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Abstract

This paper introduces a new application of the Rotor based-current MRAS observer (RCMO) method
for Doubly fed induction generator (DFIG) sensorless control in the condition of network voltage drop.
DFIG control is Field oriented control (FOC) vector and Model reference adaptive system (MRAS)
observer is used instead of speed and position sensor based on rotor current. It is possible to estimate
the speed and position of the rotor. Simulation and analysis have been done based on 1% balanced
voltage drop in the wind power plant terminal. The results of the simulation show the estimated speed
(wr), accurate and appropriate sequence of speed has real (wy). Also, the graph of the machine
variables in the state of balanced three-phase voltage drop in the state sensored is obtained and
compared with the state sensorless, which shows the lack of influence of the estimated speed fault on
the simulation results and the acceptability of using the RCMO method in estimating the speed in the
condition of balanced voltage drop. Finally, the effect of various voltage drops on the estimated speed
fault has been investigated.

Keywords: Vector control, Sensorless, DFIG, RCMO.

sensorsless and MPPT (Maximum power

1. Introduction point tracking). The DFIG control system
Wind power generation has increased in needs rotor speed and rotor position
recent years. Types of generators wind parameters. In sensored methods, the speed
power plants include: induction (included: and position of the rotor are measured with

Squirrel cage induction and double feeding
induction) and synchronous (included:
Permanent magnet synchronous and rotor
excitation synchronous) [1]. DFIG generator

a sensor and applied to the control system
[2][3]. Position and speed sensors have
disadvantage including : need to repair and

due to many advantages have made it the Maintenance, expensive, the vulnerability
most widely used wind generator. Its of the communication cable between the
advantages can be to flexibility (variable sensor and the control system [4], therefore,
speed with frequency constant vector control sensorless has become
exploitation), smaller converter (About popular. Articles related to there are three
30% generator power), being resistant to types of sensorless control methods [18]: a)
changing parameters, four-zone PQ, lower open loop sensorless methods b) methods
price and losses based on MRAS c) other sensorless

methods (such as PLL). Articles [5-6] with
open loop sensorless method, the rotor
position is determined by comparing the
estimated rotor current with its measured
current. Open loop method based on current
ability to overcome voltage drop and short estimation only the rotor is not built, but it
circuit and phase imbalance, operation is suggested in the observational article [10]

Pointed out below. But despite the great
penetration of DFIG in electrical networks,
many problems still exist: Including the
stability and quality of network power,
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based on im. Also, in the article [11], an
observation based on the rotor flux is
proposed. The disadvantage of this method:
The rotation speed is obtained from the
derivative of the estimated Ogip, Therefore
high frequency noise can be amplified.
Also, in the article [11], an observation
based on the rotor flux is proposed. The
article [12] is the first article that proposed
the MRAS method for sensorless control of
the squirrel cage induction machine. In this
paper, the observer design is discussed and
a small signal model is also proposed. [13-
14] it is the first paper to apply MRAS to
DFIG sensorless controller, but about
dynamics observer, control design process,
precision sensorless and and sensitivity to
change machine parameters, mention did
not bring. In [16], the estimated variable is
the stator flux. In this article, the small
signal model, sensitivity to change machine
parameters and also the design process of
an MRAS observer, has been presented. In
this article, the required magnetic current is
completely provided by the network.
Therefore the observer can not follow the
rotational speed. In [11-13], an MRAS
observer based on rotor current (RCMO) is
proposed that both for island mode and for

Network connected mode is applicable. The
advantage of RCMO over other MRAS
observers is that this observer can used to
DFIG control, even if be connected to the
network. That is, since magnetizing current
entirely from the stator is provided, if idgro =
0, because i is opposite to zero, then the
system will not become unstable. Another
advantage of RCMO is to synchronize DFIG
1s compatible with the network. In [11-13] a
MRAS observer based on rotor current
(RCMO) is proposed for both islanded and

network dependent mode is applicable. The
advantage of RCMO over other MRAS
observers is that this observer can even if it
is used to control DFIG, connect to the
network. That is, since magnetizing current
completely from the stator is provided if idro
= 0, because i is opposite to zero, then the

36

system will not become unstable. Another
advantage of RCMO is its suitability for
synchronizing the DFIG with the network.

