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Abstract

Aiming at the existing problems of the DFIG grid side converter, this paper studieg its
control technology and proposes a composite control strategy which includgs_a inal
sliding mode variable structure control of the current inner-loop and a Pl r%'{er of the
voltage outer-loop in grid side converter. The simulation results show@ e control
strategy proposed in this paper can achieve better control of\the inver voltage and
input current. What's more important, this method can n&g reduce Wde atverse effects on
the grid side converter due to parameter variations,and other Tact but also increases the
robustness of the system. It has important actual si @ anhce a\ra al application value.
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1. Introduction \<>
\d
%e do d induction generator mainly includes

The task of the grid side conver eg
two aspects: Firstly it can mai onstant, DCNus voltage through the feedback control

by the acquisition of dc lin ge. Secd it can achieve the unit power factor input of
the grid side through the input current of the grid side converter. According to the
requirements of the cont@ask ong ide converter, domestic and foreign scholars have
done a lot of reseasc on its gontrol method and have made some progress, but these

results shows its vakidify in a difficult to ensure its generality. Literature [1] adopts a
control method stator fluxsoriefited vector and uses the double closed loop PI regulator
to control ide co er. Literature [2-3] proposes a control strategy of the grid side
PWM convester based id voltage orientation and applies it on the doubly-fed generator
connected to the grigs alizes the same function of the stator flux-oriented vector control
and overcomes t ility of the vector control method of the stator flux-oriented when
the motor par rs change. Aiming at the shortcoming of the stator flux -oriented vector
control andgridsoltage oriented-vector control, Literature [4-5] proposes a direct power
control g rid side converter. This control strategy detects the grid voltage and current
and cal es the instantaneous active and reactive power. Through comparing the given
i reactive power, this method gives the control signals of the switch tube according
% witch table where the grid voltage vectors locate. The unit power factor operation of
thesConverter is realized by directly controlling the active and reactive power of the system.
Based on the control methods which have been put forward by the domestic and overseas
scholars, This paper proposes a complex control strategy of the terminal sliding mode
variable structure control of the current inner loop and the PI control of the voltage outer loop
and realizes the effective control of grid connected of DFIG.
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2. Analysis of the Grid-Side Converter Mathematical Model of the DFIG

The main circuit of the grid side converter is shown in Figure 1. u, . u U, are the

gb °
phase voltage of the three-phase power grid respectively; | i o are the three-phase

ga® 'gb>

input current respectively; v, . Vv V. are three three-phase voltage of the converter AC

g
side respectively; u,. is the converter DC side voltage; C is the DC bus capacitor; i, is the
DC load current. L. L

ga gb ®

Ry~ Ry~ Ry.are phase circuit resistance respectively. The load of grid side converter is

the rotor side converter which is connected with the rotor winding.

L, are the inductance of per phase line reactor respectively;

%@‘%ﬁ

Figure 1. The UIt of thsé%d Side PWM Converter
;s rot

In the three-phase synchro ti dinate, the mathematical model of the grid
side PWM converter can escrlbed&ws [el

’\\Q % —Rig, +oLig, +Uy, —vy,
di _ : 1)
OQ —& = —Ri, —oLiy +U,—V,,

2
Cd;;°=(8d| +S.i.)—

qgq IIoad

Where, ugc® Is the d, g component of the grid electric potential; vy, . Vv, isthed, g
compone;%th output voltage vector in AC side ; igd . igq is the d, g component of a
I

three p put current vector ; S, . S, is the d, g component of a switching function; @

q

i ular velocity of the grid voltage.
en the d-axis of the synchronous rotating coordinate is oriented in the direction of the

grid voltage vector, Uy =Uy, Uy, = 0. Then the equation (1) can be simplified as fellows:

dig, ) )
LT =-Rig, +oLig +u; =V,
di _ , @
Ld—iq =—Ri,, —oLi, -V,
du .
Cd—dc— (Saiga + Sqigq) —oa
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Similarly, the active and reactive power output of the grid side converter can be written as

3 .
P =——u,
g g'od

32 ©)
Q, ziugigq

It can be seen from equation (3), the current vector igd and igq represent active current and

reactive current of the grid side converter. Therefore, in the control strategy of the grid side
converter, the effective control of the input current igd . igq plays a vital role in the whole

control strategy.

3. The Control Strategy Design of the DFIG Grid-Side Converter \(o
0

The control of the DFIG grid side converter generally use double closedw ntrol
mode. The inner loop is a power control loop and the outer loop is a DC volfag trol loop.

