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O1 epapuoyEC Twv HAekTpoVIKWwY loxuoc.
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AvaAuon Twv avopBwTIKwV diaTagewyv ue BupioTop (1, 2, 3, 6 TTAAPNWV).

AvdAuon Twv petatpottéwv AC/AC ue avtitapdAAnAa Bupiotop (soft starters).
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Role of Power Electronics

Power Electronics

Interface ,
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Figure 1-1 Power electronics interface between the source and the load.

The power electronics interface facilitates the transfer of power from the source to the
load by converting voltages and currents from one form to another. in which it 1s possible
tor the source and load to reverse roles. The controller shown in Fig. 1-1 allows
management of the power transfer process in which the conversion of voltages and
currents should be achieved with as high energy-etficiency and high power density as
possible.
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FIGURE 1.16 Four generations of solid-state power electronics.

e FIRST GENERATION (1958—-1975) (Thyristor Era)
— Diode
— Thyristor
— Triac

e SECOND GENERATION (1975-1985)
— Power BJT
— Power MOSFET
- GTO
— Microprocessor
— ASIC
- PIC
— Advanced control

e THIRD GENERATION (1985-1995)
- IGBT
— Intelligent power module (IPM)
— DSPs
— Advanced control

e FOURTH GENERATION (1995-)
- 1GCT
— Cool MOS
— PEBB

— Sensorless control
— Al techniques: fuzzy logic, neural networks, genetic algorithm



FIGURE 2.1 Evolution of power semiconductor devices.

o i
« DIODE (1955) —>—
o L
« THYRISTOR (1958) —x:
0
« TRIAC (1958) Lﬁf
&
=
« GATE TURN-OFF THYRISTOR (GTO) (1980) ADQLJ

« BIPOLAR POWER TRANSISTOR (BPT or BJT) (1975)
D

« POWER MOSFET (1975) c | t‘
5

« INSULATED GATE BIPOLAR TRANSISTOR
(IGBT) (1985)

« STATIC INDUCTION TRANSISTOR (SIT) (1985)

« INTEGRATED GATE-COMMUTATED
THYRISTOR (IGCT) (1996)

« SILICON CARBIDE DEVICES




Power-frequency trends of the devices (from [5]).

FIGURE 2.2
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Power Electronic Building Blocks (PEBB)

ABB has developed Power Electronic Building Blocks for the use in all possible voltage source converters. With these
building blocks the adaptation to special requirements can easily be done while at the same time the costs can be kept
at a reasonable level. With the use of such standardized building blocks, the engineering and development work is limited
to @ minimum.

Voltage source converter modules are available for various applications, such as:
L ]
L ]
L ]
L ]

The displayed ratings for the PEBBs are nominal ratings. The final ratings may vary depending on the used system and
application.

Power Quality

Static Frequency Conversion

Dynamic VAr Compensation (STATCOM)

Power Conditioning Systems for Energy Storage

FPEBB Description

20 MVA,
WV vaoltage source converter module (water coaled)

6 MYA H-bridge or 2-phase converter block
MY Power Electronic Building Block
Power Stack (water cooled)
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CL1A060

FLAT-BASE TYPE
INSULATED PACKAGE

PM100CL1A060
FEATURE

Inverter + Drive & Protection IC

a) Adopting new 5th generation Full-Gate CSTBT™ chip

b) The over-temperature protection which detects the chip sur-
face temperature of CSTBT™ is adopted.

c) Error output signal is possible from all each protection up-
per and lower arm of IPM.

d) Compatible L-series package.

* 3¢ 100A, 600V Current-sense and temperature sense
|IGBT type inverter

* Monolithic gate drive & protection logic

* Detection, protection & status indication circuits for, short-
circuit, over-temperature & under-voltage (P-Fo available
from upper arm devices)

» UL Recognized

APPLICATION
General purpose inverter, servo drives and other motor controls



FIGURE 2.22 IGCT with integrated packaging of gate driver (from [15]; photograph used with permission of ABB).

As mentioned earhier, an IGCT 1s basically a “hard-dnven™ GTO with unmity tum-off
current gain. This means that a 3000-A (anode current) device requires a -3000-A gate
current to turn it off. The large current pulse should be very narrow with low energy
content for fast tum-off. The photograph shows an ABB presspack-type IGCT with a
butlt-in integrated gate drive circuit on the same module. The current pulse with high
di/dt (4 kA/us) 1s supplied by a large number of MOSFETS operating in parallel in an
extremely low leakage inductance path. Skillful design and layout of the control circuit
are extremely important.
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Figure 1-2 Regulated low-voltage dc power supplies.
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Boost Converter

Cell(15V) ——

Figure 1-3 Boost de-dec converter needed in cell operated equipment.