[11-15] have proposed a new method of
MRAS that obtains ir with a moment-based
MRAS observer (TBMO). In [20-21] PLL
sensorless control it has been suggested, but
the test has not been implemented.
According to the result of the article [22]
the most acceptable the sensorless control
method for DFIG is the RCMO scheme,
which provides a suitable response from
DFIG provides. In more methodical articles
sensorless the RCMO, it is used in normal
working mode, that is, in the mode without
voltage drop of the network connected to
the DFIG, check and similar have made;
Therefore, in this article, the sensorless
control of DFIG with RCMO in the condition
of three-phase voltage drop in the network
is discussed. This article in five the section
is set: in the second section, the DFIG model
and vector control are explained. In the
third part, the proposed method in
estimation the speed and position of the
rotor are described. In the fourth part,
simulation and its results is provided. The
fifth section presents the conclusion.

2. DFIG Model and itsVector Control

A grid-connected DFIG wind farm is
shown in Figure 1. Wind mechanical power
(Pmec) from the axis side is transferred to
DFIG. The effective factors in the amount of
electrical energy produced in DFIG are:
Wind speed, coefficient turbine
aerodynamics, and operating point DFIG.
The two-way power (P;) enters (or leaves)
the rotor circuit after passing through the
back-to-back  converters. These two
converters it consists of: rotor side
converter (RSC) whose task is to control
DFIG power and stator side converter (GSC)
whose task is to adjust DC link voltage and
power factor control the point is PCC. The
equations of the machine based on the dq
reference frame rotating with synchronous
speed are:
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Fig. 1. DFIG grid connected wind farm.
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V, =R, + dtqr —(@, —®,) Ay 4)
/1ds = Lsids + Lmidr = I‘mims (5)
j'qs = Lsiqs + I-miqr (6)
ﬂ“dr = Lmids + I-rldr (7)
ﬂ’|r = Lmiqs + I-rlqr (8)
Te = 32 Lm (iqsidr - idsiqr) (9)

With the reference assumption about the
stator flux vector, we have: Ags = 0 from (5)
we have:

. Ay
ms Lm
and from (6) we have:
iqr _ _Ls iqs (12)
L,

assuming constant stator flux in equation
(1) it becomes as follows:

Vds =
Vqs =

From formula (10) and (11) according to if
Ags = 0, the following equation is obtained:

di,, . . 1-o
™ gt +|ms=|dr+Tvds (13)

S

Rsids
R.i

s'gs

(12)
+ a)e ﬂ’ds

T
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2
T -3PL;
In (12), vgs seems small, therefore, we
conclude from equation (13) that ims can be
controlled by i4r, and from equation (11) iq

can also be controlled by igs controlled.
L

. S =
I* —

msiqr (14)

(15)

e

m
according to equation (12) ims and igr in Te
are effective For voltage demodulation Osiip

rotor is used.

O,p =0, -6, = [ @*,dt -4, (16)
6, is obtained from the following
equation:

6, =tan™ (A, / A,,) (17)

Fig. 2. DFIG sensorless control.

The component of related to A is obtained
from the stator voltages and currents.

