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Common DFIG-based platform




Common DFIG-based platform <:1R£§§F

DC-Link

CRRSC 4@ +ﬂ %}F LSC

- CH

GB o (O~

RSC rotor side converter

D LSC line side converter
Transformer FIG CR  rotor crowbar Rotor

CH  DC-link protection
GB  Gearbox

Converter Generator Gearbox



DFIG Operation Principle < RE;

DC-Link 1) Rotor fed by converter (adapts
RSC J_ i =8¢ Ustat and fstat to Ugrid and fgrid)
Moderat 'l T [j l— 1
breeze CH 2) Stator is connected and
Strong ) provides power: P, =P_ -P .
breeze

’ ()2
RSC  rotor side converter 3) To keep S0 Hz on stator, rotor

TS I CR  rotor crowbar power: P, =P, P,

CH DC- link protection
GB  Gearbox




Protection principle during grid fault (nominal op’) { RE,

1) Fault on the grid w/o protection:

- Rotor currents

DC - Link charge DC-Link
RSC
St LSC - DC-Link power
rong ‘I |' M cannot flow outside
breeze
CR
I 2) Fault on the grid w/ crowbar:
:
@- - Rotor currents
charge DC-Link
RSC rotor side converter - CR short-circuits rotor
]IEIG LSC line side converter (RSC in diode mode) => ’
CR rotor crowbar DC-Link energy dissipated
CH DG link protection = - Crowbar =>
GB Gearbox Induction generator

3) Fault on the grid w/ chopper:

- Rotor currents
charge DC-Link

- CH dissipates DC-
Link additional energy
- Generator control
possible => grid
support possible
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Need of wind turbine models < RE,

‘ Reasons & Objectives of making models

Reasons Objectives of model

The model accuracy has been

standardized in Germany
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Need of wind turbine models

Approach of model validation in Germany

Model insight
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Approach of model validation in Germany
< RE,

WEC model validation in the entire process

— o Vi--------1]
Req. req |_EC 61400-21 Ed. : Later new IEC’s like |
. SDLWde Electrical Measurements | IEC 6140027

ey || (e L osans
v

TR 3 Rev.20td 4 TR 4 Rev.04 TR 8 Rev.01 D
BDEW V] TC 20077, Reg. _Reaq. Req.
MSR 2008 (TSO) Electrical Simulation Certification > Certification
(DNO) MeasurementgJ\ & Models WEC & WF (e.g. GL,TUV,FGH)
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ERS —

REpower (e.g. SoS Ex Works contract)

Tests & final |:>

Measurements

Analyse Tech. Solutions

Requirements

Simulation Model

Wind Farm Developer

ﬁ WindFarm
Design
Studies

Wind Farm
|:> Compliance
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Approach of model validation in Germany { REPOWCT

‘ Overview of the German technical quideline: TR4

WH O is concerned ?

- All renewable system manufacturers
(Wind, PV, biomass,...) => same modelling
and certification requirements

WHA Tis concerned ?

- RMS model of the renewable system

WHERE is the focus on ?

- Model accuracy compared to standardized
measurements acc. to TR3 (equ. to IEC
671400-21 29 Ed) during FRT-Tests

- Definition of baseline requirements

12



Approach of model validation in Germany { RE,

‘ 5-Step method to validate the single WEC model
test

T
10) - m\woug“ =
1galio
\[a\\da

: S1

26 8 L e

—g—m—o /o\—o-:—:, : 1—';0-— PGU
i MP1 71 MP2 i ™" MP3
UG i 79 i Transformer
= ' (optional)
Normalgoperation 32
Grid Testing device PGU
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Approach of model validation in Germany < REPOI

Dampening
Impedance
(Z1)

1°) Real test-field

Transformer
station

Test fgn

containerz>
| H EN
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Approach of model validation in Germany

‘ 1°) FRT-Measurement Results

Balanced fault

|
|
|
|
|
|
|
|
|
|
|
|
\Y/
Measured
Voltage (pu)

Measured
Voltage (pu)

negative sequence voltage

1.9 1.95 2 2.05 2.1

time [s]



Approach of model validation in Germany

AL

> 2.1) Definition of start
and end of the following
periods: (
- (A): Before fault

- (B): During fault

- (C): After fault clearance |!

