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1. Vehicle Specifications Table (Mandatory) 

Feature Unit Value 

Length mm 2865 

Width mm 1258 

Height Mm 1100 

Chassis Material Carbon Fiber Sandwich 
Panel 

Shell Material Fiber Glass 

Brake system Hydraulic disc, front, rear, hand 
brake 

Hydraulic disc, front 

Motor Type  BLDC HUB 

Motor driver Self-design, ready-made 
product 

 Self-design 

Motor power kW 2 

Motor efficiency % 90.6 

Engine weight kg 12.6 

Battery type Li-ion 

Battery Pack 
nominal voltage 

V 51.8 

Battery pack 
capacity  

Ah 80 

Battery pack 
maximum voltage 

V 58.8 

Battery pack energy Wh 4144 

Fuel cell power kW 1 

Number of hydrogen 
cylinders 

# 2 

Hydrogen cylinder 
pressure 

bar 15 

Super capacitor Yes/No Yes 

You must fill in the 
fields related to your 
category 

  

 

  



 
 

2. Vehicle Dynamic Testing (Mandatory) 

When dynamic testing we couldn’t find “Bilim ve Teknik” magazine in inner circle but 

we found “Bilim Çocuk” magazine and we showed it. 

https://youtu.be/csVW0ID277A  

 

 

3. Domestic Sub-Components 

1. Motor  Mandatory for 

Electromobile/Hydromobile 

☒ 

2. Motor driver Mandatory for 

Electromobile/Hydromobile 

☒ 

3. Battery Management System 

(BMS) 

Mandatory for 

Electromobile/Hydromobile 

☒ 

4. Embedded Recharging Unit Mandatory for 

Electromobile 

☒ 

5. Energy Management System 

(EMS)* 

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 System* Optional ☐ 

11. Insulation Monitoring Device Optional ☐ 

12. Steering System Optional ☐ 

13. Door Mechanism Optional ☐ 

* Hydromobile category only 

  

https://youtu.be/csVW0ID277A


 
 

4. Motor (If designed by team, details mandatory; if ready-made product, 

please explain briefly) 

Because of the mechanical works and the planning made, the mechanical weight 

of the vehicle is calculated as 120 Kg excluding the driver. Considering the work 

done on the track, driver weight and losses such as motor drive, iron and copper 

losses, the required motor power was calculated as approximately 1.5 kW on a 

straight level and 2 kW on a slope of 8.15%.  

It was deemed appropriate to operate the motor at the nominal 48V voltage level in 

accordance with the vehicle fuel cell and battery. We set the pole count to 40 and 36 

slots.  

To make the engine more rigid and more precise, the 7005 series shoulder bearing 

(Angular contact) is preferred, which is resistant to radial and axial loads.  

Because of these operations, we decided to use 102 units according to the 

calculations made based on the efficiency and race-based factors such as speed, 

running time, nominal voltage and insulation class. Taking into consideration the 

winding and the spirals, we have reached the desired Tesla value because of the 

operations performed to calculate the current per pole. We have placed 3 Hall Effect 

sensors with 120 degrees difference on the motors and we used the Honeywell 

OH41A Bipolar Hall-effect Digital Position Sensors with Built-in Pull-up Resistor 

model. Hall effect sensors manufactured by Honeywell and part number OH41A's 

data sheet given in INDEX part of report. 

 

a. Design Calculations 
 

In design process, the independent or "input" variables are dimensions, winding 

turns and properties of magnet material whereas the dependent variables (output 

variables) are performance figures such as torque, current, efficiency and 

temperature rise. Our values for dimensions calculated for the perfect fit to special 

designed rims. Winding turns calculated for maximum area efficiency and the 

magnets had chosen by “what we could afford with high quality”. The output 

variables, torque is planned to how much turning power we need to move a 160kg of 

mass from 0 to 60 kilometers per hour and we added nearly %70 tolerance for 

unexpected situations such as weather conditions or asphalt friction coefficient.  

Our aim for efficiency is %90 (without controllers) and we choose our pole-winding 

ratio by that. Considering that we are racing with a low weight car at the end of 

summer at Intercity Istanbul Park, the nominal operating temperature is chosen as 75 

°C.  

Motor has designed based on the Figure 2 which can found in ieeexplore.ieee.org  



 
 

  

Figure 4.1.1. Design Steps  

   

I. Torque Expression of BLDC motor  

Force on a current carrying conductor magnetic field is given by, F=lLxB in a where, 

L is length of the conductor, B is magnetic flux density, and I is current through the 

conductor. The magnitude of the force is F=BILsinB where Bis the angle between L 

and B.  

The force on one conductor in the BLDC motor is given by, 𝐹𝑔 = 𝐵𝑔𝐼𝑐𝐿 ,   

Torque on a conductor is given by, 𝑇𝑐 = 𝐵𝑔𝐼𝑐𝐿𝑅𝑠𝑖         

A tum consists of 2 conductors, one above north pole and another above south. 

Therefore, torque on one turn is 𝑇𝑡 = 2𝐵𝑔𝐼𝑐𝐿𝑅𝑠𝑖  

Torque on a coil with turns 𝑛𝑠 is given by 𝑇𝑐𝑜𝑖𝑙 = 2𝐵𝑔𝐼𝑐𝑛𝑠𝐿𝑅𝑠𝑖  

Each pole pair must have all 3 phase coils. Therefore, total number of coils per phase 

is equal to no. of pole pairs. A full pitch winding (SPP=I) is used to get square MMF 

wave.  

:. Torque per phase is given by, 𝑇𝑝ℎ𝑎𝑠𝑒 = 2𝑝𝐵𝑔𝐼𝑐𝑛𝑠𝐿𝑅𝑠𝑖  

The 3-phase inverter is operated in 1200 conduction mode i.e. two-phase carry 

current at any given time. Thus, the total torque developed by the motor will be 𝑇 = 

2𝑥2𝑝𝐵𝑔𝐼𝑐𝑛𝑠𝐿𝑅𝑠𝑖  

 



 
 

II.  Back EMF Expression of BLDC motor  

In the same manner the back emf can be calculated as torque expression of the 

motor:  

Emf in one conductor, 𝐸𝑐 = 𝐵𝑔𝐿𝑣  

Emf in one conductor, 𝐸𝑐 = 𝐵𝑔𝐿𝑤𝑚𝑅𝑠𝑖  

Emf in one turn, 𝐸1 = 2𝐵𝑔𝐿𝑤𝑚𝑅𝑠𝑖  

Emf in one coil,  𝐸𝑐𝑜𝑖𝑙 = 2𝐵𝑔𝐿𝑛𝑠𝑤𝑚𝑅𝑠𝑖  

Emf in one phase, 𝐸𝑝ℎ𝑎𝑠𝑒 = 𝑃𝐵𝑔𝐿𝑛𝑠𝑤𝑚𝑅𝑠𝑖   

Back emf of the motor, 𝐸𝑏 = 2𝑃𝐵𝑔𝐿𝑛𝑠𝑤𝑚𝑅𝑠𝑖  

Eb is the back emf seen by the DC voltage source.  

  

III.  Stator Winding Design  

The conductor wire gauge will be decided by the maximum current density.   

 

 𝐼𝑐 𝐴𝑐 

 𝐴𝑐 =  , 𝐷𝑐 = 2√   

 𝐽 π 

Now using standard wire gauge (SWG) table select a gauge with next higher 

diameter (𝐷𝑐 *) than what has obtained.  𝐴𝑐  ,         ∴ 𝐴𝑐𝑢 = 𝑛𝑠𝑥𝐴𝑐𝑢 = 𝑛𝑠𝑥𝐴𝑐 ∗  

Acu is area of copper in a slot. Now approximate overhang length is calculated. It is 

assumed that winding  

1 1 
overhang is equal to coil pitch. 𝑇𝑐 = 2π(𝑅𝑠𝑖 + 2 𝑑𝑠) 𝑃    𝑙1 = 
2𝐿+ 2𝑇𝑐  

IV. Stator Slot Design  

It is considered that uniform tooth and approximate the slot area as a trapezoid. The 

slot area can be  

   𝐴𝑐𝑢 

calculated as follows 𝐴𝑠 = 𝐾𝑓𝑖𝑙𝑙  

The slot fill factor takes care of insulation in the slot as well as all the approximations 

that are made while choosing slot area as trapezoid. Using this area, the various 

dimensions can be calculated as  

 

2π𝑅𝑠𝑖 

follows: 𝑅𝑟𝑜 = 𝑅𝑠𝑖 − 𝑔; 𝑁𝑠 = 𝑃𝑥𝑁𝑝ℎ        𝑇𝑠 = 𝑁𝑠 ; 
𝑠𝑙𝑜𝑡 𝑝𝑖𝑡𝑐ℎ  



 
 

Tooth must carry all the flux in the slot pitch, ∅𝑡𝑠 = ∅ => 𝑇𝑠𝐿𝐵𝑔 = 𝑤𝑡𝐿𝐵𝑚𝑎𝑥  

𝐵𝑔 

∴ 𝑤𝑡 =  𝑇𝑠; 𝑤𝑠𝑏 = 𝑇𝑠 − 𝑤𝑡  

𝐵𝑚𝑎𝑥 

The area of the trapezoid is the slot area 𝐴𝑠 = 21  (𝑤𝑠𝑡 + 𝑤𝑠𝑏)𝑥𝑑𝑠        𝑤𝑠𝑡 
= 2

π(𝑅𝑁𝑠𝑖𝑠+𝑑𝑠) − 𝑤𝑡  

Substitute Wst in As and solve the quadratic equation obtained to get "ds "and "Wst “. 

The maximum flux that the stator back iron must carry is half the pole flux.  

1 2π𝑅𝑠𝑖 𝐵𝑔 π𝑅𝑠𝑖 

2  𝑃 𝐿𝐵𝑔 = 𝑊𝑏𝑖𝐿𝐵𝑚𝑎𝑥 => 𝑤𝑏𝑖 = 𝐵 𝑚𝑎𝑥 𝑃  

Actually, pole flux density profile is trapezoidal in nature. Here it is assumed to be 

same all along the pole pitch.  𝑅𝑠𝑜 = 𝑅𝑠𝑖 + 𝑑𝑠 + 𝑤𝑏𝑖  

This fixes all the dimensions of the machine. Now the weight of the motor is 

calculated.   

