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Abstract

Wind power generation system converts the wind energy which is captured by wind turbine
into mechanical energy, then converts into electrical energy by drive system. It is a special
multi-energy domains complex system, which involves many fields, like wind power, mechanics,
electrical, hydraulic and control. Recent studies have shown that wind power systems established
their mathematical models according to each sub-component system. However, the isomerism of
physical system easily lead to the inhomogeneity of mathematics, the modeling process is very
complex and liable to make mistakes. Result in difficultly analyzing its dynamic characteristics.
So building a reasonable and correct kinetic model of wind power system is meaningful for
designing the system and investigating its inherent dynamic characteristics.

The bond graph method, which contains multi-energy domains based on the viewpoint of
dynamics, can build the dynamics system uniformly and effectively solve the dynamic analysis
and modeling problems of multi-energy coupling complex system. In this study, the bond graph
method is applied to the wind power generation system analysis, based on bond graph a
modeling method of wind power generation system is presented, and the following contents are
studied based on the method:

Firstly, the basic theory of bond graph method is introduced. Then, based on analyzing the
structure of the wind power drive system, the establishment of its bond graph model is
investigated in detail, the vibration response of gearbox is analyzed on the 20-sim software, and
the modal analysis of drive system is carried out. Furthermore, the bond graph model of cage
induction generator is mainly discussed according to the equivalent circuit of induction generator,
the bond graph model under the arbitrary rotating coordinate system is built and the operating
characteristic is investigated on the 20-sim software. Finally, the models of subsystems, such as
wind rotor, pitch-regulated mechanism and tower ect, are described based on bond graph method,
and combining with the bond graph of the drive train and generator system, the building of bond
graph model of the whole wind power system is explored.

Based on bond graph the modeling research of power electronics is widened out and the
feasibility of bond graph using in wind power system modeling is provided. More importantly, a

solid foundation for further improving of the bond graph model of wind power system is laid.

Keywords: wind power system; gearbox; cage induction generator; bond graph method
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Fig.3-1 3 D model of the gear box
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Fig.3-2 The schematic diagram of a wind turbine drive train
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Fig.3-4 Bond graph model of low-speed shaft side
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Tab.3-1 Structural parameters of a 750kw wind turbine
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Fig.3-13 Bond graph model of the drive train

3.3 WRMNTE T

PAKE 750kwAC XA HL BTN %, HAL S RGN 3-1 k.
* 3-1 750kw R IHUE ) R A RIS

\]rot 2 \]c 2 Jp1,2,32 \]r 2 \]s 2 ‘]g 9 rr rp rs
(kg-m?) | (kg-m?) | (kg-m°) | (kg-m) | (kg-m’) | (kg-m°) (mm) (mm) (mm)
5000 59.1 3.2 144.2 3.2 18.7 148.5 58.5 315
Kpr Kps Krg KI Kh DI Dh N i
(N/m) (N/m) (N/m) (Nm/rad) | (Nm/rad) (N/m) (N/m)
1.69e9 1.69e9 5.74e7 3.67e7 1.0e8 200 1.0e-3 11.2 64.2

Xt A e A 2R AT 0 FL o0

» HARINE 3-14 Pros. RGN 45 A5 H i — S LR

Tc=3000N.m , £ idh 34T D 6 46 4% 36 B iy U K FHE Th Je 7= A3 IR3), 5 PRl iz e
F| 46.74N.m, LI 4L s LA i = 3000/ 46.74 = 64.18 . 0.2s J5 F it il — AN AE N
1500N.m [FIFNERAE 5, B TR E AN MPER, K2 0.1s Ja i i) snd il s
FF7 Th =70.11N.m , BEEHLZIEL i = 4500/ 70.11=64.18 . EPIFHBIAOG A R | HHEAR
B LA ZAR /DN, UEBAVGRe A SR A PR AR IERA T . TR B AR BT 7 RIS L T, i
R P AR B R S, I e AR R B A R AR — B

TEF— Bl R, ARG A NIRE, o v At R P o7 Pl AT e IR SR AT O B A0 AT, 45 R

25



DN 2 e 2 A %35 MNUES) RGBS B A 1T

B 3-15 Jfiam. * K, =6e7N/m, K =K, =169e7N/mH, ZRWE (ad) P, 4
K, =6e7N/m, HARSHALN, FRWE (b) Fios. X 3-14 AlE 3-15, BRI L
XA REAT S HAL B

5000 = Tc (N.m} ||

4000
3000

T0 Th {N.m}
50
30
10

e - & RHHIE (rad) -
4e-007
2e-007

0 } } } .

Be-00 = {5 BHRIR (rad) |
Ge-005

4e-005
2e-005
0

0 0.1 02 0.3 0.4 05
time {s}

K 3-14 WHEARTT 45 R

Fig.3-14 The simulation results of gear box
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Fig.3-15 The simulation results for different meshing stiffness
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Fig.3-16 Bond graph model with complete integral causality
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Tab.3-2 Natural frequency and the corresponding main modal shape

A A2 M s As A0 A2 A4 A6
WFE | 11061 | 22.41i | 106.00i | 575.76i | 956.88i | 956.88i | 1137.78i | 10009.59i
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H | q | 7.65E-9i | 1.23E-8i | 7.85E-9i | -2.51E-7i | -2.04E-6i | 2.16E-6i | -6.77E-7i | -5.63E-10i
i}f 7.64E-9i | 1.17E-8i | 1.38E-8i | -5.95E-7i | 2.04E-6i | -2.16E-6i | 2.93E-7i | 1.57E-7i
@, | 7-65E91 | L23EBi | T85E-0i | -251ETi | 124E-6i | -B1ETI | 6T7ETi | -563E-101
7.64E-9i | 1.17E-8i | 1.38E-8i | -5.95E-7i | -1.24E-6i | 8.61E-7i | 2.93E-7i | 1.57E-7i
1.02E-6i | 1.70E-6i | -9.01E-6i | 1.03E-6i | 0.00E-0 | 0.00E-0 | 6.97E-7i | 7.44E-12i
3.54E-7i | -5.99E-6i | -2.03E-8i | -4.48E-8i | 0.00E-0 | 0.00E-0 | 3.37E-8i | -4.95E-6i

HNT HEEWFWEE RGEIRNTEE, S HPIEEIRA L AN FE AR, W
3-18. 3-19. 3-18 Fipfr A Al R (3-10) iy B[RS FEAS B 2 (1) T 1
3-19 F RS RAIE L (3-11) B HAE R,

wists

(a) p iR (b) ArAEHRas
3-18 fLEN R LM p PREUAALFE RS

Fig.3-18 P modal shape and displacement modal of the drive train
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Fig.3-19 q modal shape and force modal of the drive train
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Fig.3-20 The first four order displacement modal of planetary gear train
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Fig.4-1 Physical model of symmetrical 3-phase asynchronous generator
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Fig.4-9 Equivalent circuit of asynchronous motor in d-g-0 coordinate system
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Fig.4-10 System diagram of cage asynchronous generator in d-q coordinate system
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