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This paper aims to improve the teaching methodology for self-learning for teachers and students working in the area of
power electronics. Three different methods have been proposed, mainly using mathematical equations, MATLAB/
Simulink and MATLAB functions. This paper also proposes an easy way of calculating the exact values of the
extinction angle known as ‘beta’. This avoids the use of the monogram known as the ‘Puchlowsky monogram’. In this
paper the exact calculation of the rms load current for a single-phase controlled rectifier with R-L load is given. A three-
phase controlled rectifier with a highly inductive load is also discussed in this paper with an interactive variable load
resistance and inductance. The simulation results have been presented and extensive simulation and experimental
studies have been carried out to analyze different waveforms under varying load conditions.
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1. Introduction

Power electronics is an important part of the electrical engineering curriculum as more than 75% of all
generated power needs to be processed by power electronics converters [1-4]. The increasing demand for
power quality, for speed control of ac motors, for smaller sized and lighter weight power supplies, and the
expanding market demand for power electronic systems have made power electronics the fastest growing area
in electrical engineering. Moreover, with increasing expansion of power electronics applications into
commercial, industrial and residential sectors [5, 6], there is a demand for more sophisticated power
electronics systems generating low harmonics to satisfy the needs of consumers. Therefore, it is necessary
to have a better understanding of the impact of these recent technologies on the environment and a
recognition of the urgent need for increased energy conservation. Consequently, it is necessary for learners,
including students, to use all the tools available for the study and better understanding of power electronics
circuits [7-9]. Thus, an effective power electronics course [10, 11] should ideally contain hands-on design and
experimental work [12] in addition to the theoretical study, programming and simulation [9, 13]. Unfortu-
nately, not many universities offer students the necessary tools to take advantage of the advances made and to
study complex power electronic systems as needed by industry [14, 15]. At institution level, there is lack of
effective curricula and necessary facilities for laboratory implementation. This paper is motivated primarily
by the work currently underway at the ETS Engineering School of High Technology in Quebec (both at
undergraduate and graduate levels). The authors believe that such content will help students and teachers in
power electronics education and will help young faculty who are interested in pursuing academic careers, to
get started in introducing power electronics courses. Brief proposals to improve teaching and also to show
future trends in the field of power electronics will be presented with the help of a well planned questionnaire
completed by the students. An investigation was undertaken to understand for their difficulties better and to
offer suggestions for improvements in teaching methodology. From this work, we will try to provide answers
to all these questions. In this paper, a different way of calculating the input and the output variables of a
system in power electronics is proposed. This calculation may be made using the three proposed methods: (1)
circuit simulation software to increase the students’ comprehension and calculation, (2) programming for the
calculation and (3) theoretical calculation. Finally, an interesting method is also provided for simulation
studies under varying conditions of varying parameters.

2. Investigation

2.1 Theory

The remarks and recommendations of the students include the following.
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e The handbooks of course, practical work and directed work must be available before the beginning of the
session.

® The theory given in the course should be well organized.

® There was a problem with checking the results of specified problems.

® There was a problem with reading the nomograms for the calculation of the extinction angle 8 and the
rms load current.

® There was real time variation of system parameters.

2.2 Simulation

A common complaint is that special programming and simulation tools are unavailable and not offered to
the students. These tools must be available to them.

2.3 Experimentation

Additional meetings for laboratory experiments should be offered in order to familiarize the students with
the available materials and to understand their operation.

3. Solution proposed

3.1 Theory and simulation

No change in the contents of the power electronics notes should be made during the session in order to
avoid destabilizing the students. Additional meetings of the MATLAB courses should be offered at the
beginning of the course; these will help the students to gain a better understanding and to have an
autodidactic (self-learning) approach.

The goal of these meetings of MATLAB, is to allow the students:

to familiarize with the MATLAB/Simulink environment,
to correct themselves with simulations and programming,
to learn continuous and discrete simulation,

to learn security issues,

to perform fault analysis.

Al N

Most universities do not provide separate courses on Power Electronics modeling and simulation
programs. One- or two-week short courses may be provided to allow the students to familiarize themselves
with simulation and programming, which cannot be linked to the regular curriculum. The contents are
usually on simulation tool manuals such as MATLAB/Simulink, Pspice, PSIM [16].

Familiarity with software sections, MATLAB, Labview and Simplis, is strongly recommended before
enrolling on the regular Power Electronics courses.

