Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic) 9-13 Sept. 2007, Ljubljana, Slovenia

MODELING AND CONTROL OF WIND TURBINE
GENERATOR CONNECTED TO INFINITE BUS

Nesmat Abu-Tabak, Jean-Yves Auloge, Philippe Auriol

AMPEREHUMR CNRS n°5005Fcole Centrale de Lyon
69134 Ecully Cedex, France
Nesmat.Abu-Tabak@ec-lyon.(Nesmat Abu-tabak)

Abstract

In this paper a wind turbine generator model icused. This model is obtained by using
Park’s equations of asynchronous generator andnd wirbine model. We are interested in
the control strategy; so the electronic power caievas not taken into account. The objective
is to operate and control a wind generator at bégigpeed in order to extract the maximum
kinetic power of wind. Generally electromagnetiagiee controls speed generator. As
described in this paper, the useful torque alloargtrolling the speed of generator. So, useful
torque feedback is needed to complete closed lddprque regulation. Normally useful
torque is not easily measurable or is very expengivneasure; it is equal to the sum of both
electromagnetic and mechanical torques. This pnobté useful torque measurement is
resolved by using an estimator of torque signalis Tdaper provides a new approach to
estimate the useful torque signal by a closed Esignator. Such an estimator is based on the
swing equation of the turning part of the wind gater and a Proportional Integral regulator.
The results of simulation confirm the utility ofistrsimple and useful approach.
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. 2.2 Generator modelin
1 Introduction g

) ) ) The squirrel cage induction generator is represente
In this paper the variable speed wind generatqfy park’s equations in the following form:
problem is treated. Modeling and control of a wind
d¢sd

turbine and an asynchronous generator are discussed _
A new approach to estimate the useful torque is Vea = Rslsd_wS¢sq+ dt @)
presented. At the end of the paper, some results of
simulation can show the utility of such approach. d¢sq
wind speed continually varies and this influences Voo =Rl t @y +
power quality of generation. That affects users dt
connected into distribution grid where wind generst dg
are connected. Another problem, that can be 0=RI, _(a)s _wr)¢rq 4+ 2rrd
interesting, is how to maximize the power extracted dt
from wind. When the wind speed varies and the dg
mechanical speed of generator remains constant the — _ rq
extracted power is not maximal. To obtain the 0=Rlq+(@-a)gq + dt @
maximum power, the generator must turn at a vagiabl
speed. We need the useful torque to control thedspel he flux is given by
of generator. The useful torque measurement is not
technically possible or very expensive, so in this e - Ly MYl
paper, we will try to apply a hew estimator basado ¢ M L
virtual model controlled by a Proportional Integral rd
corrector. The estimator’s objective is to estimihte

b (L Mj |

)

®)

()

useful torque that is indispensable to control the s
generator speed. ¢rq

(6)
M L
In this work we suppose we don’t have any noise . L
which may influence the dynamic of the system. ~ A\nd the electromagnetic torque is given by

M
2 MOde"ng Te = Pr(l sq¢rd - Isd¢rq) (7)

2.1 Wind generator description r

. . . . . The motion equation is written as:
Wind generator is mainly composed of wind turbine
1
mec —

and synchronous or asynchronous machine. Other da
supplementary devices can be added as converter and —dt —j mec ™ Te ™ fwmer) (8)
transformer. The most common wind generator

arrangement are shown in Fig.1 Where V  and V ,are the d- and g-axis stator

Induction generator 1 voltages, | ;;and | are thed - and g-axis stator
Gear @\ Grid currents, g, and @ are thed - and g-axis stator
Box

\// \ )= flux linkages, | and I are thed - and -axis

rotor currents,@,; and @, are thed - and q-axis

Induction generator

Gear \ |ac ||
Box ) | “de | |

rotor flux linkages,R,, R are the stator and the rotor

resistances, L, L, are the stator and the rotor

inductances, andM is the mutual inductancew), is

the speed of rotation alq frame, anda) is the rotor

Doubly fed Induction generator 3 electrical angular velocity.w = Pa,,. Wwhere
Gear /\\ Grid @, o.is the mechanical speed arfd is the pairs of
Box

