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Basics of converters
Electric circuits fundamente
Solar inverters functionalities
|-V and P-V characteristics
Maximum power point tracking
Control principles

Single / two stage inverters
Inverter Data sheet examples (ABB)
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Power electronics converter:
controllable way between two nc
s DC to AC Conversion
% Used to transform DC from Sola
connection to the National Grid.
s Used to transform DC from Wind turbine fz
AC for connection to the National Grid.

s AC to DC to AC: This type of conversion is called a D
Interconnect. Such an interconnect exists between the Texe
Grid and the Eastern Grid.

Power electronics converters are used to exchange power in a

controllable way between two electrical systems (electrical power

source and sink).




CONVERTER #ASCENIRUSTL

Power electronics converters &
to exchange power in a controllak
way between two electrical system
(electrical power source and sink).

The two systems can be divided INtO
¢ Direct current systems (DC)
** Monopolar / Bipolar

¢ Alternating current systems (AC) ; ,
< AC frequency (50 or 60 Hz) f‘*’_\:f[r‘:ﬂ:[
< Single phase / three phase .

Voltage or
Current

RO PRIND.

=

Fronius

Solar Edge

AC or DC AC or DC
System Converter System
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Power converters can be A
DC-DC orAC-AC

References

References

Ul Control ~ Ul u,l Control
measurement system measurements measurement system
DC System AC system DC System 1L@wdf DC System 2

The converter controls

¢ measures the relevant voltages and currents

s implements the control algorithms to track references
% applies the appropriate modulation in the converter
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«» AC/DC Converters ce

** Redctifiers — Power flows fra
s Example: Electrical vehicle che

% Inverters — Power flows from the DC
s Example: Solar inverter

* Bidirectional- Operates on both modes depe
s Example: Battery converter in microgrid applica

DC System S AC system

) nverter P L
teknoCEA
A i >



VOLTAGE SOUR
CONVERTERS (VSC

% \oltage source converters (VS
employed in AC-DC converters app

VSC are bidirectional and can potentially
rectifiers or inverters

VSC can independently control active and reacti\
exchanges with the AC system.

VSC can apply the desired AC voltage, by modulating
the existing DC voltage in the AC side

ASCENTRUST..c
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WO LEVEL CONVERTE

Two level converters can mod ASCENIRUST..

with two possible levels (positive &
voltages)

They are used for low power applications.

To have good quality on the waveforms, high
switching frequency is needed. Losses Increase W
switching frequency — Trade-off between power

guality and losses




THREE LEVEL CONVE

Three level converters can mc ASCENIRUST.c
with three possible levels (positive
negative voltages)

They are used for higher power applicatic

The three-level converter allows to
reduce switching frequency and losses




COMPARING TWO-

The square waveform has a THD ASCENTRUST.c
Distortion) of about 45 %.

With the so-called modified sine wave (thre
wave) it can be reduced to 24 %

In both cases, pulse width modulation can allow to
good power quality, but with associated losses.
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Slight
d stortion

Sine wave with |
sampling triangular
ave

(b) Square wave (¢) Modified sine wave



AC systems ba
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\Voltages and currents can be de

x(t)= 2-Xcos(at +e

_ _ Yol =a+ |[b= X COSx+
EDOZED L J 04




POWER IN AC

Real power is oscillating fo ASCENTRUST .
systems but constant for three
balanced systems.

% Apparent complex power
s Apparent power
s Active (real) power

** Reactive power

b
— loycle ———— =

Energy | Energy | Encrgy | Enerpy
stored | released | stored | released
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WHAT IS REAC

ASCENTRUST.c
In AC systems, there can [
average power of O (consider
capacitors for example). The cu
active power is exchanged. There
back and forth from the grid at do
frequency, but the average is 0.

Reactive power helps us to quantiy - .

henomenon.
P ]

Reactive power leads to additional losses In the
system (associated to the so-called reactive currents)
and need for oversizing equipment. Compensation
equipment will be used in many applications.

Reactive power is used for voltage control In

Energy | Energy | Energy | Encrgy
stored | released | stored | released

Energy | Encrgy | Energy | Energy

transmission and distribution systems. This will be
shown in the next slides.

