
ELEC-E8417 Switched-Mode Power Supplies Exercises 10

Exercise 1

Connected to a one phase rectifier (figure 1), the rms value of the grid voltage is Vs = 120V
at a frequency f = 50Hz with a inductance Ls = 1mH.

Figure 1: Rectifier with a constant DC-side voltage.

a) Obtain the current id of the DC-side and its peak value when the voltage over the
DC-side is Vd = 150V.

b) The average value of the current id ≈ 10, 5A. Using the figure 2, define the value of
Vd, the power factor PF, the displacement power factor DPF, the crest factor and the
ratio Is/Id. What is the current id peak value?

Figure 2: a)Total harmonic distortion, DPF, and PF. b)Normalized Vd and the crest factor

Exercise 2

In the figure 4 is represented different factors of the three phase diode full-bridge of figure 3.
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Figure 3: 3-phase rectifier with a constant DC-side voltage.

In a extreme case, the value of the inductance approaches infinity which makes the output
current id flat and the maximal power factor is PF= 0, 955. Calculate in the same case, the
maximal power factor for a single-phase diode full-bridge (figure 1)?

Figure 4: a)Total harmonic distortion, DPF, and PF. b)Normalized Vd, and crest factor

Exercise 3

In a forward-converter, the inductance of the output filter is L = 20, 7µH and its current
minimal, maximal and rms values are iL,min = 5, 16A, iL,max ≈ 14, 84A and IL,rms = 10, 38A.
The switching frequency is fs = 100kHz. The inductance L is built with a double E-core
where the maximal magnetic flux density is Bmax = 0, 3T. It is Assumed that the surface
of the core is Ac = a2 and the dimensions for the winding are lw = 0, 5a and hw = a. The
surface of the airgap is Ag = 1, 2Ac and the copper fill factor kCu = 0, 7.

a) Calculate the surface of the core Ac when the current density is J = 2A.mm−2.
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b) Considering the temperature, calculate the maximal allowed value of the current den-
sity J when

J = 450AP−0,125A.cm−2 and AP = AwAc (1)

c) Obtain the number of turns N and the airgap length g.

Exercise 4

In a forward-converter the voltage over the filtering capacitor is 210 ≤ Vd ≤ 325V. It is
varying according to changes in the load and the changes in the voltage of the grid. The
output voltage is Vo = 5V and the output power is 15 ≤ Po ≤ 50W.
The transformer is built from ferrite material 3C8 with a core of model ETD 34. Its volume
is Ve = 7640mm3, the effective area Ae = 97, 1mm2 and the smallest surface area of the
core is Ac,min = 86, 6mm2. The switching frequency is fs = 50kHz and the demagnetization
winding number of turns is N3 = N1 with N1 the primary winding number of turns. The
copper fill factor is kCu = 0, 6.

a) Calculate the switching conduction time ratio De,max and the winding ratio a when
for the switching transistor has a reduced conducting of 1µs. The conducting time is
shortened as followed

De,max = Dmax − aIofs × 1, 2 × 10−9 with a =
N1

N2

(2)

b) The saturation flux density is Bs > 0, 32T at 100◦. Calculate the primary and sec-
ondary winding turns when the transformer has a small airgap such as the remanence
flux density Br ≈ 0T.

c) What is the rms value of the maximal current allowed in the secondary when Aw =
90mm2 when taking the temperature in account knowing that

J = 450AP−0,125A.cm−2 and AP = AwAe (3)

d) Calculate the losses in the core when the hysteresis and eddy current losses in the
material at the frequencies 10kHz to 100kHz are respectively

Ph ≈ 16, 7 × f 1,3
s ∆B2,5

c Ve and Pe ≈ 0, 8 × f 2
s ∆B2

c

AeVe
ρ

with ρ = 0, 4Ωm (4)

e) Calculate the length of the airgap needed when the inductance of the primary is L =
10mH.
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