/ — poles number.T, is the electromagnetic torque and
ac” 1 Llac /T T, ecis the mechanical torquel is the polar moment
dc | [ | ~ac of inertia of the machine and turbine referred he t
induction machine shaftf is the friction factor.t is

Fig.1 Example of wind generator configurations .o time.
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In the literature, some authors proposed several

. . N ... models to have the power coefficient like [1, 2, 3]
Wind turbine transforms kinetic power of wind into| ook at Fig. 3.

mechanical power given by Eq. (9):

2.3 Turbine modeling

R = 05C,pAV® 9)
Where 1
pis the air densit{(Kg / m3) wmer
Ais the cross sectional area of the turb(l‘rez) vV
Vis the wind velocity(m/ S) Fig. 3 Wind turbine model

Although this equation seems simplz, is dependent

on the ratio between the turbine’s angular veloglty 3 Control strategy
and the wind speéd . This ratio, called the tip speed The main idea is to change the turbine speed

ratioA and given by Eq. (10): according to the wind speed variation. Let’s takg F
@R 4, it shows the power curves for two wind speeds. W
A= (10) can note that we can have the maximum power at
V point C if we change the mechanical speed when the

i h .
R is the radius of the turbine. wind speed changes

1
W = Ewmec and G Gear box ratio. Prec B C
Wind turbines are characterized by non-dimensional V2
curves of power coefficient as a function of tipeeg A vV
ratio for various blade pitch anglgs. From [4], the !
following relationships Eq. (11) and Eq. (12) give W w w

curves illustrated in Fig. 2.
Fig. 4 Turbine power vs. speed

¢, =0511c,=116¢c; = 04,¢c, =5,¢5 =21, ) .
So, to extract the maximum power, the mechanical

Ce =0.0068 speed must be controlled. The wind generator speed
1 1 0.035 can be controlled by acting on the electromagnetic
= = - (11) torque of generator and on blade pitch angle. is th
A A+0083 pB+1 paper we are interested in acting on the

electromagnetic torque to control the turbine speed
% The wished characteristic of the electrical power

Cp()|”5) = C{% -C,[- cllje”i +CeA (12) versus the generator speed is represented in Fig. 5
i

Il : i Pitch control

0.5 R N
=4
0.4 =
8 3
n
0.3¢
o 1
O >
0.2} w
0.1 Fig. 5 Electrical power vs. generator speed

In fact, we are interested in zone 2 where we want
oS : : control the generator speed in order to extract the
maximum of power or to keep the power coefficient a
its maximum value.

Fig. 2 Wind turbine characteristic curves

ISBN 978-3-901608-32-2 3 Copyright © 2007 EUROSIM / SLOSIM



Proc. EUROSIM 2007 (B. Zupancic¢, R. Karba, S. BlaZzic) 9-13 Sept. 2007, Ljubljana, Slovenia

3.1 Vector control by flux orientation Because the mechanical time constéi'r,};Z% is

The principle here is to control an induction maehi
as a continuous current machine. That means tigeeater thad_, so the block 1 can be neglected; and
torque depends on one of the current components. Tlye can use the Pl corrector to control the spebd. T
torque is controlled by acting on the stator cusen mechanical torque is considered as perturbation.

[5].
) On the other hand, we will propose this schema to
From Eq. (7) we can orient the flux of the rotoclsu jystrate our procedure of the speed control aswsh

$., =0, so we can have Eq. (13) in Fig. 8.
M mTC
Te = Pr (I sq¢rd ) (13) 3-PI Corrector ;

T

TU_rer PMg, _ /L [T il 1
I —+’e ¢r7ref r Jer )
_ T,s+1 Js+ f

a)mec
If (§q =@ ,of)is kept as constant, so, the torque

can be controlled by acting d)gq.