  

Rotor:    

𝑉𝑟𝑜𝑡𝑜𝑟 = π𝑅𝑟𝑜2 𝐿  

𝑤𝑟𝑜𝑡𝑜𝑟 = 𝐷𝑠𝑡𝑒𝑒𝑙𝑥𝑉𝑟𝑜𝑡𝑜𝑟  

This includes shaft and PM weight approximately  

Stator:  

𝑉𝑠𝑡𝑎𝑡𝑜𝑟 = π(𝑅𝑠𝑜2 − 𝑅𝑠𝑖2 )𝐿 − 𝑁𝑠𝑥𝐴𝑠𝐿  

𝑤𝑠𝑡𝑒𝑒𝑙=𝐷𝑠𝑡𝑒𝑒𝑙𝑥V

𝑠𝑡𝑎𝑡𝑜 

Windings:  

𝑉𝑐𝑢 = 𝑁𝑝ℎ𝑝𝑛𝑠𝑙𝑡𝐴𝑐  

𝑤𝑐𝑢 = 𝐷𝑐𝑢𝑥𝑉𝑟𝑜𝑡𝑜𝑟  

  

Overall weight:  

𝑤𝑚𝑜𝑡𝑜𝑟 = 𝑤𝑟𝑜𝑡𝑜𝑟 + 𝑤𝑠𝑡𝑎𝑡𝑜𝑟 + 𝑤𝑐𝑢  

This is an approximate value and weight of the frame is not considered  

 

 

 



 
 

V. Calculation of losses  

Copper losses:  

𝑙𝑡 

𝑅𝑡 = 𝑃𝑐𝑢 𝐴 ∗𝑐 ; 𝑅𝑝ℎ = 𝑝𝑛𝑠𝑅𝑡  

Core loss:   

As compared to copper losses, core losses are very difficult to calculate as they 

consist of hysteresis and eddy current losses which vary nonlinearly with frequency 

and magnetic flux density. Core losses occur only in stator. 𝑃𝑙𝑜𝑠𝑠_𝑐𝑜𝑟𝑒 = 

𝑐𝑜𝑟𝑒𝑙𝑜𝑠𝑠/𝑘𝑔(ƒ𝑒,𝐵𝑚𝑎𝑥)𝑥𝑤𝑠𝑡𝑎𝑡𝑜𝑟 

  

VI. Completed design  

  

Figure 4.1.2. Motor Schematic                     Figure 4.1.3. Magnets Placement 

  



 
 

  

Figure 4.1.4 Electrical Design  

  

   
Figure 4.1.5. Solid Body of BLDC Motor                   Figure 4.1.6 Stator of Motor 



 
 

 
Figure 4.1.7. Winding Schema. 

 

b. Magnetic Analysis Studies 
 

Magnetic materials play a vital role in electrical machines since these materials 
create magnetic circuit.  

A good magnetic material should possess the following qualities; 

a) High magnetic permeability so that for required flux density it draws minimum 

numbers of amper turns. 

b) High electrical resistivity to reduce the eddy current losses. 

c) Hysteresis loop should be narrow to reduce hysteresis loss. 

There is a total of 120 spirits in our motor, with 60 being the number of spirits per 
phase. The number of stator grooves is 36 and the filling ratio of the grooves is 50%. 
The winding factor is taken as 0.945. The code the production of the stator is m330-
50A and the Resistivity value is 59μΩ/cm. The reason for choosing this material is 
that it has a power loss of 2.35 W under 1.8 Tesla. The thickness of the material is 
0.50mm. 



 
 

Table 1. M330-50A International Standards Table 

 

The magnet used in the motor is the N40UH model in the class of Sintered 

Neodymium-Iron-Boron 

            

Figure 4.2. 

Seen on the figure 4.2 designed machine’s flux density. 

 



 
 

c. Mechanical Analysis Studies 
 

Motor mechanical design is, Designed with 304 quality steel shaft and 7075 series 

aluminium body. As a result of the analysis and calculations, motor loaded with sudden 

torque loading of 100Nm (Figure 4.3.1). Also loaded with 1kN force to where is 

connection between main shaft and motor. (Figure 4.3.2) 

 

 
Figure 4.3.1  



 
 

 
Figure 4.3.2 

 

d. Thermal Analysis Studies 
 

The thermal behaviour will decide which cooling method the engine will be 

cooled by. For this, the engine has been tested for 15 minutes at 50% torque and 50-

100% speed conditions, according to the driving cycle given in the virtual 

environment. According to this, when the temperatures formed in the windings are 

examined, a heating of approximately 58°C was observed. This shows that it will be 

sufficient to cool the engine with the natural convection method. 



 
 

 
Figure 4.4.1 

 

 
Figure 4.4.2 

 



 
 

 
Figure 4.4.3 Thermal analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

e. Production studies 
 
A few production photographs are given below.  

 

 

Figure 4.5.1 



 
 

 

Figure 4.5.2 

 



 
 

 

Figure 4.5.3 



 
 

 

Figure 4.5.4 

 



 
 

 

 

Figure 4.5.5 

 



 
 

 

Figure 4.5.6 



 
 

 

 

Figure 4.5.7 

 



 
 

 

Figure 4.5.8 

 



 
 

 

Figure 4.5.9 

 



 
 

 

Figure 4.5.10 

 

 

 



 
 

4.6 Motor Efficiency 

 

Mathematically efficiency is power inelectrical, so the efficiency is %90. 

As steps of get optimal design, we follow:  

a) Input parameters like KW, Voltage, PF, Frequency and any other parameters 

to be kept constant.  

b) Operating range (Minimum and maximum Values) of various input design 

parameters to be selected (Like flux densities, current densities etc.)  

c) Maximum and minimum values of certain output parameters to be 

incorporated (like number of starter slot, %Regulation etc.)  

d) A well proven computer program is run to print out various possible alternative 

designs.  

e) Optimization criteria to be identified (like lower cast, lower weight, lower 

kg/KVA)  

f) Optimal design is selected to suit the optimization.  

The dominant losses in induction machines are the copper losses. Due to the 

lower magnetization current in the range of field weakening, the copper losses 

are reduced and accordingly the induction machines provide a wide speed range 

in combination with a comparatively good efficiency at high speed.  

  

Figure 4.6.1. %Efficiency-Rpm  



 
 

  

Figure 4.6.2. Output Power(W)-Rpm  

  

  

Figure 4.6.3. Output Torque (N.M) – Rpm  

 

  Previous Design Current Design 

Motor Type : BLDC BLDC 

Motor Phase Voltage : 48V 48V 

Motor Power : 1 kW 2 kW 

Motor RPM : 800 700 

Motor Dimensions :   

Motor Weight : 10 kg 12.6 

Motor Efficiency : % 90.4 % 90.6 

Motor Main Dimensions :   

Dimension of Stator : 194 mm 194 mm 

Dimension of Rotor : 273 mm 273 mm 



 
 

Winding Schema :   

Optimization Motor  :   

Magnetic Design and 
Analyse Model 

: 

Permanent Magnet 
(N40UH Type 

Neodymium Magnets 
with Nickel Plated) 

Permanent Magnet 
(N40UH Type 

Neodymium Magnets 
with Nickel Plated) 

Thermal Design and Analyse 
Model 

: 180 °C 180 °C 

Mechanic Design and 
Analyse Model 

:   

Motor Test Method and 
Results 

:   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

5. Motor Driver (If designed by team, details mandatory; if ready-made 

product, please explain briefly)  

a) Circuit Design 

The motor driver circuit consists of two different parts, the controller circuit and the 

inverter circuit. 

The design steps of the motor driver circuit started with theoretical research. After 

the decision was made to be a three-phase BLDC motor with sufficient power for the 

vehicle, information was collected on what to do and how to do a motor drive that 

could provide the desired values for theoretical research. It was decided to use pulse 

width modulation controlled six-step trapezoidal commutation technique according to 

acquired information. 

After the necessary theoretical research, the topology and control method to be 

used were determined. Topology to be used for three-phase BLDC motor drive 

system is defined as half bridge topology. In general construction, motor drive system 

controlling with microprocessor-controlled hall feedback three half-bridges. Then, the 

components on the circuit were selected in accordance with the battery and motor 

data to be the most efficient.  

Component selection was followed by steps such as schematic and PCB design. 

In the PCB design, attention was paid to the PCB drawing rules, the placement of the 

paths and especially the positioning of the sensitive elements. In addition, a software 

algorithm has been developed using Hall sensor data in accordance with a six-step 

trapezoidal. On the software to provide the desired torque and for may occur issues 

system protection codes are preparing. 

After the two-layer PCB production stage, the soldering process was started. After 

soldering the circuit elements, necessary tests and trials were carried out on the 

circuit. 

• Inverter Circuit 

The inverter circuit is designed to be suitable for the 48V 2kW BLDC HUB motor 

on the vehicle. The supply voltage range of the circuit varies between 3.3V and 

58.8V. The dimensions of the inverter circuit are 125 mm width and 160 mm length.  

In the power plane design, a Pi filter is used for the currents that can be taken 

instantaneously from the mains supply and in response to possible voltage spikes. 

To prevent reverse polarity, 100V 120A P channel MOSFETs with manufacturer ID 

SUM70101EL-GE3CT-ND and Zener diode with manufacturer ID DFLZ10DICT-ND 

are used. ACS758ECB-200U-PFF-T current sensor of 200A was used to measure 

the current flowing through the circuit.  



 
 

 
Figure 5.1. Schematic design of 48V input part 

 

After filtering, power is divided into three branches in parallel first motor main supply, 

secondly for invertor system and thirdly for signal voltage supply. A regulator with 

manufacturer ID TPS54560QDDAQ1 is used for VDD supply. 12V non-isolated source 

from this regulator, suppling to the gate drivers and cooling fans. The output of 

regulator on the circuit is protected by a fuse protection. 

 
Figure 5.2. TPS54560BQDDAQ1 4.5V-60V input - 12V non-isolated output 

 

The control and logic level of the system is isolated from the battery. 

SHHD001A3B41Z manufacturer ID regulator was used to obtain isolated VDD. And 

12V isolated source is regulated 3.3V with TL1963A-33KTTR manufacturer ID 

regulator for VCC. This regulator supplying; the processor and the input reference 

voltage of the gate drivers. The design image is shown in the Figure 5.3. 



 
 

 
Figure 5.3. 18V-72V input - 12V isolated output and 12V isolated input - 3.3V 

isolated output 

 

Topology to be used for three-phase BLDC motor drive system is defined as half 

bridge topology. In general construction, motor drive system controlling with 

microprocessor-controlled hall feedback three half-bridges. The half-bridge structure 

is shown in figure 5.6. MOSFET with supplier ID CSD19535KTT was used as the 

switching element in the motor control circuit. MOSFET has 100V and 200A.  

Isolated Dual Channel Gate Driver with UCC21521 ID number will be used to drive 

this MOSFET. Bootstrap technique that drives a gate drive. The gate driver has 12V 

supply voltage, 11.95V output voltage. Input current is 2.5 mA and output current are 

4A (nominal). The dead time of the gate driver is 8ns. 

 
Figure 5.4. UCC21521 functional block diagram 

 

     A RC low pass filter is placed in front of the channel inputs of the gate driver. 

Enable pins are controlled by the processor. Figure 5.4 shows the internal structure 

of the gate driver between the input and the output common ground isolation is 

provided with this Reinforced Isolation Technique. The Reinforced isolation’s lifetime 

is in the datasheet of the gate driver. 



 
 

 

Figure 5.5. Typical behaviour of the gate driver 

 

As can be seen in Figure 5.5, the output signal is shown due to the dead time 

effect of the input signal. Adjustable hardware prevents the overlap of the high side 

and low side semiconductor due to the dead time function. 

