| ‘ ASCENTRUST..c

Power E

This Power Point Presentation was create

Joseph David Clement Fournier B.Sc.E.E., N
President and Senior Engineer of AscenTrust, LLC
Website:


http://ascenttrust.com/

ASCENTRUST.c




ASCENTRUST..c

L il

- HVDC thyristor
16.8
Cable AB



https://en.wikipedia.org/wiki/HVDC
https://en.wikipedia.org/wiki/Thyristor

ASCENTRUST..c



Power jﬁ#s@mumz

Power Electronics play a signifi
photovoltaic (PV) power systems.
power electronics is used to convert the €
generated by wind turbine generators and P\
required by the electric grid operators and the ass
regulatory Agencies responsible for the stability of the

As the technology for the power semiconductor
devices and integrated circuit develops, the potential
for applications of power electronics become wider. There
are already many power semiconductor devices that are
commercially available, however, the development in this
direction is continuing.



Power Electrc

Availability of high power
semiconductor devices

Decentralized renewable
energy generation sources

Increased power transfer
with existing transmission
system

Effective control of power
flow needed in a
deregulated environment

Norms for Power quality

Control Center

Central Power ‘
Station

Combined Heat and Power
Plant (CHP)

» Factory ‘
»Commercial Building

»House

» Apartment Building

Fuel Cell
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Increasing applications of Power Electronic Equipment in Power Systems

Solar Power Plants
» CHP House

Wind Power Plants

» Village

» Commercial
Building
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» Smart House ‘
» Performance
Building

Micro-Turbine

> Hospital

» Commercial
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< Utility stabilization app

High- voltage dc transmission(H
Flexible ac transmission(FACTS)
Static var compensation & harmonics
suppression: TCR, TSC, SVG, APF
Custom power & power quality control
Supplemental energy sources :

wind, photovoltaic, fuel cells

Energy storage systems
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Power Electronics occug
of the renewable energy spac

As the technology for the powel
devices and integrated circuit develop
for applications of power electronics beco
already many power semiconductor device
available, however, the development In this
continuing.

The power semiconductor devices or power electronic conve
generally into six categories

% AC to DC Converter (Controlled Rectifier)

s DC to DC Converter (DC Chopper)

s AC to AC Converter (AC voltage regulator)

s DC to AC Converter (Inverter)
s Static Switches

*
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. Uncontrolled turn on and off (

. Controlled turn on uncontrolled turn ¢

Controlled turn on and off characteristic (Pc
MOSFET, GTO, IGBT)

Continuous gate signal requirement (BJT, MOSFET,
Pulse gate requirement (SCR, GTO)
Bipolar voltage-withstanding capability (SCR, GTO)

Unipolar voltage-withstanding capability (BJT, MOSFET, GTO,
IGBT)

Bidirectional current capability (TRIAC)
Undirectional current capability (SCR, GTO, BJT, MOSFET, IGBT)
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Static converter IS a power ¢
convert electric power from one

The static power converters perfor
power conversion.

The Power Electronic Converter can be clas
SiX types:

Diode Rectifier

AC to DC Converter (Controlled Rectifier)
DC to DC Converter (DC Chopper)

AC to AC Converter (AC voltage regulator)
DC to AC Converter (Inverter)

o kW D=

Static Switches
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Diode Rectifiers. A diode rectifier circuit co
fixed DC voltage. The input voltage to recti
single phase or three phase.

AC to DC Converters. An AC to DC converter circuit ca
voltage into a DC voltage. The DC output voltage can be cont
varying the firing angle of the thyristors. The AC input voltage cot
be a single phase or three phase.

AC to AC Converters. This converters can convert from a fixed ac
input voltage into variable AC output voltage. The output voltage is
controlled by varying firing angle of TRIAC. These type converters

are known as AC voltage regulator.

DC to DC Converters. These converters can converter a fixed DC
input voltage into variable DC voltage or vice versa. The DC output
voltage is controlled by varying of duty cycle.