But we can note in Eq. (1, 2) that the stator aurre Fig. 8 Speed control
components are coupled, so they must be decoupled

avoid their interaction, see Fig. 6. Irti fact, block 1 is neglected when we calculate

Pl,.The objective of using the useful torque to
In Fig. 6, the currentl 4is kept constant at its feedback the torque loop is to

nominal value, and the torqlig is controlled by make|Te + fwmeJ =|TmeJ; so we can easily control

acting onl .. The PI controllers are used because th&€ mechanical speed of generator. We have talken th

. . absolute value of torques because Hqtnd
relationships between Vg, Viy and a €

_ _ faw,.c.are  with negative signs. With such
I s, | sqrespectively are of first order.

configuration, the useful torqud =T, +T_,must
be accessible, but, this is not really our case.
Decoupling Therefore, the useful torque must be estimated.

procedure 3.2 Torque estimation

The problem, here, is that the useful torque isaiily
measurable and it is often very expensive to measur

s In the literature some authors as [6, 7], propagszh
Asynchronous || loop observers to have the mechanical torque signal
generator = In our work, here, we will propose an original
model @ estimator of the useful torque and not of the
I T+ mechanical one. It is based on a virtual modelhef t
Wpone |35+ 1 . motion equation. A closed Ioc_)p system is made
. through a PI corrector as shown in Fig. 9.
N t
Turbine
\% Tos
model .
g — PI Corrector Virtual model
1 1
. . + -
Fig. 6 Control block diagram Wheas K{l’LTSJ Tl Js+ f
— i
Speed is controlled as described in Fig. 7.
Tmec
3-PI Corrector 1 2-Motion Equation Fig. 9 Useful torque estimator
o + K 1+i Te et 1 The idea is simple; we can have the torque sigeal a
meerel 1T Ts Js+ f output of the PI corrector when we have the measure
Wrec speed as consign to follow. The tordugmust
_ feedback the torque loop to complete the controplo
Fig. 7 Speed control of our system as shown in Fig. 10.
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Speed corrector  Torque corrector

4 Numerical application

Wer 4 1] + ( 1
K| 14— K| 14— H—» | , . ..
2 ( e Ts saref Let's take, for example, a variable speed windineb
corrector | . asynchronous generator of 300 (Kw) as shown in Fig.
+ 1 “ est ;| Torque estimator L .
Kv(uﬁ” o 12. The data of the wind generator are given below.
- Virtual model W T,
Wreas [ 1 + Induction generator 2
Js+ f
AtV + —
R L T Gear ac
Turbine [ Box dc
v
g model

Fig. 12 Control block diagram
The squirrel generator data:

R, =0.0063Q), R, =0.0048Q).

L, = 0.0118H), L, = 0.0116H),M = 0.0116(H)
To operate correctly, the estimator dynamic must bg411 =1515r.pm), P=2
faster than other loop dynamics in this system. ec.nom ’

Now, to have the speed consign we can take Eq. (1bje turbine data:
and write Eq. (14) as following J=50(Kg.n?), f =0.358(Kg.n?/s)

o = AoptY gy RELAM) Vg =12(m/9 0=122(Kg/mP) ,
“ R Jopt = 8LCpmax = 0475

Fig. 10 Useful torque estimator

The gear box ratio:
Why don’t we use state observer? G =23

State observer normally is used to obtain some

unknown state variables when other one is known. B&  Simulation results

here, because the useful torque isn’t a state hlaria ) ] . o .
and it is an input of subsystem so we can't use ayr the following simulation, wind is supposed ey

state observer to observe it. That is why we dosg & variable speed as shown in Fig. 13. The speed of
state observer here. generator is controlled to extract the maximum of

power from wind. The following figures show the
speed variation, the torque variations and the powe

In addition, we find that the useful torque estiiomis ~ Variation.
easier and less complex than the one of the metdlanis 1 \with torque estimator

and the electromagnetic torques. That is why weshav ) o o
proposed this simple estimator. The wind speed profile is shown in Fig. 13. The

) o ~__ simulation starts with some initial conditions piegd
The complete control configuration is shown in Figand flux. The wind speed values are supposed under

