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1) For the circuit below with T = 30us and D = 0. 6, sketch the resulting voltage and calculate the
inductance needed if the voltage applied over the inductor during 0 < t < DT is 12V. (3p)
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2) For the buck/boost converter below, derive an expression for the ratio between the input and
output voltage if the converter is operating in CCM. (3p)




3)

4)

5)

6)

7)

8)

The buck/boost converter in (2) is used with the circuit parameters and operating conditions
below. Draw the resulting capacitor current (ic), apply Simpsons formula and calculate the
maximum power dissipation in the output capacitor if Rgggp = 45mQ. (5p)

Vy=20V V,=30V L=40uH f,=80kHz C,=330uF I,=1Ato7A

For the buck/boost converter in (2), calculate the lowest value of the inductance (L) required to
keep the converter operation in continuous conduction mode (CCM) for the entire operating
region. (4p)

The single-phase diode rectifier shown below is connected to an AC-voltage of 230V, 50Hz with
a negligible inductance (source inductance). A DC-side inductance (L) is connected between the
rectifier output and the filter capacitor (C). The DC-side inductance can not be considered
infinite (L=10mH) but the filter capacitor can be assumed to be very large. Calculate the output

voltage for a continuous inductor current (iL). (3p)
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For the diode rectifier in (5), the current that flows through the DC-side inductance (iL) will
consist of a DC-component and a superimposed AC-component. Draw the waveforms of vi(t),
Vo(t) and iL(t) at the limit which iL(t) becomes discontinuous. No calculations are needed, just
typical waveforms. (3p)

For the diode rectifier in (5), the current that flows through the DC-side inductance (i) will
consist of a DC-component and a superimposed AC-component. As the load resistance decreases
or increases, the current can be either continuous or discontinuous. Calculate the load resistance
value (Ricad) at the limit below which iL(t) becomes discontinuous. (5p)

The three phase inverter below is operated in square wave mode and the fundamental frequency
component of the AC-side voltage is 50Hz. Plot the phase potentials of each leg (v4n, Vgn, Ven),
the phase voltage over the load (v,4,) and the resulting line to line voltage (v45). (4p)
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9)

10)

11)

The three-phase inverter in (8) is loaded with a purely resistive load (R4 = R4 = R4 = 5Q) and
with V; = 340V. Determine the RMS-value of the fundamental component of the phase current
(in). (4p)

The load is replaced with an inductance and a voltage source (back-EMF) instead. The voltage
from the back-EMF is sinusoidal shaped and in phase with the fundamental frequency output
voltage which gives a resulting current as depicted below. For one leg and one period, sketch the
phase voltage (v,4,) and the back-EMF. Also, draw the current through phase leg A and the
current through each diode (D44, D 42) and each valve (T 41, T 42) (5p)
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You replace the standard 2-level inverter in (8) with a 3-level neutral point diode clamped (NPC)
inverter instead, see phase leg below. Draw the resulting mid-point voltages
(vaenp> VBGND> Veenp) and the resulting voltage (vy,) that is applied over a y-connected load
(phase voltage) for the 3-level inverter. Assume that upper and lower part of the phase leg
(Ty, T, or T3, T,) is turned on for 150° and that the midpoint switches (T, T3) are turned on for
30°. What is the benefit of using a multi-level inverter? (4p)
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12)  For the component below, calculate the resulting chip temperature if the component is mounted
on a heat sink with Rggq = 12.3K/W, the power dissipation is 3.4W and the ambient
temperature is T4, = 25°C. If the component is used in an environment where it is exposed to
many thermal cycles it will eventually break down. Due to which mechanism will it break down?

(3p)

[S72

N - CHANNEL 50V - 0.06€Q - 23A
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Thermal Resistance Ambience T, Ploss

Parameter Typ. Max. Units
Ruuc Junction-to-Case _— 1.0
Racs Case-to-Sink, Flat, Greased Surface @ 0.50 — *C/W
Reua Junction-to-Ambient@ — 62
Raua Junction-to-Ambient (PCB mount)® —_— 40

13)  In the diagram below, state which component that is typically used in each power range. Why

can’t high power components be used with a high switching frequency? (4p)
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Formulas for Examination in Power Electronic Converters (ENMO060)

Table 3-1 Use of Symmetry in Fourier Analysis

Symmetry Condition Required a, and b,
—f) = 2 (=
Bren e =1 b= 0 a = 7 [ costhon dwn
(1]
0dd f=n =~ o =0 b= % I ™ f)sinhor) dwr)
(1]
Half-wave f = -f¢ + %T) a, = gb =0 foreven h
o == I " f(t) cos(hwt) d(wt) for odd A
(1]
b, = % j " f()sin(hwt) diwr) for odd h
(1]
Even Even and half-wave b, =0 forallh
quarter-wave 4 (w2
- f f(f)cos(hwt) d(wt) for odd h
a4 =y 7Th
0 for even h
Odd 0Odd and half-wave a,=0 forallh
quarter-wave 4

b, =

0 for even h

Definition of RMS-value:

Definition of RMS-value with Fourier-series:

el 2 & 2 2
Fays = F[]2+ZF112= (ﬂ) +Z<\/an+bn

>2

p mf(r)sin(kmr) d(wr) for odd h
(1]

sin®(a) +cos®(ar) =1
sin(a + ) = sin(a) cos(B) + cos(e) sin(3)
cos(a + ) = cos(ex) cos(f) —sin(a)sin(f)

sin(a)sin(p) = %(cos(a — p)—cos(a + f3))
cos(a) cos(f) = %(cos(a — B) +cos(a + f3))

jsin(ax)dx = —%cos(ax) , Ixsin(ax)dx =

QJN| —

I xcos(ax)dx = a—lz(cos(ax) + axsin(ax))
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Electromagnetics
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Simpson’s rule

Let f(x) be apolynomial of maximum third degree, this means

f(xX)=a, +a,x+a,x* +a,x°

For this function the integral can be calculated as

1t0+T 1 T
T J f(x)dx:g(f(to)+4f(t0 +E)+ f(t, +T)j

0

sin(a — B) = sin(a) cos(B) — cos(a) sin(f)
cos(a — B) = cos(ar) cos(f) + sin(ex) sin(f)

sin(ar) cos(B) = %(sin(a — p) +sin(a + B))

(sin(ax) —ax cos(ax)), J cos(ax)dx = ésin(ax)
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