In the schematic design of the gate driver, the capacitors and resistors 

recommended to be used in the datasheet were used. The formulas in the datasheet 

of UCC21521 were used to calculate the capacitance and resistance values. 

As the bootstrap capacity, a capacity of 0.1 𝜇F with the manufacturer ID 

C1206X104K3GECAUTO was used. The following 5.a. and 5.b. formulas are used to 

calculate the capacity value. 

𝑄𝑇𝑂𝑇𝐴𝐿 =  𝑄𝐺 +  
𝐼𝑉𝐷𝐷 @ 100𝐾𝐻𝑧(𝑁𝑜 𝐿𝑜𝑎𝑑)

𝑓𝑆𝑊
 (5.a.) 

(• QG: Gate charge of the power transistor.  

• IVDD: The channel self-current consumption with no load at 100kHz) 

𝐶𝐵𝑂𝑂𝑇 =  
𝑄𝑇𝑂𝑇𝐴𝐿

∆𝑉𝑉𝐷𝐷𝐴
 (5.b.) 

(• ΔVVDDA is the voltage ripple at VDDA)  

Gate resistors are used to reduce interference, limit reverse currents in high V/I 

switching, and optimize switching losses. The value of the resistor is calculated by 

the 5.c. formula below. 

𝑅𝐺𝐴𝑇𝐸 =  
𝑉𝐷𝑅𝑉 −  𝑉𝐺𝑆,𝑀𝑖𝑙𝑙𝑒𝑟

𝑑𝑣
𝑑𝑡𝑂𝑁

 . 𝐶𝐺𝐷

− (𝑅𝐻𝐼 + 𝑅𝐺,𝐼) 
(5.c.) 

In addition to this resistance, SK10AFL-TP manufacturer ID Schottky diode was 

used to discharge the MOSFET faster.  



 
 

A gate-source resistance was used to is provided to prevent accidental turn-on 

due to noise or other factors or gate-to-drain internal capacitance (Miller 

capacitance). Additionally, TVS diode was used for protection from positive spikes.  

A RDC snubber circuit is used in parallel with MOSFETs for reasons such as 

reducing or eliminating voltage and/or current spikes, reducing total switching losses, 

or limiting dl/dt or dV/dt. 

 
Figure 5.6. Schematic design of the phases 

 

In addition to these, there are fan connection part, processor connection part and 

temperature and led connection part for error feedback. Optionally, a fan-driven 

structure has been prepared in the circuit. Using the SI8261AAC-C-IS gate drive, the 

fan is driven with a MOSFET, without spoiling the insulation.  



 
 

 
5.7. Schematic design of the fan connection part 

 

As it appears in Figure 5.8. there are 3 independent LEDs that can detect some 

error conditions on the system and give information to the user.  

 
5.8. Schematic design of the led connection part 



 
 

 
5.9. Schematic design of the processor connection part 

 

 The supply voltage range of the circuit varies between 3.3V and 58.8V. The 

dimensions of the inverter circuit were planned as 125 mm width and 160 mm length. 

The output voltage value of the circuit is calculated as 48V, the current value as 50A 

and the power as 2.4kW. 

 

• Controller Part 

The controller circuit will be 90 mm wide and 155 mm long. The inverter circuit is 

connected to the processor circuit with the help of a 20 pin IDC connector. The 

processor board is fixed on the circuit with the help of headers. Reset button, 

potentiometer connection and forward/reverse switch connections are located on the 

circuit. 

STM32 Nucleo F429ZI processor board will be used for control in the motor 

controller circuit. This processor was chosen for its advantages such as high data 

transfer speed, processing power, wide PWM signal and frequency range. Figure 

5.10 shows the processor schematic connections on the circuit. 



 
 

 
Figure 5.10. Processor’s schematic connections 

 

A 5V linear voltage regulator with manufacturer ID TL750M05CKVURG3 is used to 

power the hall sensors. The recommended capacities in the datasheet of the 

component are used. 

 
Figure 5.11. Voltage regulator’s schematic design 

 

To protect our circuit, there is a fuse, current sensor, temperature sensor and a fan 

connected to the temperature sensor. Their control is provided by reading current and 

temperature on the software.  

 



 
 

 
Figure 5.12. Temperature sensors’ connections and current sensor’s feedback link 

 

b) Control Algorithm 

 

Scheme 5.1. Algorithm operation 

 

The control algorithm of the motor driver circuit starts with the assignment of the 

variable and fixed parameters defined in the code, as seen in the flow chart. After the 

assignment process, a system check is made to find the error and then the start 

signal is expected. The circuit is not driven unless the signal value is changed. When 

the user adjusts the potentiometer, the PI algorithm is switched. As a result of the PI 

calculation, a signal is produced at the desired values. From the moment the system 



 
 

starts up, it checks for error during each cycle, turning on cooling fans or shutting 

down the system in undesirable dangerous situations. 

Possible error conditions are listed as follows: 

1. Continuous current is greater than 70A 

2. If the system tries to change direction while moving in one direction 

4. If the current is above 95A for 1 seconds 

5. If the temperature is above 85 ℃ degrees 

6. Initially the reference potentiometer is above 10 percent 

For the software algorithm seen in figure 5.12. to use six step inverter algorithms 

for trapezoidal signal output Hall sensor data were also used for the detection of the 

rotor position. C language and Mbed library were preferred for the software. 

 

Figure 5.12. Six step commutation table 

c) Simulation Studies 

The theoretical simulation of the three-phase half bridge system in the PSIM 

program was made using six-step commutation. The simulation and the resulting 

graphics are used for comparison in tests on the printed circuit.  



 
 

 
Figure 5.13. Three phase half bridge and six step commutation simulation model 

 

 

Figure 5.14. Phase to phase volt measurement trapezoidal signal 

 

 

Figure 5.15. The voltage and trapezoidal signal on the equivalent inductance of the 

motor 

 



 
 

d) Printed Circuit Studies 

Altium is used in schematic and PCB design. The motor driver circuit is designed 

as a 2-layer FR4 PCB. A total of five screws with manufacturer ID 7461147 were 

used, three parts for phase connections and two parts for battery connections. 

There is a 20-pin locked box header connector on the inverter circuit and controller 

circuit to be connected to each other. Connection is provided with a 20-pin flat cable. 

In addition, there are 2,3 and 4 PCB-connectors for potentiometer, forward/reverse 

switch and hall sensors connection on the controller circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

• Invertor Part Design 

 
5.16. PCB design of inverter circuit on Altium 

 

 
5.17. 3D view of inverter circuit on Altium 

 

 



 
 

• Controller Part Design 

 
5.18. PCB Design of processer circuit on Altium 

 
5.19. 3D view of processer on Altium 

 

 

 

 



 
 

e) Production Studies 

Below are a few photos from the soldering stage. 

 

Figure 5.20. Soldering of invertor circuit’s bottom side 



 
 

 

Figure 5.21. Soldering of invertor circuit 

 



 
 

 

Figure 5.22. Soldering of controller circuit 

 

f) Motor Driver Efficiency 

Tests were made on the motor driver circuit by measuring the input and output 

voltages when the motor was under load, and the efficiency was calculated using the 

appropriate formulas with the data obtained. 

Below are a few photos from the testing and measuring process. 



 
 

 
Figure 5.23. Whole system efficiency test stage 

 

 
Figure 5.24. Whole system efficiency test stage 



 
 

 
Figure 5.25. Whole system efficiency test stage 

 

When measuring input power, input current and input voltage are measured and 

power is calculated using equation 5.d. 

 

𝑃 = 𝐼. 𝑉 (5.d) 

In the measurements taken, the input voltage was observed as 51.6 Volt 

input current as 6.4 amperes. Calculated using the equation in 4.1: 

𝑃 = 𝐼. 𝑉 

𝑃 = 51,6 𝑥 6,4 = 330,24 𝑤𝑎𝑡𝑡 

 

input power is found to be 330.24W. 

In the calculation of drive output power, two wattmeter method is applied 

from power measurements in three phase systems. 

 

 



 
 

 

Figure 5.26. Two wattmeter method 

Power equality in this method is the sum of the value shown by the two watt 

meters as shown in Formula 5.e 

𝑊𝑇𝑂𝑇𝐴𝐿 =  𝑊1 +  𝑊2 (5.e) 

 

W1 161.3 watt and W2 163.4 watt indicate the measurements taken. Watt meters 

were constructed using a voltmeter and an amperemeter. When these two values are 

added: 

𝑊𝑇𝑂𝑇𝐴𝐿 =  𝑊1 +  𝑊2 

𝑊𝑇𝑂𝑇𝐴𝐿 = 161,3 + 163,4 = 324,7 𝑤𝑎𝑡𝑡 

 

watts are calculated as the output power. 

The output efficiency of the system was found to be 98.32% when the equation 

was calculated using 5.f. The overall efficiency of the system is calculated as 98.32% 

when the equation is calculated using 5.g. 

𝑂𝑢𝑡𝑝𝑢𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑊𝑂𝑈𝑇

𝑊𝐼𝑁
 𝑋 100% 

(5.f) 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =   (
𝐼𝑛𝑝𝑢𝑡 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑋 𝑂𝑢𝑡𝑝𝑢𝑡 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 

100
) % 

(5.g) 

 

 



 
 

g) Motor Driver Protection 

The entire system is protected by an IP-67 approved locked plastic panel. The 

dimensions of the box are 210x210x130 mm in accordance with the system and the 

fan.  The 3D view of the box is shown in figure 5.27. 

 

Figure 5.27. Motor driver circuit protection case 



 
 

 

Figure 5.28. Motor driver circuit protection case 

 

 

 

 

 

 

 

 

 



 
 

h) Billing of Materials 

 



 
 

 



 
 

 

 

i) Comparison Chart 

  Previous Design Current Design 

Switch : CSD19535KTT CSD19535KTT 

Driver IC : UCC21521DW UCC21521CDW 

Controller IC : NUCLEO-F767ZI NUCLEO-F767ZI 

Control Algorithm : 
Speed references PI 
control 

Speed references PI 
control 

Protection Circuit : 
Reverse polarity 

protection 

Reverse polarity 
protection, overheat 
protection, high current 
protection 



 
 

Electric Circuit Design : 

Three phase half 
bridge topologies based 
on driver. Galvanically 
isolated a MOSFET 
driver is used on the 
switching part. On the 
circuit 3 different 
voltage level used, 
these are nominally 48V 
battery voltage, 12V 
non-isolated voltage 
outputs for MOSFET 
driver, 5V isolated 
voltage for motor hall 
sensors, 3.3V isolated 
voltage for whole signal 
or logic loads. 

Three phase half 
bridge topologies based 
on driver. Galvanically 
isolated a MOSFET 
driver is used on the 
switching part. On the 
circuit 4 different 
voltage level used, 
these are nominally 48V 
battery voltage, 12V 
non-isolated voltage 
outputs for MOSFET 
driver, 12V isolated 
voltage for high non-
isolated to low isolated 
voltage, 5V isolated 
voltage for motor hall 
sensors, 3.3V isolated 
voltage for whole signal 
or logic loads. 

