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_____________________________________________________________________________________ 

 
Observe that the questions are not arranged in any kind of order. 
 
On the last pages there are some formulas that can be used in the examination. Always assume steady-state 
conditions in all tasks unless otherwise stated. 
 
Please, read through the exam before you start. 
_____________________________________________________________________________________ 

 
1) Consider the buck converter below. Calculate the maximum switching frequency that can be 

used if the converter always shall operate in CCM. (4p) 
 
૜૙ࢂ ൑ ࢊࢂ ൑ ૝૙࢕ࢂ          ࢂ ൌ ૚૛ࡸ        ࢂ ൌ ૛૙૙࢕࡯         ࡴࣆ ൌ ૜૜૙ࡲࣆ         ૙. ૞࡭ ൑ ࢕ࡵ ൑ ૠ࡭ 
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The converter is operating in CCM if ܫ௅ ൒ ∆݅௅ 2⁄ , see figure: 

 



If the average value of the inductor current is equal to half the peak-to-peak ripple in the inductor current, the converter 
will be operating at the border between DCM and CCM, see the solid line in the figure. If the ripple is reduced there will 
be a margin to the border, see the dashed line. First we find an expression for the duty ratio. This can be done by 
calculating the average inductor voltage. 
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The average output current equals the average inductor current.  
 
௢௨௧ܫ ൌ ܣ0.5								௅ܫ ൑ ௢௨௧ܫ ൑   ܣ7
 
The peak-to-peak ripple in the inductor current can be calculated. During the period  
0 ൑ ݐ ൑ ܦ ௦ܶ௪ is the inductor voltage constant and equal to the input voltage. The equation can then be written as: 
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For CCM: 
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If we use the expressions above and rearrange a bit, the following holds for the switching frequency in CCM: 
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The switching frequency,	 ௦݂௪, shall always be greater than the right hand expression, therefore: 
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which is given for the lowest output current, ܫ௢ ൌ  and the lowest duty cycle, D=0.3, which in turn corresponds to ,ܣ0.5
the highest input voltage,	 ௜ܸ௡ ൌ 40ܸ.  
 

2) A transformer is added to the buck converter in (1) so that it becomes a Forward converter. 
Name two reasons for having a galvanically isolated output from your DC/DC converter. (2p) 
 

 To avoid circulating currents 
 Safety reasons 
 Multiple outputs 

 
3) The forward converter below is operated with a varying output voltage. Select suitable values 

for the output inductance ሺ࢚࢛࢕ࡸሻ and the output capacitance ሺ࢚࢛࢕࡯ሻ so that converter meets the 
specifications of current (∆ࡸ࢏) and voltage (∆࢜࢕) ripple. Assume that ࡺ૚ ൌ ૚ࡺ/૛ࡺ ,૜ࡺ ൌ ૙. ૜૟ 
and that the converter shall always operate in CCM. (5p) 
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૜૟૙ࢂ ൑ ࢊࢂ ൑ ૝૙૙࢕ࢂ          ࢂ ൌ ૞૝࢙࢝ࢌ        ࢂ ൌ ૚૙૙࢕ࡼ      ࢠࡴ࢑ ൌ ૞૙૙ࢃ 
࢑ሻࢇࢋ࢖࢑ିࢇࢋ࢖ሺࡸ࢏∆ ൑ ૛૙%	of the load current 
࢑ሻࢇࢋ࢖࢑ିࢇࢋ࢖ሺ࢕࢜∆ ൑ ૛૙ࢂ࢓ 
 
Since the number of turns on the primary winding is equal to the number of turns on the demagnetizing winding, the 
maximum allowed duty-cycle is 50%. If it becomes greater, the core will not have time to demagnetize.  
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The output inductor is dimensioned for the highest duty cycle, a decrease in duty cycle will keep the converter in CCM. 
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As for the buck converter, the output voltage ripple can be calculated as:  

