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1. PWM DC/AC Converter (Inverter)

Switch-mode DC-to-AC inverters are useful for generating an AC sinusoidal output whose
magnitude and frequency can be controlled. They are commonly used in AC motor drives and
uninterruptable AC power supplies.

1.1 Part A
The topology chosen was a Single-phase Full Bridge Inverter with Bi-Polar switching.

. Figure 1. Singleiphase Full Bridge Inverter

This topology was selected because:

e Full Bridge does not require that the input voltage be split into two halves with
capacitors. If a half-bridge circuit was assembled, the input voltage would need to be
doubled. This increases the current and the strain put on the MOSFETS.

e Bi-Polar switching was selected because it is simpler to implement and is sufficient for
the requirements listed.

An equivalent circuit was built in PSIM using triangular wave and sine wave voltage sources that

were then inputted to a comparator to achieve the necessary modulation. 4 MOSFETs were used
as switches and are labelled Ta+, Ta-, T+, and Ts- respectively.
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Figure 2. Single-phase Full Bridge Inverter PSIM
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1.2 Part B

The modulation index ma to achieve the required output voltage can be calculated as follows.

Vcontrol .
VORMS = * Vl
Vtri
174
Where ma = —<nirol
Viri

__Vorpms __ 2202

Therefore, ma : = 0.819
Vi 380
1.3 Part C
To obtain the desired output current, the load resistor R; must be selected appropriately.
The desired output current is I, = 10Aguys
_220vV2
So, R, = 0z 22Q
1.4 Part D

Next, we find the filter inductance L and capacitor C for a characteristic impedance Z,, of 5() and
a cut-off frequency F, of 600Hz.

L 1
ZO_ Ea O_ZH\/R
Eql 50 = L
1 - |c
Eqg?2 600H !
7 =
a 2nVLC

Solving these two equations for the two unknowns yields L = 1.326mH, and C = 53.052uF



1.5 Part E

It can be seen from the waveforms below how using PWM controlled modulation can yield the
desired sinusoidal AC output. Some key observations obtained from these simulations include:

e The Low-Pass filter on the output successfully takes the modulation waveform, filters out
the high frequencies and keeps the average value information. The result is a smooth
sinusoidal output for both the voltage and current with a fundamental frequency of 50Hz.

o If the switching frequency is higher. The output will be less distorted by harmonics and
will retain a smoother sinusoidal shape. The trade-off is higher switching losses. In the
case of this circuit, 20kHz is sufficiently high to yield a good AC output.

e The inductor current ripple (measured at the zero-crossing) is approximately 6.6V.

Simulation (Output Voltage)

Vo
600
400
200
0
-200
-400
20m 40m 60m 80m 0.1 0.12 0.14 0.16 0.18
B LE] Time (s) v
< >
X1 X2 A Average RMS THD
Time 4.46880e-02 5.49186e-02 1.02306e-02 a freq=50
Vo 3.11185e+02 -3.12788e+02 -6.23973e+02 1.57219e+01 2.23871e+02 9.72552e-04

Waveform 1. Output Voltage
Simulation (Output Current)

lo

30
20
10
0
-10
-20

20m 40m 60m 80m 0.1 0.12 0.14 0.16 0.18

a: 2 Time (s) v
< >
X1 X2 A Average RMS THD
Time 4.46880e-02 5.48789e-02 1.01909e-02 5 freq=50
lo 1.41448e+01 -1.42023e+01 -2.83471e+01 7.73210e-01 1.01570e+01 9.72552e-04

Waveform 2. Output Current



Simulation (Inductor Current Ripple)
Note - measured at the zero crossing.
I(L)

8
6
4
2
0
-2
-4

59m 59.1m 59.2m 59.3m 59.4m

1] @2 Time (s)
< >
| X1 | X2 A Average RMS THD
Time 5.90520e-02 5.90720e-02 2.00000e-05 a freq=50
IL) -2.64792e+00 3.97397e+00 6.62189e+00 4.07350e-01 2.09200e+00 1.36196e-01
Waveform 3. Inductor Current Ripple
1.6 Part F

The filter can be redesigned for cut-off frequencies of 1200Hz and 300Hz.

