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Power Control of a Doubly Fed Induction Machine for Wind
Energy Generation without Rotational Transducers
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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. a2 5-hp DFIM prototype system and PWM power converter are built. Results of computer simulation

are presented to support the discussion.
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I. Introduction

The capability of capaturing wind energy is
essential to variable speed wind power generating
system. In recent 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 capabilityM).
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
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system power and the output 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 system. So we
have to find the two kinds of angle. Due to connect
the stator of a DFIM to the power grid, stator flux
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always keeps constant”. It is easy to find the
synchronously rotating angle by stator flux
estimation and the rotor angle if uses a rotor
position sensor. But it 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®™.
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

Y3 In this paper, the

variable speed generator
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 active 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.

Il Variable Wind Power Generating System

The efficiency of wind power generating system
will be decreased 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.l. As illustrated
in Fig. 1, the output of electrical power is related to
the cube of the wind speed®.

Py=b 0" CpA- V' 5

where o : specific mass of air [kg/m’]
A : blade area [m’]
V : wind speed [m/sec]
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C, : coefficient of output power

n : system efficiency

A maximum power g rating point

/
14
7
’
1
’
4
/,"\ higher wind speed
/,‘\

——
_

Turbine Speed

Wind Power

Fig. 1 Wind turbine power characteristics

C, 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.l. Doubly
fed induction machine and doubly excited reluctance
machine are possible to apply to 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.
So 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 s
connected to the power grid directly, while the rotor
winding is connected to the power supply through a
variable frequency power converter under variable
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wind speed.

Paower
Converter

Fig. 2 Power control of slip power

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

. dR

Va= R, ig+ dtd‘ —w, A 2
dA

Ve= R, iat—3%— w, Ay (3)

. dAg
Vo= R, ig+ & _(w,— w,) A, (4)

at

L dA,
Ve= R, 1,,,+—"—dt +(w,— w,) Ay, (5
A|b= L, Id_,+ Lmid, (6)
Ag=LiigH Ly io M
/{dr: L,,, ids+ L,ldr (8)
Ap=Lnint L, iy (9)

P _Ln . :

T=35-7"(Auist dais) (0

The stator flux of q axes in arbitary roating
reference frame has almost zero because the stator
side is connected in power grid. Therefore Eqns(1),
(2), (6), (7) and (10) can be written as given
below:

. dA
Va= R, igt—g" (11)
Vasz R, ia:+ W, A 12)
Ag= L ig+ L, i, (13)
0=L,igqt Lyin (14)
P L, .
T,=—%-7-—ETA,,::,,, (15)

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
compnent .. From Eqn(15), active power at the

stator side can be derived as follow.
P=—3 L w dai, (16)

Reactive power at the stator side terminal can be
written as follow.

0% L (vaismvaid D

Using Eqns(11),(12) and (13), (17) can be written

as follows because w, and A, have almost

constant value.

__3_ . £ Ads_ Lm idr
Qs— 2 2 W, Ads( L, ) (18)
As a result of Eqns(17) and (18), we know that it
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is possible to control the active and reactive power

at the stator side by controlling i, and i,.

2.2. Stator Flux and Rotor Speed Estimation
The stator voltage Va.Vb and Ve connected to

power grid are converted to stationary domain V,
and Vg4 Then, the stator flux A,, A4 can be

obtained by integrating the phase voltage as given
below:

Au= [Cvu— R, ig)dt (19)
Aa= [Cva— R, igadt (20)

where R, : stator resistance

.5, 1g - stator current in stationary domain

Stator flux magnitude and synchronous angle ( 8,)

can be estimated as given below:

| A=V A4+4%k
6,= tan—l—jé (21)

Recall the stator flux and voltage of stator side in

synchronous domain. A4 =constant, A, =0

and V4 =0. Therefore Eqn(5) can be written as:

Ve= R, ia+(w.— w,) Ay (22)
ng=L_ARﬂ (23)
dr

where sW.= w.— w,
@ . . synchronous angular frequency

w, - rotor angular frequency

Ean(23) represent the slip angular frequency of

rotor. In Eqn(23), . has almost constant value

so estiamated rotor speed can be written as:
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w,= w,— sW, (24)

If use the Eqn(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.