3.2 Experimentation

The experimental part of the course is crucial in Power Electronics education. However, most universities do
not possess well-equipped experimental laboratories for Power Electronics; only the basics, to do some simple
experiments, are provided. There must be more emphasis on the importance of using simulation software in
Power Electronics education. Using simulation software will help students to better understand the theory
and to complement their lack of experimental experiences in hardware/software. In particular, use of
simulation software will help young aspiring students to understand better the complexities of a circuit,
particularly when they are more comfortable with using a computer than learning through mathematics. It
also helps most students to work out the basic operation of power ¢lectronics circuits. They can design and
analyze the complex power electronics circuits easily using simulation, thereby expecting better results.

4. Rectifiers

4.1 Single-phase controlled rectifier
4.1.1 Calculation of beta

As an example, we chose a simple power electronic circuit, called a single-phase controlled rectifier, which is
studied in the first chapter of a power electronic course. In this circuit, calculation of the extinction angle for
a given firing angle is important and can only be obtained by solving a non-linear equation. The goal here is
to show how to determine the extinction angle, 3, by two methods: the first method uses a nomogram,
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which gives the approximate value and the second method uses the MATLAB function ‘fsolve’, which gives
a more precise value. The rms value of the load current, I; g, will then be calculated by three methods using
the nomogram and the normalized current Iyg; versus the firing angle, «, for a load angle given, ¢. The first
method of calculating this rms current uses a MATLAB integral function; the second one uses a simulation
study of the circuit and, finally, the third uses the theoretical calculation. We will conclude that the results of
the three methods give about the same value for the rms value of load current.

vy=p—
. VT ' 350 T
i % 320 -]
2 ,\V iy |0 —
l/l ]i a%g o = 0° si diode T
T 200 -

aQ .

Fig. 1. Single-phase controlled rectifier. Fig. 2. Duration of conduction v = f(«) for different ¢.
Exact expression of the load current iy
The circuit in Fig. 1 is described by the differential equation
. di .
Vv5(£) = Vinax smwt:LLTIL—i—RL ir (1)

zy: load impedance, z; = R% + (LLw)z; R;: load resistance, L;: load inductance,

L«

(Vzmzx) ’ [sin(wt —¢) —sin(a — qzﬁ)e_(?_ﬁ)} fora<wt<f

ip = 2)
0 for B<wt <27
Phase voltage V. =120V, f. =60Hz
and frequency
Source voltage | 7, =40mH, R, =15Q
type of
nonlinear load
Load angle g=45
Firing angle o =30
1 1
o 20 ) 80 ® _ 100 120 140 180 180
Fig. 3. Normalized current Iy, versus firing angle « for different Table 1. Specification parameters.
load angles ¢.
To find 3, one should solve the following equation:
. . _B a
sin(f — ¢) — sin(a — ¢)e werr =0 (3)

The two methods to determine the extinction angle (3 are as follows.

(a) 1st method by the nomogram
This method used in the power electronics course uses a nomogram, called the Puchlowsky nomogram,

which gives the variation of the conduction angle ~ versus firing angle « for a given ¢. The extinction angle
0 1s given by the relation:

L
y=0-a. ¢—arctg<u;L>—45°, however y=0—a=[F=v+a =196+ 30 = 266°.
L
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(b) 2nd method ( MATLAB function ‘fsolve’)
This uses a MATLAB function ‘fsolve’, which solves the nonlinear systems of equations. The initial
condition is chosen for x = 3.5 and the optimization will run until an error tolerance of le~® is met. The
calculated value of /3 is given in the last line of the program.

function F = fx2(x);

Ly =0.04; Ry = 15; W = 377; A = pi/6; PHI = atan(L{ *W/Ry); taux = L{/Ry;

F = sin(x(1)-PHI)-sin(A-PHI).*exp(-x(1)/(W*taux) ).* exp(A/(W*taux));

End (To erase)

To calculate 3, one uses

clc

x=3.5;

options = optimset(’Display’, off”, " TolX’,1¢°);

x = fsolve(’fx2’,x,options);

fprintf(1,’RESULTS: The extinction angle is \n’);
fprintf(1,’x = %8.4f \n’,180*x/pi);

One finds: § = 225.65°. From the method suggested, one plots several curves of 8 = f(a).

4.1.2 Calculation of the rms current

The value of the rms current is not easy to find analytically and the calculation is done in three different
ways: using the nomogram, programming the MATLAB integral function and, finally, by numerical
simulation of the studied circuit.

(a) 1st method
This method uses the Puchlowsky nomogram that, starting from the standardized current, makes it possible
to determine the rms value of the load current.