Printed Circuit Board 
Design 

: 

Power electronic 
circuits board design is 
highly important 
parameters because of 
this information high 
current carrying lines 
designed thick and 
short signal lines 
designed as much as 
possible short and 
attention was paid to 
avoid ground loops and 
attention was paid 
something like this 
power electronics board 
design rules. 

Power electronic 
circuits board design is 
highly important 
parameters because of 
this information high 
current carrying lines 
designed thick and 
short signal lines 
designed as much as 
possible short and 
attention was paid to 
avoid ground loops and 
attention was paid 
something like this 
power electronics board 
design rules 

Printed Circuit Board 
Production 

: 
3mm aluminium sheet 
metal case 

3mm aluminium sheet 
metal case 

Software Algorithm : 
Hall sensor-based 
speed references 
trapezoidal control 

Hall sensor based 
speed references 
trapezoidal control 

Simulation Studies : 
120 degrees three 
phase trapezoidal 
control  

120 degrees three 
phase trapezoidal 
control  



 
 

Experimental Studies : 
After the production, 
firstly no-load testing 
and with load testing 

After the production, 
firstly no-load testing 
and with load testing 

Dimension (PCB / Boxed 
Hardware)  

: 
152mmx95mm – 
121mmx208mm 

152mmx95mm – 
121mmx208mm 

Power / Current / Voltage  : 1 kW / 20 A / 50 V 2.4kW / 50A / 48V 

Efficiency :  %93 %93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

6. Battery Management System (BMS) (If designed by team, details 

mandatory; if ready-made product, please explain briefly) 

6.1 Circuit Design 

    The battery management system we have designed keeps the cell pack within the 

safe operating range, balances voltage imbalances in cells from 6 to 16, monitors 

and reports the status of cells. 

    BQ76PL455A-Q1 IC is used as the main core of the battery management system. 

BQ76PL455A-Q1 IC is a cell monitoring and protection device up to 16 cells used in 

automotive applications. 14-bit ADC includes 8 Aux inputs for temperature. It 

monitors and detects several different fault states, including overvoltage, 

undervoltage, over temperature, and communication failures. It communicates with 

the microprocessor via the UART (Up to 1-Mb/s Stackable Isolated) interface. The 

diagram of this integrated circuit is given in Figure 6.1. 



 
 

 
Figure 6.1: BQ76PL455A-Q1 IC Diagram 

 
    A low-pass filter was applied with capacity for each cell input. In this way, the noise 
generated at the cell input voltages is blocked. At the same time, the addition of a 
one-way ESD diode and fuse prevents overvoltage and overcurrent situations that 
may occur. Filter and protection diagrams are given in figure 6.2 and figure 6.3. 

 
Figure 6.2: Voltage input RC filters 

 



 
 

 
Figure 6.3: Voltage input protection circuit         

    Circuit noise currents that may occur in our circuit and our entering the local 

ground and in case of any failure in order to prevent damage to sensitive circuits to 

avoid high voltage multi-channel configurations and output activation function with 

the four-channel digital isolators ISO7242 we have used. Diagram of ISO7242 is 

given in figure 6.4. 

 

 
Figure 6.4: ISO7242 

 

    In the part where we balance, according to the nominal current (4900 mAh) 

provided by our cell, 4 3.3 OHM 2512 SMD (1W) resistors and N-channel SOT-23 

MOSFET are used for a cell (AO3416). Our system compares the voltage values of 

14 cells and performs passive balancing according to the cell with the smallest 

voltage value. All cells are balanced at the same time according to the smallest value 

found. In the values close to the smallest cell, the balancing is completed, and the 

balancing is completed. These situations are handled by our algorithm and by turning 

the MOSFETs on and off. The IC we use (BQ76PL455A) has 16 MOSFET driver 

outputs. The balancing circuit diagram is shown in figure 6.5.   



 
 

 
Figure 6.5: Balancing circuit for single cell 

 

    We measure the temperature of the cells with NTC. There are 8 AUX inputs for 

temperature on our integrated (BQ76PL455A). Before reaching these inputs, we 

pass it through an RC filter because the data is affected by the signals on the paths 

until it comes to the IC. We prevent noise and obtain the most efficient data. The RC 

filter circuit diagram is shown in figure 6.6. 

 
Figure 6.6:RC filter circuit for single AUX input 

 



 
 

   If the temperature of the battery increases, the fan system is controlled by a relay. 

The N-channel SOT-23 MOSFET was also used to drive the relay (AO3416). Relay 

Drivers circuit diagram is shown in figure 6.7. 

 
Figure 6.7: 12V Relay Drivers circuit 

 

 

    The processor we control our integrated is NUCLEO-L432KC microcontroller. We 

read and process the cell voltage values and temperature values to be taken from 

the integrated with the microcontroller. The NUCLEO-L432KC microcontroller is 

shown in Figure 6.8.  

, 

Figure 6.8: NUCLEO-L432KC microcontroller 

 



 
 

    The battery management system uses the CAN Communication protocol. We 

provide isolated communication through CAN transceiver (ISO1050DW), purifying it 

from noise currents. The ISO1050 Isolated CAN Transceiver is shown in figure 6.9. 

 
Figure 6.9: ISO1050 Isolated CAN-BUS Transceiver 

 

    The isolated DC-DC converter (SHHD001A3B41Z) was used for the BMS supply. 

The ACS758-050U sensor in this circuit was used to measure the battery current. 

This circuit has a relay to shut down the entire system. The circuit is shown in figure 

6.8. 

 
Figure 6.8: Current sensors and Supply circuit 

 



 
 

a. BALANCE METHOD  

     Our battery's initial cell health was almost 100%. But over time, according to the 

charge-discharge ratio, due to high temperatures and imbalances in cell voltage 

values caused by aging cells are observed. We have designed a passive balancing 

system to minimize these imbalances. Passive balancing makes each cell seem to 

have the same capacity as the weakest cell. We do passive balancing by switching 

with MOSFET using relatively low currents and using a group of discharge resistors. 

This method emits excess energy as heat. When the lowest cell level drops to 3 volts 

while the battery is discharged, the battery is disabled to provide protection. At the 

maximum cell voltage during charging (4.225 V), the balancing circuit was activated 

in the balance tests, the battery measured at the maximum voltage level (4.2 V) was 

467mA and the balance current at the minimum voltage level (3.0 V) was 250mA. 

BMS is balanced during both charge and discharge. The balancing test is shown in 

figure 6.9. 

 
Figure 6.10: The Balancing Test 

 

 



 
 

 

Figure 6.11: Cell Voltages on SSCOM platform 

   

    The cell voltages we read on the SSCOM platform and the sent balancing data 

appear. Because the first cell (the last one) has the lowest voltage value when 

looking at the cell voltages, the led that we check that the lowest balancing is 

performed in the photo that we added for the balancing test does not light up. 

Because the voltage values of other cells are higher than the first cell, the balancing 

LEDs light up and balancing is performed. 

 

 

 

 

 

 

 

 

 

 



 
 

b.  CONTROL ALGORITHM 

 

     The BMS constantly reads the values for the evaluation of battery data. Sends the 

data to the vehicle control unite. Also, BMS measures battery status and charge 

status. 

 



 
 

c. SIMULATION STUDIES FOR BALANCE CIRCUIT 

 

     Balancing simulation was performed in LTSPICE program. The minimum and 

maximum balancing currents were as indicated in the simulation. 

 

 

Figure 6.12: Balancing current simulation at maximum cell voltage 

 

 



 
 

 

 

 

Figure 6.13: Balancing current simulation at minimum cell voltage 

 

 

 

 

 

 

 

 

 



 
 

d. PRINTED CIRCUIT STUDIES 

    The battery management system is designed as a 2-layer FR4 PCB. The size of 

the PCB is 68.9mm x 147.1mm. CONN HEADER 16POS 3MM 66201621022 is used 

for battery input. For cell equalization cooling, the PCB is cooled with fan. Design of 

BMS is shown in figure 6.14. 

 
 Figure 6.14: 16 Cell Battery Management System PCB Design 

 

    The current sensor and supply circuit are designed as 2-layer FR4 PCB. The size 

of the PCB is 70mm x 130mm. The circuit diagram is shown in figure 6.15. 

 
Figure 6.15: Current Sensors and Supply Control Circuit PCB 



 
 

 
Figure 6.16: BMS PCB 3D top view  

 

e. BATTERY MANAGEMENT SYSTEM CODE ALGORITHM  

 
Figure 6.17: BQ76PL455A-Q1 Evolution Application Testing 

 

    In the cell balancing platform of our integration, the data sent for the cell to be 

balanced was analysed and adapted to the code. According to the data sent, the 

cells that will be balanced are determined and balancing is performed. 



 
 

    As a result of the connection established between the function we created in the 

code and these known cell decals, the relationship between all decals was 

determined. With this function created all cells with a high cell voltage are 

simultaneously balanced compared to the lowest cell. As balancing continues, the 

data sent according to the balanced cells changes, and the remaining ones continue 

to be balanced. In this way, balancing occurs faster. The data for the cells is given in 

the following table. 

 

Balanced 

Cells 

Data Sent for Balancing 

         Cell 1 9A ,00, 00, 14, 3F, FE, CD, 8E, 89, 00, 14, 01, 13, 1F 

         Cell 2 9A ,00, 00, 14, 3F, FD, 8D, 8F, 89, 00, 14, 01, 13, 1F 

         Cell 3 9A ,00, 00, 14, 3F, FB, 0D, 8D, 89, 00, 14, 01, 13, 1F 

         Cell 4 9A ,00, 00, 14, 3F, F7, 0D, 88, 89, 00, 14, 01, 13, 1F 

         Cell 5 9A ,00, 00, 14, 3F, EF, CD, 82, 89, 00, 14, 01, 13, 1F 

         Cell 6 9A ,00, 00, 14, 3F, DF, 0D, 96, 89, 00, 14, 01, 13, 1F 

         Cell 7 9A ,00, 00, 14, 3F, BF, 0D, BE, 89, 00, 14, 01, 13, 1F 

         Cell 8 9A ,00, 00, 14, 3F, 7F, 0D, EE, 89, 00, 14, 01, 13, 1F 

         Cell 9 9A ,00, 00, 14, 3E, FF, 0D, DE, 89, 00, 14, 01, 13, 1F 

         Cell 10 9A ,00, 00, 14, 3D, FF, 0D, 2E, 89, 00, 14, 01, 13, 1F 

         Cell 11 9A ,00, 00, 14, 3B, FF, 0E, 8E, 89, 00, 14, 01, 13, 1F 

         Cell 12 9A ,00, 00, 14, 37, FF, 0B, 8E, 89, 00, 14, 01, 13, 1F 

         Cell 13 9A ,00, 00, 14, 2F, FF, 01, 8E, 89, 00, 14, 01, 13, 1F 

         Cell 14 9A ,00, 00, 14, 1F, FF, 15, 8E, 89, 00, 14, 01, 13, 1F 

Table.6.1: The Data of Battery Cells 

 

 

 

 



 
 

The step followed in the code to find the State of Charge (SOC) of the battery is: 

1- The current measured with the current sensor is recorded. 

