Open Science Index, Electrical and Computer Engineering VVol:6, No:1, 2012 publications.waset.org/6500.pdf

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering
Val:6, No:1, 2012

Steady-State Analysis and Control of Double
Feed Induction Motor

H. Sediki, [j. Ould AbdeslamT. Otman-cherif, A. Bechouche, | Mesbal

Abstract—This paper explores steady-state characteristics
grid-connected doubly fed induction motor (DFIM) éase of unity
power factor operation. Based on the synchronizedhematical
model, analytic determination of the control lawspresented and
illustrated by various figures to understand theatfof the applied
rotor voltage on the speed and the active powe©On other hand,
unlike previous works where the stator resistanes neglected, in
this work, stator resistance is included such thatequations can be
applied to small wind turbine generators which lageoming more
popular. Finally the work is crowned by integratiohthe studied
induction generator in a wind system where an dpep control is
proposed confers a remarkable simplicity of impletagon
compared to the known methods.

of Furthermore, many authors was examined the Staluifit
the DFIM by considering only the steady state mdl

In this paper, we present a detailed analysis efaberall
performance of the DFIG operating at the steadie sdad in
the case of unity power factor. Stator resistarscéen¢luded
such that the equations can be applied to smaldl winbine
generators. This research of the steady state akastics is
useful to understand the DFIM behaviors in a broade
spectrum. Especially it shows how
electromagnetic torque are affected by the injectetbr
voltage. Moreover results obtained from the statign
analysis can allow initializing electrical variablen the

Keywords—DFIM, equivalent circuit, induction machine, steadydynamic models. This study can be used as a tnaisalyze

state

|. INTRODUCTION

URING the last years the induction machine is thastm

used to produce electrical energy in wind powejqmts.
A common configuration for large wind turbines iaskd on
doubly fed induction generator (DFIG) with back back
converter between the AC grid and the rotor windinbhe
mean advantage of the DFIG is the ability of vdeaspeed
operation with only 20-30% of the generated powsaeriting to
pass through the power converter. This yield carsaidle
reduction in the converter size which translatesubstantial
system cost benefit Therefore, the power extradiiom the
wind can be optimized since the rotating speedbeachanged
proportionally to the wind speed. Many control tdgaes of
the DFIG have been proposed in the literature. Mostbased
on the transient state model of the machine andsl¢a an
adequate control of the active and reactive powkf2]. The
methods intended to the control remains complexnof
simplification are made in the transient model alw not
contribute to understand how the DFIM operates.

Useful analytical methods for the determinationstéady
state control laws have also been presented. Th&t are
usually performed using nonlinear constrained opgtion
routine [3] - [4]. Many authors show that is pos$sito drive
analytical solution from the steady state modeeimm of rotor
voltage and control angle on the whole speed rapgeation
[5]-[6]. But in the proposed approaches it is assdrthat the
mechanical loss and the stator resistance areatedle
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this generator and shed more light on the opergtionts.

This work includes appropriate way to find the timi
quantities and safety areas, according to the egpiotor
voltages and the slip, ensuring safety operation thaf
machine.

At the end, analytical expressions, derived from steady
state model, are given and which lead to an epsy loop
control of the DFIM. The proposed control doesréed any
sensors but ensure a zero reactive power.

The equivalent circuit is obtained from the coniml dq
stator and rotor equations. The steady state asati
describing the model of the DFIM are function ofretf
independent variables. These are: the speed ofigherator
which is introduced through the slip, the two rogocitation
voltages components. All the quantities are refirio the
stator voltage.

This paper is organized as follow:

- Section Il gives a methodology which leads te tised

DFIM equivalent circuit.

- Section Ill deals with the different charactéas of the

DFIM under unity power factor operation.

- Section IV defines the safety operation arezodting to
slip, rotor voltage and the acceptable maximalenittr

- Section V presents an open loop control of tdMD so
easy to implement, without any sensors and ensuniiy
power factor operation.

- The conclusion of this study is given in seatid.

