
CV, EV 

Q: What is the capacitance between points A and D? 

 

a) 1.2 µF 
b) 1000 nF 
c) 5.7 µF 
d) 200 nF 

A: b 

  



CV, EV 

Q: Which of the following statements is true for LV baƩeries which are not hybrid system energy 
storages? 

a) They must have short circuit protecƟon no more the 4 inches away from ungrounded terminals. 
b) LV baƩeries must have a hermeƟcally sealed housing. 
c) LiFePO4 cells must be installed in a fire retardant casing. 
d) If wires are used to measure voltage of LiPo cells, it must be possible to disconnect a voltage 

measurement wire during technical inspecƟon. 
A: d 

  



CV, EV 

Q: How much load will be transferred on the elasƟc elements on the front suspension of a car, which 
has a mass of 186 kg, 54% mass distribuƟon on the front, 10% of the mass is unsprung, 1.2 m front 
track, 25 cm CoG height and 60 mm front roll centre height, while steady state cornering with 1 G and 
a 71 kg driver siƫng in CoG? Mark the nearest value from the opƟons below. 

a) 3600 N 
b) 2600 N 
c) 2000 N 
d) 1800 N 

A: c 

SoluƟon: 

𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 = 186 𝑘𝑔 → 1860 𝑁 

𝑓𝑟𝑜𝑛𝑡 𝑚𝑎𝑠𝑠 𝑓𝑜𝑟𝑐𝑒 =  0.54 ∙ 1860 𝑁 = 1004.4 𝑁 

𝑓𝑟𝑜𝑛𝑡 𝑠𝑝𝑟𝑢𝑛𝑔 𝑚𝑎𝑠𝑠 𝑓𝑜𝑟𝑐𝑒 = 0.9 ∙ 1004.4 𝑁 = 903.96 𝑁 

Driver is in CoG, so 54% of his/her mass lays on the front 

𝑑𝑟𝑖𝑣𝑒𝑟 𝑓𝑟𝑜𝑛𝑡 𝑚𝑎𝑠𝑠 𝑓𝑜𝑟𝑐𝑒 = 710 𝑁 ∙ 0.54 = 383.4 𝑁 

𝑡𝑜𝑡𝑎𝑙 𝑠𝑝𝑟𝑢𝑛𝑔 𝑚𝑎𝑠𝑠 𝑓𝑜𝑟𝑐𝑒 𝑜𝑛 𝑓𝑟𝑜𝑛𝑡 𝑎𝑥𝑙𝑒 = 903.96 𝑁 + 383.4 𝑁 = 1287.36 𝑁 

elasƟc load transfer = sprung mass * lateral acceleraƟon * (CoG height – roll centre height) / track width 

𝑑𝐹 𝑒𝑙𝑎𝑠𝑡𝑖𝑐 = 1287.36 ∙ (1 ∙ 9.81) ∙
(0.25 − 0.06)

1.2
= 1999.59 𝑁 → 2000 𝑁 

  



CV, EV 

Q: Which opƟon does not influence the roll sƟffness of the suspension? 

a) Ɵre 
b) coil spring 
c) track width 
d) anƟ-roll bar 

A: a 

  



CV, EV 

Q: Your team wants to make a part lighter by changing its original aluminium material to CFRP 
composite. The part has complex load cases, so the team opƟmizes for a quasi-isotropic and 
symmetrical layup. You want to opƟmize for the minimum number of layers used to be compeƟƟve 
while meeƟng the requirements. 
The original part has a thickness of 3 mm, width of 1 m and has a modulus of 70 GPa. 
The CFRP fabric has the following parameters: 

 
How many layers does it take to match the sƟffness parameters (both axial and bending sƟffness) of 
the original plate? 
Mark the nearest answer using engineering approximaƟon, use constant composite membrane 
sƟffness throughout the calculaƟons. 

a) 20 
b) 24 
c) 26 
d) 28 

A: d 

  