Adjustable Speed Drives

Electnc
Dnve
“ﬂ‘_\\' Processing | —m| Mator
\,_ - Unit (PPU) *
form '
Electric Source adjusiadi= l EF':E;L
(utility) form -
SENEOrs
Controller [ measured
-] speed! position

input command
(speed / position)

—— Power
Signa

Figure 1-4 Block diagram of adjustable speed drives.



FIGURE 3.21 Four-quadrant operation of dc drive.
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FIGURE 2.28

Power integrated circuit for de motor dnve (Harns HIP4011) (from [18]).
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FIGURE 2.21 IGET six-pack intelligent power module (IPM) with gate drive interface logic (from www.pwnocom).
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Induction Heating

Power High
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Figure 1-5 Power electronics interface required for induction heating.



Electric Welding

Power DC
Electromics —
Interface

Utility

Figure 1-6 Power electronics interface required for electric welding.



Transportation

Figure 1-10 Hybrid electric vehicles with much higher gas mileage.

Hybrid electric vehicles with much higher gas mileage

light rail. tfly-by-wire planes
* all-electric ships

* drive-by-wire automobiles.



How hybrids save fuel

Engine is turned off at:
— Stops

— Lower speed (say less that 15 km/h), an electric motor

drives the car until speed reaches a certain limit, then engine
Kicks In

— When vehicle is stopping or going downhill, engine is turned
off, Regenerative braking is applied

When engine operates in an inefficient mode(e.g. at very high
or very low engine speeds), the electric motor kicks in and
assists engine. Engine is driven to its optimum operating zone

Engine can be made smaller, due to electric motor assistance

22



Vehicle kinetic energy

E-—m(V; =V;)

A B 2
Vg >V, accelerating, fuel is consumed, kinetic energy is increased
A B
« V,>Vg braking, very little fuel is consumed, kinetic energy is
reduced
energy is dissipated in the brakes as heat in conventional
cars

In hybrids braking energy is recovered by an electric
generator and stored in a battery

it is called regenerative energy, or “Regen Energy”

23



Vehicle potential energy

E=mgh

Need engine power, fuel is consumed, potential energy is increased

no need for engine power

Braking, very little fuel is consumed, potential energy is reduced energy is
dissipated in the brakes as heat in conventional cars

In hybrids braking energy is recovered, Engine can be turned off
automatically going downhill

24



Optimum engine operation condition
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PARALLEL HYBRID

Gasoline motor

Batteries which

powers an electric S oo "
motor
Both can power the S Xk it
transmission at the
same time

Electric motor
supplements the
gasoline engine

Typical Paralliel Hybrid

(B12000 HowSiu il
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SERIES HYBRID

 (Gasoline motor turns

a generator

« Generator may either s
charge the batteries o T TN
or power an electric mecic o A AL
motor that drives the W, g
transmission

» At low speeds is
powered only by the | 2050 s

electric motor
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Charging
Connector

PURE EVs

Motor
Controller

Rechargeable

Storage Battery Battery 1
Management )
System (within Electric

i Motor

battery module)

EV Batteries are DC while charging is from AC [converter]
Advance in EVs = Advances in technology / Batteries:

v

v

DN N NN

Nissan Leaf in 2010 ran at 110 km on one charge
v Latest model now have a range of 300 km or more.

PHEVs smaller battery capacity —commonly with an all-electric range of only 40-50km — but
supplemented with a petroleum-fuelled engine

30% more efficient than comparable non-hybrid vehicles
Battery capacity of 24 kWh charging at a rate of 1.7kW would take about 14 hrs
Nowadays there are fast charging at 50kW and ultra rapid at 350kW

e-bikes and e-scooters are charged at as little as 2A from a supply of 230V AC — a fraction of the draw
from an electric kettle (for comparison, a normal domestic socket outlet is rated at 10A).
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EVEPYEIAKA BIWWOTIUOU CUCTAUATOS QWTIOUOU

Y Aotroinon Tou KaIvoTOHOU EIKOVIKOU (pOPTiou:

Lighting your needs
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MNMpotutrotroinon-00KIYEG UTTO TTPAYMATIKEG OUVORKEG