Il. STEADY STATE DFIM MODELS

A. Dynamic Equations of DFIM

The DFIM consist of a wound rotor induction machine
connected to a converter. The stator is suppliethbygrid so
that the rotor's side frequency superimposed wité totor
speed result a synchronously rotating field. Onlye t
fundamental components of the voltage and curremes
considered for stator and rotor. Core losses agteated in
the general analysis.
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Using the dq referen_ce .frame, the general full order 1, = |+l (18)
dynamic model of DFIM is given by: _ a
da, By noting:
Va =Ry + =45 0 @) X, =L, (19)
d(ﬂsq Xr = Lra)s (20)
Vsq = Rslsq +?+a)s¢sd (2 xm = LmC(.)S (21)
_ dg, W = S0, (22)
Via =R 1 + dt WY, ®) Easy intermediate calculations makes possible &0 l®
dg twq equations_, one at the stator and the (_Jthehatrd)tor,
qu = erq +—q+wr% (4) which determinate the steady state operation of DR&M.

These two equations are given by:
The rotor and stator fluxes are related to theeturby:

\_/s = + X I_s+ X I_r 23
oLl L - v (R+ X )1+ X, (23)
@=Ly +Ll, (6) Ve six e B jxo, (24)
3 S S
Bs =L+ Ll () In matrix form we got:
Qq:LrIrq-l-LmIsq (8)
\75 Rs + st Jxm n
The electromagnetic torqug can be expressed according — | = s (25)
to the stator flux and rotor current by: Ve iX,, R + X T,

S S

j— Lm
re= p:(qu% | a%%) ©)  The equations (23) and (24) can be translated iivatpnt
circuit called: transformer equivalent circuit oFIM given by
The variation of the mechanical speed is given hy ¢ Fig. 1.
following differential equation:
X X Re
dQ LR U P = L
ro=3="+fQ+r, 10) o HVVi xu VYV e
B. Seady Sate Equations of DFIM B .
The steady state equations of the DFIG are obtamed |Vs Wi
cancelling the time derivatives in the dynamic diques (1) to
(4). Moreover, by replacing the different flux byelr
respective equations given according to the statat rotor * *
currents, we obtain: Fig. 1 Transformer equivalent circuit of DFIM
The equivalent circuit of Fig. 1 is rarely used tine
Va =Rlg ~Laalg - Laal, (11) Jiterature. It is preferable to adopt the equivaleincuit where
Vg =Rl +Lawly + L@l (12) all the sizes are referred to the stator. This esgntation
would be obtained by introducing on the rotor qitea# the
Vi =R 1y —Lal -Lalg (13) transformation ratio defined bya = X_/ X,
qu = Rr I rq + Lr(‘)r I rd + Lmc")r I s (14) -I;hen Vze pose:
V. =aV, : Rotor voltage referred to the stator.
The four equations (11) to (14) can be reducedvtm bne |, =7, /a : Rotor current referred to the stator.

at the rotor and another at the stator by intrauyicihe By introducing this variable changes into (23) @d) it
voltages and currents space vectuisV,,lsand | defined gives:

by: _ 3 L
VeV, + iV, (15) Ve=RIs+ X, (1s+1) (26)
Ve =V + Vg (16) Ve R X T+ X (+10) @7)
- S S
Iszlsd"'Jlsq (17)
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With:
X, =a’cX, : Leakage Reactance referred to the stator
R =a’R : Rotor resistance referred to the stator

The equations (26) and (27) can be written in tileing
matrix form:

Vi

R+ X, X T.
= | = ' ) . (28)
Vol xRk x|
IS S

Then it possible to lead to an equivalent circutick
differs from the induction machine conventionakait by the

presence of the rotor voltagé /s:

Fig. 2 Equivalent circuit of DFIG referred to thater side

C. Analytical Expressions of I'sand Tlr
To find the expressions of the stator and rotorenis, Is

andl ., according to the voltages and the slip, it wobkl
easier to apply the theorem of superposition. Thecurrent
will be the superposition of two currents and | »s which are

respectively created by the sourge with \_/Ir /snull and by
the sourca7r /s while keeping\75 null. The same procedure

will be applied to the currerFt .

1. 1sand |_'1r Computation

By shorting-circuit the rotor side sourgé, one leads to
the equivalent diagram of Fig. 3.