CV, EV 

Q: What is the earliest date you can finish a project with the following constraints: 
 The team only works on weekdays, (Monday-Friday), except on naƟonal holidays. 
 The duraƟon is not changed if the amount of the associated resource change. 
 Following days are naƟonal holidays: 

o 22/February/2025 
o 11/March/2025 
o 7/April/2025 

 The project starts on 12/February/2025. 
Dependencies and start of tasks: 

Task Name DuraƟon Predecessors Task start date is not earlier than 
Task1 5 days 2 12/February/2025 
Task2 10 days 5 25/February/2025 
Task3 2 days 4;1 12/February/2025 
Task4 5 days 6 1/March/2025 
Task5 4 days  14/February/2025 
Task6 6 days 10 19/February/2025 
Task7 8 days 4 12/March/2025 
Task8 10 days 5;6 20/March/2025 
Task9 2 days 6;10;7 31/March/2025 

Task10 3 days  12/February/2025 
 

 

a) 17/March/2025 
b) 25/March/2025 
c) 01/April/2025 
d) 02/April/2025 
e) 04/April/2025 

A: d 

 

  



CV, EV 

Q: A 20 kg, 30 cm x 20 cm x 15 cm block of unknown material is heated to 100 °C. How long will it take 
for it to cool down to 25 °C if the ambient temperature is 20 °C? 
The only known properƟes are the following: The material’s specific heat capacity is 350 J/kgK, the 
heat transfer coefficient between the block and its surroundings is 75 W/m2K (constant). The block is 
siƫng on a table made of a perfect thermal insulator. 

 

a) 1232,3 s 
b) 333,3 s 
c) 61,6 s 
d) 958,4 s 

A: a 

SoluƟon: 

𝑁𝑒𝑤𝑡𝑜𝑛′𝑠 𝐿𝑎𝑤 𝑜𝑓 𝑐𝑜𝑜𝑙𝑖𝑛𝑔: 𝑇 = 𝑇 + (𝑇 − 𝑇) ∙ 𝑒ି௧ 

𝐴 = 0,2 ∙ 0,3 + 2 ∙ 0,3 ∙ 0,15 + 2 ∙ 0,2 ∙ 0,15 = 0,21𝑚ଶ 

𝐶 = 𝑐 ∙ 𝑚 = 350 ∙ 20 = 7000 𝐽/𝐾 

𝑘 =
ℎ ∙ 𝐴

𝐶
=

75 ∙ 0,21

7000
= 0,00225 1/𝑠 

25 = 20 + (100 − 20) ∙ 𝑒ି,  

 

+ Can be double checked here hƩps://www.omnicalculator.com/physics/newtons-law-of-cooling 



CV, EV 

Q: Your car recuperates 100 kW for 0.5 s under braking at your motor(s). Then accelerates with 75 kW 
for 2 s, measured again at your motor(s). What is the total energy recuperated into the baƩery as a 
result of the braking and what is the amount of energy drawn from the baƩery for the subsequent 
acceleraƟon? Your powertrain efficiency from motor(s) to baƩery is 95% in charge & discharge 
direcƟons equally, while your baƩery charge efficiency is 96% and your baƩery discharge efficiency is 
98%. 
The answers are in the following format: E_into_baƩery; E_drawn_from_baƩery 

a) 50 kJ; 150 kJ 
b) 45.6 kJ; 139.7 kJ 
c) 54.8 kJ; 161.1 kJ 
d) 45.6 kJ; 161.1 kJ 

A: d 

SoluƟon: 

𝐸 = 𝑃 ∙ 𝑡 ∙ 𝜂் ∙ 𝜂௧௧
= 100 ∙ 0.5 ∗ 0.95 ∗ 0.96 = 45.6 𝑘𝐽 (= 𝑘𝑊𝑠) 

𝐸ௗ௦ =
𝑃 ∙ 𝑡

𝜂் ∙ 𝜂௧௧

=
75 ∙ 2

0.95 ∙ 0.98
= 161.1 𝑘𝐽 (= 𝑘𝑊𝑠) 