2- The total voltage values of the cells are calculated. 

3- With these values and the timer created for energy calculation, the consumed 

power of the battery is calculated. 

4- The total power of the battery (100%) and the power consumed are poured into a 

percentage. Thanks to this difference, we get the state of charge of the battery. 

 

Temperature Calculation 

 

 

 

Figure 6.18: Cell Temperature Calculation Algorithm 

      We measure temperatures with 8 NTC’s and RC filters. NTC calculation was 

made with the algorithm we created, and the highest temperature value was 

calculated by comparing the measured values in a cycle. 

 

 



 
 

f.  PRODUCTION STUDIES 

 

                 
 

 
 

             Figure 6.19: Photograph of Production Studies 

 

 



 
 

 Battery Management System Box Design     

    The box designed for the Battery Management System is as follows. Sections 

have been created for the temperature connector, the cell input connector and the 

NUCLEO connection. Also, our system gets hot due to passive balancing. For this, a 

fan system has been designed. 

 

Figure 6.20 Box Design 

 

 

 

 

 

 

 

 



 
 

  Previous Design Current Design 

Battery Packing Design : 

It consists of 14 series 
lithium ion cells. It has a 
capacity of 17.5 Ah. It 

produces a total of 
882Wh of power 

It consists of 14 series 
lithium ion cells. It has 
a capacity of 80 Ah. It 
produces 4.144kWh of 

power 

Output Voltage : 58.8-42.0 58.8-42.0 

Output Current : 17.5 Ah 80 Ah 

Balancing Method (active or 
passive) 

: Passive Passive 

Circuit Design Type : 
2-layer FR4 PCB 
70mm x 165mm 

2-layer FR4 PCB 
68.9mm x 147.1mm 

      SOC Estimation Algorithm : 

The consumed power is 
calculated and 

proportional to the total 
power. 

The consumed power 
is calculated and 

proportional to the total 
power. 

Control Algorithm : 
It receives the data from 

the IC and sends the 
data to the VCU 

It turns the system on 
and off according to 
the data it receives 
from the IC. It then 

transmits the data to 
the VCU. 

Domestic or Not : Domestic Domestic 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

7. Embedded Recharging Unit (If designed by team, details mandatory; if ready-

made product, please explain briefly) 

The embedded recharging unit is designed to charge battery packs over the city 

grid. The system block diagram is given in figure 7.0.1. 

 
Figure 7.0.1: ERU Block Diagram 

 

7.1. Circuit Design 

 

EMI filter structure is designed to prevent noise and oscillations from the grid. 

The filter scheme is as in Figure 7.1.1. 

 
Figure 7.1.1: EMI Filter 



 
 

2 of 1mH Common Mode Choke coils were used. Emi filters have 10Ω ntc to 

limit the inrush current. System input is protected with 8A fuse. In addition, the design 

for the oscillations in the grid is optimized with a varistor. 

Boost pfc is designed to prevent the system from being affected by 

fluctuations in input voltage, to regulate the power factor and to provide 350V DC 

voltage, which is the input voltage of the Full bridge converter. System schematic 

design is given in Figure 7.1.2. 

 
Figure 7.1.2: EMI Filter & Pfc State 

 

System control is related to UCC2818AQDRQ1. UCC2818AQDRQ1 has 

power limit and this limit is limited to 833.33W power input considering system 

efficiency. System switching frequency is 100khz. 

The system is designed using IPP60R190P6XKSA1 mosfet, 1140-471K-RC 

470uH inductor, ESMQ401VSN821MA45S capacitor, C3D04060A and S3J diodes. 

High frequency isolation transformer is designed for full bridge converter. 

Transformer information is given in the table 7.1. 

 

 

Primary current(RMS) 3,94A 



 
 

Secondary current(RMS) 8,99A 

Lm(magnetization inductance) 9,46mH 

Np(number of primary windings) 36 

Ns(Number of secondary windings) 9 

Fs(switching frequency) 30KHz 

Jp(primary current density) 2,63A/mm2 

Js(secondary current density) 3A/mm2 

Table 7.1 

Two E type Ferrite E55 / 28/25 N87 type cores were wound with sandwich 

winding technique using 0.8mm diameter wire to reduce leakage inductance. The 

power transfer capacity of the core at 30 kHz is given in figure 7.1.3. 

 

Figure 7.1.3: Magnetic Design Tool Power Transfer 

Magnetic Design Tool shows that the system can carry power up to 1,860.4W 

with E type core. The core selected for the 750W converter is suitable. 

 

 

 

 

 

 

 

 



 
 

PSFB schematic design is given in figure 7.1.4 

 

 

Figure 7.1.4: Phase Shifted Full Bridge Converter And Synchronous Rectifiers. 

 

The system is controlled by UCC28951QPWRQ1. UCC28951QPWRQ1 allows to 

measure input current with PWM outputs for Synchronous Rectifiers, adaptive delay 

set, DCM mode and input power limit for system security and current transformer in 

order not to disturb system isolation. UCC28951QPWRQ1 is operated in voltage 

tracer control mode. However, it is optimized for CCM and VCM charge cycles. 

System output current is read by hall effect current sensor. The schematic design of 

the controller is given in figure 7.1.5. 



 
 

 
Figure 7.1.5: Phase Shifted Full-Bridge Controller 

 

TLC272CDR (U5) comparator opamp circuit, continuous reference voltage supplied 

from the processor and feedback signals by comparing control integrated VCM and 

CCM modes are provided.The reference voltage is generated by filtering the PWM 

signal from the processor with the help of 2 serially connected R-C filters. 

When the Adaptive delay set is active, the adaptive delay set is disabled to maximize 

system security because controller responses are slowed down. 

The system is operated in DCM mode until it reaches 10% load to maximize system 

efficiency at low loads. 

Detailed schemes of the system are given in figure 7.1.6-7.1.11. 

 



 
 

 
 Figure 7.1.6: Microcontroller I/O description 

 

STM32L432KC offers maximum cpu frequency of 80MHz and 12 bit ADC support. 

In addition, the system will be configured to charge different battery groups or use 

them as a power source with 2 Lcd pots and 2 button outputs. 

 

 
Figure 7.1.7: Supply Circuit for PFC Controller 



 
 

 
Figure 7.1.8: Fan Drive Circuits 

 

 
Figure 7.1.9: Isolation Transformer And C Filters 

 

 
Figure 7.1.10:Buck Regulators for 12VDC System Supply 



 
 

 
Figure 7.1.11:12VDC to 5VDC Regulator 

 

7.2. Simulation Studies 

 

Simulations were performed using Powersim and Magneting Design Tools. The 

simulation model is given in figure between 7.2.1-7.2.5. 

 
Figure 7.2.1: Simulation Model. 

 

 
Figure 7.2.2: Out Current. 



 
 

 
Figure 7.2.3: Out Voltage. 

 

 
Figure 7.2.4: Primary Signal. 

 

 
Figure  7.2.5:N87 Ferrite core power loss 

 



 
 

In the Magnetic Design Tool program, it is seen that the power loss on the core is 

3.58W at 30 KHz frequency, 40 degrees temperature and 100mT maximum flux 

value. 

 

7.3. Printed Circuit Studies 

 

The converter circuit is designed with IPW65R190CFDFKSA1 mosfet, FDB38N30U 

rectifier mosfet, MURS360T3G schottky diode, ASPI-0630HI-3R3M-T15 rezonant 

inductor, 53100C 1:100 Current Sense Transformer, Wurth electronic 

7443783533650 output inductance, ACS711 current sensor and United Chemi-Con 

EKZE101ELL821MM40S output capacity. 

System PCB design is given in Figures 7.3.1 and 7.3.3. 

 
Figure 7.3.1:Pcb Design 



 
 

 
Figure 7.3.2:Pcb Design 

 

 
Figure 7.3.3:Pcb 3D Wiew 

 



 
 

7.4. Production Studies 

 

Soldering Studies is given between 7.4.1-7.4.3. 

 
Figure 7.4.1:Soldering Studies 

 

 
Figure 7.4.2:Soldering Studies 



 
 

 
Figure 7.4.3:Soldering Studies 

 

 

 

7.5. Test Results 

 

Test results is given between 7.5.1-7.5.2. 

 
Figure 7.5.1:Transformator Primary Voltage 



 
 

 
Figure 7.5.2:% At 60% load, Output Current and MOSFET VDS voltage 

 

The system performs ZVS at high loads, but at low loads the adaptive delay set is 

closed so ZVS cannot be provided. 

 

7.6. Comparison Table 
 

  Previous Design Current Design 

Circuit Topology 

: 

Synchronous Rectification 

Phase Shifted Full Bridge 

Synchronous 

Rectification Phase 

Shifted Full Bridge 

Power : 750W 750W 

Output Voltage Range : 0-60V 0-60V 

Output Current Ripple : 200mA 200mA 

Input Power Factor : %99 %99 

Power Conversion 

Efficiency 
: 

%91 %91 

PWM Controller IC : UCC28951QPWRQ1 UCC28951QPWRQ1 

Protection Circuits / 

Components 
: 

Fuse Fuse(507-1638-ND) 

PCB Size : 167.5mm-226.2mm 167.5mm-226.2mm 

Domestic or Not : Domestic Domestic 



 
 

8. Energy Management System (EMS) (If designed by team, details 

mandatory; if ready-made product, please explain briefly) 

The energy management system is a system that manages the system's operation at 

the desired rate by measuring the power from the battery and the fuel cell and by 

output to the buck boost converters. Controls the operation of the battery and fuel cell 

according to the situation by comparing the voltages of the fuel cell and battery. The 

block diagram of the system is given in figure 8.0.1. 

 
Figure 8.0.1: EMS block diagram 

 

 



 
 

   A 250-Watt single inductor asynchronous buck and boost converter was designed. 

The schematic of the converter is given in figure 8.0.2: 

 
Figure 8.0.2:250 Watts single inductor asynchronous buck and boost converter 

schematic. 

   Buck-boost converters outputs are normally negative, but our design is single 

inductor asynchronous buck and boost converter. We can’t operate both of 

converters at the same time.  

  The converter stage has Hall Effect current sensor at input and output. The 

converter circuit is fed using 5 volts. Push pull converters provide 18 VDC supplies 

for gate drivers. The gate drivers are isolated. The input and output are protected 

using 10A fuses. 

 
Figure 8.0.3: Temperature sensor 



 
 

 
Figure 8.0.4: EMS control circuit 

 

  EMS control circuit was designed employing NUCLEO STM32 F446RE 

microcontroller. Microcontroller is isolated from the converters. Microcontroller 

supports 180mHz CPU frequency and 12-byte ADC and DAC.  

