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1. PV Systems

Clasification by number of Power Stages
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1. PV Systems

General Structure of a PV Inverter.
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1. PV Systems

Model of a PV Cell.
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I, = Ip: Photons current.

K: Boltzmann’s constant (1.3806503 x 10-23 J/K),
1,: is the saturatuion current of the diode.
e: electron charge (1.60217646 x 10-19 C).

T,: cell’s operating temperature in degree Kelvin.
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1. PV Systems

Model of a PV panel, and a PV
panel Array.
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1. PV Systems

Hands-on 1: Model of a PV

Panel.

Corriente entregada por el panel [A]

Explicit model
proposed in [2].
I 1‘,'{.‘?

V=V,ll.G) (1 ————
(1, G) I,.(T,G)

= IEE = s = paay = = e = =

( \
10 15 20 25 30 35 10 15

Tension en terminales del panel [V]

—&— [(V)1,-25.c-100 A mp=(38.01 , 0.88) I(V)r,-25.6-200 Qmp=(38.49 , 1.77)
- (V)1 =25.c=500 mp=(39.13, 4.43) =~ (V)1 =25 c=s00 - mp=(39.47 , 7.10)
B I(V)1, 95,1000 mp=(39.63 , 8.87) == I(V)r. _25.1500 £ mp=(39.95 , 13.31)

o0
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1. PV Systems

Hands-on 1 Model of a PV Panel.

KuDymond
CS3U-335| 340 | 345P-FG

Block Parameters: ModeloDePane

Moodelo de panel

Tamperatura ambisnts [°C]

mp
P lscgt

Voegt_m

Tension (e

MadeloDePanel

afe

Subsystem (mask)
Parameters
Tension (crcuitp) [V] [Vps]
= Vi . R
= (voltaje de circuito abierto Voc [V]= 45.7
_Eigm'h Voltaje de maxima potencia Vmp [V]= 38.2
- Coeficiente de corrnte de corto circuito uisc [%V/°C] (0.05)/100
B Coeficiente de voltaje de circuito abierto uvoc [%A/°C] -(0.31)/100
=) D Numero de cledas en serie Ns 72
= = ed o
w Corrinte de corto circuito Isc [A] 9.28
Corrinete de maxima potencia Imp [A] 8.77

NORMAL OPERATING CELL TEMPERATURE NOCT [°C] 42

s2 s2

Numero de paneles en serie Npa 1

s88 |

FG 340P-FG 345P-FG
/ 340W  345W
/ 384V 386V
A\ BBEA  BO4A
I 459V 461V
' 936A  944A
‘% 17.04%  17.39%
; ~+85°C

7 (IEC) or 1000V (IEC/UL)
13/ Type 13 (UL 1703)
ASS A (IEC61730)

A

5w

:eoF 1000 W/m?, spectrum AM 1.5

FG 340P-FG 345P-FG
I 252W  256W
o 355V 357V
W 711A 7.18A
3 420V 431V
\ 755A  7.62A

4 * Under Nominal Module Operating Temperature (NMOT), irradiance of 800 W/m*
spectrum AM 1.5, ambient temperature 20°C, wind speed 1 m/s,

Simulation1 File.
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1. PV Systems

Hands on Simulation 2.

Moodelo de panel
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Simulation2 File.
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1. PV Systems

Hands-on PV panel
connected to a load.
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1. PV Systems

PV panel — Load Coupling.

Vout = M(D)Vin

Switching Converter
DC-DC

Control input (D)

Power
Input

Power
Output
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1. PV Systems

DC/DC Converters Topologies.
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1. PV Systems

Hands-on Simulation 3.
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Simulation3 File.
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1. PV Systems

Hands-on Simulation 4.
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Simulation4 File.

Voltage to PWM1
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1. PV Systems
General Structure of a Typical PV Inverter.
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1. PV Systems

Hands-on Simulation 4B.

Moodelo de panel
v Tension (modelo) [V]
Tension {modelo) [V]
"[AA——3
. 4 P
% fen Iscgtf—w—]
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Simulation4B File.

