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Types of Converters

ac | gc/dec | dc dc | de/de | dc

dc | dc/ac | ac ac | ac/lac | ac

N\

AC 1TAC/DC| DC DC [DC/AC| AC

v
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AC/DC Converters
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Single-Phase, Half-Wave

D1

> +
v.=V__ sin(w?) V‘D / Vi K
[ = %S (only when SCR 1s closed)

v,=I R=v_(only when SCR 1s closed)
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v
Vioe A Vave = gl;x (1+cosa )
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RMS of load voltage

(04 \ / o
AP
Vims :\ };Z_x I[Sin(wt)]zdwr = \ Z;x J‘[]—COS(ZG) t [ dot
0/ 04

Vmax — \/5@< | RMS of Supply

Voltage
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Electric Power

2
Vmax
ST R

B =

[2(r —o )+ sin(2a)]
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SCRs and 2 Diodes
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Single-Phase, Full-Wave, AC-to-DC 2-
SCRs and 2 Diodes

Vs i)
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SCRs and 2 Diodes
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ye V2 7
v, =\ e [ sin(ot)° dot = |~19 j [1-cos(20t)] dot
04 04

Voo \/_]_(x sin(2o)

Vs = +
rms \/5 — 2

A 7
p = - — _MdX racr o )+ sin(2a
B 47rR[ ( ) (2o)]
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Half Wave Versus Full Wave

Half Wave Full Wave
Average V |4
Voltage | V, = —=(+cosa) V . =—%(+cosa)
21 T
RMS : :
Voltage | V. = V. \/[l_a N sm(Za)} oo V_ {1_ a sm(2(x)}
2 T 2r "2 T 21
Power 2 P
P = - [2(r —a)+sin(2a)]| P = M [2(7 —q)+sin(2a)]
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3-phase, AC/DC Conversion

Switching Sequence

)
S
-
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3-phase AC/DC SCR Converter

when v, > all other voltages
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1 V3
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V2
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DC/AC Converters
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First Time Interval
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Second Time Interval
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Voltage Waveforms Across Load

Vab

Ve

Yea

Waveforms are symmetrical and equal in magnitude
Waveforms are shifted by 120 degrees
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DC/DC Converters
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DC-to-DC Conversion

* Step-down (Buck) converter: the output voltage of the converter is lower
than the input voltage

* Step-up (Boost) converter: the output voltage is higher than the input
voltage.

* Step-down/step-up (Buck-Boost) converter.
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Step Down (Buck converter)

N |
V| —
< ton > Time) v B HVCE
DR 2l
A
\ R
Vi
: >
< lon > Time
< T >
I o {
_ . on .
Vave == | Vs dt ==V, =KV,
T 0 T
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/=5 kHz (switching frequency )
Ve=12V; V=3V, t,, =7

Solution ] 7
T=—=—=0.2 ms
f 5
Vo =2V, =KV,
T
K== 0417
12

t =0417 x 0.2 = 0.0834 ms
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Keep In mind

. Inductor current is unidirectional

. Inductor cannot permanently store energy
. Voltage across inductor reverses

L
_YYN >
ﬁ
Zoﬁ
p.—o c —= RS,
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Inductor current

v

: Eton toff i fime
T
Vv
Inductor voltage f”
Votf
Time

—— Energy is acquired by indudtor

/3 Energy Is released by inductor
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Example

A Boost converter Is used to step up 20V into 50V. The
switching frequency of the transistor is 5kHz, and the load

resistance is 10QQ. Compute the following:

1. The value of the inductance that would limit the current ripple at

the source side to 100mA
2. The average current of the load
3. The power delivered by the source

a. The average current of the source
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Part 1
S
V=V 1+ 11
{
o) t,+t,=—=—=0.2ms
R /s
50=20{ 1 +-*
) 1,=15% =15%(0.2-1,,)
t =1.5*t =0.12 ms

off
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v 20
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Buck-Boost converter
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AC/AC Converters
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AC/AC Converter

AC

AC/DC

dc Link

DC/AC
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AC/DC Converter

e Wy ey

C

T T Ay
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Control Parameters

. Frequency
Voltage

. Phase shift

. Sequence
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Pulse-Width Modulation
(PWM)

UL

TN

Vryef
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Switching of Phase a

et a7 s i

\ ’ }
/\/\/\/\/\/\/\ >__—_ —ea —® b —® ¢
t Q4 K}% Q6 K} Q2 K}Y

The switching rule

If Vier > Vegp Then  Qyisclosed, Q4 isopen = v,,=V ;.

