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Generatori vjetroagregata




Wind turbine control
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Wind turbine generators

Asynchronous types

» Mature technology, usually up to 3 MW
» Fast rotating, gearbox required

» POroror = Ospyree — slip
DFIG
@25?2 /—\> @ SCIG
S B [E™] 13
\m—
T E™ I
Doubly-Fed Induction Generator Squirrel-Cage Induction Generator

 Vestas e Siemens

« Sinovel

 Gamesa

* GE Energy
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Wina turgine generators

Synchronous types

» Newer technology, usually above 2,5 MW
» Slow rotating, direct-drive
» P =@

rotor source
WRSG PMSG
Rkl L
I ITE ]
2%_
Wound Rotor Permanent-Magnet
Synchronous Generator Synchronous Generator
« Koncar « Vestas * GE Energy
* Enercon « Goldwind < Siemens

« Gamesa
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Wind farms in Croatia

Annual 3
. Installed power ; j : . Putin
Wind farm (MW) Region pr(()g\L;\;:ggon Wind turbine models operation
43 Sibensko-kninska Zupanija 100 19 x Enercon E-82 — 2.3 MW 2014.
42 LiCko-senjska Zupanija 125 14 x Vestas V90 - 3 MW 2011.
Splitsko-dalmatinska : g
40 >upanija 114 14 x Siemens SWT-3.0-101 — 3 MW 2013.
36 Zadarska zupanija 122 16 x Siemens SWT-93 - 2,3 MW 2012.
Dubrovacko-neretvanska
34 Zupanija 100 16 x Enercon E-70 — 2,3 MW 2012.
30 Sl @ el 81 20 x Acciona AW-1500 — 1,5 MW 2013
Zupanija ' '
Splitsko-dalmatinska 15 x Kon¢ar KO-VA 57/1 — 1 MW
17.5 Zupanija 30 +1 x Konéar VA K80 — 2,5 MW 2012.
11.2 Sibensko-kninska Zupanija 28 14 x Enercon E-48 - 0,8 MW 20086.
10 Sibensko-kninska Zupanija 27 7 x Leitwind LTW77 — 1,5 MW 2011.
& ; o T 11 x Enercon (3 x E-48 — 0,8 MW + 8
9.6 Sibensko-kninska Zupanija 25 x E-44 — 0.9 MW) 2009.
9.2 Zadarska zupanija 26 4 x Siemens SWT 93 — 2,3 MW 2013.
9 Zadarska zupanija 26 4 x Siemens SWT 93 — 2,3 MW 2011.
5.95 Zadarska zupanija 15 7 x Vestas V52 — 0,85 MW 2005.
Total 297.45 MW
DFIG WRSG SCIG PMSG
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http://hr.wikipedia.org/wiki/Vjetroelektrana_Danilo
http://hr.wikipedia.org/wiki/Vjetroelektrana_Vrataru%C5%A1a
http://hr.wikipedia.org/wiki/Vjetroelektrana_Kamensko-Vo%C5%A1tane
http://hr.wikipedia.org/wiki/Vjetroelektrana_Kamensko-Vo%C5%A1tane
http://hr.wikipedia.org/wiki/Vjetroelektrana_Kamensko-Vo%C5%A1tane
http://hr.wikipedia.org/wiki/Vjetroelektrana_Bru%C5%A1ka
http://hr.wikipedia.org/wiki/Vjetroelektrana_Pometeno_Brdo
http://www.vjetroelektrane.com/hrvatska-i-regija/1217-vjetroelektrana-jelinak-u-probnom-pogonu
http://hr.wikipedia.org/wiki/Vjetroelektrana_Pometeno_Brdo
http://hr.wikipedia.org/wiki/Vjetroelektrana_Trtar-Krtolin
http://hr.wikipedia.org/wiki/Vjetroelektrana_Trtar-Krtolin
http://hr.wikipedia.org/wiki/Vjetroelektrana_Trtar-Krtolin
http://hr.wikipedia.org/wiki/Vjetroelektrana_Crno_Brdo
http://hr.wikipedia.org/wiki/Vjetroelektrana_Orlice
http://hr.wikipedia.org/wiki/Vjetroelektrana_Velika_Popina
http://hr.wikipedia.org/wiki/Vjetroelektrana_Velika_Popina
http://hr.wikipedia.org/wiki/Vjetroelektrana_Ravne_1

