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Abstract: The use of average flux orientation control of
multiple permanent magnet synchronous wind turbines and thus
the construction of fractional frequency wind spower systems,
is one of the potential future options for onshore and offshore
wind power. Nonetheless, the study of the stability among
multiple wind turbines in this mode is rarely covered in the
literature. To address this problem, the stability of small
disturbances among permanent magnet synchronous wind
turbines with average flux orientation control is investigated
based on the eigenvalue analysis method. Firstly, based on the
topology of the crossover collector system of high-voltage and
large-capacity direct-drive permanent magnet synchronous wind
turbines, a mathematical model of the wind power system
applicable to the analysis of small disturbances stability is
established. Secondly, the primary factors affecting system
oscillations are determined by identifying the oscillatory modes
and analyzing the modal participation factors, and the impact
of parameter variations on the oscillatory of the system is
examined by plotting the trajectories of the roots. It is
concluded that the system oscillations are most affected by the
resistance, and direct current

generator  inductance,

capacitance parameters. Finally, the correctness of the
findings is verified by time domain simulations.
Key words: offshore wind power; permanent magnet

synchronous wind turbine; average flux orientation control;

small signal stability; eigenvalue analysis
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Fig.1 Topological structure diagram of fractional
frequency offshore wind power system

1.1 HERK#ES X B HEE

PR B 50X FE, 2R 58 2R TR £ 205 [+ 614
KRR G R F L, Hh— 3 28 Jid A 52 AR v 5 48
FETG N /N PE Bl g 2 BE A 455 i 19 0 137 S 18] Sy £
B ORI (B8 ML AE 450 5 KUk LT 32
7o BRGERHI BB H 1T A, KA PLZH
iz s i fE N

%%l:?(]’el -T.)
i
iz :7(T02_Tm2)

PP R B T i R e s B o, A

wo MG KB TR MAEE; T, Ty T

T 3B AP G A FHLA R GG AR L S0 B 0
AL B H 5 e

dldsl

=Ri,, + L, A

T W qu qul

s

qu]

1= qusl + qu p + 0Ll +oa;
& (2)
L{lsz .
L(ls dt - szL(IﬁL(]S2

. d”qu .
Rquz + qu d twolyin + ot

[N

(IO 0IEOOE0
lv;lc

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



PN AT, A5 TR ACHE R A8 XU AL/ N TR P

40 SUN Shiqi, et al; Small Signal Stability Analysis of Parallel Permanent Magnet Synchronous Wind Turbine

AR e TR Ly L, 730 E T d g Bl
T 1 Mgy g Uy SR G R HHLEY d g il
LR 3 Lt Lgat L vl S5 R BLALAY d g il
ML s A T
1.2 THRBEE

KR ) 25 ML 2L 3 3 AL A8 900 25 | LA F 2% LA
T A% 35t 2 55 P A% o LI PR 19 1Y) L2 TR
FL P — B B YR R

duy, 3

dt  2Cu,,

(u(lgldg + u’qgl’qg = Ugslas — ur]slqs> o

(3)
X CMERA A suy NETHRIE 0y, u, 57
I R A A 3 g d g Tl 5 g, 2390 D BIL
M AZ Pt d g AL T 5 d, vy, 209000 R IO 40 A2 3
fir d g WLV 5 i i, 20 B0 9 HLIAZ JE 2 d g 4l
R o
AR SR T 1P BT REBE RE 1) (9 22 3L A 42
— PR o WU SR A P A A ) 0 2
ARG, W 2 k. AR 07 A0 DL T
SFIRERETT 10 d—q RIS d Bl o 1
7Yl B ) RN SE LA B R ALY ) 2D i
(R 2 W MBS 32 S S L o B S A VAE RV RIL]
LR BB/ NSRS R

B2 U T S R
Fig.2 Control strategy of generator side converter
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Tab.1 Parameters of permanent magnet direct

drive wind turbine
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Tab.2 Eigenvalue calculation results
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Fig. 4 Variation of root locus with increasing
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Fig. 12 Diagram of generator speed with different stator

resistance of five-machine parallel system

13 FHRESEARERBEZERI THERBEREE
Fig. 13 Diagram of direct current voltage waveform
plot with different direct current bus

capacitances of five-machine parallel system
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With the increasingly severe depletion of fossil
fuels and environmental pollution, wind power, as
one of the most promising clean energy sources, has
attention and  large-scale

received  extensive

development and utilisation around the world.
Compared with onshore wind power, offshore wind
power offers has the advantages of less pollution and
stable consistent wind speeds in wind farms, making
it an important source of new installed capacity for
future wind power. The fractional-frequency wind
flux
considered as one of the potential options for future

offshore

Nonetheless, there is limited research conducted on

power systems with average control are

onshore and wind power generation.
the stability of multiple wind turbines under this
mode.

In order to investigate the stability of fractional

the

disturbance stability is analyzed using the eigenvalue

frequency offshore  wind systems, small

analysis method. A wind power system model
suitable for analyzing small disturbance stability, is
established based on the topology of the crossover
collector system of high-voltage and large-capacity
direct-drive permanent magnet synchronous wind
turbines. The topology of the fractional-frequency
offshore wind system is shown in Fig.1.

By identifying the modes and analyzing the
modal participation factors, the primary factors
affecting system are determined. The calculation
results of the system’ s vibration modes are shown in

Tab.1. And the of the

participation factors are shown in Tab.2.

calculations modal

S5

Fig.1 Topological structure diagram of offshore wind

power collection system

The impact of parameter variations on the
oscillatory behavior of the system is examined by
plotting the trajectories of the roots. The results show
that the inductance, resistance, and direct current
capacitance parameters of the generator have the
most significant influence on system oscillations. The
correctness of the findings is verified by the time
domain simulation method.

Tab.1 Eigenvalue analysis results

Oscillatory mode  Characteristic roots Frequency/Hz Damping ratio

A —322.86+)544.83 86.71 0.51

Az -92.91+j121.15 19.28 0.61

Ase =7.35+j65.50 10.42 0.11

Tab.2 Participation factor of modes
State Oscillatory mode

variable A Ay Aj Ay As Ag
[ — — 0.13 0.13 0.56 0.56
W) — — 0.1 0.1 0.22 0.22
Wy — — 0.1 0.1 0.22 0.22
Last — — 0.16 0.16  0.11 0.11
Uyl — — 0.28 0.28 0.1 0.1
lao — — 0.18 0.18 0.09 0.09
iy — — 0.28 0.29 0.1 0.1
Uge 0.5 0.5 — — — —
X 0.1 0.1 — — _
g 0.5 0.5 — — —
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