Figure 8.0.5: Microcontroller I/O description 

  EMS control card reads temperature converters with lmt86 temperature sensor. 

EMS Controller, includes isolated amplifiers for measuring fuel cell and battery 

voltages, enables the supply of hall effective current sensors by the way controller 

supports RC filters for sensors and fan outputs which is controlled by MOSFET’s. 

Figure 8.0.3- 8.0.8 shows detailed diagrams of the control card. 

 



 
 

 

Figure 8.0.6: Voltage divider circuits for current sensors and temperature sensors 

and RC filter circuits for current sensors. 

 

 

Figure 8.0.7: Differential amplifiers and isolated amplifiers for fuel cell voltage 

 

 

Figure 8.0.8: Differential amplifiers and isolated amplifiers for battery voltage 



 
 

 

Figure 8.0.9:12V DC to 5V DC regulators 

 

Figure 8.1.0:12V fan drivers 

 

 

Figure 8.1.1: Isolated 5V isolator and photo transistors 

 



 
 

 
Figure 8.1.2: Connectors 

8.1. Control Algorithm 

  Control Algorithm continuously reads the energy; drawn from the fuel cell , battery 

and transferred to the load. The 5 converters are operated with a maximum output of 

7.33A per converter and a maximum power input of 220 watts. The converters are 

operated according to the input and output voltages.  

  If the input voltage is higher than the output voltage, the converters are operated in 

buck mode. If the output voltage is higher than the input voltage, the converters are 

operated in boost mode. Buck and Boost modes have independent routines.  

 The converters are controlled so that ¼ of the total energy is drawn from the fuel cell 

to ensure energy efficiency. Ems uses PI controller to provide ¼ energy 

conversation. At the same time, EMS calculates total energy wasting each cycle and 

to provide ¼ energy conversation chance input of PI controller.  It continues by 

digitizing the analog data we receive with current and voltage sensors and calculating 

power on the software. 

 

 

 



 
 

8.2. Simulation Studies 

  250 Watts DC/DC Converter simulation is done on LTSpice. The simulation model 

is given in Figure 8.2.1 

 

Figure 8.2.1: 250 Watt Buck & Boost converter simulation model 

  The simulations are carried out for up to 275 Watts output (10% Over Powering) for 

buck mode and 330 Watts output (40% Over Powering) for Boost Mode. 

Buck mode steady state input power vs output power results are given in figure 8.2.2. 

Simulated output power is 275 Watts and input power is 283 watts, achieving 97% 

efficiency. 

 
Figure 8.2.2: Buck mode steady state simulation results 

 



 
 

   Boost mode simulation results are given in figure 8.2.3. 

 
Figure 8.2.3: Boost Mode steady state simulation results 

   The simulation model also includes parasitic inductances, which allow design of RC 

snubbers around MOSFETs. 

8.3. Application Studies 

   High side protection is designed for supplying current sensors and EMS controller. 

BMS controls battery MOSFET’s.  

 

 

Figure 8.3.0: High Side Protection schematic  

   High Side Protection PCB layout is given in Figure 8.3.1.  The converter circuit is 

designed on a single layer aluminium PCB to handle heat dissipation. MURATA 

6000B series power inductor is used along with   IPD096N08N3GATMA1 DPAK 

MOSFETs and MBRD20100CT Schottky diodes. ACS711 series current sensors are 

used at input and output of the converter. SI8220 Isolated MOSFET Drivers. The 

layout of the converter PCB is given in figure 8.3.2. 



 
 

 
Figure 8.3.1: High Side Protection PCB layout 

 

 

Figure 8.3.2: Converter PCB layout 

 

 



 
 

 

Figure 8.3.3: Ems Controller PCB layout 

 

 
Figure 8.3.3: Ems Controller Box 

 

 



 
 

                            The circuits photographs are given in figure 8.3.5-8.3.6. 

Figure 8.3.5-6: Buck Boost Converter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

8.4. Test Results 

Ems converter output ripple’s measured 2V. Ems test studies given figure 8.4.1. 

 

 

 

Figure 8.4.1: Ems Test Studies 



 
 

                                     53,124 * 9,428= 500,853 W                         Total Power 

                                     3,60* 36,1= 129,96 W                                   Power absorbed from 

Fuel Cell 

                                     500,853-129,96= 370,893 W                        Power absorbed from 

Battery 

 

 

 
8.5. Comparison Table 
 
 

  Previous Design Current Design 

Circuit Topology 
: 

Asynchronous buck and 
boost converter 

Asynchronous buck and 
boost converter 

Power : 1100W 1100W 

Input Voltage Range : 25-48V 25-48V 

Output Voltage Range : 44.8-58.8V 44.8-58.8V 

Power Conversion 
Efficiency 

: %97 %97 

PWM Controller IC : Nucleo-Stm32f446re Nucleo-Stm32f446re 

Semiconductor Power 
Switches 

: IPD096N08N3GATMA1 IPD096N08N3GATMA1 

Protection Circuits / 
Components 

: Fuse(507-1998-1-ND) Fuse(507-1998-1-ND) 

PCB Size 

: 

Converter(76mm-105mm), 
Controller(80.92mm-
146.02mm) 

Converter(76mm-105mm), 
Controller(80.92mm-
146.02mm) 

Domestic or Not : Domestic Domestic 

 

 

 

 

 



 
 

9. Battery Packaging (If designed by team, details mandatory; if ready-made 

product, please explain briefly) 

9.1 Characteristics of the Cells 

The characteristics of a single battery cell are listed below. 

 

Description The cylindrical, Lithium-ion rechargeable 

cell 

Standard discharge Capacity Min 4,900mAh 

Rated discharge Capacity Min 4,753mAh 

Charging Voltage 4.2 V 

Nominal Voltage 3.6 V 

Charging Current Standard charge: 2,450mA 

Charging Time Standard charge: 3hours 

Max. Charge Current 4,900mA 

Max. Discharge Current 9,800mA (for continuous discharge) 

14,700mA (not for continuous 

discharge) 

Recovery characteristics Capacity recovery (after the storage) ≥ 

4,278mAh (90% of the Rated Discharge 

Capacity) 

 

Operating Temperature (charge) 0 to 45°C 

Operating Temperature (discharge) -20 to 60°C 

Storage Temperature 1 year : -20~23°C 

3 months : -20~45°C 

1 month : -20~60°C 

 

Cell Weight 69g max 

Cell Dimension Cell height : Max.70.80mm Diameter : Φ 

Max.20.25mm 



 
 

9.2 Properties of the Battery Case Materials (i.e. tensile strength, impact 
resistance, Thermal (melting point) and Electrical (dielectric constant) 
properties) 

The characteristics of battery pack are listed below. 

 

Pack Max. Current 80A 

Pack Max. Voltage 58.8V 

Pack Nominal Voltage 51.8V 

Pack Energy 4.144W 

Max. Pack Charge Current 78.4A 

Max. Pack Discharge Current 156.8A 

Pack Weight 19Kg 

Pack Dimension 175x396.6x244.4(mm) 

 

9.3 Properties of the Battery Case Materials (i.e. tensile strength, impact 
resistance, Thermal (melting point) and Electrical (dielectric constant) 
properties) 

In the battery container, DELRIN (polyoxymethylene) is used as a durable material 

with no risk of burns. The battery consists of 14 series of lithium-ion cells. In pack 

connections are made using copper foil end power connections are made using 3mm 

copper plate. 

Delrin features are given below. 

Burning temperature (°C) 375 

Melting Temperature (°C) 175 

Dielectric constant (kV/mm) >20 

Coefficient of friction 0.35 

Impact Resistance (kJ/m2) No Break 

Rupture elongation 40 

Yield stress 65 



 
 

Density 1.41 

Thermal expansion coefficient 1x10 4C 

Tensile strength (kg / cm³) 630 

Thermal conductivity (W/m°C) 0.31 

Surface resistance (ohm) 1013 

9.4 Thermal Analysis of the Battery Pack  

Battery thermal analysis is shown in figure 9.4.1 and figure 9.4.2. 

 
Figure 9.4.1 

 

 
Figure 9.4.2 



 
 

9.5 Layout of Modules and Package 

Figure 9.5.1 and Figure 9.5.2 shows a fragmented view of the battery pack. 

Each of our battery modules consists of 16 cells, each of which is 8x2, a ap of 2,7 

mm is left between each cell in the module for healthy cooling. Each module is 

covered with heat shrink for insulation purposes. 

  
Figure 9.5.1 Battery package 

 
Figure 9.5.2 Battery package 

9.6 Battery Cooling System (air, water, etc.) Details 

The battery protection container is insulated and mechanically durable to protect the 

battery from hazards. Designed to prevent impact and leakage. A fan system was 

installed in the vehicle to cool the battery. If the battery temperature is at danger 

level, the fans are operated by BMS. The battery was placed in the rear of the vehicle 



 
 

for easy access to the batteries during danger. A" high voltage " sign is placed on the 

battery pack. In the battery case, DELRIN is used as a durable material with no risk 

of burn. 

  

Figure 9.6.1 Battery package 

10.  Electronic Differential Application (If designed by team, details 

mandatory; if ready-made product, please explain briefly) 

 

  Previous Design Current Design 

System Topology (Used 
Sensors, Control Units, 

Actuators etc.) 
:   

Vehicle Model(Kinematic 
Model, Simple Dynamic 

Model, Full Vehicle Model 
etc.) 

:   

Control Algorithm :   

Considered Exceptional 
Cases and Proposed 

Design Solutions (Low 
Adhesion, Split Friction 

(Mu), Weight Transfer, 
Acceleration/Deceleration 

on Curves etc.) 

:   

Applied Simulation 
Scenarios 

:   

Performance Results for 
Simulation Scenerios 

:   

Applied Test Scenarios :   



 
 

Performance Results for 
Test Scenarios 

:   

11. Vehicle Control Unit (VCU) (If designed by team, details mandatory; if 

ready-made product, please explain briefly) 

11.1. Motor Torque Control 

Torque Control Card controls the torque value that supposed to be sent to the 

motor driver as an analog value. The main purpose of the card is preventing user 

errors like giving more torque than needed or giving torque while breaking. 

To be able to control torque, there is a circuit card based on an Arduino Nano. It 

gets 10k potentiometer as an input and outputs using a digital pot. There is a sensor 

placed under breaking pedal. When the break is pressed, output value sets to zero. If 

there is a peak in the pot data than the output data corrects the peak by slowly 

increasing the speed. 

The card can also be controlled over serial, so it is possible to implement a 

remote-control system to the card. PCB drawing is shown in figure 11.1.1 

 

Figure 11.1.1: Motor torque control card 

11.2. Vehicle Energy Management System 

VCU takes current flowing from the battery, battery Total voltage, battery cell 

voltages, battery maximum temperature, battery health and battery charge status 

from battery management system and speed, motor phase voltages and motor 

temperature from motor drive card. 

VCU uses this data to ensure that energy management within the vehicle is at the 

highest efficiency. 

