10

15

20

25

30

METHOD AND APPARATUS FOR ESTIMATING ROTOR ANGLE AND ROTOR
SPEED OF SYNCHRONOUS RELUCTANCE MOTOR AT START-UP

FIELD OF THE INVENTION

The present invention relates to synchronous motors, and to esti-
mating a rotor angle of a synchronous reluctance motor in start-up.

BACKGROUND INFORMATION

A synchronous motor is an AC motor comprising a rotor and a sta-
tor, distinguished by the rotor spinning synchronously with stator frequency.
There are two major types of synchronous motors: non-excited and direct-
current excited. Reluctance motors belong to the former group.

Before starting a synchronous motor, an initial angle and speed of a
rotor of the motor usually have to be known. The initial angle and speed can,
for instance, be detected by using a position sensor. The position sensor,
however, add costs and unreliability to the system. Therefore, position-
sensorless control methods have also been developed.

In a position-sensorless control, the speed and the angle typically
have to be detected at every start-up. Traditionally, the initial angle is forced
with dc-magnetization (DC-rotation method) or, in the case of salient pole ma-
chines, detected with a signal injection method (AC-injection method). Both of
these methods can be used in a start-up procedure of a synchronous reluc-
tance motor (SYRM).

A problem associated with the above methods is that they can be
utilized on a rotor at a standstill alone, though signal injection methods have
been proposed also for detecting rotor speed and angle of a rotating rotor.
Start-up methods designed for synchronizing with a rotating rotor of a perma-
nent magnet synchronous machine (PMSM) are generally based on determin-
ing a back-EMF voltage of a rotating permanent magnet flux, but no such flux
exists in the SYRM.

SUMMARY

An object of the present invention to provide a method and an appa-
ratus for implementing the method so as to alleviate the above problems. The
objects of the invention are achieved by a method and an apparatus which are
characterized by what is stated in the independent claims. Preferred embodi-
ments of the invention are disclosed in the dependent claims.
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It is possible to determine the angle and the speed of the rotor of
the SYRM by using a mathematical motor model utilizing saliency of the rotor.
The saliency of the rotor has to be known beforehand. The rotor may be rotat-
ing or at a standstill. When direct (d) axis and/or quadrature (¢) axis induct-
ances are known, the rotor position can be derived from the computational
voltage and current models of the SYRM, provided there is a stator flux in the
motor.

An advantage of the method and arrangement of the disclosure is
that only one start-up procedure is required for a rotating or motionless rotor.

Another advantage is that the method starts up the motor in asignifi-
cantly shorter period of time than the AC-injection or DC-rotation methods. An
estimated duration for the proposed method to detect the angle and the speed
may be less than 20 ms. A typical AC-injection method requires 100 ms. A DC-
rotation method may take seconds to complete.

After the start-up procedure, the d-axis is magnetized and the con-
trol is running. Owing to small flux in directions other than the d-axis direction,
the method does not affect the rotating speed of the motor. Therefore, the start

is smooth.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the disclosure will be described in greater detail by
means of preferred embodiments with reference to the accompanying draw-
ings, in which

Figures 1a, 1b, and 1c, illustrate loci of d-axis oriented rotor orienta-
tion vectors and a stator current as functions of a rotor angle;

Figure 2 illustrates a simplified diagram of a PLL adapted for esti-
mating a rotor speed of a synchronous reluctance motor, and

Figure 3 illustrates an arrangement to which a method of the disclo-

sure may be applied.

DETAILED DESCRIPTION

In machine types like permanent magnet motors and induction mo-
tors, a rotor flux component may not be unambiguously determinable from a
stator voltage integral. There is no permanent magnet flux in a SYRM, so the
stator flux and the stator current are directly bound to each other by an induc-
tance relation in rotor coordinates.
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The inductance in the rotor coordinates is represented by two
components: a d-axis inductance component L, and a g-axis inductance com-
ponent L,. A difference between these two parameters is a basis for operation
of a reluctance motor.