2.3 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 Eqn{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 system. 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 limited 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.

I, 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 investigate.
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The of the doubly fed induction
machine used in the computer simulation are shown

in Table 1.

specifications

Table 1 Parameters of the model machine

Rated power 5 [HP]
Rated speed 1720 [rpm]
Pole No. 4
Stator side Rotor side
Voltage 20 [V] 200 (V]
Current 148 [A] 120 [A]
R 0.60 [ohm] 0.41 [ohm]
L 43.42 {mH) 43.42 [mH]
Lm 41.51 [mH]
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
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 Fig. 4 and Fig. 5 it
is evident that estimated rotor angle is accurately
estimated. In Fig. 5 the rotor is accelerated from
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Fig. 4 Simulation results of step speed control
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Fig. 3 Block diagram of computer simulation
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Fig. 5 Simulation results of variable speed
control

sub-synchronous speed to super synchronous speed.
In these results, the estimated motor speed is very
close to the actual one.

‘Wird [mvsec]
an
ad

TP

Pret (W)

L

88
B S S o

b

PsW)

i
g

§

C fvar]
5 |

s %

a8 |A)

T

iy A)
(\L

4

paad prm]

d

Fig. 6 Simulation results of variable wind
speed 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

1%

speed. This implies that the estimated method is
also correct in power control mode. Fig. 7 and Fig.
8 show the results of active 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 mode from motoring
to generating mode as a zoom method at 1 [sec].
These two results are clearly achieved by the
position sensorless control method.
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control
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Vi, 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 control through the rotor currents. The
results of computer simulation by the estimated
speed has desirable performance over speed control
and power control.

w 2 <

FALAE & AR AANFE77 gle o1FH
A 2718 ol 83t AY Ao} BEe Uit
234 A&H AR &= FH7NE ol 8o s
&5 Ao 9 & FEAY Ao PP A
Agy ¢ndEFE FFHE & ZAE Y
o g 2P 2W Y S40) V1 93
& ZFso] AQF Gu2AF9 BIPE FFSL
Atk o)E FFLA A2Y AojA #8F 7x Z
g2 989 AeR JdEnt

D

2)

3)

4)

5)

6)

References

L.Xu and Tang Y.Tang. 1992, A Novel Wind

Power  Generating  System  Using  Field
Orientation Controlled Doubly Fed Excited
Brushless Reluctance Machine. IEEE IAS

Annual Meeting Conf.. pp. 408-413.

C.Brune. R.Spee and A.K.Wallace, 1993.
Experimental Evaluation of a variable Speed
Doubly-Fed Wind Power Generation System.
IEEE IAS Annual Meeting Conf., pp. 480-487.
LXu Li Zhen and E.H. Kim. 1998 Field
Orientation Doubly Excited
IEEE Trans.

Control of a
Brushless Rluctance Machine,
Appl. Vol. 34. No.l. Jan/Feb.
B.K.Bose. 1988, Power Electronics And AC
Drives, Prentice Hall. pp. 207-231.

X.XuwRik De Doncker and Donald W.Novotny.
1998,A Stator Flux Oriented Induction Machine
Drive, Proc. of IEEE PESC. pp. 870-876.

Rene Spee.Shibashis Bhowmik. Johan HR Enslim.
1994, Adaptive Control Strategies for Variable
Speed Doubly Fed Wind Power Generation

Systems, IEEE, IAS. pp. 545-552.

191



	ABSTRACT
	I. Introduction
	II. Variable Wind Power Generating System
	III. Results of Computer Simulation
	IV. Conclusion
	V. 요약
	References