If the current flowing through the battery is at its critical level, it stops all power to 

protect the battery and other systems. The main power relay, the supplies inside the 

car and the siren that rings in case of emergency are controlled from this circuit. In 



 
 

case of a problem, the main power relay is turned off, the siren is turned on. In this 

way, all the electronic circuits supplied in the car are shut down. The relay is 12V. 

11.3. In-Vehicle Communication System 

The main processor was designated NUCLEO-f767zi. The NUCLEO-f767zi card 

contains a STM32F767ZIT6 MCU. MCU includes 216 MHz CPU frequency, 2MB 

Flash, 12bit ADC (24 Channels), 3 CAN-BUS inputs. This card was chosen because 

it was a strong card. 

Evaluates all data from the main control card, battery management system and 

motor control card. Communication was via the CAN-BUS protocol. This 

communication protocol was used because it was fast. The main processor board is 

shown in Figure 11.3.1 and 11.3.2 and mainboard code is shown in Figure 11.3.3, 

11.3.4 and 11.3.5 

 
Figure 11.3.1: Mainboard schematic 

 
Figure 11.3.2: Mainboard PCB 



 
 

 

 
Figure 11.3.3: Mainboard code part 1 

 
Figure 11.3.4: Mainboard code part 2 



 
 

 
Figure 11.3.5: Mainboard code part 3 

11.4.  Trouble Detection 

Mainboard checks the incoming data for any trouble if battery temperature or 

motor temperature is higher than the normal value VCU stops all power to protect the 

pilot and other systems. The code that mainboard checks the data is in figure 11.4.1. 



 
 

 

Figure 11.4.1: Mainboard incoming data check 

 

Also, Raspberry pi 3 B+ we used as onboard computer for transfer data to 

monitoring center via internet checks the data. If there is any problem, Raspberry 

informs monitoring center and pilot. Raspberry informs user via NEXTION 5.0-inch 

screen. The code that Raspberry checks the data is in figure 11.4.2. 

 

Figure 11.4.1: Raspberry incoming data check 

 

11.5. Monitor Vehicle Condition and Warn the User etc. 

This screen is designed to enable the user to read the necessary data easily 

during the race, to make instant monitoring of the systems in the vehicle and provide 

the driving control. 

NEXTION 5-inch screen was used considering the legibility of the data to be 

printed and the screen design. The front view of the screen is shown in Figure 11.5.1 

and the back view is shown in Figure 11.5.2.  



 
 

 
Figure 11.5.1: NEXTION screen front view 

 

 
Figure 11.5.2: NEXTION screen back view 

 

There are two pages on the screen where data is displayed. The first of these 

pages includes current, speed, battery voltage, battery temperature (maximum 

value), battery charge status (SOC), motor phase voltages, motor temperature and 

battery remaining energy. Since these are the priority data that should be shown 

during the race, they are expected to be available on the first page. On the second 

page, there are 14 battery voltage values. The screen is shown in Figure 11.5.3 and 

Figure 11.5.4. 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

Figure 11.5.2: NEXTION screen 1 

 

 

 

 

 

 

 

 

 

 

Figure 11.5.2: NEXTION screen 2 

The bottom panel on the first page is used to warn the user in case of any 

problem.  

Also, this panel used for how many laps left and optimal speed that user should 

go. This information given by monitoring center via internet  

11.6. Transfer of Vehicle Data to the Monitoring Center 

Mainboard send data to raspberry pi 3 via serial protocol. The code mainboard 

send data to raspberry is in figure 11.6.1 and 11.6.2. 



 
 

 
Figure 11.6.1: Mainboard-Raspberry serial code 1 

 

 

 

 



 
 

 
Figure 11.6.2: Mainboard-Raspberry serial code 2 

 

After mainboard send data to raspberry pi 3, raspberry writes this data to nextion 

screen via serial and firebase database via internet. The code raspberry writes data 

to screen is in figure 11.6.3 and to firebase is in figure 11.6.4 and 11.6.5. 

 
Figure 11.6.3: Raspberry-nextion serial code 

 



 
 

 

 

 
Figure 11.6.4: Raspberry main code 1 



 
 

 
Figure 11.6.5: Raspberry main code 2 

 

Also, with code in figure 11.6.5 raspberry pi 3 creates log file and store all data in 

raspberry’s memory and .txt file in attached flash. We are using this log files to create 

charts and analyse the race. 

After raspberry pi 3 send data to firebase The data stored in the Firebase in real-

time than printed to the Pit Screen. In every data change, Firebase sends an interrupt 

to the NodeJS server. The NodeJS server updates the Pit screen on every interrupt 

and shows data in real-time. The Pit screen is shown on Figure 11.6.6. 

 

 

 



 
 

 
Figure 11.6.6: Pit screen 

 

11.7. Comparison Table 

  Previous Design Current Design 

VCU Functions : 

The main controller checks 

every data and turns the 

systems off and on, 

depending on the situation. 

VCU is in full control 

The main controller 

checks every data and 

turns the systems off and 

on, depending on the 

situation. VCU is in full 

control 

Controller IC : NUCLEO-F767ZI NUCLEO-F767ZI 

Number of VCU I/O : 

3 analog input-output, 4 

digital Input-Output, CAN-

BUS input, 3 relay inputs, 

3.3 V, GND 

3 analog input-output, 4 

digital Input-Output, CAN-

BUS input, 4 relay inputs, 

3.3 V, GND 

Electronic Circuit 

Design 
: 

The circuit is not isolated. 

The processor is powered 

by 12V. Relays are 

powered by 12V. 

The circuit is not isolated. 

The processor is 

powered by 12V. Relays 

are powered by 12V. 

Printed Circuit Design : 

Inputs and outputs were 

given from the part closest 

to the processor. Analog 

and digital inputs and 

outputs were separated by 

communication pins. 

Inputs and outputs were 

given from the part 

closest to the processor. 

Analog and digital inputs 

and outputs were 

separated by 

communication pins. 



 
 

Printed Circuit 

Manufacturing 
: 

Professional printing circuit 

production was done. FR4-

1.6 mm thickness 

Professional printing 

circuit production was 

done. FR4-1.6 mm 

thickness 

Software Algorithm : 

CAN-bus protocol reads 

data from BMS and Motor 

card. Assesses. If it is 

okay, it turns on the 

systems on the vehicle. If 

there is a problem, turn off 

all systems and turn on the 

siren. It sends the data to 

RASPBERRY PI 3 via the 

serial protocol. 

CAN-bus protocol reads 

data from BMS and Motor 

card. Assesses. If it is 

okay, it turns on the 

systems on the vehicle. If 

there is a problem, turn 

off all systems and turn 

on the siren. It sends the 

data to RASPBERRY PI 

3 via the serial protocol. 

Raspberry send the data 

to firebase database. 

Experimental Study : - - 

Size (PCB / Box) : 
140mm x 127mm PCB, 

14cmx15cmx5cm Box 

137mm x 162 mm PCB, 

15cmx17cmx5cm box 

 

12. Insulation Monitoring Device (Optional) 

 

  Previous Design Current Design 

Mikro Denetleyici 
Entegre 

:   

Ölçüm Yöntemi :   

Örnekleme Peryodu :   

Measurement Precision 
for 100kΩ  

:   

Measurement Precision 
for 1MΩ  

:   

Size (PCB / Box) :   

 

  



 
 

13. Steering System (Optional) 

14. Door Mechanism (Optional) 

15. Mechanic Details (Mandatory) 

 
a. Technical Drawings 

 

Figure 15.1.1. Technical description of vehicle 

 

Figure 15.1.2 and 15.1.3. Some pictures from assembly on Solidworks 



 
 

b. Strength Analysis 

These parts have been designed using Solidworks program, taking into account the 
weight of the vehicle, the vehicle’s vibration, the material properties and the vehicle’s 
minimal movement on the road.  
All rollbars and rollcages analyzed with 1kN force from top and bottom of the rollbars 
and 1kN force form side which are looks to outside of car. 

 
Aluminium 6063-T6 instead of aluminium 6082-T6 because also 6063-T6 has bigger 

Tensile Strength from 200MPa and 6082 couldn’t bend like in the drawings. 

All rollbar’s displacements are proper to rules. [H/200] ex;(for Arka Rollbar 

934/200=4,67 please check figure for results) 

The rotary arms shown in Figure 1 are designed to allow the vehicle to move in the Z 

axis. In the design phase, considering the load and durability of the part, suitable 

material was chosen and discharged in the part.              

 The product in Figure 15.1 is our design for our lower arms. The lower arms were 

designed differently from the upper arms to keep the balance of the shock absorber 

stable. 

 

                               

   Figure 15.2.1. Lower Cradle Design  

Manufactured in one piece with CNC 

 

As a result of the researches, it was decided that the parts should be Aluminium 
7075-T6 because the arms should be durable and light. Our parts are produced. 



 
 

                                 

                                Figure 15.2.2. After manufacturing of the lower cradle. 

Efficiency conditions were considered for axon design. Design was made considering 

the necessary conditions for its lightness and durability. Aluminium 7075-T6 was 

used as material. 

 

                

                                                  Figure 15.2.3. 

 

 

 



 
 

 

Figure 15.2.4. Static analysis and results of the steering knuckle 

While designing rollbars, it was designed to be the safest by looking at the 

dimensions of the vehicle within the framework of the determined rules. Aluminium 

6063 series material was used to make the rollbars reliable and durable.  

 

                       

Figure 15.2.5. 

The analysis of rollbars was done in Solidworks program. It was concluded that the 

design made in the analysis result is compatible with the H/200 rule when 1kN point 

load specified in the rule is applied.  

 



 
 

 

Figure 15.2.6. Displacement result of rear rollbar   

 

 

                                              Figure 15.2.7. Front rollbar  

 



 
 

 

                                              Figure 15.2.8. Front rollcage  

 

 

 

                                                      Figure 15.2.9. Rear rollcage 

 

 

 

 



 
 

Rear shaft is made of 316L stainless steel. 

This part manufactured at CNC. 

 

Figure 15.2.10. Fixed and loaded back shaft 

 

 

Figure 15.2.11. Security factor 

 

 

 



 
 

 

Engine connection part is made of Al 7075-T6. 

 

 

Figure 15.2.12. Fixed and loaded engine connection part. 

 

 

 

Figure 15.2.13. Security factor 

 

 



 
 

Material has changed which is isotropic against orthotropic behaviour like aluminium 

honeycomb that we are using in Viya’s chassis system, in H2-Vira. This material is 

Airex C-70.75. When using this material; 

having more surface area that provides us to transmit the taken force for absorption 

when surface increases our weight having minimum change even could reduced 

thickness of chassis 

Also joggle connection is decided to use to connect chassis parts to each other 

When air flows under of chassis encounters with connection parts designed for direct 

the air while carrying all system. 

 

 

Figure 15.2.14. Assembly of chassis on Solidworks 

In this vehicle’s chassis carbonfiber, C-70.75 foam, epoxy and hand lay-up method 

were used. The reason of using carbonfiber unlike shell is carbonfiber is much 

durable. All parts that hold the chassis were mad composite material.  Figure 

15.2.15.  



