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Calculations 

Solar panel 
 

Imax = (0,88/0,29) * Imeasured 

 

V I Imax 

8,33 0,09 0,273103 

8,18 0,13 0,394483 

8,06 0,16 0,485517 

7,85 0,21 0,637241 

7,23 0,28 0,849655 

5,22 0,28 0,849655 

3,84 0,29 0,88 

2,79 0,3 0,910345 

0,5 0,31 0,94069 

8,4 0,01 0,030345 

8,25 0,04 0,121379 

8,21 0,06 0,182069 

8,13 0,08 0,242759 

8,09 0,1 0,303448 

8,02 0,12 0,364138 

7,91 0,16 0,485517 

0,05 0,28 0,849655 

 

VP,max = 7,23 V 

IP,max = 0,85 A 

Pmeas = V * I = 7,23 * 0,85 = 6,15 W 

Power of the motor 
 

Preal = V * I * η = 6,15 * 0,70 = 4,31 W 

Preal = Fwheel * VA/B 

 

Parameters of the motor 

 

Ua = Ra * Ia + E 

E = Ua – Ra * Ia 
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  = 7,23 – 3,2 * 0,85 

  = 4,51 V 

 

E = CE * Ф * n 

n = E / (CE * Ф) 

  = 5051,2 rpm   ω = n * (2π / 60) = 529 rad/s 

 

T = CT * Ф * Ia * η = 8,55 * 10-3 * 0,85 * 0,7 

Tmotor = 5,09 * 10-3 Nm 

 

Gears 
 

i = ? 

 

Assume: Rwheel = 0,03 m and m = 1 kg 

 

Frolling = Crr * N 

 = 0,01 * 9,81 

 = 0,1 N 

 

(Fwheel – Frolling) *tA/B = m * VA/B ( VA/B = P / Fwheel) 

(Fwheel – Frolling) *tA/B = m * P / Fwheel ( tA/B = 2 * S / VA/B) 

(Fwheel – Frolling) * 12 / VA/B = m * P / Fwheel ( VA/B = P / Fwheel) 

(Fwheel – Frolling) * ( 12 * Fwheel) / P = m * P / Fwheel 

 12* (Fwheel)³ - 12 (Fwheel)² * Frolling – m *P² = 0 

Fwheel = 1,19 N 

 

P = Fwheel * VA/B 

VA/B = P / Fwheel = 4,31 / 1,19 = 3,62 m/s 

 

Assume: S = 6 m  



3/10 
 

S = 0,5 * VA/B * tA/B 

 tA/B = 3,32 s 

 

Twheel = Rwheel * Fwheel = 0,03 * 1,19 = 0,0357 Nm 

 

Twheel = 8,55 * 10-3 * 0,7 * 0,85 * i 

 i = 0,0357 / (8,55 * 10-3 * 0,7 * 0,85) = 7 

 

 

i = 8 

 

Assume: Rwheel = 0,03 m and m = 1 kg 

 

Before point B 

 

Twheel = 8,55 * 10-3 * 0,70 * 0,85 * 8 

 = 0,0407 Nm 

 

Twheel = Fwheel * Rwheel 

 Fwheel = Twheel / Rwheel = 1,36 N 

 

Preal = Fwheel * VA/B 

 VA/B = Preal / Fwheel = 4,31 / 1,36 = 3,17 m/s 

 

a = (Fwheel – Frolling ) / m = (1,36 – 0.1) / 1 = 1,26 m/s² 

tA/B = VA/B / a = 3,17 / 1,26 = 2,52 s 

SA/B = 0,5 * a * (tA/B)² = 0,5 * 1,26 * 2,52² = 4,00 m 

 

The rest of the flat part 

 

Fwheel = Frolling = 0,1 N 
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Twheel = Fwheel * Rwheel 

 = 0,1 * 0,03 

 = 0,003 Nm 

 

Twheel = Tc * I * η * i  

 I = Twheel / (Tc * η * i) 

 = 0,003 / (8,55 * 10-3 * 0,7 * 8) 

 = 0,063 A 

U(I) graph: U(0,063) = 8,2 V 

 

Pnew = I * U * η 

  = 0,063 * 8,2 * 0,7 

  = 0,362 W 

 

U * I *  = Fwheel * Veq,flat ( Fwheel = Frolling ) 

Veq,flat = Pnew / Frolling = 0,362 / 0,1 = 3,62 m/s 

 

 

On the slope 

 

Fr = Frolling + mg * sin(3°) = 0,1 + 1 * 9,81 * sin (3°) = 0,61 N 

 Fwheel > Fr 

 

Fwheel = Fr = 0,61 N 

 

Twheel = Fwheel * Rwheel 

 = 0,61 * 0,03 

 = 0,0183 Nm 

 

Twheel = Tc * I * η * i  

 I = Twheel / (Tc * η * i) 
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 = 0,0183 / (8,55 * 10-3 * 0,7 * 8) 

 = 0,38 A 

U(I) graph: U(0,38) = 7,99 V 

 

Pnew = I * U * η 

  = 0,38 * 7,99 * 0,7 

  = 2,13 W 

 

U * I *  = Fwheel * Veq,slope ( Fwheel = Fr ) 

Veq,slope = Pnew / Frolling = 2,13 / 0,61 = 3,49 m/s 

 

 

tslope = slope / Vslope = 8 / 3,49 = 2,29 s 

 

ttotal = tA/B + (6 – sA/B) / Veq,flat + tslope = 2,52 + (6 – 4,00) / 3,62 + 2,29 

 ttotal = 5,36 s 

 

i = 9 

 

Assume: Rwheel = 0,03 m and m = 1 kg 

 