Static Switch. Because the power devices can be operated as static
switches or contactors, the supply to these switches could be either
AC or DC and the switches are called as AC static switches or DC
static switches.
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Devices Symbols Characteristics
A, K I ]
y o—> Pt o v
Diode = oo [ 0 AK
L & N L _Gate triggered
Thyristor g ; VV' ; / 0 Vax
AK

SITH Ao—[)l-LO‘K
G I Gate triggered
N Y M i
O 1T O VAK
A g S K / OI
AK
A K
OX ./_O
MCT
pr

Cathode

Turn-on Turn-off
MTO gate \%_. gate

Anode
Cathode

+—s Turn-off gate
ETO Turn-on gate

Anode

GTO
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Cathode
%é—. Gate (turn-on & turn-off)

IGCT
Anode
L B 1 JPZ Gate triggered
A
TRIAC o—2 H\O = o 4 =V a6
A G Garte triggered 7
" \:‘\\ - I .Z G/ate triggered
LASCR OQ—DITO = Vak
IA o 0
ICJl IBn IBn = IB]
NPN BJT 1
B1
0 Vg
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IGBT GS1
pr %
0 CE
D I F 3
|J 1 D vV
N-Channel ; B -
MOSFET G |k | vas1 = Vass
l— 0 GSn - VDS
o S
D ID ¥ 3
Voo =0V
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Gate ” [I -
signal o OF 1 =1
L “
+ O 11 + _1 __________ S
Thyristor AV '
Input y Output V, °
voltage R§ voltage
Vi Vo
e — = 0 - {

(a) Thyristor switch

GTO
Vv —
Vs Ao_\ﬂ_ _/_O KR § Vo ’
MCT _l_
G
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(b) GTO/MTO/ETO/IGCT/MCT/SITH switch (For MCT. the polarity of Vg is reversed as shown)
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(b) GTO/MTO/ETO/IGCT/MCT/SITH switch (For MCT. the polarity of Vg is reversed as shown)
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(d) MOSFET/IGBT switch
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1. AC to DC Converters

/

% Single phase, half wave AC to DC
converter

Input voltage : V; =V, Sin(at)

Output average voltage :

\Y
Voay = Vyeny = 2; (1+cosax)
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% Single phase, half \
converter
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1. AC to DC Converters
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X/

% Single phase, full wave AC to DC
converter

T3':T T‘l"TZ T3’ T4
Vs ' | l

v =V, sin wt /:(
|

I

2 = wt

A Vo

| |
' =4 : —+
: 1 Load current
: : > wt
. | aa | 2’17
h IS
T+a 27
0 . } . > wl
e

(c) Waveforms
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1. AC to DC Converters

ASCENTRUST..c

% Single phase, full wave AC
converter
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1. AC to DC Converters
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% Single phase, full wave AC to DC
converter

The rms value of the output voltage is given by

Tta 12 VZ Tta , 172
1T/ V2, sin? wtd(wt)} — [—mf (1 — cos 20t) d(wt)

(10.7)

With a purely resistive load, thyristors 77 and 7, can conduct from « to , and thyris-
tors 75 and T, can conduct from « + 7 to 21r.
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(a) Circuit

s Three phase, half wave AC to D

> |

\

(b) Quadrant

If the phase voltage is : v,,—= V,Sina  the
average output voltage for a continuous load

current is :

3 Smio+a

Vi V., sin ot d(wt) =

o 76+

V3V,

oS o
2

L
On
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¥ Van Vin Ven Van Vin
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Load current

ot

|Current through T,

> ot

(c) For inductive load
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J

s Three phase, half wave AC to DC

The rms output voltage is found from

3 Sw/6+a 1/2
Vims = [ { / V2 sin“wt d((ot)]

2w b

12
= 3Vm(l + ﬂcos 2a)
6 8

For a resistive load and a = w/6:

3 [T 3V,
Vie V,, sin ot d(ot) = Z—m- [1 + cos (E + a)]

" 2m o 1 6
Vie 1 (’IT )}
V,=—~=—|1+cos|—+

3 T 172
Vrmz[ / V,znsinzwtd(wt)]

2m 16+

12
= 3Vm[—5— - —1—sin (E 4 2cx>]

24 47 8w 3
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% Three phase, full wave
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\ 1 1 [ ! ! | F
L, ¢
(] a " Vm
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(b) Waveforms
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< In many industrial applicatio
required to convert a fixed-voltage
variable-voltage DC source. Like a tra
DC converter can be used to step down 0

DC voltage source.

< Application :

< Traction motor control in electric automobiles, trolley
cars, marine hoists, forklift trucks, mine haulers, etc

<+ Advantages :
< High Efficiency and fast dynamic response
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Principle Of Step-Down C

Converter

-~ s N R
I

+ t=0" + | E
SW I L >

3

=5
Y

(a) Circuit
(b) Waveforms

When the switch SW is closed for a time t;, the input voltage V. appears
across the load V, = V.. If the switch remains off a time t,, the voltage across
the load is zero, V,= 0.

The converter switch SW can be implemented by using Transistor, MOSFET,
GTO, IGBT, BJT, etc.
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