If at least one of the inductance components is known, a rotor orien-
tation of a synchronous reluctance motor can be estimated, even at a start-up.
An initial stator flux is first induced. The values of the stator flux and a stator
current are then determined. A first estimate of the rotor orientation may then
be formed on the basis of the stator flux, the stator current, and a known rotor
inductance component. A direct axis oriented rotor orientation vector §, may
be calculated from the difference between the stator flux . and a product of
an inductance component L, and the stator current i, as follows:

0, =+(7, - L,.). (1)

The =+ sign in Equation 1 represents two different rotor orientations related to a
same pole. In general, there is no difference between these orientations owing
to the lack of a permanent magnet induced flux, and therefore in some em-

bodiments the signs can be omitted.
Similarly, a quadrature axis oriented rotor orientation vector §q may

be calculated using the other inductance component L, as follows:

b, ==(y, - Li.). (2)
In some embodiments, the first estimate may be formed on the ba-
sis of the orientation vector of Equation 1 or 2. The rotor orientation may then
be determined on the basis of the first estimate.
The estimated rotor orientation may also be represented in the form
of an angle. The vectors of Equations 1 and 2 may be used to estimate a rotor
orientation angle which can then be used as the first estimate. The first esti-

mate may be determined on the basis of a ratio between an x component and
an y component of an orientation vector éd or éq, for instance, as follows:

6., = arctan % +Zi£, (3)
% 2 2

y
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where 6, is the estimated rotor orientation angle, 6, and 6, are the x and y
components of the orientation vector. The =+ sign represents two different rotor

orientation angles related to a same pole.
If both inductance components are known, also a second estimate

of the rotor orientation may be formed on the basis of the stator flux, the stator
current, and the other known rotor inductance component. The second esti-
mate may be represented by an orientation vector or an angle calculated, for
instance, using Equation 3. The rotor orientation may be estimated on the ba-
sis of the first estimate and the second estimate. The first and second esti-
mates may be formed such that they have the same orientation, and they can
be used together to estimate the rotor orientation. For instance, by rotating a
quadrature axis oriented vector of Equation 2 by 90 degrees, a direct axis ori-
ented vector may be formed. The rotor orientation may then be estimated us-
ing the two orientation vectors, for instance by summing up the two vectors.
Alternatively, a sum of two estimated orientation angles may be used.

One way to implement the method of the disclosure is disclosed
next. After the stator flux and stator current are determined, two orthogonal
stator flux components in a stator reference frame are calculated from the sta-
tor flux, and two orthogonal stator current components in the stator reference
frame are calculated from the stator current. The first estimate of the rotor ori-
entation is then formed on the basis of the stator flux components, the stator
current components, and a known rotor inductance component, and the sec-
ond estimate of the rotor orientation is formed on the basis of the stator flux
components, the stator current components, and the other known rotor induc-
tance component. For instance, by using Equations 1 and 2, it is possible to
calculate two rotor orientation vectors: a first rotor orientation vector 6, ,and a
second rotor orientation vectoré, , as follows:

6, J_r(% ~Li+j(w, —Lqiy)), (4)
édiz == (L:/iy -y, t+ ].(W,\- —L,i, )) . (5)

w.and y  are two orthogonal stator flux components in a stator reference
frame, calculated from the stator flux v . i, and i, are two orthogonal stator

current components in the stator reference frame, calculated from the stator
current i . In Equation 5, the quadrature oriented vector of Equation 2 is ro-
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tated by 90 degrees by switching the real part and the imaginary part of the
vector, and by multiplying the new real part by -1.

The two rotor orientation vectors in Equations 4 and 5 are both al-
ways aligned with the rotor d-axis. This can be seen in Figures 1a, 1b, and 1c,
which show the loci of the d-axis oriented rotor orientation vectors and the sta-

tor current as functions of a rotor angle. As the rotor turns in respect of the sta-
tor flux 7, the stator current vector i end follows a circle 4. The circle 4 has

its centre aligned with the stator flux vector y_. In Figures 1a, 1b, and 1c, the
stator flux v, is kept constant at x-axis, d-axis inductance component L, is 2,
and g-axis inductance component L, is 0.5. The stator current vector i end

makes a full round along the circle 4 as the rotor rotates a full electrical angle.

In the case of a single pole-pair motor, as in Figures 1a, 1b, and 1c, this
means that the stator current vector i, end makes two full rounds as the rotor

mechanically rotates a full round.
The d-axis oriented first rotor orientation vector @, has a zero length

point when the stator flux is aligned with the g-axis, and the d-axis oriented
second rotor orientation vector éd,z has a zero length point when the stator flux
is aligned with the d-axis. A first and a second rotor orientation vector aligned
with g-axis may also be calculated in a similar manner.