¥



VOLTAGE SOUR ,..
OPERATION PRINCIP ASCENIRUST.c
% The converter references Sse
reactive power to be exchangec

< Referencing the system to U,= U+ C
to be injected to the grid can be calculate

s This current can be obtained adjusting the converter Volte
as (which can be modulated by the VSC)

U.=U,+]all

AC system

DC System /\/

Coupling
Inductance L



VOLTAGE SOURCE ,.,
OPERATION PRINCIP ASCENIRUST.c

AC system

DC System /\/

Coupling
Inductance L




SOLAR P\ #
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DC  output
Ings of

s Solar PV Inverters convert the
panel into a AC current which is injecte

% Solar PV inverters have the following functic

L)

% DCJ/AC conversion and voltage adaptation

S

*%

Maximum power point tracking

<&

/)
*

Anti-islanding protection

L)

e

*%

Synchronization with the grid

e

%

Support to the grid where the PV system IS connected



-V AND P-V CHARA

ASCENTRUST..c

% |-V and P-V change for differen

temperatures.

% The voltage that maximizes power prodc
changes and needs to be tracked.

'~ MPP
1000 W/m> -

-_—‘-—--

Current (A)
Power (W)
Current (A)

Voltage (V) Voltage (V)




MAXIMUM PO\
TRACKING (MPP

The converter can modify the L
the maximum power.

Different methods can be used:
% Constant voltage method

¢ Short-Current Pulse Method
* Open \oltage Method

*» Perturb and Observe Methods
» Incremental Conductance Methods
¢ Temperature Methods

| ‘ ASCENTRUST..c



SOLAR INVER
PRINCIPLES ASCENTRUST.c

+» The converter can control the
currents:

s Active current is used to contrc
curtail the maximum power available
or the DC voltage (to do the MPPT).

** Reactive current can be adjusted to the des
reference considering the converter limits
(capability curves)
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PV POWER ELEC
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Figure 4.39 Transformerless grid-connected PV inverter

2 stage without isolation
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Figure 4.41 PV Inverter using a steering bridge

2 stage with isolation (high frequency)




PV INVERTER

The efficiency of the converter Is
points.

Denoting "Exx" the efficiency at xx % of rat
efficiency is calculated as:

Euro Efficiency = 0.03 E5 + 0.06 E10
E20 + 0.1xE30 + 0.48
E50 + 0.2 E100

The California Energy Commission (CEC) has proposed anotl
formula, which is now common in the US:

CEC Efficiency = 0.04 E10 + 0.05 E20 + 0.12 E30 + 0.21 E50 + 0.

+ 0.05 E100

ASCENTRUST..c

100

98

96

94

92|

Efficiency [%]

90 |

-------- Eta (V,y = 390 V)
88 . —— Eta (V,, = 600V])
I ~ = Efa(V,, =800V)

86k |
0.0 0.4

0.6

Output power / Rated power




DATASHEET (1 PHA

Technical data and types
Type code

PVY5300-TL-3200W-2

PVS300-TL-4000W-2

PVS300-TL-4600W-2

PV5300-TL-6000W-2

ASCENTRUST..c

PVS300-TL-B000W-2

3.3 kW

4.0 kKW

4.6 KW

6.0 KW

8.0 kW

Input (DC)

_ Mominal F’"u"— -power {F-‘p.,]

Maxlmum W power U:"F-,,,_.

)
:DE uu:rl'tage range, mpp [Uﬂ;__'l
Max DC voltage (L J:!;Jm]
_Ni:urnlnal DG u-:rltage iy, ]
Max DC c:urrent L .m]l

Mumber of DG inputs [paf.a.allel}

3400 W

o BTOOW

e dOBA

4100 W

1274 ..

4500W

Arvoow
EED{I W

G100 W

b BTOOW
33510800 V

. B 1ﬂD w EERTTRTr e
. BQGD w EERTTRTr e

00N e

asov
146 A

cedOOA

4, with MC4 qulck cunnecturs

224A ..

Dutput (AC)

MNominal AC output power (P} 1 8¢
Mominal AG current (e o)

.aﬁ-erating range grld .freq iJ"éncy

Medd 7

Ha_rmc.mc |:||5t|:..|-t||:..|-| E.f gnd c;urrent

AKegd
_F'Dwer Facrtc-r [-:c:s’r"jl

Transformer

A000 W

ATARTTTTT T

ED{_IA
. 230V
__‘IBDtc:

47 to B3 He

AB0OW o

&000 W

CEEATTTTTTTT

BD.:ID w EERTTRTr e
34-5 A BT TP

Mo

Grid connestion i SIOIE PRASE L N AN BE

Efficiency

Max efficiency (Pagead 1

Eurc-eta

g?r 1 % B LT PPN

D6.3%

Power consumption

In standby operation (P :wm']
Might consumption EP,.,d_]

- { 12 W..............................................................................................................................

