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ABSTRACT

In view of the cutting-in problems of the doublydfesind power generator, this paper deals withdgatrol
strategies in detail and proposes a coordinaténgtitt control method based on the hybrid systeaoti,
and establishes the hierarchical control modehefdoubly-fed wind power generator around the ogiti
in. On the basis of the model, the model informatend structure information of the system are
decentralized. On the one hand, the control algorits designed for the continuous variable of ystesn
with the d-axis current and g-axis current as @stlled outputs according to the estimated meishas
and control strategies. On the other hand, theithygutomaton is used for the state transition efdiistem
discrete variable. Simulation results show that garad with the traditional control methods this new
control method can make the d-axis current andyjthgis current of DIFG to the reference valuesiitd
time and achieve the effective control of the ratorrent. What's more important this method canamby
improve the no off-grid ability during the grid-tage fluctuation, but also prevent the rotor artdrrside
converter over current effectively. It has impottaatual significance and practical applicationueal
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1. INTRODUCTION response speed of cutting-in, and the system has
strong robustness to the internal parameters
At present, the cutting-in technology of DFIGperturbation and external disturbance. However,
mainly includes the cutting-in control and thethis control method is still not free from the
generating operation control after cutting-in. Thehackles of the PI control thoughts, its perforneanc
main control algorithms include Pl control, robusto a certain extent depends on the controller
control, the synovial variable structure controlparameters. Literature [7] proposes a control
immunity control, predictive control, fuzzy control strategy of the self-immunity grid connection
and other control methods. All of these methodgccording to the cutting-in characteristics of the
show an aspect of their advantages in cutting-in &FIG. This control strategy can realize cutting-in
VSCF generator, but each has its limitationscontrol without precise motor parameters and can
Literature [1-2] proposed a Piecewise hierarchicdle achieved grid connection, and has good
control strategy, but they both don't regard thadvi robustness to the parameter perturbation and
turbine as a whole hybrid system from systematigternal and external perturbations. However, this
consideration. Literature [3-5] put forward onedin method is highly theoretical and too dependent on
of the grid-connection control method with Pldesigner experience. It did not show too many
(proportional integral) controller, and realizeck th advantages than the traditional method in the
decoupling control of active and reactive powerapplication. Literature [8-9] adopts the precise
However, due to nonlinear and uncertainty of theyathematical model of the doubly fed induction
variable speed constant frequency wind turbingenerator to realize dynamic control and effecyivel
itself which make the control parameters of the Peduced the over current of the rotor and the rotor
regulator changed with the motor parameterside converter devices caused by the grid voltage
change, the realtime and anti-disturbancBiuctuation during the electricity generation
performance of the system is poor. Literature [6pperation after the cutting-in, furthermore it also
introduced the sliding mode variable structurémproved the DFIG low voltage ride through
control into the doubly-fed generator cutting-incapability. But the essence of this method is &lko
control technology which improved the dynamiccontrol and the controller parameter is still the
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decisive factor to the performance of grid - The upper monitoring system is a discrete event
connected. Literature [10] researches thdynamic system (DEDS) which can be described by
complementary  independent hybrid powethe automata form, it is used to monitor the
generation system of the wind power and solagenerator stator voltage and grid voltage and
energy. Literature [11] Studies the hybrid windransfer the no-load cutting-in state of the DFit u
power generation system which has accumulatdo the power operation state through the
But the hybrid system theory which applied to théntermediate interface. The extended automata
cutting-in control of the variable speed variablenodel of the upper monitoring system can be
pitch turbine research has not yet been mentioneddescribed by a quintuple[18]:

Through the combination of the hybrid system H =(D,C, Init, f,(s), £, ) (D

control and structure decentralized control, this Wh Dis a di fini i
paper presents a kind of hybrid control mode YWnere D s adiscrete state space finite set,& Is

decentralized control strategy of doubly-fed wingFontinuous state space finite skt is the initial
power system and the model both ensure thélue and initial state space collection,
generator rotor d-axis current and g-axis currenf (s | $ [ C) is the continuous state evolving
fast convergence and better tracking accuracy. |JltJIe corresponding to the discrete event of the

improves the off-grid ability of the DFIG duringeh ) :
grid voltage fluctuations and opens up a new wayYStem f2(3,16, ID) is a discrete event change

for the DFIG cutting-in control. enable set.
2. THE HYBRID MODEL OF THE DFIG According to the grid-connection requirements,
WIND POWER SYSTEM there are two main continuous state space in the

system: The no-load operation state before the grid

According to the cutting-in control performanceconnection and the generator operation state after
index of the doubly-fed wind power generationthe grid-connection. As the stator terminal voltage
system[12-16], the basic control strategy ids affected by the grid voltage, the cutting-intsys
determined as follows: the no-load Cutting-inSWitCheS back and forth in the two continuous state
control strategy of the double fed wind generasor ispace. The hybrid automata model of the upper
implemented before cutting-in. When the generatdghonitoring system is shown in Figure 2.
stator voltage is equal to the voltage of the gnd
the generator speed is around the synchronous
speed, the cutting-in operation is executed. After
the implementation of the cutting-in, the maximum
wind energy tracking control strategy is carried. ou
The hybrid control structure[17] of the DFIG wind
power system is shown in Figure 1.

U, =i = () {10
e = Mgz, 2 0950,

u U (0 5
e T Uganeo ), <0.9.)C)_M

8 =1

The upper monitoming system

tipe <08ugac. > b1,

Fig.2 The Hybrid Automata Model Of The Upper
Monitoring System

The wind power cutting-in automata model can
= “’T“’} 3 be specified as follows:
(1)The discrete state space finite set

+ [The given vatue

Fig.1 The Hybrid Control Structure Of The DFIG D _{usabc’ U gape Livrr @ "6 16 } where

Wind Power System Uy, Iis the three-phase stator terminal

As is shown in Figure 1, the control structure i§,
composed of the upper monitoring system, the
intermediate interface layer and the bottom contrahe generator rotor spee®, 1D is the discrete
system. The functions of each layer are described g, ant variable of system.
follows:

oltageu is the three-phase grid voltage,is

gabc

1) The upper monitoring system
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(2)The continuous state space finitanonitoring system is able to control the dynamic
setC :{ s, %} , where s, is the no-load operation behavior of the continuous process.

state S, is the generator operation state. 3) The bottom control system
(3)The initial value and initial state space

collection (1) The given values
Init :{usabcD:O’(*)rD: O’ tLVRTE 0. 6356 1: 16 2: @ ! the
initial state space i, . The given values of the bottom control system

(4) The continuous state evolutionare the rotor current$, and i, which can be

corresponding to the discrete event of thggjusted according to the operational status of the

system f,(s)={f(s), f(s)} =12, wind power system.
) ] . The output expression for a given value can be
where f,(s;) is the no-load operation continuousexpressed as:

state evolving rule, f,(S,) is the generator i (gn) 8, =1

operation continuous state evolving rule. lar (lqr) = it (is) 5, =1 S
(5)The discrete event change enable drl Yrl
set f,(3,) :{ f,(3,), f2(52)} i=1,2., where Whereig, (i) is the given value of the rotor

f2(61) stands for switching to the stats, , d(q) axis current in the no load operating conditio

i" (i_ ) is the given value of the rotor d(q) axis
f,(8,) stands for switching to the stag an (qn) 9 (@)

current in the generating condition.
2) The middle interface layer When the cutting-in system of the wind power
The middle interface layer plays a key role igenerator is in the sta®, =1, the given value is
the hybrid cutting-in control of the DFIG wind _ g i
power system, it mainly completes the mutudl® rotor d(g) axis curreri,, (iqm) - the system is
transformation of the discrete variables and th@ the no load operating condition. Similarly, When

continuous variables. The mapping relationshithe cutting-in system of the wind power generator
which transfers the continuous state set C to efiscr i i the stated, =1, the given value is the rotor
event set D can be expressed as:

1 (usabciugab)m(wr< 9(9/(msy) d(q) axis currenti;r, (i;”), the system is in the
§ = o= (U <Q8ULLY N (B 1) (2)  generating condition.
3,=1 Uete ™ Ugene (2) The controller
. . : The controller can divide the control process
Where Ugape 1S the three-phase grid VOItangy“ 'S into a plurality of stages according to the decisio

synchronous speed. The mapping function (2psults of the upper control system, and each stage
corresponds to the discrete event generator whigblopts different control rules so as to meet mieltip
transfers the continuous states into the discresgate control requirements. The controller's
events. The continuous system state space candaicture is shown as Fig.3:

mapped to different events through this mapping

relationShip' The eiven value — cutrolle The grid-conneeted
Similarly, the mapping relationship which ‘ e
transfers the discrete state set C to continuoastev e 1 — controller } .
set D can be expressed as: 0=
_ _ Fig.3 The Controller’s Structure Of The Bottom
5 = {S.L =1 61 =1 (3) Control System
S = 1 62 =1 3. THE RELATIONAL STRUCTURE

The mapping function (3) corresponds to the MODEL OF THE BOTTOM
event generator which transfers the discrete events CONTROLLER
into the continuous states. The different discrete
events can be mapped to the continuous state space The no-load relational-structure diagram of the
through this mapping relationship so that the uppdrottom controller of doubly-fed wind power
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generation system is shown in Figure 4 whic

consists of two unit model, two causal chains and

two linkages.

Fig.4 The No-Load Relational-Structure Diagram @ET
Bottom Controller

Where Z,is the current control signal of the

rotor d-axisUy, (K),Z,,is the rotor d-axis current

h o .
Pl le(t+ D11 | t) = lell(t+ Du) 7

O
P, Za(t+ D, | t) = H,Z,(t+ D,)

where Z,,(t+ D,,) is the expected value of the
rotor d-axis

currentP, =1- p 7', H,=1-p,. |p|<1.

Herez ' is a step delay operatorp, is a design
parameterz; (t+ D, |t)is the expected value of the

rotor d-axis voltage of the no-load cutting-in DFIG

Iq (K) . Z,,is the current control signal of the rotor7’ (t+ D,,) is the expected value of the doubly-

g-axis U, (K) , Z,, :

I ()

the rotor g-axis current

fed machine rotor

Hz =1- P,

output g-axis

’

— 71
current. P,=1-p,Z° ,

According to literature [19], we can get the nd p2| <1.z"is a step delay operatop, is a

load relational-structure model
controller in the form

{zu(tw:azn(w bzt &)+ cZ( + &
Z,(t+D=az()+ bz + &)+ cZ( + &)

Where di}j_l is the lag number of steps of the

(5

z

ju relative toZ; .

4. THE PREDICTION AND CONTROL OF
THE RELATIONAL-STRUCTURE
MODEL

The predictive no-load relational model of the
bottom controller is described in the form:

Z{tDI)=aA( QI OE(E Q- 8 <) g
2+ )=aza(t Q-+ D B &)

O
Wherez,(t+ D,, | t)is the estimates of

Z,(1) EZl(t"' D,, |t) is the estimates of
Z,,(1)- Dij is the lag number of steps of the
Z,, relative toZ; .