  



CV, EV 

Q: A Syncron buck converter has 100 V on its input. The desired output voltage is 24 V. The coils 
inductance is 470 µH. The output capacitance is 200 µF. The switching frequency is 20 kHz. We want to 
measure the coil current with the circuit below if the converters maximum output current is ±20 A 
(current in both direcƟons). Our processor's ADC input can handle 0 to 3.29V and the maximum shunt 
power is 1 W (peak), it's inductance is 100 nH. Choose the highest resistance shunt from the E96 series 
and calculate the opƟmal value of R2 resistor if R1a = R1b = 1 kΩ, rounding to three significant digits. 
The value of C is chosen so the anƟ-aliasing filter (formed by R1a and C) doesn’t effect the amplitude 
of the signal connected to the amplifier.

 

a) 126 kΩ 
b) 63 kΩ 
c) 69.4 kΩ 
d) 138 kΩ 

A: c 
SoluƟon: 

 𝐷𝑢𝑡𝑦 𝑐𝑦𝑐𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑟: 𝑑 =
𝑈𝑜𝑢𝑡

𝑈𝑖𝑛
=

24𝑉

100𝑉
= 0.24 

𝑂𝑛 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ 𝑠𝑖𝑑𝑒 𝑠𝑤𝑖𝑡𝑐ℎ: 𝑡𝑜𝑛 = 𝑑 ∗ 𝑇 =
𝑑

𝑓𝑠𝑤
=

0.24

20𝑘𝐻𝑧
= 12µ𝑠 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑟𝑖𝑝𝑝𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟: 𝑑𝐼𝐿 =
𝑈𝑖𝑛 − 𝑈𝑜𝑢𝑡

𝐿
∗ 𝑡𝑜𝑛 =

100𝑉 − 24𝑉

470µ𝐻
∗ 12µ𝑠 = 1.9404𝐴 

𝑀𝑎𝑥𝑖𝑚𝑢 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡: 𝐼𝑚𝑎𝑥 = 𝐼𝑎𝑣 +
𝑑𝐼𝐿

2
= 20𝐴 +

1.9404𝐴

2
= 20.9702𝐴 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠ℎ𝑢𝑛𝑡 𝑠𝑖𝑧𝑒: 𝑅𝑠 =
𝑃

𝐼𝑚𝑎𝑥ଶ
=

1𝑊

(20.9702𝐴)ଶ
= 2.274𝑚Ω 

𝑇ℎ𝑒 𝑛𝑒𝑥𝑡 𝑠𝑡𝑒𝑝 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑎𝑟𝑐ℎ 𝑓𝑜𝑟 𝑡ℎ𝑒 1 𝑠𝑡𝑒𝑝 𝑠𝑚𝑎𝑙𝑙𝑒𝑟 𝐸96 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟, 𝑡ℎ𝑖𝑠 𝑐𝑎𝑛 𝑏𝑒 𝑑𝑜𝑛𝑒 𝑏𝑦 𝑎𝑛𝑦𝑏𝑜𝑑𝑦, 
 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡 𝑖𝑠 2.26𝑚Ω 

link: https://en.wikipedia.org/wiki/E_series_of_preferred_numbers 
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑢𝑛𝑡: 𝑈𝑚𝑎𝑥 = 𝐼 ∗ 𝑅 = 2.26𝑚Ω ∗ 20.9702𝐴 = 47.3927𝑚𝑉 

𝑇ℎ𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑔𝑎𝑖𝑛: 𝐴 =

𝑈𝑎𝑑𝑐
2

𝑈𝑚𝑎𝑥
=

3.29𝑉
2

47.3927
= 34.710 

𝑆𝑖𝑛𝑐𝑒 𝐴 =
𝑅2

𝑅1
:     𝑅2 = 𝐴 ∗ (𝑟1𝑎 + 𝑟1𝑏) = 34.710 ∗ 2𝑘Ω = 69 420Ω 



CV, EV 

Q: Given a 100 uF capacitor with a maximum voltage of 100 V. The impedance of the capacitor 
measured at 10 kHz is 0.18 Ω, ESL and leakage resistance are negligible. What will be the voltage on 2 
capacitors in series if they are supplied by a symmetrical square wave current with the following 
parameters? 