As = [ (Vs —Rii, )t

A= [ (V=R )t
From the combination of equations (3), (4),

(7) and (8) two the following equation is
obtained:

(18)

Vdr = I:zridr +GLrSidr _wslipGLriqr (19)
”
V, =Ri, +oLsiy —op (= voly) 20
where o in the above equations
2
Isia=1- b (21)
(LL)

From equation (19) and (20) two equations
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the following is obtained:

diy __ Rri +——V,, + @i
dt O'Lr dr O'Lr sl qr (22)
di
v __ R I + 1 Ve + @y, +V, (23)
dt oL, oL,
where vyq is:
a)sILm ms (24)
oL L

Figure 2 shows the proposed control system
based on vector control (VC) method. In
this figure, first the rotor current is
measured (iancr) andis taken Then it is
converted into dq components of the current
(iegr) and then it is subtracted from the
reference value (idqr-ref). The result is input
to two PI controllers. to the output of PI

controllers , ('-m "“+0“Lrldr) and also

~ay,oL i, itwill be added; As a result, the

orthogonal rotor voltages vdqr that must be
applied to the rotor are obtained. These
orthogonal voltages are converted to three-
phase rotor voltage using park conversion
and then applied to RSC. It should be noted
that in this article only RSC is controlled
and GSC control is omitted. In this

flowchart, 6, and 0r angles are needed to

convert park to Osipbe obtained. To
calculate 6, first stator current and voltage
are measured (iabcs,Vibes), and then af
components are obtained by Clark
transformation. Using the equation (18), the
stator magnetization (4, ) is obtained. We

use equation (17) to calculate &,. Also, Ads
is needed to calculate ims in the expression

2.

(LmL'ms +oLi,) according to equation (10);

therefore we have:
ﬂ'ds = ‘\éﬂ‘asz + /1,852

The reference currents are obtained with the
help of equations (5), (6) and (12) as
follows.

wslip

(25)
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—v, /(o) (26)

—2T, Ls/(3PLm I ref)

dr ref

(27)

qr ref

A AN
or and 6. are shown in Figure 2, is

obtained from RCMO, which will be
explained in the next section.

3. Estimate the speed and position of the
rotor with RCMO

In this article, a MARS observer who the
base current of the rotor is established, the
speed and estimates the position of the DFIG

rotor. DFIG control is done with «r and 6, .

As discussed in articles [13, 11, and 21] the
MARS observer is based on an adaptive
model and a signal reference model. The
reference model in this article is the
measurement current i and the adaptive
model is the estimated current T, which is
obtained from vs and is. Figure 2 shows the
block diagram of RCMO. In this figure, the
adaptive model and the reference model are
shown with dashed lines. Stator flux in
static frame (s) consists of:

A, =L +Lie*%

The stator current can be obtained from the

equation (19) obtained:

i:@—gs
' L

m

(28)

g ior (29)

By substituting GA, instead of 6, in (20), the

estimated rotor current is obtained:

?r — ﬂ“s B les
L

m

e—jer (30)
The fault between the a3 components of the
estimated current rotor (iy) and rotor
measurement process (ir), is defined by
outside multiplication.

AN
&= o ir
pr

sin(6,,)

We get a correct estimate of 6r when: 6, = 0.

i (31)

|,Br Iar
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In Figure 3, the RCMO estimator is shown.
The output of this the estimator is 6, which
is used to modulate and demodulate the
currents and voltages of the rotor. In this
case, ims can be supplied from the rotor or
stator. igr iS used to inject Q into the
network. igr is also used to adjust active
power injection according to equation (14).
Measuring rotor current (ir) with speed (we
— wr) and the estimated rotor current (i)
with the speed (e — @) rotates, so iy rotates
with the speed (wror) relative to .
Regardless of the initial conditions, we
have:

0,=(v-w)ls

Assuming that all machine parameters are
correctly identified and introduced. At we
have a working point:
i =i0,6,=6,=0
Therefore, by linearizing the equation (22),
you will have:

(32)

. (33)

o, — o,

E=li,| 0, = &=,

In Figure 3 of the PI controller,

set the estimated rotor speed
and the error of the equation (22) reduces to

zero. By changing power DFIG output, |i,|

also changes, so there is a variable gain in
the conversion function (24). To

compensate for this, a variable gain of |im|_2
is used in the diagram block.