Facultad de Ingenieria




Current (A)

1. PV Systems

Maximum Power Point Tracking
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1. PV Systems

Maximum Power Point Tracking MPPT

600
500
3
g 400}
cl
=
B
S 300
(]
o
& 200 -
100 R
0 - - - = . =
. . 10 15 20 25 30 35 10 45 50
Seekl ng Algo rlth mS Voltaje en terminales del panel [V]
Pertu rbation and Observation = P(V)1,—25.c-100 L\ mp=(38.01 , 33.74) P(V)1, —2n.c-m0 Qmp=(38.49 , 68.34)
& P(V)r,—25.G-s00 ) mp=(39.13 , 173.69) = P(V )1, —25.G-so0 A mp=(39.17 , 2580.30)
(P&O) - P(V)r,-25.6-1000]_|mp=(39.63 , 351.86) == P(V)r, _25.G-1500 { mp=(39.95 , 532.08)
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1. PV Systems
Maximum Power Point Tracking

b |
[}
[}

Fractional Open-Circuit Voltage (FOCV)
Technique In this technique, can be
calculated from the empirical relationship

I
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e /
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Valtaje (V) The value of k varies between 0.78 and

0.92.
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1. PV Systems

Maximum Power Point Tracking

Fractional Short-Circuit Current (FSCI)
Technique In this technique, can be
A . . :
calculated from the empirical relationship

Ipmp = klsc;, k <1

Corriente (A)

The value of k varies between 0.8 and 0.96
More details in [3]
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1. PV Systems
Hands-on Simulation.
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Simulation5 File.
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1. PV Systems
ture of a PV Inverter.
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1. PV Systems

Tyépical Trasformer based PV Inverter
Structures.

H-Bridge Based Boosting PV Inverter with Low-Frequency Transformer
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1. PV Systems

General Stwructure ofa P

V Inverter.
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1. PV Systems

Hands-on Simulation Complete
Grid Connected PV System.

[0
| B’—_\rim gt

Simulation8B File. Simulation10 File.

Facultad de Ingenieria




1. PV Systems
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3. Battery Based Energy
Storage Systems

Facultad de Ingenieria




P (kW)
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3. ESS

Why do we need energy storage for renewable energy?

PV Generation Profile

5

10 15
time (h)

20

2!

There is not a
Single device with
both capabilities.

* Fast Response.

Derr.:and

* Long-term
Availability for
Energy Storage
and Supply
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3. ESS

High Power Density
(HPD) Devices.

e Supercapacitors.
* Flywheels.
 SMES.

High Energy Density
(HED) Devices.

* Batteries

Pgss = Pypp + Pygp

Facultad de Ingenieria



3. ESS

* Energy Density

Power Density

. Is the amount of energy stored in a
Is the amount of power (time rate given system or region of space per
of energy transfer) per unit volume. expressed as (Wh/L,
unit volume. expressed as (W/L, Wh/m3)
W/m3).

Facultad de Ingenieria




3_ESS
Comparison between Energy Storage Devices

Cost range

o
)
0“ 09\
. P
3 Lead-acid \° &\3
g batteries ™
@
5;3 NiCad
batteries | ijthium-ion
batteries

Power density, in W/kg

H%wer

Is
For very short runtimes only — proliferating
these for long runtimes is cost-prohibitive

Ultracapacitors

0.01 0.1 1 $100/kW $300/kW $1,000/kW $3,000/kW
Energy density, in Wh/kg
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3. ESS

Battery and Supercapacitor.

LOAD
il +
Flow of - +
electrons | L, P‘ _-="1 1.0
—— [ -~ - -
7 — — 08
C ;4 @) O s
A A i - — 506
N S T Az " O Q £
o| Flowof | @ @ go4
anions | H i — — &
D 0 Voc ¥ (@] @) 0.2
E D ' t Q O
F Vomic /’ 0.0 g
2 ' 0 2000 4000 6000 8000
. Flﬂ‘_\r of | | . f \ / Time (s)
cations CH.IRAN 4
| Electrical double layers,
FLECTROLYTE Vi Vorrs _
Activated carbon

Electrochemical Electrostatic Processes

Reaction (REDOX)
Low internal cell resistance is the key to high-rate capability.
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3. ESS

Battery and Supercapacitor

<@+ 6 V battery internal resistance
- o =3000 F, 2.7 V EDLC supercapacitor ESR

Internal resistance [mf}]
EM
O T e e @ e

20 40 60 80 100
% Discharge
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3. ESS

Battery

Over-discharge

Overcharge Safe Operation Window
N |
;-IL ‘F,'r \.¥
'E —
3 I
N
=EO
\
90 20
Charge SoC (%) Discharge
Charge Cut-off | Cell Voltage | Discharge Cut-off
Voltage Nominal Voltage
Lead-acid 24V 2V 1.75V
Li-Ion 420V 4V 25-3.0V
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3. ESS

Battery Model

Model Requirements.