This normalized current is given by the following formula:

InrL = IILT: (4)

With I: Basic current;
Ip = Ipgse = V;Z = ﬁZI:SR = 7.984 (5)
From the nomogram: ¢ = 45°, o = 30°, Iyg, = 0.55 (6)
The rms load current is therefore: Iy g = Ip * Iygr, = 4.384 @)

(b) 2nd method

The method uses programming of the MATLAB integral function. The function is the integral of the square
of the rms value of the current. The last part of the programming gives the square root of the function with
its integration limits expressed in radians.

function y = f(x);

Ly = 40e; Ry =15; w=2*pi*60; Z; = sqrt(R 2+(L *W)*2); Vmax = 120*sqrt(2);
phi = atan(Ly *w/Ry) ; alpha = 30*pi/180; taux = L;/Ry; A = exp(alpha/(w*taux));
y = (Vmax/Z)"2*(1/(2*pi) ). *(sin(x-phi)- sin(alpha -phi).*exp(-x/(w*taux))*A).*2;

To calculate the integral, one uses
al =sqrt(quad( ’f’, 30*pi/180 , 225.65*pi/180))

One finds I p = 4.28 4
One then generalizes this result by tracing the rms load current I, g versus the firing angle « for various
values of the load.

(¢) 3rd method (by simulation)

One uses the block in ‘SimPowerSystems’ of MATLAB. In the circuit, one puts the voltage drop of the
thyristor at near zero for a better comparison with the theoretical values. To read the rms value, one chooses
RMS Discrete block for the calculation of the rms value of the load current I;g. Therefore I p = 4.28 A.
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We can thus affirm that the two other methods suggested give similar results to those obtained by
simulation. It is thus more reliable than the method used at present using the nomograms.

4.2 Controlled single-phase full-wave rectifier

In this example (Fig. 4; Table 2), one seeks to determine the rms load current I;z in discontinuous
conduction mode for & = 60°. Initially, one determines the extinction angle 3, first by using the Puchlowsky
nomogram, by using the method suggested using the MATLAB function ‘fsolve’ , of these two methods, the
proposed method is the more precise. Then, we use the three proposed methods to calculate the rms value of
the load current; the first uses the theoretical calculation, the second is the simulation and the third uses the
MATLAB function integral.

In continuous conduction mode, the integration limits to determine the rms value of the load current I g
vary from « to 7+ «. One can also determine the rms value of the load current using Fourier analysis and
the simulation.

2 Phase voltage, and vV, =120V, f. =60Hz
Tg& - frequency

: 3 Voltage-source type of L, =40mH, R, =15Q

R, ” nonlinear load o = 60°

v, % r -~ (discontinuous mode)
“ Voltage-source type of L, =40mH, R, =15Q
N nonlinear load
A Zﬁ = (continuous mode) o=20°

Fig. 4. Controlled single-phase full-wave rectifier.

(a) Simulation results

Table 2. Specification parameters.
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Fig. 5. Discontinuous mode vs(V'), v, (V) and ir(A4).

(b) Experimental results

Fig. 6. Continuous mode vs(V), v.(V) and i (A4).
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Fig. 7. Discontinuous mode vs(V'), v, (V) and ir(A4).

Fig. 8. Continuous mode vs(V), v, (V) and i (A4).
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4.2.1 Calculation of beta

L
4.2.1.1 Discontinuous mode: o = 60° and ¢ = arctan (b; > = 45°
L

By the nomogram By using the MATLAB function
‘fsolve’
Calculation of g B =y+a=170°+60°=230° f=224.3°
By theoretical calculation by using the MATLAB function
integral
Calculation of the rms load LAV snort 1,,=5.074
current with g =224.3° Iig= ;fo (-ﬂ;—] dot=5334
4.2.1.2 Continuous mode: a = 20°
Calculation of the rms load current
The Fourier analysis is given by
v =V + Z a, cos nwt -+ Z b, sin nwt (8)
n=1 n=1
The controlled full-wave bridge rectifier parameters are given below:
Vi =120V, F =60Hz, R;=15Q, L;=40mH, o« =20°
Expression
Average load current and load v, oy
voltage lp= R_ and ¥, = e cosa
Fourier components W, | cos(n+la  cos(n-1)a 2, | sin(z+)a sin(n-1)a
: =| Zox - 1
caloulation S 0 T T A 2P A T e
load current v, 5
i == Cos| ek —tan™ | — |- g,
B2l (3)2)
Rms load current [ p ih v,
= L+§ InR W1 ]Lrﬂ:ﬁzn
By calculation By simulation
Rms load current (A) 6.999 6.998

4.3 Controlled single-phase full-wave rectifier

Phase voltage, and
frequency

V.. =8485V, f = 60Hz

s

Voltage-source type of
nonlinear load
(Continucus mode)

L, =50mH R, =80/6Q,
o= 25°

Voltage-source type of
nonlinear load
(Discontinuous mode)

R,
193
% # L,

L, =20mH, R, =80/6C)
o =50°

emf

40V

Fig. 9. Controlled single phase full-wave rectifier.

