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Abstract

Output Filter Design of Grid-Connected Inverter
for High Power Offshore Wind Power System

The output filter design for high power grid-connected inverter of
offshore wind-turbine has many limitations such as low switching
frequency, allowable DC-voltage, and the component volume and weight.

In addition, the injected harmonic current into the grid is constrained
by various grid connection requirements.

This paper compared and weighed with several harmonic regulations
and suggested the optimal design procedure of the output filter
compliance with the grid code using spectrum analysis of inverter
output voltage that contains harmonics.

In this paper, the output filter of grid connected inverter for TMVA
offshore wind power system is designed to meet the BDEW harmonic
currents limits and the IEEE 519-1992 requirements.

The performance of the designed output filter is validated by

extensive simulations using Matlab/Simulink
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Table. 2.1 Definition of switching states of 3 level NPC inverter
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Fig. 2.3 Switching states and inverter terminal voltage
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2.3.2 IEEE Std. 519-1992 izx% A #A

IEEE Std. 519-1992_IEEE Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems o] A& th&3 78 A}3+sS
oAl v

@O oA Fee 87D, 49 E, 77184

T

71710 A4&317] §1st dHbAR

@ FEH%A(PCC: Point of Common Coupling)oll A 2x3} # @S

=

37}

Aol At AF azke] Ahge YEhl A & =l A

glol AR zsh Aol tlel A ALgeA

¥ 2.3 IEEE Std. 519-1992 At az3} A 3%
Table. 2.3 Voltage harmonic limits of IEEE Std. 519-1992

Voltage Harmonics
Voltage at PCC Individual Limit THD
<69 kV 3.0 5.0
69—-161 kV 1.5 2.5
>161 kV 1.0 1.5

12



¥ 24 IEEE Std. 519-1992 A& 3zx3} A 3HX](120V-69000V)
Table. 2.4 Current distortion limits for general Dist. Systems (120V-69 000V)
in IEEE Std. 519-1992

Maximum Harmonic Current Distortion in Percent of 7

Individual Harmonic Order (Odd Harmonics)

I/ I, <11 11<h<17 17<h<25 23<h<25  35<h TDD

<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0

Even harmonics are limited to 25% of the odd harmonic limits above.

* All power generation equipment is limited to these values current distortion.

regardless of actual ]SC/IL
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2.3.3 BDEW nx3 A A

Ao A3 E-ON2 20061 A1 491 Als A F4ds Tk,
AEel AAE= AAAY odA L Aujgel dg AE dx oFE 4=

SEA T 2008 =< BDEW(German Association of Energy and Water
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ol tHgk AgA = £ 25 o 4 (2-4),2-58 HEH = AT Fgol 4 &3t

T F A 4 2t # A AL @719 A AEHAL

o]
W 58 et A axv AR 27|, ) HEHY, 4 (2-5)

A &R A BAE AEHAL e HE AFe A5

]vzul 20 ><Skv
S, ¢ AES] weg
_ Sy Sy
[U Azul [v zul X S =yl X Skv X S
G esament Gesament

S+ Apparent power of a generating plant composed of the
highest apparent power of the generating units

Scesament - Scheduled feed-in power
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% 25 BDEW A% w23 Adg g A5zt
Table. 2.5 Admissible harmonic current coefficient

for BDEW current harmonic limits

Ordinal number | Admissible related harmonic current %, ozl in A/MVA
U, f 10 kV network 20 kV network 30 kV network
5 0.058 0.029 0.019
7 0.082 0.041 0.027
11 0.052 0.026 0.017
13 0.038 0.019 0.013
17 0.022 0.011 0.07
19 0.018 0.009 0.006
23 0.012 0.006 0.004
25 0.010 0.005 0.003
25 < o <40V 0.01 x25/v 0.005 x25/v 0.003 x25/v
even—numbered 0.06/v 0.03/v 0.02/v
u < 40 0.06/4 0.03/u 0.02/u
wov > 407 0.18/p 0.09/p 0.06/u

1) : odd—numbered
2) : Integral and non-integral within a range of 200Hz

I inter-harmonics

234 IEC S A tAdAY FHLHY nx9 A7 74

ofof & Ao Bl ALY, 54, A A R Y 2o gkl B3 &

15



AHF %3 9 inter-harmonics®t T34 AR E
61000-3-6= wW=2m 1 4 WS IEC 61000-4-72]
IEC 61000-3-6°1A &= A F x5}k Atz of

2 o Ayste] ¥ &8 dF JIES A5 "ot
2
-

Ol
o
&
X
12
P2
&

2 =AM e IECY x5 4E& =8 2y dAAldd+ d&35h4] &*ge
W az3 A AL vl PES=Y AESSY. ¥ 262 IEEE Std.
519-1992 ¢} IEC 61000-3-6<& H|nLglk F o]t}
¥ 26 IEEE ¢ IEC o nx39 74 v
Table. 2.6 Comparison of IEEE and IEC harmonic standards
IEEE Std. 519-1992 IEC 61000-3-6
Driving | [EEE Std.519-1992¢] %3} | [EC 61000—3-69 %3} A
principle | A& Al e g A 2 iigd AR AR ghel 7]
ol A A g, %3t}
Voltage | 510 qor mizstel A@A7} |58 A 1z AT
harmonic | = Zsise) 4 943, ZFvhseel wpet 7ha gk,
limits
Cumene | A7 A} A@AE IEEE | IBC 61000-3=60l 4% 2
en - —
ha::onic Std. 519-1992¢] 7bg¢ ZFag | == Af x5 A7 +
limit Byt sAu 1 Aakgre | AIAA Fom At ARdA <
IMiIts -
Agel Agk avidw ww g | Al duAds S8l o3
t}. 1 ko]l A e X
IEEE Std. 519-199204+= & | IEC 61000—-3—6 olA= =4
Even-order | &= A At axe] diste] | A5 A x| diste] &
harmonics D]"E!!‘J—J— %}‘QAU%, 75}'/']: 7_(]"/']: ﬁ%‘ @agi E]"?‘U%, 7:”% ?:!]j’]?j
azgpel A= T Ak | 2o o3 A A AR X
Az 25[%]= Algetar 9l | stell diste] IEEER T 38X
t}. 7} =t
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235 A% nEW AP FA A&