Consider internal resistance, such that under load conditions,
the voltage increases, and under discharge conditions, the
voltage decreases.

Generate voltage variation curves based on the state of
charge.

Replicate dynamics in response to variations in load current.

MPV

— EODV

CELL VOLTAGE

TIME
-f]l—— CHARGE DISCHARGE =]l
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SOC(0) e S
' 50C /o & R Voc (PolymerLi-lon)
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SOC (%)

——80mA  —B—180mA —k— 320mA —x— 840mA

V[SoC(t)] = age~415°C() + a5 + a3SoC (t) — asSoC ()% + a4SoC (t)3

Taesic Kim, and Wei Qiao, "A Hybrid Battery Model Capable of Capturing Dynamic Circuit Characteristics and

Nonlinear Capacity Effects"
Min Chen, and Gabriel A. Rincdn-Mora, "Accurate Electrical Battery Model Capable of Predicting Runtime and I-V

Performance ™
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3. ESS

SoC
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3. ESS

This dynamics can be approximated by circuits using one or more
subcircuits of resistors in parallel with capacitors.

R, R,
IR W AW\
+ Vl — + V2 — T —
¥ | e
| | |
(jl 2
VOC VT
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3. ESS

Rseice  Rummnsem s Ri¥angient 1.
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3. ESS

Electrical Model
iNFRsEﬁE.S iNFRTasmm—faﬂ "AITRTEEJ‘EHI—EEGW
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1. PV Systems

General Structure of a Autonomous
PV Inverter.

PHOTOVOLTAIC
GENERATOR
\/ =
S+ 1
P Ve DC/DC CONVERTER BATTERIE
-;- T #.:
' P Vpy 1 v,
A . Y. - i
| PWM | :
L ..... .P.J .......... * CONTHOL 4....2."....'.5

Simulation6 File.
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2. WT Generation

2. WT Generation
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2. WT Generation

» General Scheme for WT Generation

Mechanical power

Electrical power

Gearbox (obtional )

> @°

Generator

Power electronics

f’/+\
|

Supply grid ) _i :

==

| Power conversion &

| power control

Power transmission

Power conversion

Power conversion &
power control

Power transmission |
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2. WT Generation
Wind Power

Kinetic Energy

velocidad

Gt

Ek= ]/21 m-vz

E, = energia cinética (J)
m = masa (kg)
v = velocidad (m/s)
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2. WT Generation

Wind Powe

Wind moves horizontaly The mass m of the wind can be
dh=0. The Energy thét can b? 1 estimated by the product of its
extracted from wind is Kinetic E, ==pVol x V2 density p and volume Vol

Energy 2 m = pVol
1
E, ==-mV?
T2
L
\E,= %.p.A.AL.V?
A %
Al At
E = Y.p.A.L.v? / :
| 2.} P”: I—':.’L.Ji.'m"

® 1998 www. WINDPOWER. ot ¢ |
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2. WT Generation

Wind Power

Assuming that the air is

incompressible (p = constant)
the flow is constant in each
section.

Turbine

Streamling of air moving through turbine

Continuity theorem:
AoVo = AV = AqVg
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2. WT Generation

Generated Power.

In 1918 the German physicist Albert Betz published a theory in
which he showed that the maximum kinetic energy extractable
from the wind by a wind turbine is equal to 16/27 (59.26%).
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/3‘\! Lt ) /3 g o ™
g /i A -y a \\
N\ S .
P e p— = =
f b - ., -l [
i % - . (0]
__ ; __fh._,: - = *
L | — — E ke
N, fo— =
"-a___r'*“ % o1
- 3
1] L
ol 0.2 0.3 04 ns e a7 (1] L] 1
Razdn de Velocidades V2/V1
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2. WT Generation

Generated Power.

Betz Limit
Upstream Energy Input 100% Downstream wind energy 40,74%
T b o
L_}_ﬂ/ ﬂ/__ — *"’7
‘.‘-h—x_h____k i “-——-S\
}i_f____d-——; 2_--’f/
\%_E‘ES\) N
7 o f,;,)
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2. WT Generation
Generated Power.

2 No rotor operates with a mechanical efficiency of 100%, so
the Betz limit indicates the maximum extractable power, but
in reality the power will be the result of the efficiency
multiplied by the Betz limit, this factor is the power
coefficient.