Table 3. Specification parameters.
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(a) Simulation results
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Fig. 10. Discontinuous mode vs(V), v, (V), ir(A) and is(A).
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Fig. 11. Continuous mode vs(V'), v.(V), ir(A4) and

i\(A).
(b) Experimental results
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Fig. 12. Discontinuous mode v,(V), v.(V), ir(A4) and is(A4).

Determination the curve beta versus alpha
function F = fx5(x);
fori1=1:2;
alpha = [0 30*pi/180 ];

Fig. 13. Continuous mode v,(V'), vp(V), ir(4) and iy (A4).

Lch3 =0.020 ; W = 2*pi*60; E = 40;Rch3 =12 ; Vmax = 170; m=E/Vmax;
Z = [sqrt(Rch372+(Lch3*W)*2)];PHI = [atan(Lch3*W/Rch3)];taux = [Lch3/Rch3];
F(i)) = (Vmax/Z).*sin(x(1)-PHI) - (E/Rch3) + ((E/Rch3)-(Vmax/Z)).*sin(alpha(i) -

PHI). *exp(-x(1)/(W*taux)).*exp(alpha(i)/(W*taux));
end

190 T T
cos(phi) = 0.93
180 cos(phi).= 0.79
cos(phi) = 0.66
L0
'
&
2
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140 L i m= 0.6

50
a(degré)
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Fig. 14. Extension angle § versus firing angle a.
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(a) Continuous mode
Average load voltage | Average load Fundamental rms line current Rms load voltage
current
1 erea ; V,—E i ir: 1[ pr+a . 2 Voo
Vi= ;L V. sinot daot I, = R_L For n inpair s J;[L (Ve Sin 01 da)t} = Wi

— &7 max

cosax

_ —4*] *sin(ax)

’az +b
IARI = ﬁ

and b =

4* ], *cos(ax)

n

(b) Discontinuous mode

Extinction Average load voltage Average Rms load voltage
angle for load
V. =120V current
=186.77° v V,-E
s VL:%[COSD‘*COS:H*’”(”*“*/])] I,= R VLR:VWXJL{%(sinZafsinZﬁ)Jr(%7m2j(ﬁfa)Jrﬂmz}
L V4

Continuous mode Discontinuous mode
By calculation By simulation By calculation By simulation
Load average voltage 69.231V 69.22V1V 7209V 71.82V
Load average current 2194 2194 2414 2.384
Rms line fundamental current | 1.974 1954 2014 4 2.064
Rms load voltage 84.851 84.551 81.941V 81.621

Table 4. Calculation and simulation results.
4.4 Controlled single-phase full-wave rectifier with RC load

I

T i
! T, Phase voltage, and V., =120V, f, =60Hz
frequency
, = § R, v, Volt.age-source type of C, =400 uF, R, =80Q,
s nonlinear load o
a="70
T, %; z;

Fig. 15. Controlled single phase full-wave rectifier with fem E. Table 5. Specification parameters.

(a) Simulation results

(b) Experimental results
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Fig. 16. Waveforms: v,(V), v.(V), ir(A) and ir(A).

by

Fig. 17. Waveforms. v,(V),

VL(V), lL(A) and lL(A)
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One chooses AV = 0.25 % Vipax

By calculation By simulation
Ripple output voltage Al AV =025%V, =425V 367
Load average voltage?, =V, 7% 148751 14881V
Load average current 7, = IV?_L 1.86 4 1.874
Output capacitor c=— Vo= 416 ur 400 uF
(2*f*R,*AV)

Table 6. Calculation and simulation results.

One remarks that when the firing angle « is less than the angle oy shown in Fig. 18, the average load voltage
is not affected, above this value the load the average voltage can be varied.

4 Vo \\
>~ ot
0 T a, 2

Fig. 18. Controlled single phase full-wave rectifier.