Wind farms in Croatia

Total: 297.45 MW
(Aug. 2014)
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Upravljanje generatorskim
pretvaracem




Wind turbine control
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» Below rated wind speed - control via torque
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» Above rated wind speed - control via pitch

> Proportional-integral(-derivative) gain-scheduling

controller
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Rotor bar

Generator control

» Field-oriented control

Stator slot

Source: Damir Zarko, Teorija
elektricnih strojeva i transformatora
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Generator control
» Field-oriented control




Generator control
» Field-oriented control




Generator control
» Field-oriented control




ER—— .
SCIG model

» SCIG model in dg rotating frame

. dy .
Uu. =R.I + >+ |w
s s's dt J el//s
_ diy. _
0= Rr|r+ dt + J(a)e_ pwg)Wr
RS ja)em Lsa Lra j(a)e_pa)g)ﬁ” Rr

» Aligning with rotor flux linkage

3 L
Ve =Wy Tg :E P~ lnrlsq
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ER—— .
Generator control

» Voltage field-oriented control

- 2 V- 2 N\
Uy = kaisd + I—I dISd o = Lm imr — W, I—Iisq ks — Rs _|_L_r;1 Rr
dt T L 2
di 2 L2
usq:Rslsq+ I SOI+a)eiimr+a)e|—llsd L' :O-LSZLS_T
t ok \ &
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ER—— .
Generator control

» Voltage field-oriented control
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R N T
Field-oriented control

» Pl current controllers:

GLS GLS
he=h TR
» Closed loop transfer function:
T.(s) 1.(s
o) _1,(8) 1 =5 <1008
T,(8) 1,(s) 1+7-s K,
p

(d.q)

g variable
estimation | .«

(a,b,c)
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Pulse-width modulation

”-':_".'
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Hystheresis or ,bang-bang” PWM

Reference
————— Limits
— Quiput

Analogue signals

PWM
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Space vector modulation

V5(010) V(110)

S

=~ Vref max

V4(011) —=
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PMSG type
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R @
WRSG type

TF i Qg i
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R @@
Constrained optimal control

» Model predictive direct current control

(i (k1) Sd)+Zz (K)- ucd(k—l))z+qu(isq(k+1)—i:q)2+
2 Uy (K) gy (k —2)F

J =

N

k

I
o

Uy q =Ugg q T AU
2
Subject to: U +uZ, < (:I/dé"]

O < Wsd < l//sdn
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R @@
Constrained optimal control

» Model predictive direct current control

(i (k1) Sd)+Zz (K)- ucd(k—l))z+qu(isq(k+1)—i:q)2+
2 Uy (K) gy (k —2)F

J =

N

k

I
o

Uy g =Usaq +Ausd,OI

2
Subject to:  uZ, +UuZ _( dc)

O < Wsd < l//sdn
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Model predictive direct current control

i,
— dqg) /| .
Ugp
. MPC O
Lsa
- > (a,b,c)
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Simulation results
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» Optimal and constrained

» Can be easily extended with other constraints
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Estimacija veliCina




Unscented Kalman filter

» Fundamental component extraction (PMSG case)

—— Real — UKF
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Unscented Kalman filter

Actual (sampling) Linearized (EKF) Ut » Nonlinear filter
' sigma pcunts
» Second order of
Taylor series (or
. more)
v — f(x = f X .
‘ PY_A(;fL . (4) » Nonlinear model
y =) v _l ’ We'gnaegoﬁ,zﬂghizea" can be directly
i used
f(i) transformed
o true mean > ‘ S|gma points
true covariance b UT mean % 4 Ru n g e— KUtta
% \ . /" ‘ .
N ATP, K numerical
uT covarlance | nteg ratlo N

