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Wina turBine generators

Asynchronous types

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

» POrgior = Dgoyrce — wslip
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Wina turBine generators

Svynchronous types

» Newer technology, usually above 2,5 MW
» Slow rotating, direct-drive
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Wind farms in Croatia
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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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Generator control

» Field-oriented control

Rotor bar

Stator slot

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




Generator control
» Field-oriented control




Generator control
» Field-oriented control
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SCIG model

» SCIG model in dg rotating frame
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» Aligning with rotor flux linkage
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- Wind turbine faults

» Gearbox concept and direct-drive
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Generator faults

Electric machines failure frequency in wind turbines is
about 10 times greater than in industry applications

> harsh environment

- frequently varying operating conditions

v

v

In industry applications:
- 35% of faults - stator related (e.g. insulation degradation)
> 30% of induction machine faults - rotor related (cage)

Wind turbines are placed on hardly reachable, remote
locations

v

Lots of expensive monitoring and control equipment is
already installed > great opportunity for diagnostics
and control system interventions

v
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Observed faults

v

Cage defects (squirrel-cage induction generator)
» Stator insulation faults

Both kinds of faults can be related with
instantaneous rotor flux linkage position

v

v

Faults spread rapidly in normal operation
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Transient leakage inductance
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~Stator insulation FTC
Inter-turn short circuit
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~Stator insulation FTC
Inter-turn short circuit

short circuit
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Stator insulation FTC
Inter-turn short circuit

short circuit
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Stator insulation FTC
Inter-turn short circuit

short circuit
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Stator insulation FTC
Inter-turn short circuit
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Stator insulation FTC

» Generally: %
o (1) =y |sin(at +¢,) ¥sq
: l/jcjf[ () = ‘ws‘a)e Cos(a)et + gox) Yea
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Stator insulation FTC

» Option A - reduction of ¥, such that |v.|®. is kept
below the imposed limit
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Stator insulation FTC

» Option B - modulation of stator flux magnitude
w,|(t) such that the imposed restriction is matched
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Stator insulation FTC

» Triangular waveform of stator flux is achieved with
FOC and current control loops:

K t X
‘st‘(t)= CZTC o+ @, ) :> v, () = KFTC(tJrZ—e]
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Stator insulation FTC

» Triangular waveform of stator flux is achieved with
FOC and current control loops:

K t
‘st‘(t)= CZTC o+ @, ) :> v, () = KFTC(tJr%]

. Sin(w.t+ @,
A : L
Wil() m%%n Ve =Ll +L—mWrd
AR r
WS_max L Vs, :|_I iSq
v, = konst
WS_min Wy = Wy
Oy E >
2 W, t

Zagreb Energy Congress, V. LeSi¢ 15.12.2017. 21



350

3001

250

200

150

100

Stator flux modulation

» Periodic strengthening and weakening of machine

flux in the air gap
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Extension of WT control
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Experimental setup

Control cabinet

*AC senso

. UGN
-Generator currents - . '& Converter currents.
|I NG | = flar II
FOC stimates
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Experimental results
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Experimental results

Stator phase currents (A)
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Generator torque (kNm)

Generator torque (kNm)

Other generator types
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What it does

) modifies wind turbine control system to provide
{ autonomous reaction on diagnosed fault

é) removes the main cause for rapid fault development

enables safe under-fault operation and continuation
w of energy production

A reallocates the stress to healthy machine partto

[llustrative case

. Wind turbine can safely operate with 10% degraded
insulation at restricted 58% of rated power.

Our fault-tolerant control enables safe operation with
88.7% of rated power production.

Rated power
I, ¢

__

30 WT equipment
manufacturers

Teleconferences

B ] ]
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radnji s Bedom bio je na rubu
istrazivuikih mogaénosti. Pojed-
nostavijeno, na nzbu manosti

~Tema je sjedeéa: vietroagregats,
odnosmo generators u nfima (koj
snagu vjetra pretvaraju u elek
triénu energiju) puno se fedée
kvare nego u dragim uredsjima
zhog tedikih uvjeta mda. Dodatno,
pmmvm tih kv arova uuymr 3

t
. 1deja projekea bila
je smanjiti broj kvarown i sprije-
&ti njibov puni rwvoj s izmazito
skupim posijedicama. Zarislite
vjetrongregat koji ne radi Sest
mjeseci. Ako je dotad radio s ka-
pacitetomod dvado tri megavata,
2 mi uspijemo da un unatod kvans
i dalje bude funkeionalan, barem
s palasnoge, rofunajte kaoliko j:m
uitedenih megavat sti energije
objainjavn Ledié. Posebno kad
urmete tz obair da ih je veliki broj
na morskoj puéini i da se danas
postaviizju oni od B megavata!
VELIKA' Onoiojenjegn
zanimalo je kako generator (po-
jednostavijeno, stroj koji meha
nsdon energiya pretvarn u elektrié-
nu) rasteretsti zastojau radu.
Takvi kvarovi nikad se ne do-
gode odjednom. Mogete ih vidjeti
unaprijed, kako s razvijaj
kritiéne toéke. 1 to je bila nafa
ideja - kako resgiruti na vrijeme,
zaohiéi kvar modulacijom ma-
zrcaqu pobjs, maknuti stres s
jela i dalje iskoriftn-

Corperation (UTC) sa vedmem
u Connecticutu. Rijes j dnoj
od vodeéih kompansjat podnaa
istraZivanje, razvoja i proizvod:
rije visokotehnolotkih proizvoda
u avioindustriji i zgradarstva,
koji medu ostalim usko suraduju
s Roeingom i Airbusom. Primjer
nedwvnib industrijskih pastignu
&2 kompanije uspjesan je proi let
navog Airbus A320neo avions po
fonjenog “UTC Pratt & Whitney
PurePower™ mlaznim motorom i
isporuka vise od 20 mzlsStih s
stava za Airbus AJ5D-G00 aviene,
ukljsfujuéi gondole motora, mila-
me koérice, generatore elektrié
e energije te palice z potisak
rxluu-k,uj Kahini.
> sustav xmo im pokazali
na DP‘J ali cdmah im se svidio
naf multidiseiplinarni pristup i
manje keje smo ovdje prikupili -
prisjecase Leisé

NA RUBU ZNANOSTI Nekaliko

njihovim ure-
u sklopu kojeg Ledié
injegov tim, koji je sada rarastao
na osam stnadrjaka, Sstrauju mo
guénosti primjene sliénih tehno
logija na podrugje avicindustriye

- Na kruju, sve se svodi na radu-
nalni program. Noé upravijacki
znanja ljuds keji

s bave dizajnam i
peneratora. U tome ijest inovaciia
objafnjova Ledi
Pitam g koliko je teiko bilo do
vristi tnkav sustav.
Sada kad je gotov, &ni se dn
y festo smo zavr-
dijepim ulicama i puno

sdmnB
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Thank youl!

:_ LARES =

wind hydrogen

www.lares.fer.hr
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