=1W

Environmental limits

Degree of protection

Flerm|55|b|e amb|ent temperature

Acoustic noise level

:Max aJtrtude [abmre sea Ie'u'el]___'

IP55

_Oto
2000 m

L




EXAMPLE DATAS

INVERTER)

SUNNY CENTRAL 1500V

Technical Data

Input (DC)

MPF voliage range ¥, (@t 25°C S at 357C /at 507 C)
Min. input voltlage V. __/ Start volrage Vi,

Max. inpur valage Vor w=

Max. input current Im:,rmlu[ 35°C fat 50°C)

Max. shor-circuit current rafing

Mumber of DC inputs

Mumber of DC inputs with optional DC battery coupling
Max. number of C cables per DC input [for each polarity]
Integrated zone monitoring

Available OC fuse sizes [per input]

Cutput [AC)

Mominal AC power af cos ¢ =1 ot 35°C / at 507 C}
Mominal AC power af cos ¢ =0.8 [ar 35°C / at S0°C}
Mominal AC current it rom = Max. output current |,

Max. wotal harmonic distortion
Mominal AC volioge / nominal AC voltage range'18l

AC power frequency

Min. shoricircuit ratio ot the AC terminals"!

Power factor at rated power / displocement power factor odjustable® '

Efficiency
Max. efficiency® / European efficiency? / CEC efficiency®

ASCENTRUST..c

Sunny Central 2500-EV Sunny Central 2750-EV Sunny Central 3000-EV

850 Yo 1425V / 1200V / B7F5Vio 1425V 1200V, 956 Vo 1425V /S 1200V /

1200 1200 % 1200V
FFEVY /S O28Y B4AQ VY S ODO W QIFV S 1077V
1500 Y 1500 W 1500 v
I200A 2056 A 3200 A/ 2056 A 3200 A 2070 A
5400 A 6400 A 5400 A

24 double pole fused (32 single pole fused)] for PV
18 dovble pole fused (34 single pole fused] for PV and & double pole fused for batteries
2 x 800 komil, 2 x 400 mm?
o

200 A, 250 A, 315 A, 350 A, 400 A, 450 A, 500 A

2500 kvA /2250 kvA 2750 kWA J 2500 kvA 3000 kVA S 2700 EVA
2000 kW / 1800 kW 2200 kW / 2000 kW 2400 kW / 2160 kW
2624 A 2645 A 26545 A
< 3% at nominal paower < 3% at nominal power < 3% at nominal power
550V /440 ¥ 1o 660 ¥V G000V S 480 Vo 690 W G55V /524 Wio 721 vH

50 Hz / 47 Hzto 53 Hz
&0 Hz / 57 Hzto 63 Hz
=2
1 /0.8 overexcited to 0.8 underexcited
o 1 /0.0 overexcited 1o 0.0 underexcited

98.6% / 98.3% / 9B.0% 9B.7% / 98.5% / 9B.5% 98.8% / 98.6% / 98.5%,



EXAMPLE ABB (SIN

ASCENTRUST..c

ABB string inverter design and grid connection

I Enclosure (] |
! (" Main board A l
— |

I % ~ h g - I @ : EF -
i = c _ . 8 . |
i m.E‘ L o ] = & !
: £8 ||o%5 E = = 6 | = |
¥ o] — — 1
| 33 |B% ol | Iz gl |18 1| |3 |
VS — || ® 9 ! |
— oI ‘

i = |~ IR ~ A —A di N
= : ) —- |
$ . ) U | ( i /A I R S R i

L e
i |
i <3
i { Control and monitoning ] |
| i i HE |
i [ Programmable ] [ 91 ik ][ Monitonng ] |
i Centrol board relay output — _interface Control unit Status LEDs :
A e e A S N y




EXAMPLE ABB (THR

éwgw
+PV

<
<
<
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Utilty

L[]

N

Contactor [ ¢ ¢

Building

ac distribution]

dc fuses
e 8 (optional PV Fan ac disconnect
S R L, 33 33 subcombiner) switch
o o &
| | |
dc
s o disconnect
switch Inverter Filter Transformer  EMI/RF filter

-PV |-PV -PV L [— P

panel

N

o 4

Building loads

Ground fault detection/interrupt not shown.
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