 Frequency: 10 kHz 
 Amplitude: 1 A 
 Duty cycle: 50% 

(round to 4 decimal places) 
a) ±0.5000 V 
b) ±0.5840 V 
c) ±1.0000 V 
d) ±1.0840 V 
e) ±1.1680 V 
 

A: e 

Solution: 

|𝑋| =
1

𝜔
=

1

2ℼ𝑓𝐶
=

1

2ℼ ∗ 10𝑘𝐻𝑧 ∗ 100𝜇𝐹
= 0.1592𝛺  

𝐸𝑆𝑅 = ට𝑍ଶ − 𝑋
ଶ = ඥ0.18ଶ − 0.1592ଶ = 0.0840𝛺 

2 capacitors in series: 

𝐶ா =


ଶ
= 50𝜇𝐹, 𝐸𝑆𝑅ா = 2 ∗ 𝐸𝑆𝑅 = 0.1680𝛺 

𝑈ாௌோ = 𝐸𝑆𝑅ா ∗ 𝐼 = 0.1680𝛺 ∗ ±1𝐴 = ±0.1680𝑉 

𝛥𝑈 =
𝐼

2 ∗ 𝑓ூ ∗ 𝐶ா
=

±1𝐴

2 ∗ 10𝑘𝐻𝑧 ∗ 50𝜇𝐹
= ±1𝑉 

𝛥𝑈 = 𝛥𝑈 + 𝑈ாௌோ = ±(1𝑉 + 0.1680𝑉) = ±1.1680𝑉 

 

  



CV, EV 

Q: You are using an NTC in a voltage divider to measure temperature. The nominal resistance of the 
NTC is 10 000 Ω at 25 °C and 680 Ω at 100 °C. Supply voltage for the divider and the ADC is 5 V. 

The temperature tolerance of the NTC is ± 0.2 K. 
You use ERJ-PB3B1002V (temperature coefficient of Resistance is neglected) as R1, and your ADC 
resoluƟon is 12 bits. 

What is the highest and lowest ADC value at 100 °C? 

a) 254; 268 
b) 260; 262 
c) 256; 266 
d) 265; 256 

A: b 

SoluƟon: 

𝛽 =  
𝑙𝑛

𝑅்ଵ
𝑅்ଶ

1
𝑇ଵ

−
1
𝑇ଶ

=
𝑙𝑛

10 000
680

1
25 + 273.15

−
1

100 + 273.15

≅ 3988 

𝛼 = −
𝛽

𝑇ଶ
= −

3988

(273.15 + 100)ଶ
= −2.9 % 

𝑅௧ଵ = 𝛼 · ΔT = −2.9 ·  0.2 =  ± 0.58 % 

𝑅 = 𝑅்ଶ − ൬
𝑅௧ଵ

100
· 𝑅்ଶ൰ = 680 −  ൬

0.58

100
· 680൰ = 676.06 Ω 

𝑅௫ = 𝑅்ଶ + ൬
𝑅௧ଵ

100
· 𝑅்ଶ൰ = 680 +  ൬

0.58

100
· 680൰ = 683.94 Ω  

𝑅ଵ = 9 990 Ω 

𝑅ଵ௫ = 10 010 Ω 

𝑈 =  𝑈 ·  
𝑅

𝑅 + 𝑅ଵ௫
= 5 ·  

676.06

676.06 + 10 010
= 0.317 𝑉 

𝑈௫ =  𝑈 ·  
𝑅௫

𝑅௫ + 𝑅ଵ
= 5 ·  

683.94

683.94 + 9 990
= 0.32 𝑉 

𝐴𝐷𝐶 =
𝑈

𝐴𝐷𝐶௦
=

0.317

5
4095

= 260 

𝐴𝐷𝐶௫ =
𝑈

𝐴𝐷𝐶௦
=

0.32

5
4095

= 262 

  