In theory, the estimators should give perfect orientation estimates in
all other orientations but the zero length orientations. In practice, parameter
errors related to L, and L, may significantly affect the accuracy anywhere near
the zero length orientations. Therefore, the first rotor orientation vector 6, ,and
the second rotor orientation vector éd,z may be used together for estimating the
rotor orientation. As the inductance components are not equal, maximum
lengths of the orientation vectors using different inductance components are
not equal. The length of a vector may be corrected using a correction parame-
ter. Thus, a third orientation vector 4, . may be formed, for instance, as fol-

(.sum

lows:

0

d.sum

= éd,l + Zéd.l , (6)

where [ is a parameter for which a value can be determined, for instance, on
the basis of a ratio between the rotor inductance components.
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~ If both estimators are used together, the correct signs may have to

be selected in order to have consistent orientations in every quarter of the rotor
coordinates.

A rotor orientation angle may be determined on the basis of a ratio

between an x component and an y component of the first, the second, or the

third rotor orientation vector. A rotor direct axis angle can, for instance, be cal-

culated from the rotor orientation vectors 6, ,,d,, and 8, . with the following

d ., sum

rotor orientation angle estimators 6.1, Gey2, and . um,respectively:

6., = arctan E/_/_._‘l_l‘_ WL o
| v,—Li ) 2 2
0,,, = arctan v.-Li | 7.7 o
| Li~w, | 2 2
—Li+k(y. —Lji
GESLsum = arctan l//‘v ql-," (I//A' dl,x) +—7£ N Z (9)
| Ve~ qux Tk (Ldly - V/y) 2 2

The numerators and the denominators of these estimators are the y and x com-
ponents of the d-axis oriented rotor orientation vectors 6, and 8, . Similarly to

Equation 3, the + sign here represents two different rotor orientation angles
related to a same pole.

The rotor orientation angle estimator é.,,; may, for instance, be used
to produce the first estimate, and the rotor orientation angle estimator 6., may
then be used to produce the second estimate. As illustrated in Figures 1a, 1b,
and 1c, The estimator 6., is more accurate when the stator flux is near the d-
axis of the rotor. Correspondingly, the estimator 6., is more accurate when
the stator flux is near the g-axis of the rotor. The rotor orientation angle estima-
tor ... is @ combination of the first and the second rotor orientation angle
estimator. As the orientation vectors d,, and 4,, are never at a zero length
point at the same time, the estimator 6., is accurate at any angle.

The above estimation method can be used to determine the rotor
orientation at start-up. Since there are no permanent magnets in the rotor of
the SYRM, there are two possible initial angles per pole. These initial angles
are equal and any one thereof can be used as a rotor orientation for the motor
control.
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The initial angles may be found in a following manner. First, a small
stator flux is generated to the machine by injecting a dc-voltage to the stator
winding. A small flux value can easily be controlled to the stator, for instance
with a conventional flux or current controller. The value of the flux can then be
estimated using various methods. The amount of stator current is determined.
As the stator flux and the stator current are known, the rotor orientation may be
calculated using the first and second estimates.

If the rotor is rotating at a speed that is not known, the speed can be
estimated on the basis of the estimated orientation. For instance, a speed es-
timate can simply be calculated from a time derivate of the rotor position. A
simple phase locked loop (PLL) can also be utilized to obtain a filtered speed
estimate from the orientation angle estimator 6, ,, the orientation angle estima-
tor 0,,, or a combination of the estimators. Other methods may also be used
to obtain a speed estimate from the estimated rotor orientation.

Figure 2 illustrates a simplified diagram of a PLL adapted for esti-
mating the rotor speed of a synchronous reluctance motor on the basis of the

estimated rotor orientation angle 6.,
The PLL calculates an estimate w., for the rotor speed on the basis

of a difference between a feedback angle term 60p;; and the rotor orientation
angle 6.,. A value for a feedback angle term 0y, is calculated by integrating,
using integrating means 1, the feedback speed term wp;;, for which a value is
determined on the basis of a difference between the feedback angle term 6p;,
and the rotor orientation angle 6.,. The value for a feedback speed term wp;;
may, for instance, be determined using a Pl controlier 2, as in Figure 2. An in-
tegrative part | of the Pl-controller 2 is also used to produce the speed estimate
wes;. When the speed and the angle of the rotor are known, a higher level con-
trol can be started.