> 2.2) ldentification
of intervals:

-Stationary

-Transient

ﬂasurement & Result formatting (arbitrary example)

I e J
Y I —p——_ |

%< i ‘:

““““ N :

——————— S
I 7

, ‘ L/ -jﬁ.-'ﬁ 7 !

:'..i":.jﬁ.:i("f".':‘: %\4 :
Vo= I SLIT IS SLS IS LI SSST IS, stati-—_|

transient stationary _|_ \ transient ,l<onary»transient

Bi_a > B2a F Cl_a >yt cs 1



Approach of model validation in Germany
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Q_)alculatinq averages for each interval and for P, Q, I,

Integration
TN
J’ | 1
| —M8M» 5
! Tiransk i
:
|
j- | 1
I > >
: Ttrans Ki
I
K € {A; B; C}
Transient
effects i€N
comprised
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Approach of model validation in Germany < RE,

omparison of measurement and simulation in each interval

} P

Stationary Transig.q/ /#cgi igna

Measurement /g / N

)
Int_eg rated value

OSiItt
sequen transient
avera%bees* r effects ?arken Into
Intéerva account
/[\

Instantaneaous N commhad on|
s - (hainics Ao
sequence I stab?hty stugies)

T

b

”

*average values calculated over the considered interval duration "



Approach of model validation in Germany { RE,

Q_)ualitv assessment of the simulation model for P, O, |,

 Transient intervals

Ave rage . E
evaluation Z(Measavg trans Ki ~ Slnlulavg trans K i) = Trans K

o K € {A; B; C}
i€N

» Stationary intervals

19



Approach of model validation in Germany < RE,

5°) Quality assessment of the simulation model for P, O, |

Calculated deviations:

- Mean values during transient
B intervals (ETrans =)

\ .
|I :",I'. fr -.jl_l:"';l_-f_f__:'{ -
) =t 1 -
I 'lal | % II\ '
P p ! 2 !
I| }l I| ". 1 \ l
[ % | & o g
'|| <. 'I. FRE | Total error of simulation model
II ‘I: | I;l [
| L I TR
| - [\ “ [
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Approach of model validation in Germany

< RE,

‘ 5°) Quality assessment of the simulation model for P, O, I:

Calculation of a global deviation for the entire FRT-Test

SM total error = +Cg X Eg +
Deviation Weight
During fault (Eg) 60 % (c,)

EK — Z(ETransK T EStatK)
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= . RSC control LSC control
= ref

Model insight ST—> P Qcosh Us Unc Q
® ] —

. . . = Thru f |
Comparison between simulation g li“ "‘S““”e”m”‘Il
results and measurements L DC-Link

RSC T LSC
CEXED!
CR—EI-’ CH
. . UT
Benefits and future of wind- GB
i i RSC rotor side converter

turbine modellin g DFIG LSC line side converter
CR  rotor crowbar
CH  DC-link chopper
GB  Gearbox



Model insight

Available simulation model types

\FAE L

Reduced Order
Model (ROM)

Generator detail level

Usually
RMS

Applications

- System
integration
- Stability

studies

Remarks

Quick
simulation
time

KIS X 10— |3 10 |0
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Model insight < KRE

Difference between ROM and FOM: rotor current calculation

Alternating component
decisive in Crowbar activation: RSC_ pe-Link Chopper LSC
rapidly increase of dc link-voltage

B3+ (B

—LT——>f  Crowbar I

DFIG

\ o @

Reduced order DFIG model triphase

24



Model insight < RE

ROM Model (RMS) features RSC_ DC-Link Chopper

‘ 1 T 42‘*_{}

- No crowbar firing capabilities

(not needed anymore however)
) ‘ Crowbar
DFIG

@ ;
Internal transient : Grid

impedance i A

i L
Transient 7 _,_._51.