m Adaptive " 8
b5y Model i f
1] R Lg I
| \ 2N |
= é ]L;6 I q
Ys l [Lmple-i0 : X P B,
L -

-2
[ic|

| Reference Model :

Fig. 3. RCMO block diagram.
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4. Simulation results

In this section, we study the DFIG wind
power plant connected to the grid for a
constant load (1 KW active) in three modes
and evaluate the correctness of the
operation of the power plant set and control
documents.

a) First, by creating disturbance of voltage
drop balanced 10% at the connection point
of the wind power plant to the grid (PCC),
wind power plant parameters such as the
voltage and current of the stator and rotor in
two modes sensored and sensorsless are
obtained and compared.

b) In the next step, we change the speed of
the rotor according to a certain reference
and then study and check the sequence on
the estimated speed from the reference
speed.

c) In the third step, by creating a balanced
voltage drop disturbance (with different
percentages) in the DFIG terminal, the
amount of deviation of the estimated speed
from the actual speed is studied and
checked. Also, the values of DFIG
parameters are according to Table 1.

Table 1. DFIG parameters.

Nominal power:

2 MW Stator resistance: 12.5 Q

Nominal stator

voltage: 380 V Rotor resistance: 12.5 Q

Nominal rotor

voltage: 380 V Stator inductance: 0.071 H

Nominal frequency:

50H7 Rotor inductance: 0.071 H

Number of pairs pole: Magnetizing inductance:
2 0.0477 H

Leakage inductance :
0.071H

a) In this case, we consider the sensor
control system. We keep the rotor speed
constant at 1750 rpm and create a 10%
voltage drop in PCC in 1.8 to 2.2 seconds.
We leave the load unchanged (1 KW
active). Figure 2 shows the power output
diagram of the power plant, stator voltage,
and rotor and stator current. As seen in this
figure, in the time interval of 1.8 seconds to
2.2 seconds, when 10% of the voltage is
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created, the active power is reduced and the
reactive power is increased. Also, the
current amplitude of the stator rotor has
decreased in the above time interval. Figure
6 also shows the power output of the power
plant, stator voltage, and rotor and stator
current in sensorless mode, in voltage drop
mode 10% shows three balanced phases
(within a time interval of 1.8 second to 2.2
second) in the terminal wind generator. As
seen in Figure 6 the time interval from 1.8
seconds to 2.2 seconds, when the voltage
drop is 10%, the active power is reduced
and the reactive power is increased. Also,
the current amplitude of the stator rotor has
decreased in the above time interval. Also,
the estimation speed drops in this time
interval. From the comparison of the
simulation curves in Figures 2 and 6, it can
be concluded that all the curves are the
same. And the speed estimation fault did
not affect the graphs of DFIG variables.

L L
18 19 21 22

(d)

SR
{AVAVAVAVAY

Time~(sec)

(A)

)
Fig. 4. The diagram of the variables of

the machine in the three-phase voltage of
the sensored at the moment [t= 1.8-2.2]
seconds (a) three-phase stator voltage (b)
speed rotor (c) output active power
from (d) DFIG reactive power output
from (e) The output stator a phase
current from DFIG (f) DFIG phase current
of a rotor related to DFIG.

b) In this case, the reference speed (®r) has
changed from 1350 rpm to 1750 rpm during
2.2 seconds. This increase in speed is
equivalent to 400 rpm which occurred at a
slope of 182 rpm per second. This speed
increase rate is usually lower than the actual
wind speed increase rate. Figure 3
compares the estimated speed (@) with the
reference. Figure 3 shows that the estimated
speed wy closely follows the reference speed

o, . If the reference speed (w, ) decreases

from 1750 rpm to 1350 rpm during the
same period of 2.2 seconds (that is, with a
decrease rate of 182 rpm in seconds and
less than the actual deceleration rate wind),
the estimated speed (wy) closely follows the
reference  speed (w,). Figure 1.

