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ABSTRACT - This paper describes variable speed
drive and power control of a doubly fed induction
machine(DFIM) for wind energy generation without
rotational transducers. A stator flux orientation
scheme and rotor speed estimator are employed to
achieve decouple control of active and reactive power.
To verify the theoretical analysis, a 5-hp DFIM
prototype system and PWM power converter are built,
Results of computer simulation are presented to
support the discussion,

1. Introduction

The capability of capaturing wind energy is
essential to variable speed wind power generating
system, In recenml years, doubly fed induction
machine(DFIM) with field orientation control(FOC)
is very attractive to the variable speed wind power
generating system because it is effectively possible to
improve the capturing wind energy capability[1]-{3].
The fundamental feature of a variable speed wind
power generating system is that the power processed
by the power converter is a fraction of the total
system power and the oulput power must be always
maintained at a constant frequency. Using only a
small power converter, it is possible to achieve active
and reactive power control within a certain speed
range(from cut-in to cut-out speed). If rotor speed is
over synchronous speed, the output power is
recovered to power source from power converter
connected in rotor field and if not, slip power flow
will be reversed. So real generating power is the total
of stator and rotor output power. To achieve the slip
power control, a rotor angle and synchronously
rotating angle are necessary for a variable speed wind
power generating systemn. So we have to find the

two kinds of angle. Due to connect the stator of a
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DFIM to the power grid, stator flux always keeps
constant[5]. It is easy io find the synchronously rotating
angle by stator flux estimation and the rotor angle if uses a
rotor position sensor. Bul il is not easy to construct the
rotor position sensor to large generator shaft with
mechanical gear system. This is a big disadvantage. To
overcome the former disadvantages, the proposed scheme
dose not have rotor position sensor. For finding the rotor
position information, stator flux and speed estimator are
applied to the system[4]-{3].

With the result of this system, it is possible to provide a
convenient regulation of active and reactive power flow
between the power grid and the variable speed
generator[1j-{3]. In this paper, the concept and
implementation of FOC of a DFIM for a variable speed
drive and wind power generating system without position
sensor are proposed. Independent control of aclive and
reactive power and variable speed drive are presented. To
verify the proposed method. a 5-hp DFIM prototype
system and PWM power converter are built. Results of
computer simulation are presented.

2. Variable Wind Power Generating System

The efficiency of wind power generating system will be
decrcased if use the fixed turbine speed system under the
variable wind speed region. Because it can not capature
the maximum power from wind energy as shown in Fig. 1.
As illystrated in Fig.l, the output of clectrical power is
related to the cube of the wind speed.
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© : specific mass of air [kg/m’]
A blade area [m’]
V : wind speed [m/sec]
¢p : coefficient of output power
77 : system efficiency
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where



cp depends on the particulars of blade design. So
the efficiency of this system is depend on how to
capature the wind energy in variable wind speed
region, In oredr to capature the maximum power
energy, we have to control the system with maximum
power tracking point in accordance to variable wind
speed as illustrated in Fig.1. Doubly fed induction
machine and Doubly excited reluctance machine are
possible to apply (o this system. But only prototype of
a doubly excited reluctance machine is developed so
it is impossible to apply to industrial field. On the
other hand, doubly fed induction machine has many
kinds of large ratings. Sc¢ this machine has a big
advantage in variable wind speed generating system.
The configuation of a variable wind speed generating,
system with a doubly fed induction machine system is
shown in Fig.2. The major component of the system
is a wound rotor induction machine which needs to
be excited at both the stator and rotor terminals, It is
common practice that the stator winding is connected
to the power grid directly. while the rotor winding is
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Fig. 1 Wind Turbine Power Characteristics

connected to the power supply through a variable
frequency power converter under variable wind
speed.

A. Field Orientation Control

In variable wind speed generating system,

stator voltage ‘and current has constant frequency
while the rotor speed is changing by wind speed. And
amplitude of stator voltage almost has constant
because the stator side is connected to power grid.
This means that this machine has constant stator flux.
For field orientation control of this machine, the
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Fig. 2 Power Flow of Slip Power

dynamic equations of a DFIM in the arbitary rotating
d-q reference frame are as given below:

— . GAgs
Vas = Hslast g ~ @welgs

. diAgs
Vqs = Hs/qs +T + a’e/lds
_ . dig
Var = Rsiar T d;r _(COe"Cl)r)/lar
dj.qr

Vqr:Hs/qr+ df +(me_a)r)ldr
Ags = Ls/as +Lmidr
;i,qsstqu+Lm/qr
Aoar = Lmias + Lrfor
Agr = Lmigs + Lilar

3P ln

= —EEL—SMS fqr

e

2
3
)

&)
©)
@)
®)
®

10)

The stator flux of q axes in arbitary roating reference
frame has almost zero because the stator side is connected
in power grid. Therefore (2).(3),(6),(7) and (10) can be

written as given below;
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Recall that the stator sides are always connected to
a utility power grid, as shown in Fig.2. Hence, the
level of stator flux remains approximately unchanged,
constrained only by the magnitude and frequency of
the line voltage of the power system. Therefore as
seen from the torque equation. the instantaneous
torque control is achieved by controlling the rotor
winding quadrature current component /., . From
(15), active power at the stator side can be derived as
follow:

3P
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Reactive power at the stator side terminal can be
written as follows:

Q5= 22
T22

Using (11),(12) and (13),

follows because g, and j, have almost constant

Vasids — Vds/qs) an

(17) can be written as

B. Stator Flux and Retor Speed Estimtion

The stator voltage Va,Vb and Vc connected to power
grid are converted to stationary domain |/, and Vg -
Then, the stator flux j,., Ags can be obtained by
integrating the phase voltage as given below:

Aas = N Was = Rsias) t (19)
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where stator resistance

: stator current in stationary domain
Stator flux magnitude and synchronous angle(g,)

can be estimated as given below:
I/lq] = “)ﬂ,gzxs + ..;L,?Bs
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Recall the stator flux and voltage of stator side in
synchronous domain, 3, =constant, and 4, =0.
Therefore (5) can be written as:

and Rotor Speed

Vo = Fsigr T (CUe - G)r)/ldr (22)
value. - ;
sWe=-2 1l (23)
Qo= 2L g (2es=imiar) 18 o
s = 55 weAds L (8)  where sW,=we~ar
) We synchronous angular frequency
As a result of (17) and (18), we know that it is
. . . wr rotor angular frequency
possible to control the active and reactive power at
the stator side by controlling /,, and /, .
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Equation(23) represent the slip angular frequency of
rotor. In (23), p». bas almost constant value so
estiamated rotor speed can be written as:

wr=we~SWe (24)

If use the (24) for field orientation control of DFIM

in variable wind speed generating system, we can

control the system without any rotor position sensor
like a encoder.

C. Implementation

Fig.3 shows the block diagram of variable speed
wind power generating system without rotor position
sensor, In this system, the rotor speed is estimated
from (24) and control the rotor current for active and
reactive power control in stator side. When starting
for generating mode, there will be a large inrush
current because system inertia has large value in
wind power generating systern. This current will
affect the characteristics of power grid. As a sloution
of this problem, we control the pitch angle and take
a maximum energy from wind,when wind velocity is
closed to cut in speed. And then we control the
inverter system connected in rotor side using soft
starting method. We can decrease the inrush current.
From this method, if wind velocity is closed to cut-in
speed, the DFIM is operated as a motoring mode to
the limitted speed for generating operation. From
wind speed detector, it is possible to estimate the
maximum power for reference power command to
the rotor current command in inverter system
connected in rotor side. In this time, it is possible to
control the maximum power point tracking in
accordance with wind speed as shown in Fig.1.

3. Results of Computer Simulation

The principles and control scheme of the position
sensorless controlled doubly fed induction machine
described in Fig.3 is implemented by a computer
program and then the performance is investigated.

The specifications of the doubly fed induction
machine used in the computer simulation are shown
in Table I.

For the doubly fed induction machine under
investigation, the stator is fed from a three phase ac
supply at 60 Hz from the power grid. The rotor

Table 1

Parameters of the Model machine
Power : 5 HP
Pole No. : 4
Speed : 1720 [rpml

Stator Side Rotor Side

Voltage 22 [V} 200 V]]
Current 14.8 [A 12 [A
R 0.6 [ohm] 0.412 [ohm]
L 43.4[mh] 43.4[mhl
Lm 41.5[mh]
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Fig.5 Results of Variable Speed Control

current is provided by SVPWM power converter. First,
in order to evaluate the characteristics of the proposed
method, results of speed control are shown in Fig.4 and
Fig.5. Comparing Fig4 and Fig5, it is evident that
estimated rotor angle is accurately estimated. In Fig.5, the
rotor is accelerated from sub synchronous speed to super
synchronous speed. In these results, the estimated motor
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speed is very close to the actual one.
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Fig.6 Results of Variable Wind Speed Power
Control

Actva Posar Contral

Fig.7 Results of Active Power Control

Fig.6 shows the results of the active power control
from  motoring mode to generating mode in
accordance with the variable wind speed. In this
figure, if wind speed is close to cut-in speed(4.5
m/sec), the system is converting to generating system.
And the reference of active power is made by
maximum power estimator as the cube of wind speed.
This implies that the estimated method is also correct
in power control mode. Fig.7 and Fig.8 show the
results of acive and reactive power control. At t=1
sec , a step power change is commanded to change
the power factor in Fig.7 and Fig.8. We can prove
the converting sequence from motoring {0 generating
mode as a zoom method at 1 [sec]. These two results
are clearly achieved by the position sensorless control
method.

Fig.8 Results of Reactive Power Control

4, Conclusion
A speed drive and variable speed wind power
generating system of a doubly fed induction machine
without rotor position sensor is proposed in this paper.

The stator flux and rotor speed estimator is employed to

achieve decoupled control of speed drive and power cotrol

through the rotor currents. The results of computer
simulation by the estimated speed has desirable
performance over speed control and power control. In
future work, more advanced control theory and
experiment will be included in wind power generating
system,
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