 
 

 

Figure 15.2.15.  

The rim is manufactured in one piece with CNC machine using Aluminium 7075 SN 

material. Wheel diameter is produced according to 16 inches standard. The lateral 

width is 94-75 mm. 

                        

                                            Figure 15.2.16. Wheel dimensions and features          

 

 

 

 

 

 

 

 

                     



 
 

c. Outer Shell Production 

The goal in this project is to produce an efficient vehicle. The vehicle must be light in 

order to be efficient. Besides being light, it should be durable. Therefore, glass fiber, 

airex c70.75 pvc foam, epoxy resin were used as metarials in the production of this 

shell. As the method of processing the material, the hand laying method was used. 

The materials used and the production method were selected by lookin at the 

compatibility of the materials and the method to be used. 

                                                  
                                 Figure 15.3.1. Producing shell with hand lay-up method 

The epoxy which is needed when producing shell with hand lay-up method is 

calculated with this formula. 

mr =A x n x Wf x RC x f 

        1-RC 

mr = needed resin for terrain  

A = terrain of fiber 

n = fold of fiber 

Wf = weight per m2  

RC = resin coefficient 

f=failure coefficient when using resin
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Drag coefficient is calculated as 0,24 with using Ansys fluent simulation.  

 

Figure 15.3.3 

 

Figure 15.3.4 
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Figure 15.3.5 

 

d. Energy Consumption and Maximum Inclination Account 

 

 

 

Angular Velocity (V) 13,38 m/s 

Air density 1,293 kg/m3 

Track length (L) 4000 m 

Coefficient of Air Drag (CD)  0,24  

Mass of vehicle with driver (m) 180 kg 

Coefficient of wheel rolling (fRO) 0,011  

Front projection (A) 0,968 m2 

Radius of wheel (r) 0,26 m 

Tire coefficient (Kc) 0,0054  

Slope (a) %6 = 2,7  ° 

Power loss (O) 100 W 
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Air Resistance (RA) 

RA= CD*1/2*V2*q*A 

     = 

(0,24)*(0,5)*(13,88^2)*(1,293)*(0,968) 

     = 28,93N 

Tire Resistance (RW) 

Rw=m*g*fRO*(1+Kc) 

    = (180*9,81*0,011) 

    =19,42 N 

Slope Way Resistance (Rs) 

Rs=m*g*sin(a) 

    =(180*9,81*sin(3,6675)) 

    =83,18N 

Total Resistance (RT) 

RT=RA+RW+Rs 

     =(48,35)+Rs 

     =131,53 N 

Total Needed Power for 4km road with 50km/h 

PT=RT*V+O 

  =48,35*13,88+O 

  =771,098 Watt 

Total Time 

L=V*t 

t= 288,18s= 0,08h 

Total Needed Energy for 4km road with 50km/h 

W=P*t 

     =771,098*0,08 

     =61,68784 Wh 

Total Needed Power for %6 slope road with 50km/h 

PT= RT*V+O 

    = 131,53*13,88+100 

    = 1925,63 W 

Maximum Velocity 

PT= RT*Vm+O 

1500= (RA+RW+Rs)*Vm+O 

1400=102,6*Vm+(0,15*(Vm)3) 

Vm=11,45 m/s 
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e. Cost Calculation 

 

Material Quantity Total Cost 

Carbonfiber  30 𝑚² 6.168,26₺ 

Aluminium Profile 30mm 12 m 265₺ 

Aluminium 7075 Rod 130 mm 3,69kg 139,83₺ 

Aluminium Plate 60x60x1000 6,74kg 1.014,07₺ 

Aluminium Casting 10,43kg 5.015₺ 

Suntour Raidon LO 190x51 4 pieces 2.907₺ 

Shimano Rotor SM-RT56 180mm 2 pieces 176 ₺ 

Glass Fiber 15 m2 695,46₺ 

Epiglass HT9000 set 20L 3.500₺ 

Policarbonate 3mm 3 𝑚² 130₺ 

PLA 2 300₺ 

Teflon 3m2 690₺ 

Shimano Zee Bl-M640 + Br-M640 1 piece 2.020₺ 

Airex C70.75 10mm  5 m2 1.651,65₺ 

Airex C70.75 20mm  5 m2 3.106,90₺ 

Battery Pack 1 19.000,00₺ 

2 kW BLDC Motor Production 1 25.769,00₺ 

 Total     67.333,17₺ 
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16. Fuel Cell (If designed by team, details mandatory; if ready-made product, 

please explain briefly) 

 

 
Figure 16.0.1: Fuel cell technical data 

 

Horizon produced by the company is used in our vehicle the model number H- 

1000XP fuel cell. Potential nominal power efficiency we provide is 1kW range is 

between 70 % and 80%. Continuity of work is trying to ensure efficiency. Graph 

of voltage-current - power fuel cells are given in diagram.  

  

 
          Figure 16.0.2 and Figure 16.0.3: Current-graph of fuel-cell 

voltage  

  

The main purpose of using a mixture of hydrogen and oxygen in our fuel output 

by inserting the battery in the reaction itself is providing value to us in certain 

voltage ranges. We use the model of Horizon fuel cell provides 1000 W output 
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support. power generation output is the result of the reaction using oxygen and 

hydrogen gases during power generation.  

In the stack, allowing reactions to occur with the help allows us to obtain the 

required power between voltage and current values that we want horizon. 

Current-Voltage - power graphics power output by changing the direction of the 

yield range of programming we want it to be changed and some mathematical 

operations can be added in the case even though although some of its own.  

 

Figure 16.0.4: Super Capacity calculation for Fuel cell 

 

Horizon in the late stages until it turns into electricity, hydrogen and flow 

diagrams are indicated in the following figure.  

  
Figure 16.0.5: Full-cell schematic 

  

Safer working range with the work we are doing on fuel cells, we aim at both a 

more efficient fuel consumption. We are interested in the design of production 

cars not only more efficient fuel cells advancing our work we take into 

consideration when choosing  

Horizon brand thanks to the convenience of the fuel cell R & D. Our studies 

major;  
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• Stack range of effects on productivity  

• Intermittent and continuous impact on the efficiency of hydrogen  

• The effect on the efficiency of the ventilation factor  

• Experiments in hydrogen transfer Stack  

  

Continue to design more efficient fuel cell projects increase our knowledge with 

this kind of work, we aim to push the upper limits of productivity.  

Fuel battery ISO/TR 15916:2004, ISO 16111:2008, BSI BS EN ISO 1114-

1:1998, ISO 11114-2:2000 As this standard to placed battery system to the 

vehicle.  

AS this shown below are fuel batter system materials that we use in the 

vehicle. 

• Fuel Cell  

Figure 16.0.6: Horizon 1000xp Fuel cell  

  

  

• Metal Hydride Tube  

 

Metal hydride, some alloys react with hydrogen and absorb hydrogen while the 

heat is released. When the pressure is reduced, and the system is heated, the 

desired amount of hydrogen is released. In recent years, the use of metal 

hydride technology has gained prominence than other rechargeable battery 
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that heating and cooling systems from fuel deposits. Metal hydrides absorb 

significant amounts of hydrogen. For example, a metal hydride tank can store 

more hydrogen than a compressed hydrogen storage of the same volume.   

  
Figure 16.0.7: Hydrogen Tubes  

 

• Flame Trap  

The spring in the Flame Safety Valve does not allow the flow of gas in the 

reverse direction since it is in constant pressure. This prevents gases from 

mixing in the hoses and have explosive properties due to low and high gas 

pressures.  

Gas flow pressure Lifts the valve to open the valve and direct flow of the gas to 

the ham. The special flame holder made of sintered chrome-nickel in the safety 

valve keeps flaming backlash from the hammer.  

 
Figure 16.0.8: Flame Trap 

 

• Hydrogen Pressure Regulator 

Regulators can ensure that the gas stored in the tube with high pressure and 

be safely used at the desired pressure and flow rate.  

The hydrogen tube we use is 200 bar and the regulator is used to reduce the 

gas outlet to 0.5 bar.  
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Figure 16.0.9: Regulator  

• Hydrogen Gas Sensor  

If there is any hydrogen leaking, the hydrogen gas sensor can be measured 

and take necessary precautions.  

 
Figure 16.0.9: Gas Sensor  

  

• PTFE Teflon Hose  

 

From the reliability, safety and usefully, the Teflon hoses should can keep last 

up to 20 bara.  
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Figure 16.0.10: Teflon Hoses  

• Connectors  

Stainless Steel, Quality Pipe and Fasteners;  

Elbow, Gear Elbow, Tail Gear Elbow, Gear Tee, Tee, Union, Check Valve, Relif Valve  

  

 
Figure 16.0.11: Connectors  

 

 Selenoid Valves  

 

Normally these valves, which can be produced according to the preference of 

the user, are preferred for general purpose, in the design these valves ae used 

because of their weight is lower than other valves in the market.  
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These valves control the entering hydrogen and the exhaust, if there is   

emergency from the control unit valve will close the exhaust to keep it safe.  

 

 
Figure 16.0.12:  Selenoid Valves 

 

• Test Results 

 

The tests were conducted with an electronic loading unit with a maximum power of 600 
W, shown in Figure 16.0.13. 
The values taken according to the test results are shown in the Figure 16.0.14- Figure 
16.0.17 
 
 



 

143 
 

 
Figure 16.0.13: Test setup 

 

 

Figure 16.0.14: Test results 1 
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Figure 16.0.15: Test results 2 

 

 

Figure 16.0.16: Test results 3 
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17. Fuel Cell Controller System (If designed by team, details mandatory; if ready-

made product, please explain briefly) 

 

Figure 17.0.1: Fuel-cell Controller 

The fuel cell control system, the operation of the fuel cell in the specified 

value range or value is the system that ensures the security of the fuel cell 

reaches a critical level. The fuel cell control system also will check the 

stacks for According to the current demanded by the load and provides the 

most efficient operation of the fuel cell. The fuel cell control system also 

checks the load. If the load current is a zero or draw, the fuel cell control 

system close stacks for the minimizes energy consumption.  
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Figure 17.0.2: Fuel-cell schematic 

 

The fuel cell control system, starter button that acts as a trigger of the fuel cell, 

contactors providing system security, engine reverse EMF formation of the system 

harm that prevents reverse current protection diode, the emergency button for 

emergency response, triggering the battery providing the initial operation of the 

system, which prevents the hydrogen leak problem hydrogen sensor, when the 

system is operational working of the control system as feeder DC-DC converter, 

voltage of fuel pins, enabling us to take the temperature and the current value of the 

RS232 output and an LCD screen that allows us to see the data from the fuel cell. 

We are working on the changing stack fans speed to improve hydrogen gas 

consumption. This is our phase of R & D. But Our work continues the system. 
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18. Vehicle Electric Scheme (Mandatory) 

 

19. Unique Design By Team (Optional) 

 