044

1
P = ECppAVB[W]

Cp varia conV

.//www.reysapo.com.uy/vientos-termicos-brisas-marinas/FaCU|tad de |ng&ﬂjﬁﬂﬁw.bvsde.paho.org/cursoa_meteoro/lecc3/|ecc3_7.htm|



2. WT Generation

Beiz 59%0 limits

0.3+

0.2

0.1

Ideal propeller

High speed
propeller
isr
. : : ; ; : -
P 3 4 5 ] 7 )
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2. WT Generation

Cut-off Speed

Pa ramete rs V;, = maximum speed before

the rotor stops

\

Power (kilowatts)

A Rated output speed Cout speed
Y
Rated output power >
Rated Output Speed
I}, = design speed to generate
<€
rated power
Cp =max
Cut-in speed

Cut-In Speer /

I, = minimum speed 4/

3.5 14 29

required for the rotor to i i taiisi acdndh

start rotating Typical wind turbine power output with steady wind speed.
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Efficiency

2. WT Generation

100% Energia Cinética del Aire

41% Energia No Aprovechable
Mee= 59%

21% Perdidas Aerodinamicas
M= 65%

4% Peérdidas
de la Caja
0.5% Pérdidas en Cojinetes

5.5% Pérdidas del Generador
New = 85%

28% Energia Eléctrica Aprovechable

T —
Facultad de Ingenieria



2. WT Generation

|| [t ||
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|| Machine Type
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2. WT Generation

Clasification based on the Machine

e Syncrhonous Machine
* Permanent Magnet Generator(PMG).
» Externaly exited (Sync Generator).
* Multipole.

e Asyncrhonous (Induction).

 Wound rotor Induction generator(WRIG).
e Squirrel cage induction generator ( SCIG).
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2. WT Generation

Clasification based on Machine and
Convertion Processes

Type (A)

e (Fixed Speed FS-WT).
Type (B)

* Limited Variable Speed.
Type (C)

* Variable Speed. (IM)
Type (D)

e Variable Speed. (SM)
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2. WT Generation

(Type A) Fixed Speed WTG

| N * To operate as a Generator, it

|| 20Rem 1200PM [\ \  Grid:1kv,60 Hz
———{ S — | — must ensure speeds greater
| g J

than the synchronous speed.

| Asynchronous Generator

Blades

Mméx

n,— N _ @~ 0

g = FRENO

n. ® (s=1) MOTOR |
s = deslizamiento > g (0<5<1)s Ao s, 4
n = velocidad del rotor N 0 " | GEnERADOR 21 N

® velocidad angular del rotor (s<0)

)
max
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2. WT Generation

(Type A) Fixed Speed WTG

AC Bypass Generator
f = constant contactor switchgear
n = costant
i .
i —
i HV .
i = ! switchgear
i
Asynchronous generator T softstan i ;
equipment
i Step-up ¥
transformer

| 6..33KV, 1= 50HZ :
| 6..34,5KkV, 1= 60 Hz

WTG
Pitch control
drive

Active Stall, Pitch Control
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2. WT Generation
Type A Fixed Speed WTG

By-pass
SCIG - PCC
Transformer
wind @ AC ,H 7 ” { Ej ) ” | =
Gear = AC E:-'.te_rnal
box Capacit-:ri‘ﬂ oft-starter gnd
Eank - .FS'WT
* Commonly use SCIG.It
* requires a capacitor bank to
Advantages. compensate the reactive power
e Economic. consumed by the machine.
e Robust. * Speeds higher than the synchronous
Disadvantages speed must be ensured on the high-
* It requires a strong and stable speed axis. .
network. * Itrequires the network to magnetize
* Requires gear box and/or and s.tart. S
multi-pole motor. * Requires an electronic drive circuit

* |t consumes reactive power. for soft start
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2. WT Generation
Type (B) Limited Variable Speed WTG

By-pass

WRIG

E— Transs PCC
ranstormer
= Gear L AC External
be soft-starter griﬂ
Capacitor
Variable Bank PVS-WT
Resistanc_e

Advantages. ’ Ili_se WI_R'G' or bank t te th

: . requires a capacitor bank to compensate the
e Variable speed up to +10% of a P pens

reactive power consumed by the machine.
_ the synchronous speed.. * Speeds higher than the synchronous speed must be