2
3.1. The Design of the Power Loop Control Strategy $

According to equation (2), the structure diagraga=ef*the*DFIG g jde converter control
voltage and the grid side input current as shown in ‘@ e 2. \

e 2T o

e
& S

S ¢

AW 0——  Ls+R

Figure 2. The %nship between the Control Voltage and the Input Current
of the Grid Side Converter

analysis of Figure 2, when the DFIG grid-side converter is in running state,
the system is the input current igd N igq of converter, and the control input is the
oltage v, .V, Of the converter. Therefore, the system controller can be designed to
realize the control of the grid side converter. Therefore, the equation (2) can be written in the
form of the following state-space equation

Z=AZ+BU+F (4)

le

Where F represents the disturbances caused by the grid voltage, Z :{ } is a state

Z21

z
variable, U :{ 10} is the control input, Z,, . Z,, respectively represent the grid side
Z20
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converter active current and reactive current: iy, . iy,. Z,,. Z,, respectively represent the

99
control volume of active current and reactive current: vy, . Vv

-R L -1 0 f
A= =1 B-= CF=| | f=u
-R —-oL 0 -1 0
Easy to prove: rank[B  F]=rank[B]=2 (5)

According to equation (5), the sliding mode of the doubly-fed wind power generation
system meets the necessary and sufficient condition of imperviousness [7-8]. Therefore, by
designing a suitable sliding mode controller, it can make the grid side converter has
completely robustness to the disturbance caused by the network voltage and other reasons.

The d-axis error state variable of the system is defined as e, =z,, —z,,, According to
equation (4), the error state equation of the DFIG grid-side converter d-axis input W«can

be written as ?‘
e, =Rz;, —Re,+ 2+, —F, (6)
Where Fd' = wlLz,, +U, represents the disturbance ¢ y’ the @oupling term of
the grid voltage and axial currents. Q
Based on the above, the paper proposes the foll tegralsliding’Surface

t
Sa = +.[o (Cld§:2d d p/q)dé_ & ()
L 4
Where, C,, . C,, are the coefficient m@ the mol ace, and C,4, . C,, are greater
than zero, €, is the initial value of the t g eer»\®

When the states of the syst n@&h to the gl%g surface, then, s, = éd =0. From the
formula (7), we can get A ‘\6
: p/q
@ €, &ed —C24€y (8)
*

Type (8) sho y desi g appropriate mold surface coefficient ¢, , when the
r
Eil

systematic erro Is far a@ the sliding surface, the first item of type (8) acts to
ckl s 10 the sliding mode surface again. When the systematic error

make the s
state is clo he slid ace, the second item of type (8) acts to ensure the states of the
system converge to inite time.

According to minal mode surface proposed in this paper, if the generalized

disturbance FafsNpounded and satisfied with type: ‘Fd"skd , ky is a constant which is
greater th ro, we can get the following theorem.
The the double fed wind power grid-connected control system meets ‘Fd‘ <Kk,
t the terminal mold surface [9] as the formula (7), when switching gain meets
k , by using the control law of the d-axis input current component of DFIG grid side
converter as follows
Z,y =(R—Cyg )8y —Cpu® - Rz, —n,89n(sy) -2,y (9
Where 1, is a constant greater than zero.
It can make the input current error e, of the DFIG grid side rectifier converge to zero in

finite time and the system is robust stable.
Firstly, we prove the robust and stability.

76 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.10 (2016)

. 1
Proof: choose the Lyapunov function V = Esj , then

V =s,s, =5, (€a+Cy€, +Cpue,”?)
=584[(cy —R)Ey +1235 + RZL + zh_ Fdl +C2dep/q]
=5, (=14 SAN(Sy) — Fy) <=My 8] +|Fi|Isq

=—|5d|(m _|Fd|) g_lsdl(nd —k4) <0
Therefore, the control system of the design is stable.
According to equation (7), set e;, =€(0), then s,(0) =0. It indicates that by selecting

appropriate initial value of the tracking error, the control system of the DFIG rotor side
converter can be in the sliding mode surface at the beginning, which ensures the entire
robustness of the control system. \/’

Secondly, we prove the convergence. When s, =0, it can be obtained

éd =—C14€ —Cy4€y P .
From the formula (10) we can get $
e, LE Q \/ (11)
Cpg€q +Cyy8 \V
Taking the integral of both sides of (11), th@owing.t n be got
J‘O * N dt (12)
/q 0

y C2d
Solving the type (10) , the result is@ lows &
c P
) Cag

@At -3 In(1+i‘e17) (13)
Type (13) shows thEE @racking ?®° the d-axis excitation current component can be