Speed ftracking increases the duration of the start-up procedure
since the PLL estimate needs time to settle. If the rotor is at a standstill, a start-
up procedure may be continued with d-axis magnetization and normal torque
control start directly after detection of the initial rotor orientation. In a generic
start procedure, where the rotor may be rotating or at a standstill, the speed
estimation is, however, required.

As shown in Figures 1a, 1b, and 1c, tracking of the rotor orientation
at an arbitrary position may require utilization of both the first and second esti-
mates, and correct sign modification, if the stator flux is kept constant. How-
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ever, it is possible to track the orientation with only the first estimate, if the sta-
tor flux is controlled to follow the orientation of the rotor in a way that keeps a
flux angle between the flux and a d-axis of a rotor pole pair smaller than 90
degrees. This may, for instance, be accomplished by using a flux controller as
the higher level control. A current controller may also be used. When the stator
current is in the d-axis direction, the stator flux is aligned with it and flux track-
ing is obtained. The current control has the benefit that it keeps the current
from increasing to an unnecessarily high value in transients where the flux is
not in the d-axis direction.

The orientation angle estimator 6.,,; may, for instance, be used for
the first estimate. Usually in the normal operation of the motor, the d-axis is
magnetized and the flux angle is lower than 45 degrees. When torque is con-
trolled to zero, the flux angle is zero and only the d-axis is magnetized. When
the stator flux is near the d-axis, in other words the flux angle is near zero, the
estimator 6,5, is in its most accurate area, and parameter errors have only a
small influence. This makes the estimation very robust against errors in the
rotor g-axis inductance component L,, which has to be known before the
method can be used.

The above-disclosed methods may be used, together with control-
ling the flux, to estimate the rotor orientation at a start-up. A value is set for a
stator control reference. The stator control reference may, for instance, repre-
sent a desired direction and magnitude of the stator flux or stator current. The
stator flux is then induced on the basis of the stator control reference. Initially,
the flux control can be started in an arbitrary direction. When the stator flux
begins to increase in the controlied direction, the first estimate may be used to
determine the rotor orientation. The stator control reference is then updated so
that the stator flux follows the determined rotor orientation.

For instance, the first estimate may be calculated using the orienta-
tion vector 4,, of Equation 4, in which case the calculated orientation repre-
sents the direction of the rotor d-axis. The value of the estimated rotor orienta-
tion may then be given as an input for a flux controller which then starts con-
trolling the flux to align with the estimated direction of the rotor d-axis. In the
beginning the orientation estimate can be very inaccurate, but as a flux com-
ponent in the estimated direction of the d-axis increases, the accuracy of the
orientation estimate improves. At the end of the start-up procedure, the stator
flux is rotating in synchrony and in phase with the rotor d-axis.
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Estimation of the speed with the PLL-structure may be started at the
same time as the flux control. At the end of the start-up sequence, also the
rotor speed is known. When the speed and orientation are stabilized, the d-axis
can be magnetized to a value set by a higher level controller. If the above start-
up procedure is used, all parts of the control system are active at the end of
the start sequence and there are no unnecessary transients at the beginning of
normal control operation.

The start-up procedure may be implemented in many different ways
by using the estimates and estimators described above. One practical solution
is to use only the orientation vector 6,, and control the stator current or the
stator flux to align with the d-axis. This makes the estimation very robust
against errors in parameter L,, which has to be known before the method can
be used.

Current or flux control may be used to turn the flux and the current
into the d-axis direction. There is no difference in the result, but the flux and
current variations before reaching a d-axis aligned flux/current are different.
The feasibility of these options is determined on the basis of a general control
structure used in the embodiment utilizing the start-up procedure.

Figure 3 illustrates an arrangement where an apparatus 21 is con-
nected between a supplying grid 22 and a synchronous reluctance motor 23.
The motor comprises a stator and a rotor. A rotor quadrature axis inductance
component L, is known. The apparatus 21 is capable of controlling the motor
23, using a motor controller. In Figure 3, the apparatus 21 is a frequency con-
verter and the motor controller is an inverter bridge 24. The inverter bridge 24
is controlled by a flux controller 25. Also other controllers, such as a current
controller, may be used. The flux controller 25 uses an estimated rotor orienta-
tion and speed as input parameters. The controller may, as in Figure 3, use
also other inputs, such as a stator current, a stator voltage or a stator flux.