4.5 Three-phase rectifier [17]

The average value of the load current is /;; the rms value of the load is I p; the rms value of the line
fundamental current is I4z;; the rms value of the source current is /4x; and the rms value of the load voltage:

ViR
4.5.1 Three-phase controlled rectifier without freewheeling diode with RL load for o = 70°

Phase  voltage, and | 7/, =120V, f, =60Hz
frequency
Voltage-source type of | L, =150mH, R, =25Q
nonlinear load

Table 7. Specification parameters.

. —, I A E E . T r
0 10.002 0.004 - 0.006 £0.008 0.01 0.012 :  0.014 0.016 0.018: 0.02
b A ¥ w v ¥
z z n 5t 1z 11z
6 —ta —+a —+a —+a ——
6 2 6 6

Fig. 20. Simulation wavefoms for a three-phase full converter.
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Fig. 21 Experimental waveforms for a three-phase full converter.

For proper handling to calculate correctly the currents and the voltages for a three-phase controlled
rectifier it is important to identify the integration limits and the voltages set in. For this, we must address the
waveforms to the terminal voltage of the load separately from the three corresponding upper thyristors (T1,
T3, TS) and the three lower thyristors (T4, T6, T2). By making this difference, one can determine the output
voltage. One can easily identify the sequences of operation of the rectifier and the phase voltage
corresponding to each of the sections of the output voltage. For example, to calculate the average value
of the voltage across the load one takes a piece of this output voltage, one marks the interval and the
corresponding phase voltage. Note that the firing angle is counted from .

. 1 2
Vab = Van — Vbn = Vmax SIH(WI) — Vimax sin (wt B T) \/_dex sin (wt + 6) (9)

3 (3te 3 (3te , 3v3 Vinax fta 3v3Vinax
Vi = —JZ Vapdwt = —Jz V/3Vinay sin (wt + %)dwt = M {— cos (wl + g)} = gcos(a)
T

TJi+a TJzta sta ™
(10)
One can also calculate the average output voltage, for example, if one changes the integration limits defined
by: 5+ « until %’ + «; but in this case, one should take the phase to phase voltage v,

. . 4
Vae = Van — Ven = Vinax Sin(wt) — Vinax sm( t— T) V3 Vimax sin (wt — E) (11)
3 [Ere 3 (e : 3V3V
V= —J ’ Vae dwt = —J 6 V3 Viax sin (a)t — E) dwt = V3 cos(a) (12)
T)sta Tlzta 6 ™

Expressions

3.[?DCJ_VNSIH(@H ]dm‘—?’ﬁV‘““cosa and 1,-"%
i F 4 R

i

Average output voltage and

output current ]

Rms fundamental input current ., Un,
P :i I? I cosoold ol + 7? —I, coset d ex :7£Sina
T Fm TW T

P 1la
,l|:jﬂ?+ I, sinet o eof + 7?)rﬂ?'Lsinmtale:oi} 2J—1 N cosae and T, = al+b @
7|2 LA

2
2 1% 2
;j,f Izdm:‘];j:; Iidar:h,)g
2
Ty N ¥ 3| = \I3
J.;m [me sm[a)ﬂgﬁ det =3V, E[EJF 7605(2{1)}

[

Rms input current
o=

-

Rms output voltage
Vig=

?\:—
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Table 8 shows the integration limits approximately for all cases of the controlled three-phase rectifier. The
integration limits are validated by calculating the input and the output variables of the three-phase
controlled rectifier with a highly inductive load by theoretical calculation and by simulation using rms and
average block in MATLAB.

Three-phase controlled Three-phase controlled Three-phase semi Three-phase semi
rectifier without rectifier with controlled rectifier controlled rectifier with
freewheeling diode for freewheeling diode for without freewheeling freewheeling diode for
o =70 o =70 diode for er =30 o =70
Parameters Integration limits Integration limits Integration limits Integration limits
v, (V) z z z 5 z r_.x 5T z T
—ta—>—+a s A —ta—>—and ——>"—+a “ta——
6 2 6 6 6 2 2 6 6 6
I.(4) T oo ST Fed T T AT 7T
“tao>+a “ta->— ZteosTand—o>"—+a “ta—-s>—
6 2 6 6 6 2 2 6 6
Lojni (A) x x 5 T I bl p3 7
—taoa>"—+a —ta—s>—and —+a—>— —taea>—+a —ta—o—
6 6 6 2 6 6 6 6
ir 1lx T 117z o 134 ir 1z S5z 1lr
e —ta > —and— = = e ]
6 6 6 6 2 6 6 6 6 6
1,0(A) 5 5w 7
—ta—>—+a —ta—— —ta—>—+a —ta——
6 6 6 6 6 6 6
V. (V) b1 T 5r b1 T 7 57 T 7
—ta—>—+a Sta—s>— —ta—>—and ——>"—+a —ta——
6 6 6 6 2 2 6 6 6

Table 8. Integration limits for a three-phase rectifier.