10W

10 mm Lighting your needs

39 mm

27 mm

70 °C

15 gr

0.67 kg/kW
100.000 wpeg

>80%
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MpoTuTroTroinoN-00KIYEC UTTO TTPAYHATIKEG CUVORKEG

TUTTWHEVO KUKAWMO TOU KAIVOTOMOU EIKOVIKOU (POPTIOU
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NMpoTtutroTroinoN-00KIYEG UTTO TTPAYMOTIKEG OUVONRKEG

ATtToTEAéOUATA EEOIKOVOUNONG EVEPYEIOG

% €§OLKOVOUNON EVEPYELOG GE
OX£0N ME TNV KaTavaiwon

EruBapuvon mou £XEL TO ELKOVIKO GOPTIO OTNV MPAYHATIKN KOTAVAAWGCT TOU

davod.

ano tnv nnyn €w0odou.
1) cuppatko Ppevdodoprtio 0%
uno Asttovpyia pwTtiopouv
nopeiag
2) ZupBartko Yeudodoprtio
UNo Aewtoupyia duvapikou
PAag
3) Kauwvotopo ewoviko ¢poprio,
umno Asttovpyia ¢wTtiopov

0%

70%

MOpPELG
4) Kawvotopo ekoviko ¢oprtio, 65%
uno Aettoupyia Suvapikou

dAag

Etiola KaTavAAwon EVEPYELAG

EtRoleg wpeg
Astoupyiag

ZupBatkol
4000 (11 h/d) 200/16.8
5000 (13 h/d) 250/21
6000 (16 h/d) 300/25.21
7000 (19 h/d) 350/29.41

(kWhy, p)/Aitpwv kavacipou (It)

e Quuko pevdodoptio 12.8 W + Davog 3.2 W=16 W

loxU¢ avakOkAwaong 0

Zuvenwg euPBdpuvon 12.8/3.2 = 400% (Looduvapel pe 4 dpavolg enutAéov)
Quko Yevdodoptio 6.4 W + Qavog 1.6 W =8 W

loxUc avakOkAwaong 0

Zuvenwg emBapuvon 6.4/1.62 = 400% (Loobuvapel pe 4 pavoug enmA€ov)
Kawotopo elkoviko 1.65 W + Qavog 3.2 W =4.85 W

loxVg avakukAwaong 11.3 W

Zuvenwg: emupapuvon 1,65/3.2 =51,56% (Looduvapel pe 0.5 pavo emutAéov)
Katvotopo eikoviko 1.48 W + @Qavog 1.6 W = 3.08 W

loxU¢ avakOkAwaong 5.72

Juvenwg emupdpuvon 1.48/1.6 = 92.5% (Looduvapel pe 0.92 pavo emumiéov)

Etowa e§oltkovopnon
evépyelag/Altpwv Kavaoipouv

Koawotopou kWhy, »/It %
60.63/5.09 139.375/11.71
75.78/6.37 174.29/14.63 .
90.94/7.64 209.063/17.57
Lighting your needs
106.09/8.92 243.907/20.49
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Renewable Energy

Photovoltaic Systems

Power
Electronics

Interface

(b)
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Figure 1-11 Photovoltaic Systems.



Photovoltaic plant automation
Architecture
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Photovoltaic plant automation
Local automation architecture

Supervision & control systems

ON-LINE

© ABB Solar COC Spain
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overall system = SmartP'

DC/AC power stage: The transformerless H-bridge inverter
topology is selected, as it provides simplicity, high efficiency,
compactness and cost-effectiveness, due to the Ilow

; ; Synchronous Boost H-Bridge
components count.
P DC/DC DC-Link DC/AC
A power losses analysis is performed, so as to calculate the S, I&_LK S ﬁI}: S5 L_—L;:
theoretically expected efficiency and have an accurate . : c : : .
- o o
description of the losses distribution. . | = . "
Yo

Various tests are carried out on a prototype converter, designed == | ; ;

: - : Ui | —ti S, |l— & S, =& S |[l—&
and constructed with miniature-sized SMD components, so as to 2 | il 6|
experimentally validate its functionality and performance (priorto oY v

on-chip integration). schematic of the designed converter

1.5%
experimental prototype main parameters

0
Parameter / Component Description / Value 3% 27.8%
Input voltage (u;) 05V-1V
DC-link voltage (u,) 3V I inductor copper losses
Boost switching frequency (f; ) 100 kHz Il inductor colr)é) magnetic losses
Inverter switching frequency (. ) 100 kHz .