Disadvantages. ensured on the high-speed axis.
* Losses * It requires the network to magnetize and start.
* Maintenance. * Requires an electronic drive circuit for soft start.
* It consumes reactive power. * It uses variable resistors connected to the rotor

circuit.
* Requires gearbox
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2. WT Generation
(Type B) Limited Variable Speed WTG

AC Bypass Genarator
f = constant contactor switchgear
n = semi-variable
s
Soft start
equipment
Step-up
HEAT transformer
6..33kV,f=50Hz
6..35kV, 1= 60Hz
] ace i i i
contrc” L T T
20[F--==< R L 7 Ren=0 Rex=0.25 Roy=0.5 Ree=0.75----- 1
16esnnze RS e RECRRRIEEES b A PCS AR T R S
9 : :
| D TQpessens [n=seal bbb SECTELE EETY B E 470 R S ke, Sl
=g .
e ] e Rt 1/ 4 Y Mo '
5 ]
= i
c b a g S DR I e i 5 S S e :' ------------
0 1 1
e ] e CRRREtd SERERE Feeee-d
A | Rext o : : ;
! . |y e, Soenue P LR
] ﬂﬂl"\ : 1 '
Vi Stf:f“or = T Fotor B e ; - : |
- l“zl’ =3 1 1. 1 1 1 -}. ------ "r ------ ‘el
i 0 200 400 600 800 1000 1200 1400 1800 1800 Speed
1 0.778 0.556 0.333 0.111 ~0.111 -0.333 -0.556 —0.778 -1 slip
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2. WT Generation

(Type C) Doubly-Fed Wound Inductor Generator

|' Droubly-fed

induction generator

D

Ciear-hox

N

N

AC
DC

i

H Poveer comirol

el e,

DC
AC

L

[ comimal
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2. WT Generation

(Type C) Doubly-Fed Wound Induction
Generator

Variable speed asynchronous
Stator field = 1000 rpm

Rotor mechanically = 1100 rpm

AC

Ll

H

AC DC
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2. WT Generation

(Type C) Doubly-Fed Wound Induction

Generator

AC Generator
1 = constant switchgear
n = variable

i, S5

Generator Grid
side side
converter converler

Doubly-fed
asynchronous
generator

Pitch
drive

I Converter

| “control
,_f

Step-up
transformer

6. 3 kV, 1 =50H2
6..345KkV, 1 =60 Hz

WTG
control
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2. WT Generation

Tipo C) Doubly-Fed Wound Induction Generator.
Variable Speed)

DFIG
Transformer
wind PCC
= e Use WRIG.
Gear s . It
uses an AC/DC-DC/AC double
Box a |AC D% External ) / /
,% ~AC grid conversion stage connected to the
Partial-Rating .
Crow-Bar
Power Converter  DFIG-WT rotor terminals.
* Speeds higher than the synchronous
Advantages. P & y

 Smooth control of reactive power. speed must be ensured on the high-

* It allows speed variations of up to 30% speed axis. |
of the synchronous speed * It requires the network to magnetize
' and start.

» Better efficiency as both rotor and
generator can provide power

Disadvantages

* It requires high maintenance.

* Depends on the reliability of the

converter

* It does not require a drive circuit with
the network.

* Decoupling in the control of active
and reactive power (rotor current).
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2. WT Generation

(Type D) Variable Speed.

SCIG
WRSG / PMSG PCC
e Transformer
wind (Q) ‘
=gl @# % External

GearBox! Full-Rating i Use WRIG, SCIG, SG, PMSG.

Gearless ~ PowerConverter ., * It uses an AC/DC-DC/AC double
conversion stage as the interface
between grid and stator.

Advantages. * Generates active or reactive power
* Full speed control.Frequency flow decoupling.
mismatch.Independent control of * The sync speed can be adjusted.

P/Q. * |t requires the network to magnetize

Disadvantages and start.
* Higher cost. * Variable speed in a wide range.
* Noinertia. * It does not require a connection box

or multipole motor.
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2. WT Generation

(Type D) Variable Speed.

AC Generator
{ = variable switchgear Converter
n = variable
—¥
Converter switchgear |
control

=

Asynchronous or i
synchrounous generator :

Step-up i
transformer

| 6..3KV,1=50Hz
| 6..345KkV,1=60Hz

Pitch
drive

WTG
control
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2. WT Generation

Generator
mverter ~

[

IG inverter
L e

(Type D) Variable Speed.