S. Haykin, Kalman Filtering and Neural Networks, 2001
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State and parameter estimation

di,, . » Dual Unscented Kalman
=w, (u,, +Aug, (X, U, W) —W,i_, ) _
dt filter (UKF)
diS -
dtq :Wl(usq+Ausq(X,U,W)_W3|Sq) ) Runge_Kutta 4th Order
di, ..
dt = W4(Isd _Imr)
déo, igq - ﬂ/' e (@2
= pw, +W, sdlsg J Hsallsg a
dt - Imr 4>Q (a,b,c)
iy g W, W, W3, Wy A
4 Parameters: N
1 L2 Mgy Upe
w=—, W,=R. +—R, < y
I— |_r ] UKF |« @b o,
= R W, = i -
& T Y,
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Nonlinear system observability

- [ fiz)
Lp(H)=VH-F = lgi gﬂ ;
"’ | falx)
L%(H) = 01 [L* "(H)] - F, i=1,...n—1,
" L9(hy) oo L9%(hy)
I _ . , .

Ly () o Ly (h)

System is observable if gradient matrix of L (dL) has full rank

BLiﬁa(’émr — %d)
41?([‘%1 o L-'“LS)2

det(dLy)|,.—0 =
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R
State and parameter estimation
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Upravljanje mreznim pretvaracem




R @
Active and reactive power
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Grid synchronisation

» Phased-locked loop (PLL)

(a,b,c) gd W orid0

i.. +
Uy, . 6,
(d,q) » Pl >

l

Lo |—
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ER—— .
Grid currents control

» Voltage oriented control

Uy pwm = Rgf'gd + I—gf

U, pwm = Ryelyg L

gf "9q of

» Decoupling

_ di,
Uy pwm +A gd — Rgflgd + I—gf F

_ digq
uq_PWM +Augq — Rgflgq + Lgf F
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ER—— .
Grid currents control

» PWM mathematical model
1

G —
"M 14 81.5T,

» Pl current controllers:
L L

_ o _of
T,d,q——, K —

Ry 49 3R,

» Closed loop transfer function:F
MOIMONE
iq(S) iq(s) 1+s3T,
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R N T
DC-link control

» DC-link mathematical model

Aug, 1
APgrid SU chdc
» Pl controller
Ud Cd
T =12T,, Kie=—7F2"
Eferrmmmr
”Eﬁ" T I;:f ‘%'[:rﬂ- %Td —;l\ 1 ”Eft"
"\ > Pl gl " sTLC, >
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Voltage-oriented control

irE-:’JTI gd|
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' _!"x._ PI .".\%J..J ! |
| ) + |
v _ _ 4 v
i
— |(a,b,c) gd — X (d.q)
. D .
£q —
~ — >
(d.q) Lfl}ir‘;” (a,b,c)
- -|--
—(_— PI > Ugpmng
+ 4 LA
g | |
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Wind turbine control
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B N T
Zakljucak

» FOC rely on well-determined flux position >
Kalman filter observers

» Pl controllers widely spread, main researches are
directed to model predictive control and speed
sensorless control

» VOC rely on well-synchronized grid voltage =2
Phase-locked loop algorithms

» UKF is robust, needs less effort for internal
parameter tuning, can be extended for parameter
estimation
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Zahvala

Projekte CEEStructHealth 1 Will4Wind sufinancira Europska unija kroz
Europski fond za regionalni razvoj.

.
.,
N ... ..‘. Laboratorij za
Y @, sustave obnovljivih
.. .. R izvora energije
.o o

"0 8% vjetar vodik

Dodatne informacije:

m Y Ministarstvo

** : ** Ulaga nje STRUKTURNI | INVESTICIJSKI .. KON KU RE NTNA * i-..—- Zna nDSﬁ;
LR ‘nost! - FOND ZA ULAGANJE |y obrazovanja
o u buduénost! 'ﬁﬂNDOVl @ HRVATSKA U ZNANOST I INOVACLIE I‘-:-' o

Projekt je sufinancirala Europska unija iz Europskog fonda za regionalni razvoj

Sadrzaj ovog izlaganja iskljuCiva je odgovornost autora i ona ne odrazava nuzno
misljenje Europske unije.
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http://act.rasip.fer.hr/

Hvala na paznji!

http:/ /act.rasip.tfer.hr
vinko.lesic@fer.hr
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