Table 9 shows a comparison between the theoretical calculation of the input and the output variables of
the three-phase controlled rectifier with the measured values by simulation using rms and average block in
MATLAB. One sees that there is a good correlation between the calculated values and the values given by
the simulation. This validates the proposed technique for finding the appropriate integration limits for the
three-phase controlled rectifier.

Three-phase controlled | Three-phase controlled Three-phase semi Three-phase semi
rectifier without rectifier with controlled rectifier controlled rectifier
freewheeling diode for | freewheeling diode for | without freewheeling with freewheeling
o =70 o ="T0° diode for o =30° diode for o =70

Parameters | Calculated | Simulated | Calculated | Simulated | Calculated | Simulated | Calculated | Simulated
%) 96.17 96.07 100.44 100.3 262.34 262.1 188.67 188.3
E(A) 3.85 3.85 4.02 4.01 10.49 10.49 7.55 7.54
I.(4) 3 3 2.65 2.66 7.90 7.90 4.82 487
I(4) 3.14 3.13 3 3.02 3.56 8.56 5.90 594
V. (1) 126.04 126.3 125.46 125.2 265.02 264.4 21538 2153

Table 9. Comparative table of calculated and simulation values for input and output variables for the three-phase rectifier.

4.6 Three-phase controlled rectifier with RC load for oo = 45°
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Fig. 22. Three-phase controlled rectifier.

Table 10. Specification

parameters.
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Fig. 23. Simulation: v,(¥), vp.(V), is(A) and i (A4). Fig. 24. Experimental: vy(V), v.(V), is(A4) and i.(A).

The ripple voltage of the load voltage is chosen as AV = 0.029 * Viax (13)
One deduces the average load voltage by Vp = Viax — % (14)
The average load current is calculated by I} = Ve (15)
The loss of capacitor charge is given by AQ = CAV = [ At (16)

The discharging time for a diode rectifier corresponding to the angle il 0., the filtering capacitor for a

6
1 (g 0)
AV xw

three phase diodes rectifier is

calculated using the formula given by C = and

2AV . .
0. = = 13.79° [18]. For a thyristor #, was estimated as 39.29°.
VLmax

By calculation By simulation
Load average voltage 290.18F 2931V
Load average current 3634 3664
AV, 8.5417 94V
Capacitor 407 ul 400 ul

Table 11. Calculation and simulation results.

5. Interactivity learning

In this process for a given circuit one can learn about interactive real-time varying elements such as load
resistance and inductance and make an oscilloscope that is so interactive that one can view simulation of
several waveforms associated with parameter changes of the load elements on the same diagram. All these
elements are visible and handled in the same window, which explain better the phenomena encountered such
as the continuous conduction mode and discontinuous conduction mode.

5.1 Modeling the variable inductance and resistance J
Using the equation given below, the inductance is modeled by v = Lj; —i= ZJ vdt and the resistance is

. . v
modeled by v=Ri — i = g current source.
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Fig. 25. Simulation results when the variable inductor is operated.

The phenomena observed in the Fig. 25 shows the effect of varying the load inductance. One sees that the
negative part of the load voltage becomes greater when the inductance is increased; this can be explained by
the increased stored energy in the inductance. One can see also that the slope of the load current is
decreased; this explains the function of the inductance to smoothen the current and reduce the ripple
current.

6. Conclusion

In this paper, methods for learning platforms for power electronics have been proposed. The methods are
divided into three major parts: software simulation, software programming and, finally, theoretical
calculation. The controlled rectifiers are used as an example for validation. The self-learning makes the
course more attractive for the students. The proposed methods have been very positively accepted and the
students have shown a great interest in the course. One can believe that our objectives of self-learning for the
students have been achieved. The integration limits of different rectifiers have been identified to serve as a
reference for calculations. the software programming uses the MATLAB function ‘fsolve’ to determine the
extinction angle without using nomograms and determines the rms load current rather than the normalized
(per unit) current. The calculation of the input and the output values of the three-phase controlled rectifier
are presented for all cases, it shows the same values as those calculated in the simulation. From the
interactive point of view, one can see all the variables varying during the simulation and the students can
better understand the effects of varying parameters in a better visual manner.
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