1.6.1 Parti

Eql sa= |-
1 - Ic

Eq2 1200Hz =

1
2nVLC

Solving these two equations for the two unknowns yields L = 0.663mH, and € = 26.526uF

1.6.2 Partii

Eql sa= |-
1 -

Eq2 300Hz =

1
2nvVLC

Solving these two equations for the two unknowns yields L = 2.653mH, and € = 106.103uF



The FFT Analysis provides useful insights into the frequency domain and how the filter is
performing. Some key observations include:

e The first key point in the FFT waveform is at SO0Hz This is the fundamental frequency of
the sine wave and it is represented by the spike seen at 50Hz in the waveforms. The cut-
off frequency needs to be higher than this so that the fundamental frequency is not
filtered out.

e The second key location is at 20kHz. This is the switching frequency. The cut-off must
be before this point to ensure that harmonics from 20kHz are not allowed to pass through
the filter.

FFT Analysis (Output Voltage) for F, = 600Hz

Vo

300
250
200
150
100

50

1 10 100 1k 10k 100k
1 Frequency (Hz) LE v
: X1 X2 A Average RMS THD
Frequency 5.00005e+01 2.01479e+04 2.00979e+04 a freq=50
Vo 3.14745e+02 2.47822e-03 -3.14743e+02

Waveform 4. Output Voltage FFT Analysis with a cut-off frequency of 600Hz



FFT Analysis (Output Voltage) for F, = 1200Hz
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200
150
100

50
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Vo

100 1k

Frequency (Hz)

10k

X1 X2 A Average

[ M

RMS

100k

THD

Frequency

5.00005e+01 2.04000e+04 2.03500e+04 g

freq=50

Vo

3.13152e+02 4.97616e-03 -3.13147e+02

Waveform 5. Output Voltage FFT Analysis with a cut-off frequency of 1200Hz

FFT Analysis (Output Voltage) for F, = 300Hz
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Vo

100 1k

Frequency (Hz)

10k

X1 X2 A Average

[ H

RMS

100k

THD

Frequency

5.00005e+01 2.01479e+04 2.00979%e+04 g

freq=50

Vo

3.21288e+02 1.33432e-03 -3.21286e+02

Waveform 6. Output Voltage FFT Analysis with a cut-off frequency of 300Hz




2. DC/DC Isolated Power Supply using a Full-Bridge Converter
An equivalent circuit was built in PSIM using a square wave generator at a frequency of 150kHz.
4 MOSFETs were used as switches and are labelled Ta+, Ta-, Ts+, and Tg. respectively. A
1-phase 3-winding transformer was used to step down the voltage.
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Figure 3. Isolated Power Supply using a Full-Bridge Converter PSIM

2.1 Part A

From viewing the circuit, it can be seen that there will be two distinct states for the voltage that
V, sees across its terminals. When it’s the on state for the positive forward voltage

v=Nsy _y
L= i
Np l o
And when its in the off state
Ng
V, =——V,
L Np L
By equating these two equations we obtain
Ng Ng
—V, =V, = V;
Np l o Np L

Then, remembering that the switching is controlled by the duty cycle



Therefore the gain equation is

The voltage needs to be stepped down from 170 to 5. This requires a turns ration of 34:1

_ Y% N
V% 2 N
D 5 34
= — %k —
1702 1
Therefore the duty cycle is
D =0.5
2.2 PartB
To obtain the desired output current, the load resistor R; must be selected appropriately.
The desired output current is I, =75A
So, R, == = 66.667mQ
2.3 Part C
The value for the filter inductor and capacitor can be calculated from the following equations.
Ai;,
AVo =
8C fow
Ai
C=——%
84Vofs,,
2.25

¢ =5 (0.05)150e3

C = 37.5ufF

Then, for the inductor
_Vi@-D)D

Ai; =
g Lfsw



_Vi(1—D)D
Aip fow

_75(1-0.5)0.5
"~ 2.25 % 150e3

L =125.926uH

2.4 PartD
The waveforms below demonstrate how the calculated circuit parameters implemented in the
circuit operate with a high degree of accuracy. The output does not exactly match the target due
to resistive drop and leakage in the transformer. However, the results are very close. Some key
observations obtained from these simulations include:

e Steady state voltage output approximately 5V (desired output voltage).

e Steady state current output approximately 75A (desired output current).

e Output voltage ripple is very low. Approximately 16.3nV which is well below the
maximum voltage ripple of 50mV

e Inductor current ripple is very low. Approximately 1.5uA which is well below the
maximum current ripple of 2.25A.