In the arrangement, the stator flux and the stator current are deter-
mined to estimate the rotor orientation and speed. Thus, the apparatus com-
prises a stator voltage measuring unit 26 and a stator current measuring unit
27. The stator current measuring unit 27 also calculates two orthogonal stator
current components in a stator reference frame from the stator current.

The stator flux is then determined using a voltage model 28 as
means for determining the stator flux. The voltage model 28 calculates the flux
as an integral of the stator voltage minus resistive losses. The voltage model
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28 also calculates current components in the stator reference frame from the

stator current.
The apparatus 21 comprises a first rotor orientation estimator 29.

The first rotor orientation estimator 29 uses the stator flux components, the
stator current components, and one of the known rotor inductance components
as inputs. It produces a first estimate of the rotor orientation. The orientation
may, for instance, be represented by an orientation vector or an angle. The
first rotor orientation estimator 29 may, for instance, calculate a d-axis oriented
first rotor orientation vector by using the known rotor g-axis inductance compo-
nent L,, the stator flux components, and the stator current components, as de-
fined in Equation 1. The first rotor orientation estimator 29 may, for example,
use the d-axis oriented first rotor orientation vector of Equation 4 to represent
the rotor orientation, or calculate an orientation angle from the first rotor orien-
tation vector, for instance, as defined in Equation 7.

The apparatus also comprises a first rotor speed estimator 30. The
estimator 30 estimates the rotor speed of a synchronous reluctance motor on
the basis of the estimated rotor orientation. The method may, for instance, be
the same as disclosed in Figure 2 and the description related to Figure 2. An
initial value is first set for a feedback speed term. A value for a feedback angle
term is then calculated by integrating the feedback speed term. An estimate for
the rotor speed is determined on the basis of a difference between the feed-
back angle term and the rotor orientation. A new value for the feedback speed
term is determined on the basis of a difference between the feedback angle

term and the rotor orientation.
At a start-up of the arrangement of Figure 3, the rotor orientation is

not known. To start up, the flux controller 25 may be given a stator flux refer-
ence in an arbitrary direction. The inverter bridge 24 then controls the stator
flux such that the stator flux follows the stator flux reference. As the stator flux
begins to increase in the direction of the stator flux reference, the first rotor
orientation estimator 29 gives an estimate of the rotor orientation. The esti-
mated rotor orientation may, for example, represent the direction of the rotor d-
axis. Estimation of the speed with the rotor speed estimator 30 is started at the
same time as the flux control.

The stator flux reference is then updated, on the basis of the rotor
orientation, so that the stator flux follows the rotor orientation. In the arrange-
ment of Figure 3, the rotor orientation points in the direction of the rotor d-axis.
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The estimated rotor d-axis direction is given as a new stator flux orientation
reference for the flux controller 25. The flux controller 25 starts to control the
flux to the rotor d-axis direction. As the flux component increases in the direc-
tion of the rotor d-axis, accuracy of the first estimate increases. At the end of
the start procedure, the stator flux is rotating in synchrony and in phase with
the rotor d-axis. Due to the d-axis controlled flux, the method is robust against
errors in the L, parameter.

If both of the rotor inductance components are known, the method
may further comprise a second rotor orientation estimator. The second rotor
orientation estimator may use the stator flux components, the stator current
components, and the known other rotor inductance components as inputs. It
produces a second estimate of the rotor orientation. The second rotor orienta-
tion estimator may, for instance, calculate a d-axis oriented second rotor orien-
tation vector, using d-axis rotor inductance component L,, the stator flux com-
ponents, and the stator current components, as defined in Equation 5. The
second rotor orientation estimator may then form a second estimate directly on
the basis of the d-axis oriented second rotor orientation vector, or use an orien-
tation angle as the second estimate, for instance as defined in Equation 8.