"{ RII‘
1 R, s = I
— ] VYL — < .
Ly Iis
Vs iXs

Fig. 3 Superposed theorem applied to the equivalerit for
Tssandl> computation
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From Fig. 3 it is easy to write:

_ Vs

T RA(IXMR s+ X,)

_ R +jsX, + jsX, v
SXZ+ (R + JX)(R + jsX, + jsX,)

l1s

(29)

T _ X (R Is+ J'X'a)l—
1r RI/S+ ]XU 1s
_ —jsX, V.
XS+ (R + JX)(R + jsX, + jsX,)

(30)

2. T2s and 1> Computation

By short-circuiting the stator side soui¢e, one leads to

the equivalent diagram of Fig. 4.
Ry

— X —_ =
Lo R AV = B
—— 1 [ <0

Fig. 4 Superposed theorem applied to the equivalerit for 125

and T computation

By using fig. 4, it can be easily deduced that:

_ Vils
C(RIs+ X))+ (R jX,)

_ (SR + jsX,) Ve
SXZ+(R+X)(R +jsX, + X)) s

(1)

|2r

— &// sz_l
-S|y

| 2s — (32)
R

— _jsxs Vi
X+ (R +X)(R +jsX, +jsX,) s

Finally the currentsl sand I_'r are given by the following
expressions:

e o (RIS SV = XV,
s —11s 2s — N T R v R
X2+ (R + X )(R + jsX,, + jsX,)

(33)

N T T _jsxs\75+(Rs+ st)\7r
le =1y +1o =

=—s . o (34)
sSXo +(R + JX)(R + jsX, + jsX,)
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3. Modified Equivalent Circuit of the DFIM via a three-phase transformer. Moreover, the cbmfahe
The equivalent diagram of Fig. 3 can be modified, tdrid side rectifier ensures a unity power factottsat the rotor

become more realistic, by giving a physical intetation for Side reactive power can be considered as null. DR&G

— . reactive powe is defined as only that passing through the
the fictitious sourc&/, /s, fictitious resistance /s and by POWERen y that passing g

reasoning on the power having to pass throughdtoe.r stator Q. =0Q

According to the equivalent circuit of Fig. 2, wanc gen o
conclude that the electromagnetic pov&rtransmitted to the i Grid | —
stator, is equal to the active power provided by \7}/5 l_m‘_ _ 4 l [
source minus the joule losses dissipated in thétidies J<} -L J <} (@
resistanceR /s: P — T

— . Q=0 pWhIrectifier ~ PWM inverter Qgen = Qs
=R VFSTr % |2 (35) Fig. 6 DFIG connected to the grid

On other hand, the electromagnetic poWgis the sum of A. Sator Reactive Power Charadteristics

The reactive powef), swapped between the stator and the

thee active poweP,, provided by the real sour&é , plus the S i )
grld is given by the following relation:

mechanical poweP,, minus the Joule losses dissipated in th
real resistanch :

Q. =Im(Vsls) (38)

P =Rel/:1, (36)

By taking the stator voltage vector s as origin of the

e = + = =
Making member to member the equality between (3) aphases we are able fo wrile =Vy + Vg =Vy =V,

(36), we lead to the following mechanical powerregsion: moreover, by substituting the curreit given by (33) the
reactive powelQ, is given by:

P —1—SR (Vr |r )_ -
Q =V..Im(Is)
It can be seen according (37) that the mechanmakp P, v (RV, +V, q XJ(SRX, +sRX,+RX ) ~(39)
is made up of two terms: the first ter(h;-s)P. /s is part of *H(RX, +RX,+R X))’ +(RR =X X,)?
the active power provided by the soule which converted (VX +SV. X, ~V X )RR —sX. X))
into mechanical power. The second terifl-s)R [1°|/s (RX, +RX, +RX)?+(RR -sX.X))?

represents the mechanical power provided from thtside.
By taking account of the losses in the resist&®ceve lead To haveQs constantly null, the following equality should be
finally to the modified equivalent circuit shownFg. 5: satisfied:

[(RV, +V X )(SRX, +SRX, +R X,) -
40
(SV,X,, + 8V, X, =V X )(RR - sX.X,)]=0 e

From (40) we deduce that if we want to operate eab z
reactive power, the rotor voltage componen'g must be

calculated accordlnlyd by the following relation:

Fig. 5 Modified equivalent circuit of the DFIM V' _(sV, X, +V X, =V X)(RR —sX.X,) _ RV, (41)
rq
I1l. CHARACTERISTICSOF THE DFIG IN THE CASE OF UNITY X (SRSX +SRX, +RX) Xs
POWERFACTOR OPERATION