TA4S 4837 918 A &5 20IMVA] A5 A< 3.3[kV], SCR(Short
Circuit Ratio)7} 209 #f PCC A5l 7IMVA] & F=&¢A7] 1717 A4+
A& wWE 7HAstdtt olwl AFY weEl &% 400IMVA] ol ¥, A& 9
JudAE HEg wEshx] &trh

BDEW x93 A7 A4S 7H4d el #838hd, % 259 10(kV] 7174
o] Al4=3k(admissible related harmonic current)S 24 (2-4)° A &3 7t
3] a2 4= 2k IEEE Std.519-1992 42 7%
HaHAl Al Het dol vk Alghs WA vl i 2.49] <20 o] AL
nx3 AR A A4 s vElY Fetd R = IHES AAHRE
7Pt 1® 250 oo Ay mEvet nmzu AR AR 7F #e
T 2 EQ o2 YER AT w12 BDEW A i1x9 1A S YE
e sheae [EEE Std519-1992 A% w23 i

|20 thebg ) o

_{

N

it

Fundamental (60Hz)
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3.1 =849 3¢ 44 4dx

|, Converter Topology

2. Converter Rating (Rated Power, Voltage, Current, Switching frequency)
3, Semicanductor Rating (Current Rating, Voltage Rating)

4. DC-Link Voltage

System Configuration 6. Pulse Width Modulation

7. Grid Specifications

VVHS j VVHS is Virtual Vollage Harmanic Spectruns
el === over the practical operating range,
Callulation : Itis determined by converter topology, modulation strategy.
Minimum Inductance Gonetie Culiit
of Inverter side Rioole Decision 1€ IGBT Current Rating.
Calculation P !
1
Initial Value : Llny = Lgrid =Linv_Min |
The placement of Wp should be as high as possible L N
1o minimize the consequences on the control. " Ny 7 . i
_— “omparison of the z
> Resonant Pol i = R A
i L Attenuation VVHS with the ; ppl){ e
A & Requirement 1 Harmenic Current P S fuati on e
Determination 4 Limits selected Grid Code
IWthe restltig current harmonk spectrum docs: " W
ot meet the specification, then it will be -t 1 0 |emme—e = J} Transhate to Grid Impedance
necessary to reduce the Resonant pole frequency. | )
Grid Code Compliance Virtual Vand | Sum of Grid
In each Component Inductance and
(Phasor Equation) Leakage Inductance
!
1 }
Filter Design it &
Atk I |Itgr (,fvmp];mcru §szc ; llnvcftcr t\’/01 tugcl Minimum Laductance
(Tmzleul’r'bctwocn Estimation by varying;  Estimation by varying of Grid side
the Lgrid the Lgrid Determination
Larid & Cr) eterminatiol
Inverter Losses Maximum Inductance
Estimation by varying de==3  of Grid side
Passive Damping the Lgrid Determination
Circuit Design
I

1fthe resulting current harmonic spectrum docs nol meet the |
specification, then it will be necessary (0 change the Passive damping b=
componen! parmeter in order fo achicve the nevessary atfengition. 1

4

Grid Code Compliance

Apply this Filter
Parameter

a9 31 297 4y AA dx

Fig. 3.1 The output filter design procedure
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C. 11 Transformer | PCC
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Damaing
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a9 32 Ale A NPC 1B Al=dle] 4=

Fig. 3.2 System configuration of grid—connected NPC inverter

with output filter

3 31 Alz=g] Ho]l 2 stetrH

Table. 3.1 System base parameter

Parameters Symbol Value
AA A &F Serid 20 [MVA]
AEe A3 Ak Varia 3300 [V]

A5l Fakr [z 60 [Hz]
4= Sy 7.0 [MVA]

g4 A<t Vp 1905 [V]

44 A Iy 1225 [A]
LI ES RS R Zp 1.556 [@]

DC-Link <t Ve 5400 [V]
29qA FaF fow 1260 [Hz]
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Fig. 3.15 Bode plot of the output filter with passive damping circuit
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Table. 4.2 Designed output filter parameter

Parameters Symbol Value
JIBE = <149H Ly, 365 [ puH ]
AHE = AYE el 7B E R, 0.688[ m {2 ]
AE = J4H Layia 656 [ puH ]
AE & JEH| 7 E R 1.2 [ m$2 ]
71 AT H ¢ 612 [ pF' ]
71 A E ¢] ESR Re pop 433 [ me2 ]
g A Ry, 250 [ m92 ]
93 JgH Ly 250 [ pH 1
A A Al E] Cp 875 [ uF' ]
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MEHY FI sample 25200 Hz ]
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Table. 4.3 Comparison between THD of the inverter current and grid current

WY = AF THD| A% = AF THD
(=) 0.9 7.87(%] 0.63[%]
9 & 1.0 9.32[%] 0.95[%]
(+) 0.9 12.28[%] 1.04[%]
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