௖ݒ∆ ൌ
ሺ ௗܸ െ ௢ܸሻ ∙ ܦ
8 ∙ ௦݂௪

ଶ ∙ ܮ ∙ ܥ
→ ܥ ൒

ሺ ௦ܸ௘௖	 െ ௢ܸሻ ∙ ܦ
8 ∙ ௦݂௪

ଶ ∙ ܮ ∙ ௖ݒ∆
ൌ

ሺ130ܸ െ 54ܸሻ ∙ 0.417
8 ∙ ଶݖܪ100݇ ∙ ܪߤ170 ∙ 20ܸ݉

ൌ  ܨߤ116

 

௖ݒ∆ ൌ
ሺ ௗܸ െ ௢ܸሻ ∙ ܦ
8 ∙ ௦݂௪

ଶ ∙ ܮ ∙ ܥ
→ ܥ ൒

ሺ ௦ܸ௘௖	 െ ௢ܸሻ ∙ ܦ
8 ∙ ௦݂௪

ଶ ∙ ܮ ∙ ௖ݒ∆
ൌ

ሺ144ܸ െ 54ܸሻ ∙ 0.375
8 ∙ ଶݖܪ100݇ ∙ ܪߤ181 ∙ 20ܸ݉

ൌ  ܨߤ116

 
4) For the forward converter in (3), a new transformer shall be designed. You have two different 

E13/6/3-cores made of material 3C90 to choose between; a core with 0.25mm airgap and a core 
without airgap (see attached datasheet). Calculate the primary magnetizing inductance for both 
cores if ࡺ૚ ൌ ૛ૠ with both the ࡸ࡭-value and the reluctance of the core. Which core is most 
suitable in a forward transformer? Why? (3p) 
 
The inductance for each core is calculated with the specified ܣ௅-value (which is the same for both the core with center 
hole and the core without center hole): 
 
௚௔௣௣௘ௗܮ ൌ ௅ܰଶܣ ൌ 63 ∙ 27ଶ ൌ  ܪߤ46



 
௨௡௚௔௣௣௘ௗܮ ൌ ௅ܰଶܣ ൌ 730 ∙ 27ଶ ൌ  ܪߤ532
 
The inductance can also be calculated by first calculating the reluctance of the core. If the air gap is considered, the 
majority of the reluctance lies within the air gap, hence can the core be neglected in this case.  
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The transformer in the forward converter is used as a transformer (not to be confused with the flyback transformer which 
works as an energy storage device). A high magnetizing inductance gives lower ripple in the magnetizing current which 
means that the losses will decrease. So for thisw case, a transformer without air gap is preferable. 
 

5) The buck converter below is used with real components (parasitic elements are included) and a 
controller circuit that keeps the output voltage constant. Explain thoroughly what happens if a 
load step (e.g. sudden increase/decrease of the output current) is applied on the output. Also, 
explain the effect of the parasitic resistances (ࡸࡾ and ࡯ࡾ) on the transfer function of the power 
stage (࢖ࢀሺ࢙ሻ). (4p) 

 
 
The current suddenly increases at t=2ms which gives a reduced output voltage due to increased losses in the converter. 
This is detected by the controller which increases the dutycycle in order to keep the output voltage constant. 
 

 
 
The transfer function of the power stage can be written on the form of a second order system:  

 



where 

 

 

 

 
 

6) In the question marks in graph below, name which component that is suitable for each 
corresponding power level (4p) 
 

 
 

7) A single phase inverter is operating in square wave mode with a load that consists of an inductor 
ሺࡸ ൌ ૚૙૙ࡴ࢓ሻ in series with a sinusoidally shaped back-emf voltage source  
൫࢕ࢋ ൌ √૛ ∙ ࢕ࡱ ∙   has a frequency of 50Hz and	ሺ૚ሻ൯࢕ࢂሺ࣓૚࢚ሻ൯. The output fundamental voltage ൫ܖܑܛ



the same amplitude and phase as the back-emf. The peak ripple in the output current is 2A, 
shown in the figure below. Calculate the resulting DC-link voltage ሺࢊࢂሻ. (4p) 
 
This task can be solved in an analogous way as for the three-phase inverter operating in square-wave mode.   
 

