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1. In the single-phase rectifier shown below in Fig 1a., Ls = 1mH and Id  = 10A. The 
input voltage vs has the pulse waveform shown in Fig 1b with the amplitude of 200V 
at 50Hz. 

 
Figure 1a. 

 
 

 
Figure 1b. Input voltage vs  



 
Solutions:  
a. The relevant circuit waveforms are (5 points): 

 
(5 points) Commutation interval u can be calculated as: 

 
b. The voltage vd  can be calculated as: 

 
 
c. The power delivered to the output circuit is given as: 

 
d. The voltage drop due to the commutation interval is: 

ΔVd/Vd=Au/π=1.8% 



2. The ideal buck-boost converter is shown in figure below. The converter is operating in 
the continuous conduction mode (CCM). The converter’s operating specifications are as 
follows: 

• input voltage Vd = 30V,  
• output voltage Vo=20V 
• load resistor R=4Ohm 
• switching frequency fs=40kHz.  

 
 

 
 
Solutions: 
a) See the book about Buck-boost converters 
b)  

 
The peak-to-peak current ripple is given by: 

 
Which gives the inductance value: 

 



The figure below gives the capacitor current 

 
Hence the charge going into the capacitor/out of the capacitor in one switching cycle is: 

 
 
c) CCM 

 
 
Boundary 

 



3. Design a flyback converter operating in the discontinuous conduction mode with the 
following specifications: 

• Input voltage 300V≤Vd≤400V (nominal value 400V) 
• Output power 0V≤Po≤50W (nominal value 50W) 
• Output voltage 20V≤Vo≤30W (nominal value 27V) 
• Switching frequency fs=50kHz 
• Peak –to-peak voltage ripple ΔV0p_p=20mV.  

 
 

 
  
Solutions: 
a) In BCM holds: 

 

 
In BCM the peak magnetising current must equal twice the average magnetizing current. 
By applying the ampere-second balance to the output capacitor, we obtain that average 
current: 

 
We know the peak magnetising current 



 
Combining the above equations: 

 
The following figure depicts the capacitor current waveform 
 

 
The peak capacitor current equals peak diode current minus the output current. The peak 
diode current equals the peak primary magnetising current multiplied by the turns ratio, 
as shown in figure. The falling slope of the diode/capacitor current is defined by the 
magnetizing inductance and its off-time voltage. Hence the time instant of t1, at which the 
capacitor current crosses zero, can be given as follows:  

 

 
The capacitance value should be chosen for each operating point and maximum value 
chosen. 



 
b, c) 

  

 



4. Figure 4 shows the inverter that contains a full-bridge voltage source converter.  

 

 
 

Figure 4 
 
The output voltage v0 of the inverter is obtained by unipolar voltage switching.  

 
Given is further: Vd = 350V  
  ω1=2π50  
  L = 15 mH 
In the following questions 4.a and 4.b the ripple that is caused by the switching can be 
neglected. 
 
Solutions: 
a) See book – Eq (8-20) 
 
b) See book page 214 

c) The voltage across the inductor is given by 
ripple

ripple

di
v L

dt
= ⋅  

1ripple o ov v v= −  where vo is the output voltage of the inverter and vo1 is the first harmonic 
(fundamental) of the output voltage. 
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Where (0,t*) is the time period in which the ripple voltage is larger than zero i.e. the inductor current 
increases. This is the case when vo is Vd. vo1 is given by the input/output voltage ratio 

1 1(2 1)o dv V D= ⋅ −  
And t* is the time interval in the switching period where vo is Vd, which is when vAN=Vd (which happens 
during D1Ts) and vBN=0 (1-D1), which (2D1-1)Ts/2 (see Figure below) 
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To find the maximum ripple, one needs to take the first derivative of the last expression, which gives 
D1=3/4. If this is substituted in the above equation, the maximum ripple value is VdTs/8L. 
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