According to the prediction model (6), the future
output value and expectation value of the system
has the following relationship:

of the bottom

design parameter.
From (6) and (7), we can get the no load

relational-structure control model in the form:

Z,®=[p, Zu(t+ D= 1 9+(E p) Z( ¥ D)
~aZu(t+ D, -+ bZa( tr D- dim W/ ¢ ¢

Z(O =P, Z(t+ D= 9+(1 p) Z( + D)
—aZa(t+ D, - D+ bz tr D, di- )/

Wherea . b. c. a . b . cis the

8

identified parametersp, . P, are the design

Zoo ~ Zyi ~
expected values of,, . Z,y . Z,, . Z, >

O ] O ]
Zio. Z2o+ Zi1. Z21 are the estimated values

of Zyon Zyg~ Zyys Zyy.

parametersZ,, - Z, are the

5. THE SIMULATION AND RESULTS
ANALYSIS

In order to verify the rationality of the hybrid
control strategy, a practical experimentpointed to

the feasibility of the proposed control strategy is

made by the MATLAB software platform. The
main parameters used in the simulation of 7.5kw
doubly-fed motor wind power system experiment
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platform are shown in Table 1. The main simulation

curves are shown in Figure 5-8.

Table.1 Simulation Parameters

wind turbine value | generator/grid
values
parameters S parameters
impeller
diameter(m 2 number of pole 2
) pairs
starting wind rated power
speed (m/s) 3.5 (KW) 75
rated running _
wind speed 104 1 Ssygggr(or?rﬁifi 1500
(m/s) P
optimal tip 75 Si;?jtggt;ﬁgg 0.470/0
speed ratio ' (MH) .520
mutual
drive ratio 1: 3 inductance 0.587
(mH)
moment of power line
nertia of the 3020 | 1206 (v 380/50
wind wheel 5 frequency (H2)
(Kg/m2) quency

The parameters of (11) and (13) are determined

by using the on-line identification method to ersur
the real-time adjustment of control parameters.
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Fig.6 The Stator Voltage Simulation Curve Of The
Hybrid System Control

122

It can be seen from Figure 5 and Figure 6 that the
stator voltage of the conventional PI control metho
meets the requirements of grid voltage accuracy in
about seven cycles time. Therefore the stator
voltage of the hybrid system method meets the
requirements of grid voltage accuracy in only half
of the cycle time and has no overshoot.

30 -

e phase cu

\M)W\ihv‘\l‘u‘n‘q A
\\4\\4\\1\4\\1\%\\4m BRI bbbl

Stator thre

10

30 L 1 I
05 1 15

Simulation time

Fig.7 The Stator Three-PHZtse Cutting-In Current
Simulation Curve Of The Conventional Pl Controller

20 r

phase curent(4)

Stator three

Fig.8 The Stator Three-Phase Cutting-In Current
Simulation Curve Of The Hybrid System Control

It can be seen from Figure 7 and Figure 8 that a
greater impact current will arise at the moment of
the cutting-in of the conventional PI control which
will cause the fluctuations in the grid voltage.tkVi
the wind turbine capacity increasing, such an
impact must be avoided. Therefore the impact
current of the hybrid system control is very small
and realized the flexible cutting-in of DFIG.

6. CONCLUSION

This paper analyzed the accurate -cutting-in
model of DFIG by adopting the hybrid system
control method. At last, the no-load hybrid control
mathematical model and the generator
mathematical model have been established
respectively by fully considering the coupling
relations of each variable in the process of cgittin
in. The hybrid control strategy on the one hand
improves the quality of the stator output voltage o
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the wind power generation system, on the other Automation of Electric Power System, vol. 35,
hand greatly increases the effective control of the no. 3, pp.77-82, 2010.

rotor current when the external and power grid9] HU Jia-bing, SUN Dan, HE Yi-kang.
voltage fault and realized the ride-through control  Modeling and control of DFIG wind energy
of the DFIG. Simulation results show that generation system under grid voltage dip[J].
compared with the conventional Pl control method, Automation of Electric Power System, vol. 30,
the hybrid control method can make the cutting-in  no. 8, pp.21-26, 2006.

control of the DFIG has better adaptability and10]NABIL A, MASAFUMI Miyatake. A stand
stability and thus has great significance to improv  alone hybrid generation system combining
the quality of cutting-in of the wind power solar photovoltaic and wind turbine with

generation system. simple maximum power point tracking
! control[ J] . IEEE Trans, vol. 1, no. 8, pp.1-7,
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