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Introduction

 Introduces a DC chopper integrated into a back-to-back current source converter (CSC) for PMSG-based wind turbines.

*  Proposes a zero-vector-based chopper control strategy for low-voltage ride-through (LVRT).

*  Compares the system dynamic performance under LVRT between the proposed control strategy and conventional
hysteresis control.
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System Control

Line side converter control
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* Reactive power 1s controlled by reactive current Iq.
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CSC Topology with DC Chopper Chopper OFF:
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Line side converter control under LVRT

S
:
!§
v
N

. ]I;C,LVRT Pl ~
I I ) ‘ |
VCA.‘ —E\ > g \ ]DC VCh VDC
e s
90% three phase voltage fault test for 0.2s Rated power P, 6 MW
Hysteresis control Zero-vector based control
& & Grid voltage V, ;; 690 V
>§ 0.5 WWV » >§ 0.5 MWW — g
% 0 A % Grid current I, 5 kA
S 05 = S 05
5 5 1 Grid frequency f, 50 Hz
o lnanﬁmnmu Whiald g . AN A AR Switching frequency f;, 4 kHz
memnlllxlllllllllllll!l!lllylllllﬂllm gO’XXXXXYXXXXXXXXTl!l'lllllllll!l!lllxlll'l!l‘lll!l!l‘lllll!l!l!l'lyl!l!lylll!HHXXXXXWW er capactance ¢ -
'ZC; ’w”"““' LAl 1A ';% i IWWVVWWVVW‘NWWVWWWW\l Grid inductance Lg 25 “H
3 3 DC link current I, 8 kA
K 8 Fw
%' %‘ 1 -;-.“..-“...-.-..,MMMI | L-% DC Inductance LDC 39 IJH
§ § e ‘ Chopper resistance R 0.75 Q
0 1(I)O 2(I)0 3(I)O 4(I)0 0 1CI)O 2(I)O 3(I)O 4(I)O
Time (ms) Time (ms)
Phase a Phase b Phase c
Grid Current Spectrum Chopper Switching Spectrum LSC & MSC ChOppel‘ switch losses
- 0.08 - 10 - Average total chopper switch loss
: Hysteresis|control
——Jo vt P B s
0.06
30
0.05 e o) 50/0

Magnitude
o
o
AN

©
o
W

—
1
—
Ol
|

RN
()
I

Magnitude (% of 50 Hz)
' c: N

Average total loss (kW)
N
(@)

I 0.02 - II I
; 0.01 Nt d B om BE um

JRRRTON o 1) & |, ol S
0 0.2 0.4 0.6 0.8 1 0 2 4 6 8 10 0 -
Frequency (kHz) Frequency (kHz) MSC HC MSC zZzVvBC LSCHC LSC ZzVBC

Conclusion

* The proposed control achieves better dynamic performance than conventional hysteresis control under LVRT.
* Compared with hysteresis control, switching losses are reduced by approximately 65%.
* Current harmonics during LVRT are significantly reduced.
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   I  g q =   − 2 Q  3  V  c d


   I  c d = −  𝜔 g C  V  c q


   I  c q =        𝜔 g C  V  c d


   L  D C   d  I  D C ( t )  d t =  V  D C ( t ) −  V  c h ( t )


   R  c h  I  D C ( t ) +  L  D C   d  I  D C ( t )  d t =  V  D C ( t )


   I  D C  ( s ) =    V  D C  D  c h  ( s ) −  V  c h  s  L  D C +  R  c h
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