CV, EV 

Q: To validate your aerodynamic package you perform straight runs with constant velocity on 
horizontal surface (no inclinaƟon) and log the measured values of your linear potenƟometers 
mounted on your suspension in parallel with the springs and dampers. Both the sensors and the 
springs have linear characterisƟcs in the measurement domain (F [N] spring force ~ Δs [m] spring ~ U 
[V] measured voltage).  

First, you measure the mass of the car without the driver. On the front axle you measure the total 
mass of 81.8 [kg] (sum of leŌ and right sides) and on the rear axle 88.3 [kg] (leŌ and right side 
together). Meanwhile the average of the measured voltages of the two linear potenƟometers on the 
front axle is 2.36 [V] and on the rear axle is 2.45 [V]. 

Then you also measure the mass of the car with the driver inside. The results are the following: 120.7 
[kg] and 3.33 [V] on the front axle and 121.2 [kg] and 3.25 [V] on the rear axle. 

Then your driver performs the constant velocity runs with the car. Based on the logs with the 
appropriate data filtering you calculate that the velocity was 60.48 [km/h] and on the front axle the 
average measured voltage was 4.26 [V], while on the rear it was 4.23 [V]. 

During the test you also operated a mobile mini weather staƟon. From this you know that the ambient 
pressure was 103 [kPa] and the air temperature was 26.3 [°C]. The humidity was low; thus you can use 
0.02896 [kg/mol] as the molecular mass of the air. Wind speed was 0. 

The frontal surface of your vehicle is A = 1.14 [m2]. Use g = 9.81 [m/s2] as the constant for gravity. 

Calculate your vehicle’s liŌ (downforce) coefficient from the results of the tesƟng! Calculate the 
posiƟon of the CoG and the CoP (relaƟve to the wheelbase) at the velocity measured during the run! 
Where is the CoP relaƟve to the CoG? 

From the opƟons below select one cl [-] value and one CoG-CoP relaƟonship opƟon! 

a) cl = -3.949 [-] 
b) cl = -3.575 [-] 
c) cl = -3.438 [-] 
d) cl = -3.232 [-] 
e) CoP is 1.8% behind CoG 
f) CoP is 1.9% in front of CoG 
g) CoP is aligned with CoG 
 

A: a) and e) 

SoluƟon: See next page 

  



  Front axle Rear axle      

 UF [V] mF [kg] UR [V] mR [kg] mtotal [kg]   

1) Jacked 
up 0.3203 0 0.3029 0       

2) Without 
driver 2.36 81.8 2.45 88.3 170.1     

3) With 
driver 3.33 120.7 3.25 121.2 241.9 Driver mass [kg] 71.8 

4) At speed 4.26 157.996 4.23 161.503 319.498 
"Downforce 
weight" [kg] 77.598 

                

k [V/kg] 
coeff. 0.02494   0.02432         

 

From the measurements with and without the driver we can 
calculate the coefficient between the voltage and the mass 
values. 

𝑘ி =
𝑈ிଷ − 𝑈ிଶ

𝑚ிଷ − 𝑚ிଶ
=

3.33[𝑉] − 2.36[𝑉]

120.7[𝑘𝑔] − 81.8[𝑘𝑔]
= 0.2493573 

𝑉

𝑘𝑔
൨ 

𝑘ோ =
𝑈ோଷ − 𝑈ோଶ

𝑚ோଷ − 𝑚ோଶ
=

3.25[𝑉] − 2.45[𝑉]

121.2[𝑘𝑔] − 88.3[𝑘𝑔]
= 0.2431611 

𝑉

𝑘𝑔
൨ 

Note that at 0 [kg] mass the voltage is not 0 [V]: the sensors are 
in their measurement domain even when the car is jacked up and the Ɵres are unloaded! 