O] L Afac DC
Ve /g W T S
. ( WY (“ d
\_/I 'k_":‘{,_/l g DC T AC VYL lll ..I o
Gear-box [ tf
Power control ,, | Grid control
oo
7| 0.
,'I Generator Grid
[ PI‘LIG rectifier inverter ~
I\_. .//_'_“?\. [ RS J 4 L DC L~
*J::_‘ | = —_— | vy I Grid
N\ \ [ T ACl A~ |
| ‘ /
'I:D(-.

Grid control

|
Power control

|II
Pitch P "I e} 'fT
|II
| Generator Grid
| SG rectifier inverter
| 0\ AC DC A
N s . .
£ == J— | e id
| Tl
T AC L e |
\

HGrid control

NNCTA
[ | | ‘T'

Power control
!

|
)
| ‘nc
3 lo,
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2. WT Generation

(Tipe D) Variable Speed.

P

Gear-box

o
© 0@

{

Wind turbine control structure:

AL 5] LCL
b -> = Lovar s 1
h'.-llg "H'_ fikter
Chapper 1
i Pulss Widith Maodulation ¥
________ Kas
r wmgn 1 e
: Dn'l.lﬂ Qﬂﬂm .-fpcd
— T i Bk ncSomns {ﬂ‘l conencied omwverier) l Fwid
Power Madmiraon Gid Bl sde thaough
and Limilaion
Suparionry
T
Fom TS0
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2. WT Generation

TRS (Tip Speed Ratio)

* TRS (Tip-Speed ratio). Es la relacion de la
velocidad en punta de pala y la velocidad de
viento incidente.

o
A=aR /o,

* Cp Depende directamente del TRS y de el angulo
de paso (Pitch)

0.4 h
Cp \
0.3 \

0z \\
0.1 \
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2. WT Generation

MPPT

* La potencia de una determinada turbina es
maxima en cierto valor de velocidad de rotor
llamado Velocidad Optima de Rotor.

Aopt Vs
Oppp = ———
R

Turbine mechanical power, P_{ pu )

Esta velocidad corresponde a un valor optimo del
TRS. Entonces a este valor debe operar la turbina
para asegurar MPPT.
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2. WT Generation

MPPT

GENERATOR
POWER
—
é,;; CONVERTER TO LOAD
@
R # +
A o]
ol p| CONTROLLER
R —
MPPT CONTROLLER ,

Turbine mechanical power, P { pu )

1
0z 04

0.5 08
Turbine speed, o { pu)

Facultad de Ingenieria



2. WT Generation

MPPT

POWER
- » TOLOAD
A CONVERTER

@ By +
— . CONTROLLER

—>
= .

MPPT CONTROLLER P

14 1 1 ' 1 1 1

P N S S S

Turbine mechanical power, P { pu )

J -
A

1 H !
i 02 04 0.5 08
Turbine speed, o { pu)
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2. WT Generation

MPPT

Power (W)

PEETURE

F 3

d=d+Ad

"_\I'r

CHANGE

Generator speed (rad/s

14

—
— L)

o
@

o
e

Turbine mechanical power, P { pu )
o =1
L o

=

SIGMN

1 1 1
02 04 0.6 08
Turbine speed, o (pu )
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2. WT Generation

Modelling of the Wind

Turbine Generation.

optimal generation curve.

190.9860

(W/m?)

nor

o

Wind Speed
Sequence

127.3240 ¢

63.6620 -

—1m/s
—2m/s

3m/s
—4m/s
—5m/s

6m/s
—7m/s
—8ml/s
—9m/s

-0 'Pop VS wop

PW)

Wr kP xm

240 % 7

E=k,xf

Sine
Wave P>
Generator
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2. WT Generation

Convertion Stage

Wind
seqguence

Back to Back

WT model

VSCl1 DC Bus VSC2

“‘"‘"{ | *'% % *%}

U\:":ilrl'ud Speed - — ‘I‘ %

p Pwm| PC-Bus| [pym

mppt A |Control] &
Current Current Current
Reference|™* Control Control

*
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2. WT Generation

Convertion Stage

Back to Back

VSCI VSC2
DC Bus
A} A
f ent Reference Current Control
Control VSC
WTG

dq/abc

DC Link Control

Current Control L’

—

q
PLL
WTG
ller 1

Control VSC
Grid Side

DC Voltage control loop.

Simulation10 File.
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