MOSFETs conduction losses
FDS6680AS power MOSFET with integrated B MOSFETSs switching losses
Switches (S; — Sy) Schottky diode (30 V, 11.5 A, Rpg(op) oy = 10 mQ @ B other losses (e.g. ESR losses)
Ve =10V)
NCP81075 dual MOSFET gate driver with on-chip

Bootstrap driver .
P bootstrap diode

Inductor (L) HCM1A1305-1R0-R (L = I uH, DCR, ., = 2.1
me ) power losses breakdown
90 mF (3 x BZ015B303ZSB supercapacitor in
Input capacitor (C)) parallel with 1 x C1210C104J5GACTU ceramic,
ESR =64 mQ)
30 mF (1 x BZ015B303ZSB supercapacitor in
DC-link capacitor (C,,) parallel with I x C1210C104J5GACTU ceramic, MOCAST 2021 Conferece

ESR = 192 mQ)




Printed Circuit Board
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Wind-Electric Systems

- Generator
> and
e Power Electronics

Utility

Figure 1-12 Wind-electric systems.



Wind Generator Topologies

20 RPM

—l—.-Hl‘-‘ﬂ—

Blades

Gear System

1200 RPM / \ Grid: 1 kV,60 Hz

J

Asynchronous Generator

Direct connected.
Simplest.
Requires switch to prevent motoring.

« Draws reactive power with no reactive control.




Wind Generator Topologies

[ \\ Stator Grid: 1kV, 60 Hz
20 RPM Gear System 1200 RPM '
\ Hotor
CHC o A AC to DC

OFIG

H b

Blades

« Doubly-fed.
« The doubly-fed topology is the most common for high power.

« Rotor control allows for speed control of around 25% of
synchronous.

« Rotor converter rating is only around 25% of total generator rating.
* Reactive power control.




Wind Generator Topologies

20 RPM

Blades

Gear System

Stator
1200 RPM / O to AC

H b

\

Asynchronous Generator

AC to DC

Grid

« Full-rated converter connected.

« Lower cost generator than DFIG. Lower maintenance.
« Converter must be fully-rated.

« Full-rated converter allows for complete speed and reactive power control.
« Could also be used with a synchronous generator.




Wind Generator Topologies

Stator
20 RPM / Ot AC

Synchronous Generator

Grid
ACte DC

H -

Blades

Direct-drive.

Eliminate the gearbox by using a very-high pole synchronous generator.
Resulting generator design is relatively wide and flat.

No gearbox issues.

Full-rated converter is required.

Full speed and reactive power control.



Uninterruptible Power Supplies

Umnterruptible
Power Supply

-1- Cntical
Utility Lo

Figure 1-13 Uninterruptible power supply (UPS) system.
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Block Diagram of On—-Line UPS




FIGURE 4.57 Static VAR compensator (SVC) and active harmonic filter (AHF).

Nonlinear load
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Transmission line

ﬂ Coupling transformer
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Figure 7-2;: STATCOM

Ic Iy

One difference between the STATCOM and the SVC is the performance at
the limits of equipment capability. The SVC characteristic is a function of
the voltage while the STATCOM can continue to produce capacitive current
independent of voltage. In addition, the output current can temporarily
exceed the steady-state rating. The amount and duration of the overload
capability is dependent upon the thermal capacity of the GTO heat sinks and
the minimum turn-off current of the GTO. With converter designs, the tran-
sient rating of the STATCOM is likely to vary from 120% to 180% of the
steady state rating. Studies on the comparison of performances of SVC and
STATCOM (Table 7-1) are the subject of an EPRI Project RP 3023-4.



HVDC SYSTEMS
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HVDC STATIONS

LTS
o

Ly

(0 ) /
: \ Vi
5 : /
3 Syl | S0y
—_ - e WK/ 3
! > » [
g : B f
= ) e (1P /
; s /
é = el 0,
| - /
T £ - f
- gF s
i i '
ol 1

¥

-
~
-

k- -
e
s -
= - |
E OV LR
It o e by
| i
) = -
...’k ] -
dwo -
[/ il
'y N
=1
, b A
L
=
» .
e L

HVDC Plus IGBT converter modules, Siemens AG
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FIGURE 31.39 UPFC block diagram.
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FIGURE 31.40

Phasor diagram for a system with a UPFC.
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