Based on the coefficients for the front and the rear we can calculate the load on the Ɵres when the car is 
performing the run. They are 158 [kg] on the front and 161.5 [kg] in the rear. 

𝑚ிସ = 𝑚ிଷ +
𝑈ிସ − 𝑈ிଷ

𝑘ி
= 120.7[𝑘𝑔] +

4.26[𝑉] − 3.33[𝑉]

0.2493573[𝑉/𝑘𝑔]
= 157.996[𝑘𝑔] 

𝑚ோସ = 𝑚ோଷ +
𝑈ோସ − 𝑈ோଷ

𝑘ோ
= 121.2[𝑘𝑔] +

4.23[𝑉] − 3.25[𝑉]

0.2431611[𝑉/𝑘𝑔]
= 161.503[𝑘𝑔] 

This load is the mass of the car with the driver + the downforce. Thus at the given velocity we have 77.6 
[kg] “downforce weight” from this 37.3 [kg] is on the front axle and 40.3 [kg] is on the rear axle. With g = 
9.81 [m/s^2] we can convert these “weights” into forces: 761.3 [N] total downforce, from this 365.9 [N] 
on the front and 395.4 [N] on the rear axle. 

𝐹ி = 𝑚ி ∗ 𝑔 = (𝑚ிସ − 𝑚ிଷ) ∗ 𝑔 = (158[𝑘𝑔] − 120.7[𝑘𝑔]) ∗ 9.81 ቂ
𝑚

𝑠ଶቃ = 365.9[𝑁] 



𝐹ோ = 𝑚ோ ∗ 𝑔 = (𝑚ோସ − 𝑚ோଷ) ∗ 𝑔 = (161.5[𝑘𝑔] − 121.2[𝑘𝑔]) ∗ 9.81 ቂ
𝑚

𝑠ଶቃ = 395.4[𝑁] 

𝐹 = 𝐹ி + 𝐹ோ = 365.9[𝑁] + 395.4[𝑁] = 761.3[𝑁] 

The CoG (center of gravity) can be calculated from the weight measurement with the driver (it is only 
relevant to calculate it in driving condiƟons, with the driver inside). The CoP (center of pressure) can be 
calculated from the downforce values above. The results are in the table below: 

  F R checksum 

CoG 49.9% 50.1% 100.0% 

CoP 48.1% 51.9% 100.0% 

    -1.8%   

 

We can see that the CoP is 1.8% behind the CoG! 

To calculate the liŌ/downforce coefficient we need to know the density of the air. We can calculate this 
from the pressure and temperature data taking the molecular mass of the air and the universal gas 
constant into account: 

𝑇 = 26.3[°𝐶] = 299.45[𝐾] 

𝑝 = 103[𝑘𝑃𝑎] = 103000[𝑃𝑎] 

𝜌 =
𝑝 ∗ 𝑀

𝑅 ∗ 𝑇
=

103000 ቂ
𝑁

𝑚ଶቃ ∗ 0.02896 
𝑘𝑔

𝑚𝑜𝑙
൨

8.314 ቂ
𝑁 ∗ 𝑚

𝐾 ∗ 𝑚𝑜𝑙
ቃ ∗ 299.45[𝐾]

= 1.198123 
𝑘𝑔

𝑚ଷ൨ 

The equaƟon to calculate the downforce: 𝐹 =
ଵ

ଶ
𝜌 ∗ 𝑐 ∗ 𝐴 ∗ 𝑣ଶ 

The velocity of the vehicle: 𝑣 = 60.48 ቂ



ቃ = 16.8 ቂ



௦
ቃ 

From this: 

𝑐 =
𝐹

1
2

𝜌 ∗ 𝐴 ∗ 𝑣ଶ
=

761.3 [𝑁]

1
2

∗ 1.198123 
𝑘𝑔
𝑚ଷ൨ ∗ 1.14[𝑚ଶ] ∗ ቀ16.8 ቂ

𝑚
𝑠 ቃቁ

ଶ = 3.949[−] 



EV 

Q:  What is the flux linkage in the following magneƟc circuit, where N=200 turns on the winding, i=30 
mA current is flowing through the winding, the magnet has a remanence of Br=1.3 T, cross secƟon of 
A=500 cm2 the magnet leakage permeance is Pm= 10 mH, and the core reluctance is R=50 [1/H]. 