The rotor of a DFIM is genera”y supp“ed by a PWM F|g 7 shows the DFIM rotor V0|tagérlq against the S|||$ as
inverter. The DC bus voltage is maintained constanian yariation inV,, . Note that the operating characteristics ensurera

adequate control of a PWM rectifier which is fedthe grid reactive power at the stator side.
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Fig. 7 Vr'q component versus slip for different value\éﬁ

Fig. 8 shows the stator current with respect to gl as

V,, increases from -0.4p.u to 0.4p.u. Note that charistics have a

line forms when |, not exceed the rated current. It is possible to
give an explanation if the resistance is made emuzéro in (44):
| :VS(XU + Xs) S—\i
N o .
RX, R
The characteristics have a constant slop
V,(X, + X,)/R X with a minor influence of thev,/R
term.

(46)

C. Rotor Current Characteristics

The rotor currenir , with the adopted Conventions, is the

difference between the magnetizing curreht, passing
throughX;and the stator current:

B. Stator Current Characteristics 1, _V.—Rly -1 = j_Rs's Vs -l =1, +jl., (47
H S S r r
By supposing the reactive power equal to zer@sults: X Xs )
With:
Q =ImNVals)=V,Im(l, - jl)=0=1,=0 (42) | = S:_SVSXJSVSXS ~Via Xs (a8)
SR X, +sR X, +R X,
It is deduced that the stator current does not hawe = RI.-V, _ R sV.X, +sV.X_ -V X, V, 49
imaginary component; the space vedter merges with the q X, - X, S&X; +sR X, +R X, Z (49)
real component, : 16 —— . . .

Is=lg =1, (43)
By using the relation given by (33) combined witte t

fundamental relation of (40) we find that the catrd s is
given by:
—_— SVSX; + SVSXS _VrldXS

I, = . .
T OSRX, +SRX +RX,

The active powePs passing through the stator is given by

the following relation:

P =Rel/s1s)=V.I, (45)

158

=
w

o
o

statar current (pu)
a

sld1 I S T A N
05 04 03 02 01 0 01 02

Slip {pu})
Fig. 8 |IS| versus slip for different value df

03 04 05
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(44)

=
'

Rotor current {pu)
= .
= '

=
o

..................

0
05 04 03 02 0Ot 0 01 02 03 04 05
Slip (pu)

Fig. 9 I; versus slip for different value c\fr'd
Fig. 9 shows the modulus of the rotor currgatrsus the slip as
V., increases from -0.4p.u to 0.4p.u. It is noted that current is

still different of zero because of the needed mtging reactive
power passing only through the rotor.

D. Electromagnetic Torque Characteristics

The electromagnetic powd?, passing through the rotor
towards the stator, across the air gap, is equéheopower
provided by the stator to the grid increased byjolées losses
in the Rs resistance. With the adopted conventions, it is
written:

P=—(R-RI)=RI;-P, (50)
_ R [ SUX, X, VX, ’ Ly VX, VX~V X,
SRX, +SRX, +R X, *SRX, +sSRX,+R X,

38 1SNI1:0000000091950263
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The electromagnetic torque is consequently given by

P 12-P
re:_(*:& (51)
QS QS
1.5
T T e e, TP RN i J e p——

U 7 NSRS : . VRIS SO W U . MRS U MO

=

=

CI:IJ apF---- Lodeodoo ook oo [IEPE, [N PR — [I. W ——

o

5

'_

o
tn

.....................

15 1 i 1 i i

45 04 03 02 01 0
Slip (pu)

Fig. 10 I, versus slip for different value c\i’rd

01 02 03 04 05

One can observe, in Fig.10, the electromagnetiquior
characteristics versus the slip as variatioivjn It is noted

that the electromagnetic torque has a line equaifiothe
torque not exceed the rated value. It is easy t@ @n
explanation ifRs is made equal to zero in (50):

VEXo+X) o, Vs
= , S+—

R’XSQS R’QS

From (52), note that electromagnetic torque vaithva

negative and constant slope:V?(X, +X,)/R X.Q,. This
justifies the characteristics given on Fig. 10.