(100

converge to zero inefint
Similarly, the ﬁ@

converter is: Q
O a @ Zyo = (R—Cyq)e, —Cyeel’" —Rzy —17,500(s,) — 25, (14)

icient matrix of the mold surface, and ¢, . C,, are greater than

Where ¢, . C,, ?&
zero, m, repres itch gain which is a constant greater than zero.
The converg time of the g-axis input current component of DFIG grid side converter is
as feIIowi
O "

Q)O

3.2. The Design of the Voltage Loop Control Strategy

me.
| Iav\\c g-axis input current component of DFIG grid side

q g g
At,=———In(l+—e, ) (15)

C1q (q - p) CZq

The voltage controller of the DC link can be designed as the following form [10], that is

du du; . .
Tdc = CTdC-’_ kvp (Udc _Udc)+ kvij(udc _Udc pt

Where, U . is the reference value of the DC bus voltage, k,,- ki are respectively for the
proportional, integral coefficient of the DC voltage controller.

As previously mentioned, the double closed-loop control diagram of the grid side converter
voltage and current are shown in Figure3.

i,=C
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4. The Control Numerical SlmulatlorQ(the DF \d Side Converter
In order to verify the effectlvenescontrol str\bgy of DFIG grid side converter
aton SO

proposed in this paper, the voltage-curgen oublg loop simulation model of the DFIG

grid side converter by using the sing % atlab/Simulink of the Power System
toolbox is established shown i I@ 4, the simtlation model of the grid side controller is
shown in Figure 5. A S

The parameters used in the simulati follows: grid phase voltage 110V, frequency
50Hz, a capacitor C 300 0 methoa\ iven voltage 500V.

Q \
\\ NN e o
>
&
O

@O Figure 4. The Simulation Model of the Grid Side Converter
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Figure 5. The Simulation Model of the Grid Side Contr

The grid side controller model adopts voltage-current do ble clos ructure The
former is used to control the voltage; the latter is used tQ 8 I the in wer factor. The
given value of dc bus voltage is 500V, and the suddenoas appeaw seconds, then the
simulation results are shown as Figure 6 to Figure @ \

T N\ T
\\ * ‘ Composite contral |
ol =\ ‘ —— Pl control
400 \ @ 4
) K @ Q |

200

\\Qure 6. D,%Voltage Simulation Diagram

Qon results of the DC bus voltage in Figure 6, the DC bus

DC votage (W)

. However, when use the composite control strategy of the grid side
is paper, the DC bus voltage changes little with load fluctuations. But
when the convégtienal Pl control method is used, the DC voltage fluctuations is larger than
the voltage [fluctuation proposed in this paper when the load changes. Thus, the composite
control of the grid side converter enhances the robustness of the DC bus voltage.
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Figure 7. The Input Active Power Simulation Diagram
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Figure 8. The Input Reactive Power Simulation Diagram

Figure 7 and Figure 8 are the input active power and reactive power simulation diagram of
the grid side converter. From the two diagrams, it can be seen that the input activ of
the grid side converter is stable in 2500W after 0.08 seconds, and the reactive p stable

in OW after 0.07 seconds. In 0.5 seconds when the load changes, the i
rapidly track the change of the load and the active power, increas
stabilizes in about 5000W, at the same time the reacti
was still at OW. However, when the composite control

the tacking ability of the input active power and

conventional PI control method.
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O Figure 10. The Grid Side Converter Inverter Simulation Diagram

E

1

Nt of phas

ll[
|m|l
|

The votage/curre

Figure 9 is the state of the rectification simulation curve of the grid side converter, it can be
seen that the grid side voltage and current waveform have the same phase and they are all sine
wave. The energy flows into the inverter from the grid, it achieves the design goals of a unity
power factor input. Figure 10 is the inverter state simulation curve of the grid side converter,
it can be seen that the grid side voltage and the current waveform have a reverse phase and
the current waveform is approximate to sine wave. The energy in the converter flows into the
power grid, it realizes the two-way flow of the energy.

80 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.10 (2016)

5. Conclusions

This article mainly takes the grid side converter of the doubly-fed wind power generator as
the research object and proposes the composite control strategy of the inner ring terminal
sliding mode control of the current and the outer loop PI control of the voltage, which
effectively reduces the impact of the load disturbance on the performance of the inverter
control and improves the anti-interference performance of the system. The simulation results
show that compared with the traditional PI control method, the composite control strategy of
the grid side converter can make the wind power grid side converter control more adaptability
and stability, and thus to improve the quality of the wind power system.
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