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Abstract In this paper a novel AC/AC converter is proposed for doubly fed induction generator (DFIG)
applications. The topology uses only nine MOSFET devices for ac/ac conversion through a dc link. As compare
to conventional back-to-back ac/ac converters, the numbers of power semiconductor switches are reduced in the
suggested converter. The proposed topology results in reduction of installation area and cost. The operating
principle and control strategy of the nine switch converter is described in this paper. The performance of the
proposed nine switch converter is validated with simulation results in the MATLAB/SIMULINK software.
Keywords doubly fed induction generator (DFIG); nine switch converter; variable speed wind turbine

l. Introduction

Installed wind power generation cajig is continuouslyincreasing and imd power is the most
quickly growing electricity generation source. As wind energy is increasingly integrated into power systems, the
stability of already existing power systems is becoming a concern of utmost importance. Therefore, wind
generators should reactsponsiblyWind turbines are classified in to two categories: fixed speed and variable
speed wind turbines. For the fixed speed wind turbines, the induction generator is directly connected to the
electrical grid and rotor speed raims essentially constant, or varies very slightly with the speed of the wind
[3]. Today variable speed wind turbines have become more common than traditional fixed speed turbines
because of the more efficient energy production, improved power qualityrgandved dynamic performance
during grid disturbances [4, 5]. In addition, they can reduce mechanical stresses respect to fixed speed wind
turbines [6]. Variable speed wind turbines include alternative structures such as: DFIG and full power
converters [4] From a power system point of view, these configurations are interesting because power
electronic interface isolates the generator characteristics from the rest of power system and only the controlled
converter characteristics is seen by the grid [4].0Agthe different structures to obtain variable speed wind
turbinesthe DFIG is the most used][7

As shown in Fidl, the DFIG wind turbines use wound rotor induction generators, where the rotor
winding is fed through a badk-back variable frequency dnamplitude PWM converter. The variable
frequency rotor voltage permits the adjustment of the rotor speed to match the optimum operating point at any
practical wind speed [8, 9]. The variable frequency converter consists of a rotor side converter (R&@)jcand
side converter (GSC) and only handles rotor power. Consequently the control of the machine can be carried out
with a converter that is sized for a power around 2% of therated power of the turbine][7As compared to
variable speed turbinesathuse full power converter connected to the stator, the converter of the DFIG is lower
cost and lower sized [7]. The main objective of the RSC is to control the DFIG stator active power, speed and
reactive power. While the GSC keeps the voltage of DC dinkstant [10]. The novel nir@vitch converters
have been reported recently as a competitive alternative to existing PWMobbakkconverters in [Pand
[10] as shown in Fig. 2. Compared with PWM bdolback converter that employs twelve power elettro
switches, the proposed converter uses only nine switches, which reduces the manufacturing cost and increases
system efficiency.
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Fig.1: Conventional wind turbine based on a DFIG
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Fig.2: Nine-switch ac/ac converter

I. Operation of Nine Switches Converter

As shown in FigR, the proposed converter has three legs with three switches per leg. The middle
switch in each of phase legs is shared by rectifier and inverter, therefore count of switches reduces. This
configuration is alsaised as an ac/ac converter

In this topology, the converter input and output voltages can be independently controlled although the
middle switch in each leg is shared by the rectifier and inverter. Table | indicates the switching states. As shown
in Tablke I, this converter has only three valid switching states per phaséABn&XR are the voltage at nodes
A andX with respect to the negative dc liRkrespectively

Table.1: Switches States and Converter Outpuoltages

Mode | ON Switches Input and Outpt Nodes voltage
1 Sno: S V ar= Vdc, Vxg= Vdc

2 Sam, S Var=0, Vg=0

3 SAO, SM Var= VdC, Vyr= 0

For the convenience of discussion it is considered that X, y, z are the input nodes of the converter and A, B, C
are the output nodes. Modulatimmveform to switching are shown in Fig. 4, switching algorithm is the carrier
based PWM control method for a nieitch converter [11} [13]. There are two reference signals for every
phase. The principle of switching algorithm for upper and lower sestchobtained as conditions, i.e,
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Condition 1:Se 1> C then SAO is ON
Condition 2:Se 2< C then SAl is ON
Se 1 and Se 2 can be expressed as:

Sel=mg S i N ( Z)¥Fofe f

Se2=mi,s i n (;d+of, * f

1)

)

Wherefou, finare the output and input frequency respectivaby, min are the modulation index ad., ofin are
the offset of output and input references signals respectively. The mid switch is generaestbgical NAND

of gate signals for the upper and lower switches as shown # Fig
In this paper, x,y, z are connected to the grid and lower switches$¢6 Sci) operate as a rectifier or
GSC and A, B, C are connected to the rotor, therefore upptehes (S0, Sso, Sco) operate as an inverter or

RSC in the novel DFIG topology.