Comparison diagram of o, and r shows.

o 1740
% w0
17 18 19 2 21 22 23 24 25
5 (b)
45x10 i )
. ]
D_U’
33
7 18 19 2 21 22
(c)
'x1o"'
,6‘
§ 65
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Fig. 5. The diagram of the variables of
the machine in the three-phase voltage of
the sensorless at the moment [t= 1.8-2.2]
seconds (a) three-phase stator voltage (b)
Estimated rotor speed (c) output active
power from (d) DFIG reactive power
output from (e) The output stator a phase
current from DFIG (f) DFIG phase current
of a rotor related to DFIG. As seen in
Figure 1, speed reference (wr) at the
moment of 2.3 seconds from 1750 rpm to
1350 rpm has been reduced in 2.6
seconds. The estimated speed () also

followed @, with an acceptable fault.

c) In this case, different voltage drops
applied in PCC. The estimated speed fault
for each voltage drop is obtained from the
simulation and is shown in Table 1.

Table 1. Estimated speed deviation.

20 | 15 10 | 5 0 | Voltage

PCC(%)

drop in

29 | 205|113 |6 0 | Estimated speed

deviation (RMP)

17|12 |07 |0.3]| 0| Estimated

deviation (%)

speed

As seen in Table 1, with the increase in
voltage drop in PCC, the estimated speed
deviation «; also increases. From the article
[13], it can be said that the deviation of the
speed up to about 20 revolutions per minute
is acceptable. Low voltage drop in power
networks is usually maximum 5%. The
estimated speed deviation in 6% voltage
drop is 3 turns minutes; Therefore, RCMO
output in voltage drop is low, suitable and
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desirable.

~—estimated rotor speed
= actual rotor speed

2 25 3 15 4 45 5
Time (sec)

Fig. 6. Comparison chart, and wr during
increasing speed.

1750 ——estimated rotor speed
—actual rotor speed

1700

1650

1600

1550

wr (rpm)

1500
1450
1400
1350

L L L L
g 2 25 3 35
Time (sec)

4 45 5

Fig. 7. Comparison chart @, and o during
descreasing speed.

Table 2 shows values of k, and k; related to
Pls controller and RCMO.

Table 2. Values kp and ki,

controller ko ki
Pl(iar) 911 0.006
Pl(ig) 933 0.06
PI(RCMO) 111 0.06
Integrator(RCMO) | ----- 0.85
Conclusion

This article introduces a new application
of the RCMO method for sensorless control
of DFIG connected to the network in the
condition of network voltage drop. The
DFIG control is vector (FOC) and instead of
the speed (and position) sensor, the MRAS
observer is used based on the rotor current
to estimate the speed and position of the
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rotor. Simulation and analysis for the
balanced voltage drop in the terminal of the
wind power plant has been done 10%
voltage drop is considered. The simulation
results show that the estimated speed (o)
accurate and appropriate tracking of speed

has real (@, ). Also, the diagram of machine

variables in the state of balanced three-
phase voltage drop in the state sensored
has been obtained and compared with the
sensorless mode which indicates that the
estimated speed fault does not affect the
simulation results and the acceptability of
RCMO method application in the condition
of balanced voltage drop in the terminal of
wind power plant. Finally, the effect of
various voltage drops on the estimated
speed fault has been investigated.

Rotor inertia J Magnetizing current »
Stator resistance : Stator current f)
Rotor resistance : Rotor current i
Synchronous angular frequency o, Stator inductance L,
Rotor angular frequency ] Rotor inductance L
Slip angular frequency , Magnetizing inductance L,
Rotor angujaf frequency- Leakage inductance 1,
estimated Wr
Laplace operator N Stator flux A,
Number of pole pairs generator P Rotor flux A
Electromagnetic torque T
Appendix a
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