 
 
The current is formed by the voltage applied over the load inductor. Due to the sinusoidal-shaped back-emf of the load, 
the ripple voltage will be applied over the inductor.  
 
௢ሺ௥௜௣௣௟௘ሻݒ ൌ ௢ݒ െ  ௢ሺଵሻݒ
 
Since the ripple voltage is even at π/2 and odd at π, the ripple current must be odd at π/2 and even at π. The current ripple 
can be calculated by integrating the ripple voltage from T/4 to T/2.  
 
In this interval ݒ௢ ൌ ௗܸand the fundamental component can be calculated as (odd and half-wave): 
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8) Consider a single phase inverter operating in PWM mode where the output current is sinusoidal 
and lagging the voltage. Why is blanking time needed? How will the blanking time affect the 
output current and voltage? Explain by e.g. drawings and harmonic content. (4p) 
 
Blanking time is a short time period where both switches in one phase leg are turned off at the same time. This is needed 
to make sure that the source is not short-circuited due to the non-ideal switches.  
 
For a positive output current, the output voltage will be increased slightly due to the blanking time and for a negative 
output current, the output voltage will be decreased slightly.  
 
The effect is seen in the output voltage when io has a zero crossing, there will be a notch in the voltage which results in 
low order harmonics (3:d, 5:th and so on) in the inverter output.  
 

  
 

9) Consider the single phase thyristor rectifier below. 
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The input voltage (࢙࢜) is a sinusoidal with an amplitude of 200V and a frequency of 50Hz. The 
delay angle (ࢻ) is ૟૙° and the DC-side current (ࢊࡵ) is constant current of 10A. Draw the output 
voltage waveform (࢜ࢊ) and calculate the average value ࢊࢂ. (3p) 
 
The input voltage (࢙࢜) and the output voltage (࢜ࢊ) can be drawn as: 
 

 
The average output voltage with delay angle 60° can be calculated as: 
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10) The single phase thyristor rectifier in (9) is now fed with an input voltage that is square wave 

shaped with an amplitude of 200V and a frequency of 50Hz. If the source inductance (࢙ࡸ) is 
considered, draw the output voltage (࢜ࢊ), the voltage over the source inductance (࢙ࡸ) and the 
source current (࢙࢏) for the delay angle ࢻ ൌ ૜૙°. (4p) 
 
For the source current, the current increase during the commutation will be linear since the voltage applied over the 
inductance will be a constant voltage.  
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11) A single phase diode rectifier is used with a voltage stiff DC-side. The output voltage (dashed 

line, not to scale) and the capacitor current are depicted below. 
 
 
 
 
 
 
 
 
 
 
The capacitor current is sinusoidal shaped during 3࢙࢓. For reasons of simplicity, the current 
can be approximated with a triangular shape (see dotted curve) instead. Based on the two 
attached datasheets, select a suitable diode and calculate the resulting component temperature. 
Assume that the ambient temperature is ૟૙°࡯. (5p) 
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The current through one diode will consist of one pulse per 55Hz, i.e. half the cpacitor current. In order to calculate the 
power dissipation in a diode, the average current through each component needs to be calculated. 
 

஽ଵሺ஺௏ீሻܫ ൌ ඩ
1

ݏ16݉
න ݅஽ଵ

ଵ଺௠௦

଴

ݐ݀ ൌ ඩ
1

ݏ16݉
ቌ න ݅஽ଵ

ଵ.ହ௠௦

଴

ݐ݀ ൅ න ݅஽ଵ
ଶ

ଷ௠௦

ଵ.ହ௠௦

ݐ݀ ൅ න ܣ0

ଵ଺௠௦

ଷ௠௦

ቍݐ݀ ൌ 

 

஽ଵሺ஺௏ீሻܫ ൌ ඩ
1

ݏ16݉
ቌ
ݏ1.5݉
ݏ1.5݉

න ݅஽ଵ

ଵ.ହ௠௦

଴

ݐ݀ ൅
ݏ1.5݉
ݏ1.5݉

න ݅஽ଵ

ଷ௠௦

ଵ.ହ௠௦

ݐ݀ ൅ න ܣ0

ଵ଺௠௦

ଷ௠௦

ቍݐ݀ ൌ 

 