Control of theDFIG is achieved by control of the nisgitch converter which includes control of the
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Fig.3: Modulation waveform to nine-switch converter
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Control of the Nine Switches Converter

RSC and control of the GSC. The objectives of the RSC control are as follows: 1) regulating the DFIG rotor

speed for maximum wind capture 2) maintaining a constantdraxy of the DFIG stator voltages 3) controlling

the DFIG reactive power. In the DFIG based wind turbines, these objectives are achieved by rotor current
regulation on the stator flux oriented reference frame, therefore the d axis is aligned with tHrugthtéage
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Where

o=t ©)
=1 & (10)

Equation B) shows that the DFIG electrical torque adependon iqr, as a result the rotor speed can be
controlled by regulatingyr. Equation §) indicates that th@s can be controlled by regulating tive therefore,
the reference values of andiqr can be determined fros and] ; regulation. Fig. Shows the overall vector
control scheme of the RSC.
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Fig.5: Overall vector control scheme of the RSC

The instantaneous thr@hase rotor currerntac are transformed to-d componentsir andiqr in the statoii flux
oriented reference frame. Thenandiqr are compared with their reference sign@é{i’ﬂ'@) to generate the
error signals, which are passed through two PI controllers to form the voltage $ignatsd Vqr1. These two
voltage signals are compensated by the corresponding cross coupling \feenasid Varz) to form the dq
voltage signal¥drandVqr. WhereVarz andVgrz are assumed as:

o= 1.6Q (11)

G2 =01:(0Q + 0F ILL:) (12)

They are then used by the carrier based PWM method to generate MOSFET gate control signals of the RSC.
The objective of the GSC is to keep the DC link voltage constant regardless of the magnitude and direction of
the rotor power. Fig. 7 showsdloverall vector control scheme of the GSC. The control of DC link voltage,

and DFIG stator terminals voltages, \re achieved by current regulation on a synchronously rotating reference
frame. The output voltage signalsy andVqg from the currentontrollers are used by the carrier based PWM
algorithm to switch the grid side of nissvitch converter.
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Fig.6: Overall vector control scheme of the GSC

V. Simulation Results

Table.2: Parameters of the DFIG Simulated

Rated Power 2MW

Stator Voltage 690V

Rs 0.0108pu

Rr 0.0121pu (referred to the statot
Lm 3.362pu

Ls 0.102pu

Lr 0.11pu (referred to the stator)
Number of pole pairs 2

The DFIG model has been simulated using MATLAB/SIMULINK to verify the performance ohiremswitch
converter model. The simulated DFIG parameters are listed in Table 2.

In order to evaluate the dynamic performance of the proposed DFIG, sudden variation in the wind
speed is occurred. The step change as in Fig. 8(a) is applied to wind speed at t=12 s. In the following study case,
0;=0 (reference value of)s) and] ;=1 (reference valuef ;). Fig 8(b) shows the DFIG output electrical
power that follows wind speed and deliveries more electrical power to the electrical grid by increasing the wind
speed. Fig.8(c) presents the stator output reactive power which fflowsg 8(d) showshe stator terminal
voltage and fig 8(e) shows troeirrent which are in phase and thus, the generator operates approximately in
unity power factor. Theotor speed is shown in Fig Bthat is regulated to;
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Figure.7: Dynamic performance of proposed DFIG for step change in the wind speed, (a) wind speed, (b)
generator output power, (c) stator output reactive power, (d) generator terminal voltage, (e) Stator
current, (f) rotor speed.

V. Conclusion
The proposed DFIG employs novel niseitch ac/ac converter which needs fewer switches and gate
drive circuits.Therefore, the proposed topology results in reduction of installation area and cost. Also PWM
based switching algorithm presented for novel convefitee simulation results show that the proposed DFIG
can operate according to control strategies aims in the wind speed sudden variations.
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