Simulation (Output Voltage)

Vo

5
4
3
2
1
0
0 20m 40m 60m 80m 0.1
Time (s) ! L E
X1 X2 A Average RMS THD
Time 7.02397e-02 8.59167e-02 1.56776e-02 3 freq=200
Vo 4.99849e+00 4.99849e+00 9.55193e-09 4.99849e+00 4.99849e+00 8.95464e+11

Waveform 7. Output Voltage



Simulation (Output Voltage Ripple)

Vo

4.998494202
4.998494182
998494162 /\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
4.998494142

4.998494122

4.998494102

78.75m 78.76m 78.77m 78.78m 78.79m
1 @2 Time (s)
< >
: X1 X2 A Average RMS THD
Time 7.87548e-02 7.87567e-02 1.86665¢-06 g freg=200
Vo 4.99849e+00 4.99849e+00 1.63190e-08 4.99849e+00 4.99849e+00 6.54353e+11

Waveform 8. Output Voltage Ripple

Simulation (Output Current)

lo

80
60
40
20
0
0 20m 40m 60m 8om 0.1
Time (s) L 2
X1 X2 A Average RMS THD
Time|  7.16071€-02,  8.59167€-02,  1.43096€-02 g freq=200
lo|  7.49770e+01|  7.49770e+01 1.14622e-07|  7.49770e+01|  7.49770e+01|  9.16086e+11

Waveform 9. Output Current



Simulation (Inductor Current Ripple)

I(L)

74.97703856

74.97703806

74.97703756

74.97703706

74.97703656

74.97703606

45.88867m 45.89844m 45.9082m
: 82 Time(s) "
< >
X1 X2 A Average RMS THD
Time 4.58933e-02 4.58966e-02 3.26663e-06 g freq=200
L) 7.49770e+01 7.49770e+01 1.50780e-06 7.49770e+01 7.49770e+01 1.23342e+10

Waveform 10. Inductor Current Ripple

25 PartE
The ripple current through the inductor is very small so the point at which this converter enters
the boundary region is when the output current is also very small. Therefore we need a large
resistor for the load.

Through trial and error I was able to determine that the point at which this converter enters the
boundary region is at approximately

R, = 2200

In this operating mode the current through the inductor is actually touching zero. On the
boundary it is only touching the real line but in Discontinuous Conduction Mode there would
actually be a set of times where no current is flowing through the inductor and it would flatline.
This change in operating mode yields some interesting observations that can be seen in the
waveforms. Some key observations include:

e The output voltage in steady state is below the desired 5V.

e There is a more significant output current ripple.

e The output current is very small due to the large resistor.

e The inductor current ripple is larger and it touches zero.
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Simulation (Output Voltage)

Vo
10
8
6
4
2
0
0 20m 40m 60m 80m 0.1
[ 2 Time (s) v
: X1 X2 A Average RMS THD
Time 5.80357e-03 2.53571e-02 1.95536e-02 g freg=200
Vo 5.04696e+00 4.99205e+00 -5.49132e-02 4.99998e+00 5.00001e+00 9.44201e+03

Waveform 11. Output Voltage (Boundary Conduction Mode)

Simulation (Output Voltage Ripple)

Vo
5.01563
5.00781
5
4.99219
36.25m 36.875m 37.5m 38.125m
B LB Time (s) o
<
X1 X2 A Average RMS THD
Time|  3.06448e-02,  3.68607€-02,  2.15865€-04 g freq=200
Vo 4.99358e+00 5.00633e+00 1.27541e-02 4.99997e+00 4.99997e+00 1.05854e+05

Waveform 12. Output Voltage Ripple (Boundary Conduction Mode)
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Simulation (Output Current)

lo

40m
30m
20m
10m
0
0 20m 40m 60m 80m 0.1
1 [} Time (s)
: X1 X2 A Average RMS THD
i Time 5.96206e-03 2.34869e-02 1.75248e-02 g freg=200
lo 2.25527e-02 2.27914e-02 2.38635e-04 2.27270e-02 2.27272e-02 5.08885e+04

Waveform 13. Output Current (Boundary Conduction Mode)

Simulation (Inductor Current Ripple)

1(L)

93.75m
62.5m
0
-31.25m
-62.5m
6.25m 6.875m 7.5m 8.125m 8.75m
B LB Time (s)
< >
X1 X2 A Average RMS THD
Time|  6.74427€-03  6.96013€-03  2.15865€-04 g freq=200
)] 1.15071e-03|  4.40223e-02 428716e-02|  2.26134e-02 2.72229e-02|  1.66138e+02

Waveform 14. Inductor Current Ripple (Boundary Conduction Mode)
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