Vi

(52)

E. Reactive and Active Rotor Powers Characteristics

The reactive powe®, provided by the rotor side inverter is
used to magnetize the machine since the statotivegmwer
Qs is imposed null. This last is given by:

*

Q =Im(v, 1) =Im(Vv, + jv;q)[—ls + j%j
, ° (53)
. V.,
:quls +X_d(vs - Rsls)
The rotor side inverter provides to the rotor ativecpower
given by:
P =Rel/1: )= R4V, + jv;q)[—lsﬂ

*

&I S _VS ]
X ) (sa)

V.
=Vl +—2(V,-RI
rds+x(s Rss)

S
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=
o

Rotor active power (pu)
=]
o (==

'
=k

0 0
Slip (pu)
Fig. 11 P versus slip for different value 0¥,

-1. i 1
05 04 03 D2 Ot

1 02 03 04 05

F.Global DFIM Active Power Characteristics

The active power of the generatBpqy was defined as
being the sum of the power exchanged with the gjdd stator
and the inverter side rotor:

Y
Poew =R+ R =(V, _Vrd)|s+7(vs_&ls) (55)

S ! A
=S i NSNS VPN I SRPUPIU U SRR I SN SO
= '
é (11 P R, __JE _______________ .
E I M il M Sl S S 1
@ ‘ D.4pu ‘ ‘ D.Epu‘ | D.Dpu‘ ‘ -0.2pu
8 D5 pe-e ) i SRR SRl Shbir ey
o : :
g 1 1
i)
& Ao a o h e ]
_1_5 : 1 : 1 : : ) Il 1
05 04 03 02 01 0 01 02 03 04 05
Slip (pu)
Fig. 12 B, versus slip for different value o¥/,

IV. SAFETY OPERATINGRANGESOF THE DFIM

To avoid the excessive heating of the machine'slings, it
should be taken care that stator and rotor curiaetbdelow or
equal to their rating values. Owing to the fack #xpression
of the stator current is simpler; we give the latiibn strategy
by acting of the stator current.

A. Limitation by the Rotor Voltage
We suppose that the machine operates at a givenve
thus calculate the voltagé, to be applied to the rotor so that

the machine stays within the acceptable limitspsration.
To answer the put question, it should be solved the
following inequality:

1SN1:0000000091950263
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. : With:
sVSX(I, + SV X, —V,4 XS <12 (56) XV, ~R1. )
SR X, +SR X +R X, Swin = =i — (62)
(XS + XO')(\/S + Rslsmax)
The Resolution of this inequality enables to fihe range s = XV, +RI,.) (63)
of V,, to apply to the rotor to avoid overloading the niaeh ax (X, + )({'T)(VS -Rl. )
It is found that:
Vrd min —Vrd —Vrd max (57) 1 ! ! ! ! T T T T !
With: 0.8 ; : : ' '
1] SO U MM SOt s o o il b

D-B!.!'!!!!

: 1 = Dd,u”‘a’df‘ :
Vrdmm-x—(s(\’ R 1) (X + X) + Ry, ) (88) 2 T Eeremoroperaion | A
L .

Vidma = 7(s(v Rlamad(X, +X,)~Rlgn) 659 Z 02 |
§ 04l j
T

oap®

-1 1 1 1 I I 1 1 1

-1 08 06 04 02 0 02 04 06 08 1
Wrd (pu}

Fig. 14 Slip limits with regard to the rotor voliag

Fig. 14 shows that the acceptable operating aréeliimited
by two lines: one corresponding to the maximumssky,,

Rotar voltage Wrd {pu)

not to exceed for a given voltayg,,,,. And the other line
corresponds to the points of minimal sligs, of which one

Y] RN N S NS N B S SR S should not go down.
05 04 03 02 01 0 01 02 03 04 05

Slip {pu) V. OPENLOOPCONTROL OF THE DFIM

Fig. 13 Rotor voltage limits with regard to thepsli . .
g g g @ In this section we propose an open loop controlthef

Fig.13 shows the acceptable operating range oD/ DFIM. The control has as a main aim to answer thiewing
question: which is the value of the voltage to ppliad to the

according to voltagev, and the slip s. This range area 'Srotor if we want to operate under a known appliedte and

delimited by two lines: one corresponds to the mmexh 5 desired mechanical speed? Moreover, the additiona
voltage V. not to exceed and which coincides withconstraint to operate under a null reactive powerstnbe
generator operation. The other line delimits thenimal verified. This open loop control doesn’t requirey @@nsor as

voltage V., from which one should not go down andn the case of other known controls. .
corresponds to motor operation. To check the validity of the proposed control, nuced

. . . . simulation results are given where the controlpglizd to the
The safety operating range is subdivided into tadgpby a d ic d del of the DFIM. Constraint h th
line corresponding to a null value of the statorent which ynamic dq model ot the - Lonstrain's such ‘as the

admits as equation: current limitation and me_chamcal frictions will baken into
account to supplement this study.