voltage

E Stator
'=f ! U
u, (W) I() i 1 st




Model insight <& KL,

Features of REpower's simulation model (German TR4)

Model type  [RIST

. . g Pref
Maximal step size [0S NI BN
WEC-ransformerincluded R . .
S Thru fast current control
Freq. protection  [icuaca B by ocun 44
RSC ' LSC

S ER R

Volt. protection |G EEEN o N
-Harmonics not included GB - - @—

RSC rotor side converter

—Flicker / LSC line sid
not included DFIG L5 nesdecomere

CH  DC-link chopper

Astodynanic & =

pitch control

* not compulsary
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Comparison between measurements and simulation < RE
results

Compared items between simulation and measurement

— RSC control LSC control
G;') Pref
o » P Q cosd, Ur Unc Q
© Measurement pOintS
(344
] |_
S Thru fast current control
: ! !
L ¥ DClink ¥ P, Q,
RSC T
_| —l— [j |_ LSC i reactive
CR L OR
— CH
Ur
'GB

RSC rotor side converter
DFIG LSC line side converter

CR  rotor crowbar

CH  DC-link chopper

GB  Gearbox
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Comparison between measurements and simulation

results

Balanced voltage dip down to 45%

reactive currents (pu)

2°) Measurement & Result formatting

17 ‘lv &6—
0.8
0.6 | |
—— measurement
04 —_— si‘ u?gtion ’& | | | |
0.5 1 15 2 2.5 3 3.5 4.5
: N r vh-
O,
-0.5
9 — measurement
simulation
| ‘\ ‘ | | | |
0.5 1 1.5 2 2.5 3.5 4.5
time [s]

< RE,
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Comparison between measurements and simulation

results

Measured reactive

Simulated reactive

Balanced voltage dip down to 45%

3°) Calculating averages for each interval

0.5 ‘
A~ | —
g ° \ \
&
g 0.5 ‘ ‘
E 1t positive sequence ____ R ] ‘
average
_15 | | ‘ | | | I ‘ |
0.5 1 15 2 2.5 3 3.5 4 4.5
0.5 -— -
u |
— 0+~
g N | |
505 | | |
3 1 —r— q)osmve sequeng‘e_ ‘
_15 ‘\ ? rage ‘ | | | I ‘ |
0.5 1 1 5 2 2.5 3 3.5 4 4.5
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Comparison between measurements and simulation

results

Difference of

Difference of
positive sequence (pu)

Balanced voltage dip down to 45%

averages (pu)

5°) Assessing model

0.2 - - N |
0.1--—-- e e _} ----------

P I ]
0.5 i 1.‘5 2 2.‘5 é 3.‘5 4‘1 4[5

----- Allowed limits

——— Differences simul. / meas.

< RE,
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Benefits of wind-turbine modelling < RE

‘ Goals of keeping modelling

\ - Avoid expensive equipments

WQ\AQ \\- Better integration into the grid

- Simulation of complete wind-farms

//’-

- Simulation of scenarios not testable in
reality (stability risks)

33



Future of wind-turbine modelling < 'REDOWET

‘ External equipments included in wind-farm model

ation functions (Wind-farm

- Optional reg
“"Grid n")

ntroller

- Op ional keactive power equipments (C L, i or or

Reactor banks) :

34



Future of wind-turbine modelling < RE

‘ Future process for validating wind-farm model in Germany

Forecast release of the technical
guide-line: end 2010

Wind-farm model validation

Wind-farm model compared to
validated wind-farm
measurements

Wind-farm model based on
validated WEC models

» Recommended way

» Expensive or impossible way

35
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Thanks for your attention !
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Thanks for your attention !




Backup slides

‘ Backup slides
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Wind energy converter modelled as Thevenin source N

Equations can be found in:

"Validation of an RMS DFIG Simulation Model according
to New German Model Validation Standard FGW TR4 at
Balanced and Unbalanced Grid Faults"

Jens Fortmann, Stephan Engelhart, Jorg Kretschmann,
Christian Feltes, Prof I Erlich.
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