ൌ ඩ
ݏ1.5݉
ݏ16݉ ∙ 6

ሺ0ܣ ൅ 4 ∙ ܣ9.25 ൅ ሻܣ18.5 ൅
ݏ1.5݉
ݏ16݉ ∙ 6

ሺ18.5ܣ ൅ 4 ∙ ܣ9.25 ൅ ሻܣ0 ൅ න ܣ0

ଵ଺௠௦

ଷ௠௦

ݐ݀

ൌ ඨ
ݏ1.5݉
ݏ16݉ ∙ 6

ሺ55.5ሻ ൅
ݏ1.5݉
ݏ16݉ ∙ 6

ሺ55.5ሻ ൅ 0 ൌ  ܣ1.31

 
஽ܲଵ ൌ ிܸ ∙ ஽ଵሺ஺௏ீሻܫ ൌ 3.9ܸ ∙ ܣ1.31 ൌ 5.11ܹ 

஽ܲଵ ൌ ிܸ ∙ ஽ଵሺ஺௏ீሻܫ ൌ 1.1ܸ ∙ ܣ1.31 ൌ 1.44ܹ 
 
௝ܶ ൌ ஽ܲଵܴ௧௛௃஺ ൅ ஺ܶ ൌ 5.11ܹ ∙ 15.9° ܥ ܹ⁄ ൅ ܥ60° ൌ   !too hot  ->  ܥ115°

௝ܶ ൌ ஽ܲଵܴ௧௛௃஺ ൅ ஺ܶ ൌ 1.44ܹ ∙ ܹ/ܥ4.9° ൅ ܥ60° ൌ  !OK temperature -> 	ܥ67°
 

12) The three phase diode rectifier below is used with a voltage stiff DC-link and a negligible source 
inductance. The system operates with ૞૙ࢠࡴ and ࢜ࢇ ൌ ࢈࢜ ൌ ࢉ࢜ ൌ ૛૜૙ࢂ peak voltage. Draw the 
phase voltages (࢜ࢇ, ,࢈࢜  and the (࢈ࢇ࢜) ࢈ and ࢇ the resulting line-to-line voltage between phase ,(ࢉ࢜
line current ࢇ࢏. Clearly state the amplitudes and phase shifts between the voltages. The exact 
values of the line current are not needed. (4p) 
 

 
 



Current is drawn from the voltage source as long as the input voltage is higher than the output voltage. Note that this 
happens two times for each phase, when the line-to-line voltages (ݒ௔௕ and ݒ௔௖) are higher than the output voltage, a current 
is drawn from the source. This can be seen as two pulses in the middle of the R-phase voltage.  
 
Points are given if the answer shows a difference in amplitude and phase (30°) between the phase and line-to-line voltages. 
To score full points, the correct phase current has to be drawn.  
 

  
 

13) For a three phase inverter operating in PWM-mode, sketch the resulting harmonic spectrum for 
ࢇ࢓ ൌ ૙. ૡ and ࢌ࢓ ൌ ૚૞. Mark the amplitudes for the specified frequencies (and sidebands) in 
the diagram. (4p)  
 
The harmonics in the line-to-line voltage are of concern 
If mf is selected to be odd and a multiple of three, the harmonics at mf (and odd multiples of mf) will disappear 

 
  

ab Line-to-line voltage (vpeak=400V) 
a-Phase voltage (vpeak=230V) 
ac Line-to-line voltage (vpeak=400V) 
a-phase current 
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Electromagnetics 
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Simpson’s rule 
Let )(xf  be a polynomial of maximum third degree, this means 
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For this function the integral can be calculated as 
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Definition of RMS-value: 
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Definition of RMS-value with Fourier-series: 
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Diode 1: 

 

 
  

࡭ࡶࢎ࢚ࡾ ൌ ૚૞.  ࢃ/࡯°ૢ



Diode 2: 

  

࡭ࡶࢎ࢚ࡾ ൌ ૝.  ࢃ/࡯°ૢ


