝑃𝑀

60
)
                                                  

80 𝑁𝑚 =
𝑊

2∗3,14(
473

60
)
   

𝑊 =  3960,58
𝑊𝑎𝑡𝑡

ℎ𝑜𝑢𝑟𝑠
  

𝐴𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 (%90 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦) =  3960 ∗
100

90
=  4400 𝑊𝑎𝑡𝑡 𝑀𝑜𝑡𝑜𝑟 𝑝𝑜𝑤𝑒𝑟  

- What is the maximum speed of km/h that can be reached on a 6% slope with a 

1,5kW motor? 

𝜏𝑚𝑜𝑡𝑜𝑟 = (𝐹𝐷 + 𝐹𝑅 +  𝐹𝐺) ∗
𝑊ℎ𝑒𝑒𝑙𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
      

     = (21,3 + 29,43 + 92,42) ∗ 0,28 =  40,08 Nm ≜  40 Nm 

𝑇𝑜𝑟𝑞𝑢𝑒  =
𝑃𝑜𝑤𝑒𝑟

2∗𝜋∗(
𝑅𝑃𝑀

60
)
        

40 𝑁𝑚 =
1500

2∗3,14(
𝑅𝑃𝑀

60
)

=  358,28 RPM   

358,28∗0,28∗2∗3,14∗60

1000
= 37,8𝐾𝑚/ℎ Maximum Speed that can reach. 
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14. Vehicle Electric Schema (Mandatory) 

 

Appendices:  

Technical design files link: https://sendgb.com/qzk06DWBKw2 

 

 

 

https://sendgb.com/qzk06DWBKw2