Before point B 

 

Twheel = 8,55 * 10-3 * 0,70 * 0,85 * 9 

 = 0,0458 Nm 

 

Twheel = Fwheel * Rwheel 

 Fwheel = Twheel / Rwheel = 1,53 N 

 

Preal = Fwheel * VA/B 

 VA/B = Preal / Fwheel = 4,31 / 1,53 = 2,82 m/s 
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a = (Fwheel – Frolling ) / m = (1,53 – 0.1) / 1 = 1,43 m/s² 

tA/B = VA/B / a = 2,82 / 1,43 = 1,97 s 

SA/B = 0,5 * a * (tA/B)² = 0,5 * 1,43 * 1,97² = 2,78 m 

 

The rest of the flat part 

 

Fwheel = Frolling = 0,1 N 

 

Twheel = Fwheel * Rwheel 

 = 0,1 * 0,03 

 = 0,003 Nm 

 

Twheel = Tc * I * η * i  

 I = Twheel / (Tc * η * i) 

 = 0,003 / (8,55 * 10-3 * 0,7 * 9) 

 = 0,056 A 

U(I) graph: U(0,056) = 8,22 V 

 

Pnew = I * U * η 

  = 0,056 * 8,22 * 0,7 

  = 0,322 W 

 

U * I *  = Fwheel * Veq,flat ( Fwheel = Frolling ) 

Veq,flat = Pnew / Frolling = 0,322 / 0,1 = 3,22 m/s 

 

 

 

On the slope 

 

Fr = Frolling + mg * sin(3°) = 0,1 + 1 * 9,81 * sin (3°) = 0,61 N 
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 Fwheel > Fr 

 

Fwheel = Fr = 0,61 N 

 

Twheel = Fwheel * Rwheel 

 = 0,61 * 0,03 

 = 0,0183 Nm 

 

Twheel = Tc * I * η * i  

 I = Twheel / (Tc * η * i) 

 = 0,0183 / (8,55 * 10-3 * 0,7 * 9) 

 = 0,34 A 

U(I) graph: U(0,34) = 8,05 V 

 

Pnew = I * U * η 

  = 0,34 * 8,05 * 0,7 

  = 1,92 W 

 

U * I *  = Fwheel * Veq,slope ( Fwheel = Fr ) 

Veq,slope = Pnew / Frolling = 1,92 / 0,61 = 3,15 m/s 

 

 

tslope = slope / Vslope = 8 / 3,15 = 2,54 s 

 

ttotal = tA/B + (6 – sA/B) / Veq,flat + tslope = 1,97 + (6 – 2,78) / 3,22 + 2,54 

 ttotal = 5,51 s 
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Sankey diagram (Jet Solar Team) 
Based on calculations of the mechanical parts, we decide to use a Sankey diagram to analyze 

the efficiency of the solar vehicle. Here we use the calculation for a gear ratio of 8. 

Total energy 

As everyone knows, the sunlight is diffuse on its way to the earth. As a result, solar panels at 

different position get different intensity of light. Besides, the energy is also related to the 

area of the solar panel.  

Intensity of light in Belgium: 800 W/m² (25 °C) 

Area of the solar cells: 21 cm * 19 cm = 0,04 m² 

Total energy of the sun to the solar panel: 800 W/m² * 0,04 m² = 31,92 W 

Total energy given by the solar panel: P = U * I = 6,15 W 

Electricity:η = 
    

     
            

Reflection and heat: 80% 

From all the energy of the sunlight, we can only use 20 percent for the electricity part. The 

rest of energy is lost due reflection and heat. 

Motor and gear losses 

Motor and gear always bring some losses to the system, especially internal resistance and 

heat losses. Here we assume the motor loss is 30% and the gear loss is 5%. 

Motor final energy: 6,15 W * 70% = 4,31 W 

Gear final energy: 4,31 W * 95% = 4,10 W 

 

Other losses 

When a car is running on the road, there are some frictions which lead to losses in energy. 

Here we just consider the two most important ones: aerodynamic losses and rolling 

resistance. 

 

Aerodynamic losses 

Aerodynamic losses are associated with some important factors, which are expressed to a 

formula. 

Drag force: FD = 0,5 * ρ * CD * A * v². 
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Density of the fluid (air): ρ = 1,204 kg/m³ 

Drag coefficient: CD = 0,09 (Streamlined Half-body) 

Reference area (frontal area): 

Size of solar panel: 22 cm * 28 cm, θ = 30° 

A = 14 cm * 22 cm + 4 cm * 1 cm * 2 = 0,0316 m² 

 

Maximum velocity at the maximum power: V = Preal / Fwheel = 4,31 / 1,19 = 3,62 m/s 

According to the formula, drag force: FD = 0,5 * 1,204 * 0,09 * 0,0316 * 3,62² 

 FD = 0,022 N 

Power of drag force at the maximum velocity: PA = FD * v = 0,022 N * 3,62 m/s = 0,080 W 

η=(PA / 4,0964) * 100% = 1,95% 

 

Rolling resistance 

According to calculation of mechanical part, rolling resistance: Frolling = 0,1 N 

Power of rolling resistance at the maximum velocity: Pr = Frolling * V = 0,1 * 3,17 = 0,32 W 

η= (Pr / 4,0964) * 100% = 7,8% 
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Incoming 

sunlight 
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When we analyze this Sankey diagram, we can conclude that our car won’t be very efficient. 

From the total energy that we get from the sun, there is only a small amount that we can use 

to drive our car. The actual power that you can see at the end of the Sankey diagram is no 

wasted energy. This is the energy that’s left to move the wheels and let the car move. 
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