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Small signal modeling and stable operation strategy analysis of direct drive wind
power grid-connected converter in extremely weak power grid

LIU Fang',LI Yan',HE Guoqing’,LI Guanghui*, LIU Shiquan',LIU Wei'
(1. School of Electric Engineering and Automation,Hefei University of Technology,Hefei 230009, China;
2. China Electric Power Research Institute,Beijing 100192, China)

Abstract:In the extremely weak power grid,the dynamic interaction of the control loops of the direct drive
wind power grid-connected converter and full power operation will change the grid-connected point voltage,
resulting in unstable operation. In this regard,a full-order state space small signal model considering control
delay is established,and the eigenvalue analysis method is used to analyze the system stability. The research
shows that the system stability changes nonlinearly with the decrease of power grid strength,and there exist
discontinuous stable regions. Moreover,the control delay has a non-linear effect on the damping ratio of diffe-
rent oscillation modes, some damping ratios become larger, while some damping ratios become smaller. At
the same time, the dominant state / control variable participating in the interaction between voltage, current
and phase-locked loop is obtained,and their participation increases with the decrease of power grid
strength. The influence principal of each controller parameter on the system stability is further analyzed,
and it will be helpful to improve the system stability to undraw the control bandwidth and avoid frequency
band overlap. By comparing and analyzing the applicability of direct drive wind power system under con-
stant AC voltage control and voltage droop control, it is found that constant AC voltage control is more
suitable for the working conditions of extremely weak grid. The correctness of the theoretical analysis is
verified by MATLAB / Simulink simulation.

Key words: exiremely weak power grid; direct drive wind power grid-connected converter; full-order state

space small signal model;control delay;discontinuous stable regions
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Table A1  Matrix coefficients of control delay link

ZH Hufe ZH Hufe ZH HfE g Hufe

an  -2.67x10% | ap,  -1.95x10* | a;3  -1.48x10* | aw  —4.83x10°

an  1.64x10* | ax 0 as 0 ax 0
as 0 ap  8.19x10° | agp 0 au 0
as 0 as 0 a;;  8.19x10° | au 0
b, 256.00 b, 0 bs 0 by 0
C1 -208.33 C2 0 C3 -115.90 Ca 0
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Table B1 Hardware parameters of direct drive system

ZH HfE S il S Bl
Phase 4.5 MW labe 2279.014 A Udc 1800V
fs 2 kHz Uabe 1140V w 314.16 rad/s
Ly 0.05 mH L3 0.1 mH Cadc 17 mF
L, 0.05 mH Ly 0.1 mH Rg 0
c 600 uF C 0.1 pF R 300
R1 0 R, 0
8000
»
A SCRIZH /I %W
I %
A};\a. 0 r MK 2 M MM
=

i

bt

=

i

-8000 L L )
-1500 -1000 -500 0

SER Crad/s)

Bl EB3RE TALE A E EITHI TR RFAFER D
Fig.B1 Eigenvalue distribution of system without considering control delay when grid strength changes
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Table B2 System stability range considering control delay when power grid intensity changes

SCR i [l HL o BEL T/ mH HL ) 75 /MW Rbgikae
[919.75, 27.04) [0.001, 0.034) [4138.875, 121.725) e

[27.04, 1.75)  [0.034, 0.5256) [121.725, 7.875) R

[1.75, 1.00) [0.5256, 0.91975) [7.835, 4.5) e
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Table B3  System oscillation mode distribution and damping ratio characteristics
without considering control delay

SN FHAE(E /Hz FHJE b 5%

-937 i]l37814 0.107 6 Ucds Ucq» i|_2dy il_ldy i|_2qy i|_1q
BT

-938 11127851 0.116 0 Ucqs Ucds i|_1q, iqu, i|_1dy i|_2d

-80=:j59.60 0.208 5 igar g Ude
B 11 i o

+j50 0 ILads g liads lizg
" -3+j11.13 0.047 8 Uder derrd_ints lerrq_int lgg

Bty 1
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Table B4 System oscillation mode distribution and damping ratio

characteristics considering control delay

PR FHIEME/Hz FHJE EE S5 &
-1 250 +j1 621.35 0.1218 Xaq» Xod
-1767 %£j1599.18 0.1732 X2q» Xod
BT
-1 075 %j1 165.04 0.1453 Xad» Ucdr X3gr Ucq
-536 4j1 107.12 0.076 8 Ucgr Xaq» Ucds Xad
-66+j63.96 0.1617 igdr iggy U
S5 11 : e e
+j50 0 ILids g liads lizg
-2 %£j11.52 0.024 5 Uder lerrd_ints Terrq_ints lgg
S 1 ~20 939:}9.23 1.000 0 Xiar Xiq» Xodr Xog
-10=%j1.69 0.690 2 05 lderrq ints lerrd_int
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Table B5 Participating variables of system oscillation mode and changing law of
participating factors when power grid intensity changes

R 11 +j13.18 14 +j1.64
(H2) FHESHAR K FHESEERER
F o R HZ5H 14 FHJE L K50 7E FHJE bt
(SCR) Uge errd_int 0 errq_int
3 0.317 2 0.2378 0.1341 0.406 9 0.3204 0.8121
2.6 0.3257 0.254 2 0.089 3 0.4051 0.3300 0.7727
2 0.3434 0.286 7 0.0245 0.404 9 0.3480 0.690 2
1.7 0.3553 0.3079 -0.005 3 0.406 6 0.359 2 0.6330
14 0.3701 0.3334 -0.0320 0.4100 0.3722 0.560 1
1.2 0.3820 0.3529 -0.047 8 0.4135 0.3819 0.500 1
1 0.395 6 0.3739 -0.061 6 0.4178 0.392 2 0.428 8
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Fig.B3 Characteristic root distribution diagram corresponding to proportional coefficients of
different voltage and current control loops
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Fig.B5 Block diagram of reactive power control strategy
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Fig.C1 Simulative waveforms of grid-side converter before parameter optimization
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Fig.C2 Simulative waveforms of grid-side converter after parameter optimization
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Fig.C3 Simulative waveforms of grid-side converter adopted constant AC voltage control



Fig.C4

0 0.5 1 15
t/s
(a) HERM IR

V

2 2I.02
'S
(b) FFM U R

610"
0

0.5 1 15 2 25
tls

(c) IRNAZ AR th 2 36 e
B C4  MIMZEFATR B E T S HI B 7 BB

Simulative waveforms of voltage droop control for grid-side converter
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