The rotor angle is then estimated on the basis of the first estimate
and the second estimate. In a start-up situation, the controller may, for in-
stance, control the motor control means to inject a dc-voltage to the stator and
thus generate a small stator flux. The stator flux is kept constant. The rotor an-
gle at an arbitrary position is then tracked utilizing both the first and the second

rotor angle estimator.
The method and related apparatus are described above with refer-

ence to the respective functions they perform according to exemplary embodi-
ments. It is to be understood that one or more of these elements and functions
can be implemented in a hardware configuration. For example, the respective
components may comprise a computer processor configured to execute com-
puter-readable instructions (e.g. computer-readable software), a non-volatile
computer-readable recording medium, such as a memory element (e.g. ROM,
flash memory, optical memory, etc.) configured to store such computer-
readable instructions, and a volatile computer-readable recording medium (e.g.
RAM) configured to be utilized by the computer processor as working memory
while executing the computer-readable instructions. The methods and related
apparatus may also be configured to sense, generate and/or operate in accor-
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dance with analog signals, digital signals and/or a combination of digital and
analog signals to carry out their intended functions.

It will be obvious to a person skilled in the art that the inventive con-
cept can be implemented in various ways. The invention and its embodiments
are not limited to the examples described above but may vary within the scope
of the claims.
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CLAIMS

1. A method of estimating a rotor orientation of a synchronous reluc-
tance motor at a start-up, the motor comprising a stator and a rotor, wherein an
inductance of the rotor in rotor coordinates is represented by two rotor induc-
tance components: a rotor quadrature axis inductance component (L,) and a
rotor direct axis inductance component (Z,), and at least one of the rotor induc-
tance components is known, wherein the method comprises steps of:

inducing a stator flux,

determining the stator flux and a stator current,

forming a first estimate of the rotor orientation on the basis of the
stator flux, the stator current, and a known rotor inductance component,

determining the rotor orientation on the basis of the first estimate.

2. A method according to claim 1, wherein the method further com-
prises

setting a value for a stator control reference,

inducing the stator flux on the basis of the stator control reference,

updating the stator control reference so that the stator flux follows
the determined rotor orientation.

3. A method according to claim 1 or 2, wherein both of the rotor in-
ductance components are known and determining the rotor orientation com-
prises:

forming a second estimate of the rotor orientation on the basis of the
stator flux, the stator current, and the other known rotor inductance compo-
nent,

determining the rotor orientation on the basis of the first estimate
and the second estimate.

4. A method according to claim 3, wherein determining the rotor ori-
entation comprises:

determining a value for a correction parameter on the basis of a ra-
tio between the rotor inductance components, and

using the correction parameter to correct a length of an orientation
vector.

5. A method according to any one of claims 1 to 4, wherein forming
a first estimate of the rotor orientation comprises:

calculating a first rotor orientation vector from a difference between
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the stator flux and a product of a known inductance component and the stator
current, and

forming a first estimate on the basis of the first rotor orientation vec-
tor.

6. A method according to any one of claims 1 to 4, wherein forming
a first estimate of the rotor orientation comprises:

calculating a first rotor orientation vector from the difference be-
tween the stator flux and a product of a known inductance component and the
stator current, and

forming a first estimate on the basis of a ratio between an x compo-
nent and an y component of the first rotor orientation vector.

7. A method according to claim 3, wherein forming a second esti-
mate of the rotor orientation comprises:

calculating a second rotor orientation vector from a difference be-
tween the stator flux and a product of the other known inductance component
and the stator current, and

forming the second estimate on the basis of the second rotor orien-

tation vector.

8. A method according to any one of claims 1 to 7, wherein the
method comprises estimating a rotor speed of a synchronous reluctance motor
on the basis of the estimated rotor orientation.

9. A method according to claim 8, wherein the method of estimating
the rotor speed comprises steps of:

setting a value for a feedback speed term,

calculating a value for a feedback angle term by integrating the
feedback speed term,

determining an estimate for the rotor speed on the basis of a differ-
ence between the feedback angle term and the rotor angle, and

determining a new value for a feedback speed term speed on the
basis of a difference between the feedback angle term and the rotor angle.

10. An apparatus, adapted to be connected to a synchronous reluc-
tance motor, the motor comprising a stator and a rotor, wherein the apparatus
further comprises:

means for controlling a stator flux,

means for determining the stator flux and a stator current,

means for forming a first estimate of a rotor angle on the basis of a
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known rotor inductance component, the stator flux, the stator current, and
means for estimating the rotor angle on the basis of the first esti-
mate.