If Vier <Veqr Then Qg isclosed, Q) isopen = vy, =0
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Fundamental Frequency

W

V. (l‘ )= J3 m, V;'C sin(27r fst) + Bessel harmonic terms

m,= / Amplitude Modulation
V
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Vo (f )= ﬁ m, 2"’“’ sin(Zn fsz‘) + Bessel harmonic terms

Va sin(2m£'¢)

Ignore harmonics Vas ()= V3 m,

Vdc
2

sin(2n £t —30°)

Phase values Ve (f ): m,

Ve

V. .=m ==0.354m_V
rms of phase values " rms “ 52 a ¥ de
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T
From line \ dc Link To rotor
> >
[.ine
AC == Rotor | AC
converter converter
=) sin Vie
an in a)l van—oul‘ — ma 2 ((D2t)
V =0.585Sm_V__ cosa

out—rms dc
2\/
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Control Parameters:
Frequency

. Frequency: by adjusting the frequency of the
reference waveform

Viefl

) > -i“ -yl ‘ ‘ Vear
\ 1 l 4,1,
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Control Parameters:
Voltage

. Voltage: by adjusting the reference voltage and/or
the triggering angle

VCCH”

Vyef2 Viefl
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Control Parameters: Tarila Technical University( @)
Phase Shift “

Phase shift: by adjusting the phase sift of the reference waveform with respect
to the line voltage

Wind Energy Systems/ Dr. Abdullah Awad 61
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Reduced Harmonics PWM Technique

~

One cycle of high frequency carrier

when Q, is closed, v, = 0

when Q, is closed, v, = V.

Vao = Voo =m Ve = — Vg = toandc
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Reduced Harmonics PWM Technique

Vao = Mg Vdc
Vpo = Mp Vg
Veo = M Vg

m, = 0.5 + ksin(2nf.t)

2T
m; = 0.5 4+ k sin (ZHﬁSt : ) L Vo ax—r
27-[ Vmax—car
m,. = 0.5 + k sin (27Ifst + ?)
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Reduced Harmonics PWM Technique
mg, = 0.5 + ksin(2nf,t)
my = 0.5 + k sin (anst 271)

3
2T
m, = 0.5 4+ k sin (Zﬁfgt + ?)
_ I

Vab = Vao — Vpo — manc — medc — \/§ k Vdc S1n (Zﬂﬁ;t — g)

_ 51
Vphe = Vpo — Voo = MpVge — M Vg = V3 k V4. Sin (an_'gt — ?)

, /A
Veca = Vco — Vgo = mCVdC — manC = \/§ k VdC S1IN (Zﬂfgt ~+ E)
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Reduced Harmonics PWM Technique

Vap = V3 k Vg sin (27rfst — —)

6
5T
=3 k V4 sin (anst - )
T
VeaV3 k Vg sin (27rfgt + E)
_ kV;,
Von = £0°
Uan = k V. sin(2mft) an V2
_ 2T — B k VdC o
Von = k Ve sin  2fot =5 Vpn =~ 4 =120
| 2T = K Vac 0
Ven = kaC Sin (27’[};1:4'?) Vcn — '\/E £120
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Type 3: Doubly Fed Induction Generator (DFK(\;)

Box f
A
dc Link U
— AC/DC —{ DC/AC
vV
K
Controls
Controls . Electromagnetic torque
DC link voltage . Speed (extracted power)
Reactive power (in some applications) - Terminal voltage of generator

Reactive power
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Key Features of DFIG

The capacitor connected on the DC bus acts as a filter and a voltage

source.
The control system generates the control signals ¥, and V.

The frequency of the njected voltage to the rotor 1s equal to the
desired slip frequency

fr = Snewf

The rotor will eventually rotate at the new speed

Wind Energy Systems/ Dr. Abdullah Awad
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Website

Use the To check for announcements

course

website: To get copies of the lecture slides and other material

To get the homework and project assignments

https://lms.ttu.edu.jo/

>

™
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