 

a) 0.04 Wb 
b) 16.67 Vs 
c) 8 Wb 
d) 0.083 Vs 

A: b 

Solution: 

 

 

remanence flux 𝜙  = Br*A,  

Reluctance: Rm=1/Pm 

𝜆 =
𝑁ଶ𝑖 + 𝑁𝑅𝜙

𝑅 + 𝑅
=

200ଶ30𝑚𝐴 + 200
1

10𝑚𝐻
1.3𝑇500𝑐𝑚ଶ

50𝐴/𝑊𝑏 +
1

10𝑚𝐻

= 16.67𝑉𝑠 

Wb=Vs, just a little trick to throw oƯ teams 



EV 

Q: Your team uses a 6 [Ah] cell with the following SoC-OCV (Open Circuit Voltage) curve in 120s2p 
configuraƟon. The SoH (State of Health) of your cells is 90%. Calculate the number of full endurance 
laps leŌ in your TS Accu if the average energy consumpƟon is 303 [Wh] per lap and the current OCV of 
your most discharged cell pair is 3.88 [V]. The following simplificaƟons can be used: 

 SoC-OCV curve is linear between the known points. 
 There is no recuperaƟon. 
 The energy stored in one cell at 100% SoC and 100% SoH is calculated according to EV 5.1.2. 
 The actual discharge current has no impact on the remaining energy. 

 

 

a) 11 
b) 12 
c) 13 
d) 14 

A: b 

SoluƟon: 

𝑆𝑜𝐶ଷ.଼଼ = 20% ⋅
(3.88 − 3.7)

4 − 3.7
+ 60% = 72% 

𝐸 = 𝐸 ⋅ 𝑁 ⋅ 𝑆𝑜𝐶 ⋅ 𝑆𝑜𝐻 = (6 ⋅ 4.2) ⋅ (120 ⋅ 2) ⋅ 0.72 ⋅ 0.9 = 3919.1 [𝑊ℎ] 

𝐿𝑎𝑝 =
𝐸

𝐸௩

=
3919

303
= 12.93 → 12 

3

3,5
3,6

3,7

4
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3,2
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4
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4,4
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O
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EV 

Q: You plan to use this circuit to generate the blinking paƩern for the Red LEDs of your TSAL. Assume 
that U1 is a perfect operaƟonal amplifier. Which combinaƟon of R1 and C1 leads to a rules-compliant 
TSAL? 

 

a) R1 = 22 MΩ, C1 = 10 nF 
b) R1 = 47 MΩ, C1 = 10 nF 
c) R1 = 10 MΩ, C1 = 10 nF 
d) R1 = 33 MΩ, C1 = 2.2 nF 

A: a 

SoluƟon: 

When U1 outputs high, the voltage at the non-inverƟng input is 𝑈ଵ = 3.33𝑉, when it outputs low, the 
voltage at the non-inverƟng input is 𝑈ଶ = 1.67𝑉. 

In the high state of the output, C1 is charged from 𝑈ଶ to 𝑈ଵ, and in the low state the other way around.  

The oscillaƟon frequency can be then calculated as 

𝑓 = −
1

2𝑅ଵ𝐶ଵ ln
5𝑉 − 𝑈ଵ
5𝑉 − 𝑈ଶ

. 

The allowed frequencies are in the range 2Hz to 5Hz (EV 4.10.2). Only answer 1 leads to a frequency in 
this range.  

SimulaƟon with Spice will not always lead to correct answers for this task, as the resistances are very 
large. The Opamp model in Spice needs to be adjusted first. 

  


