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m System level tests to investigate
the interactions between
components

®m Inefficiency shown by the
classical in-field validation

-

In-field tests |
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BaC kg rO U n d E.ON Energy Research Center

m System level tests to investigate
the interactions between
components

®m [nefficiency shown by the
classical in-field validation

®m A full-scale system test bench
offers a potential solution

® Emulation of realistic operation
conditions in a laboratory setup
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Test Bench Concept ——

DeV|Ce U nder TeSt (D UT) E.ON Energy Research Center

® Nacelle without rotor blades and tower section
®m Original turbine controller is included
® [Indenpendent on the drive-train concept

Device
Under Test

4+—— Set points

Original turbine controller
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Test Bench Concept —_——

Load Application System (LAS) EON Energy Research Center

® Applying the mechanical loads at
the rotor flange

De-bus

Load
Application ™y
System

Control
units 4—— Set points

Original turbine controller
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Test Bench Concept ——

Load Application System (LAS) EON Energy Research Center

m  Applying the mechanical loads at LAS Specification

the rotor flange

Shaft speed 14 rpm
Shaft torque (1 DoF) 2.7 MNm
| e Bending moments (2 DoF) 7.2 MNm
e I( - ; _DE)I; - ‘I Thrust force (1 DoF) 4 MN
‘_ A ICILER Radial and vertical forces (2 DoF) 3.25 MN
S ).

[:' { Loading

: E il fnder T | Control
Inder Tes l 'onf
- units 4—— Set points

Original turbine controller

DoF : Degree of Freedom
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Test Bench Concept ——

G I’I d E mu |atOI’ E.ON Energy Research Center

m Artificial electrical grid at the
point of common coupling (PCC)

Grid
; A e e e e R R R
Tond De-bus 1 Emulator
Application [~} H .
System -
N PCC
...........................................

“

. ‘F . |
Motor b
i =

Device

8 Non-Torque A
Loading
Under Test

. — | Anininivieiviivivisiiviiiaieiol 1
; . § T I Control
units 4+—— Set points
—_—

Original turbine controller
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Test Bench Concept ——

Gl’ld EmUIator E.ON Energy Research Center
= Artificial electrical grid at the Grid Emulator -
_ . D Value

point of common coupling (PCC) Specification
PCC voltage 20 kV
Grid PCC power 3.5 MVA
o De-bus i‘ ---------------------------- Emulator
A | L |l = T : Converter topology 3L-NPC
| — 52‘6‘1‘% Converter voltage 3.1kV
Filter type LC-Filter with

passive damping

Control
units 4—— Set points

Original turbine controller
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Test Bench Concept ——
ACtIVG FI’O nt' End (AF E) E.ON Energy Research Center

® Linking the dc-bus to an ac-

AC Grid

grid
= l ® Regulating the 5 kV dc-bus
EN voltage
i _ Db - @ . m Energy circulates inside the
<l == poo test bench

® Only losses absorbed from
the grid during operation

.......................... .
Control
units 4—— Set points

Original turbine controller
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Test Bench Concept
Hardware-in-the-Loop (HiL) Configuration
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AC Grid 1 DoF
5 DoF
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Test Bench Concept —

Hardware-in-the-Loop (HiL) Configuration EON Energy Research Center
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Device-Under-Test —_——
CU re nt COangU I'atIOn E.ON Energy Research Center

20 kV 690 V
ek >

HybridDrive
Power Electronics
Converter
® Combination of gearbox and ® Power electronics converters
generator in one housing = Low voltage 2L-VSC
= Interleaved switchings
Max. input torque 2.55 MNm
Rated speed 431 rpm
El. output power 3.12 MW Grid side voltage 690 V
Rated voltage 720 V El. output power 3x1.12 MVA
Generator type PMSG Grid code SDLWindV 2009
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Measurement Results ——
Emulated Grid Properties

E.ON Energy Research Center

® Voltage properties at no-load

v(t) inV

RMS Voltage 687.4V 690V + 10 %
Frequency 49.99 Hz S50Hz + 0.5 Hz =500 f
THD 4.92 % <5% 0 QIO 4l0 6C
Unbalance 0.3 % <20 Time in ms
factor
Note: Measurement performed on the low voltage side
NS
m Emulated grid satisfies the 2
requirement according to
IEC 61400-21
O SynChr0n|Zat|On pOSSIbIe 500 1000 1500 2000 2500
Frequency in Hz
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Measurement Results — —
Low-Voltage Ride Through (LVRT) Test F ON Energy Research Cernter
= Possible voltage dips: b R
= Symmetrical x0 .. Start LVRT mode
= Unsymmetrical without zero Sl . / ...... S . -
sequence component E
wl. SR T N ;.
B Example of an LVRT test with L : L :
19% load for each converter B
30
® DUT behavior during grid fault <
= DUT remains synchronized =
= Reactive current support “i’ - f
= Further active power infeed 500 SR \agnitude |
= Reactive
0 Vel T EEEEEE R -
1 1.2 1.4 1.6 1.8
Time in s
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Measurement Results —

Application Of the 6 DOF LoadS E.ON Energy Research Center

3.5 T | T T | T | T T | 14
’ 3 L. 12
D 2 T — I | ------------------ 10 £
= = " -
a 4 2 """""""""""""""""""""""""""""""""""""""""""""" 8 .:
g8 1508 - - e A SR R A Do | — Torque -6 'é
gz Rotational speed |.. . ., 2,
= ! | | | | | | || e Power R T D
05 """""""" STt T ST T o s DT 0T 2
0 i i i i i i 1 b [ i 0
1000 1500 2000 2500 3000 3500 4000 4500 5000
Time in s
150 T T T T | T | | T | 150
: 4100 g
Z m— Force Fx _ Z
2 -: d
. —— Force Fy . A =
e = Force Fy 40 ;
£ — Moment M~y i g
= ——— Moment Mz, | Y g
: : o =100 =
" i " ~150
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time in s
23.06.2015 | PGS Power Generation and Storage Systems | 20 lm'“.l

Nurhan Rizqy Averous, M.Sc.



O Utl I n e E.ON Energy Research Center

m Background

B Test Bench Concept

B Device Under Test

B Measurement Results

B Summary

23.06.2015 | PGS Power Generation and Storage Systems | 21 RWTH. ACH=N

Nurhan Rizqy Averous, M.Sc. UNIVERSITY



S U m m ary E.ON Energy Research Center

® A4 MW full-scale wind turbine test bench has been developed

B Emulator systems are the key enabling components for the
reproduction of the realistic loads

m Power electronic converter based grid emulator enables the application
of a wide variety of grid conditions

®m Load application system with 6 DoF is required to realize realistic
stresses to the mechanical components
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