L V(X + X)) A. Control Voltage Computation
Vigo = X S (60) Desired operating points can be imposed to the mach
s according to the rotor applied voltage. While phacin the
B. Limitation by the Sip case of the wind power system, to have an MPTT atjoer,

The safety operating area of the DFIM can alsodfined ~the desired speed of the DFIG can be given by teasored

by acting on the slijs instead of the voltage, . By solving wind speed. The applied torque can be known froe th
. L - mechanical power available on the turbine shaft.
the inequality given by (60) it is found:

To find the voltage to be applied to the rotor, preceed in
two steps: to calculate initially the stator cutréaccording
Sin = S Sjax (61) to the applied torque then we calculate the voliageording
to the slip ands.

International Scholarly and Scientific Research & Innovation 6(1) 2012 40 1SN1:0000000091950263
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The electromagnetic torque equation is first wnitaes:

To find the value ofl corresponding to each valuelqf,,

we solve the second order equation (64) and we tieatie
following results:

:ziws—\/vsweczs&)
———(\/ + V2 +4r QR)

The second solutiorl,,, given by (66) is to be rejected

_R-RIZ_ V-

World Academy of Science, Engineering and Technology

RIS

S

since it gives only negative values.

Knowing the value of thés current, given by the equation
(65), it is possible to deduce from (44) the vodtalp be
applied to the rotor according the desired meclzdsioeed:

Vig =~

X + X
S a I
—Xs (Rl

Q

S

_VS)S_ Rls

By introducing the mechanical spe@d

Vv

Obtaining the supply rotor voltage and the steaafescontrol
can be summarized by the following diagram:

g

_ X +X,

QX

rs - Mo (Fgl

S

~VI(Q, -Q)-RIy

_os )

Ve

a,b,c

d.q

»
>

Vs

»
—p

Relation (58)

Y

Relation (60)

Vrg

y

A
I'm

Wind

—

turbine

Fig. 15 Steady state control of the DFIM assurimykreactive
power and without any sensors
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Relation (40)

Dynamic
dg model
of the
DFIM
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B. Smulation and Results

A numeric simulation was carried out using MATLAB-
Simulink software under the following conditionshet
machine being at a standstill (s=1), then we waiat the
DFIM start up and operates as generator and in sub-
synchronous range. The applied torque is of 15 WAt the
desired slip is 0.3. The machine is connected ¢ogtiid; it is
supplied with 220/380V balanced three-phase system
50Hz of frequency. To avoid overflow of the curienat the
time of starting up, the reference slip is applg@dually
using a weak negative slope. Remembered the prdpose
control ensures a null stator reactive power.

The simulation results shown at the Fig. 16 to 18
demonstrate that the desired operating point i$ el&hined
and the reactive power is equal to zero. The prgpa®ntrol
is then validated.
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Fig. 16 Simulated reference speed and DFIM speed
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VI. CONCLUSION

In this work, it have been established the steadyes
characteristics of a DFIM under unity power facbqeration.
Driven from the forth synchronized model, it is giv the
relation between the rotor voltage components @mgar zero
reactive power at the stator. This assumption ldadsery
interesting analytical expression of the electronagig torque,
the speed and the other sizes, permitting to utateisthe
DFIM behaviors and to define the safety operatimgaa
Moreover, the analytical expressions lead to a usresting
and easy open loop control of the DFIM without @eynsors.
The simplicity holds promise of greater reliability

TABLE |
STUDIED DFIM CARACTERISTICS

Nominal power R 3Kw
Nominal supply voltaga/Y 220V/380V
Stator rated curremt/Y 11A/6.3A
Nominal speed 1415 rpm
Stator resistancR. 1.5Q
Stator cyclic inductanck; 260mH
Leakage coefficient 0.0872
Rotor constanT, 0.09¢
Rotor resistancB: 0.7Q
Transformation rati@=Lg/Lm 2.02
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