11. the nominal wind speed that is equal to 12 (m/s).
. A
1 ot [T @l 11 w w w
— conv
[ | \/
MLI control w,| "abe 10t 1
And (dg/abc) wm
a)s_rel sq_ref Vsd_re'A f» w_ a)re' g 97
Decoupling block ab%q s ; 8l
e T o
o
‘Estimator ‘ Estimator H Corrector ‘ g T
Tt £
S 6
5
4 L 1 L
sq_rer 0 50 100 150 200
Time (s)
Fig. 11 Control block diagram Fig. 13 Wind speed variation
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In Fig. 14 we note that the mechanical speed /e can note the fluctuation of the power according
perfectly controlled and it follows the speed refese. the wind speed variations. The transient states
correspond to those of the electromagnetic torque.

150 ‘ ‘ : This means the wind generator injects or absorbs an

electrical power when the generator speed chaitfyes.

wind generator is connected to an infinite gridr¢his

no problem, but if the grid is local there is algem

of power quality for users’ grid.

Now, let us suppose we have access to the useful
torque (that is equal to the sum of torques

Angular speed (rd/s)
o
o

o mec asl =T, +T,,), lets compare T with the
— wref estimated torqud i,as shown in Fig. 17.
% 50 100 150 200 500 | | —
Time (s)
— Test
Fig. 14 Mechanical speed variation B
- . . pd
We can note in Fig. 15 that there is a difference;;
between the mechanical and the electromagnetig
. O = 0
torques in steady state because the frictiors
torquefa)... There are some transient states2
indispensable to change the mechanical speed. 3
500 ‘ 500 ‘ ‘ ‘
_ T ) 50 100 150 200
€ o . —-Tmec|| Time (s)
pd . o
= Fig. 17 Useful torque variation
g We can note that the dynamic behaviorslodind T,
% are almost similar. In fact there is a small invisi
=} difference.
=)
2 In the following figure, Fig. 18, we can note ttihe
power coefficient is kept constant around its
—20000 ) 100 150 200 Lnax_lmum (;/alue. Forh.the tr?fnglent. state_s, |tI changes
Time (s) ut in steady states this coefficient is maximal.
Fig. 15 Torque variation 0.478
In Fig. 16 the electrical power is negative sosit i _
produced by the generator. & 0.476
(8]
5 £
0.5X 10 5
< o
\;/ = 0.474
c =
S g
% §0.472
>
o
S 0.47 : : :
o 0 50 100 150 200
_S Time (s)
S Fig. 18 Power coefficient Cp
w
2% 50 100 150 200 _ _ _
Time (s) When the mechanical and the wind speeds vary phe ti

speed ratio 4 ) varies too. The variations ofA() are

Fig. 16 Electrical power variation . ; -
g P around its optimal value as shown in Fig. 19.
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x 10°

—Ps

Electrical power (w)
iR

0 50 100 150 200 0 50 100 150 200
Time (s) Time (s)

Fig. 19 Tip speed ratial Fig. 22 Electrical power variation

In the previous section, a torque estimator was tse We can note that the simulation results are similar
estimate the useful torque. Now, let's try to de thWwith and without the torque estimator. That can

simulation without an estimator and let's compdre t confirm by simulation the efficiency of the propdse
simulation results. estimator to obtain the useful torque signal.

5.2 Without torque estimator 6 Conclusion

If we suppose we have access to the useful tothae,
results of simulation are those illustrated in th
following figures Fig. (20, 21, 22).

In this paper, the problem of a variable speed wind
E‘generator was discussed. Modeling and control of a
wind generator was treated, and a new estimation
approach of the useful torque was presented. The

150 simulation results showed the utility of such agmto
to estimate the torque which is indispensable to
g 777777 complete the loop control of speed. This estimatas
= validated by simulation but not by physical
1S application. This problem of validation may be a
,§ 100! perspective of this work. In this paper, the bladgle
o control wasn't treated and the system was congidere
§ -~ wymec without noise, these may be also perspectives.
= -
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