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ABSTRACT: This paper aims to enhance the resilience of Brushless Doubly-Fed Induction Generator (BDFIG)-based
wind turbines against grid voltage unbalance using a Model Predictive Controller (MPC) and a Multilevel Inverter (MLI).
Grid voltage unbalance can destabilize wind turbines, increasing system stress and potential grid instability. The MPC
algorithm enables real-time monitoring and control adjustments based on predicted system behavior, mitigating these effects.
The MLI improves voltage regulation and reduces harmonics by providing higher voltage levels and lower switching
frequencies compared to traditional inverters. Through detailed modeling and coordinated control design, this paper seeks to
boost the robustness and reliability of BDFIG-based wind turbines, ensuring stable operation under varying grid conditions
and enhancing grid stability.
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NOMENCLATURE:
Vp, Ve voltage vectors of power windings (PW)and d,q Synchronous d-g axis.
trol windi CW).
control windings (CW) DT, C PW, RW and CW.
I, I, I, Current vectors of PW, CW, and rotor. +, — Positive, negative sequence components.
Wp, We, W Flux vectors of PW, CW and rotor.
) LINTRODUCTION:
Wp, Oc Electrical angular frequency of PW and The brushless Double-fed Ignition Generator (BDFIG) is an
) CW. apparatus that gaining attention as a superior alternative to
Or, @, Mechanical angle, angular frequency traditional slip-ring doubly-fed induction generators (DFIGs).
of rotor. BDFIGs are more reliable and require less lack of brush and
. sliding rings, which requires more maintenance. More features
Pes Pe Pole pairs of PW and CW. include improved low voltage ride-through and smaller
Ve, I, Grid voltage and current vectors of GSC. mechanical gears. (LYRT) capabilities, making the.m ideal fqr
Vie DC link Voltage. rgrnpte or offshore wind energy systems where maintenance is
. . difficult and costly.
Liotal Total output current of wind turbine
system. . ) Despite previous research on BDFIGs under balanced
Pp, Op output active and reactive power of PW. grid conditions, real-world voltage imbalances from
Py, O, output active and reactive power of GSC. asymmetrical loads or faults pose significant challenges. These
Pew Q Total output active and reactive power imbalances can cause severe current issues, power oscillations,
total Rtotal P . ; P and system instability. To address this, grid codes now mandate
of BDFIG-based wind turbine system. . . . .
. wind turbines to handle voltage unbalances without tripping.
I, Electromagnetic torq}le (_)f BDIFG. This study focuses on improving control strategies for grid-
Rp, R, R PW, CW, and rotor windings (RW) connected BDFIG systems under such conditions, proposing a
_ resistance. coordinated control strategy between both the grid-side
Ly, L, L Self—mclluctance of PW, CW, and RW. converter and the machine-side conversion (MSC) (GSC). This
LyrLer Mutual inductance between stator new strategy aims to enhance system stability and performance,
and rotor. meeting grid requirements under unbalanced conditions.
Re L, Resistance, inductance of GSC filter.
Op, Og Vector angle of PW flux and grid voltage. BDFIG
Superscripts
+, - Positive, negative (dg) reference
frame.
* Reference value for controller.
— Conjugate complex. ics
Subscripts FIGURE 1. Configuration of BDFIG- based wind turbine system.
% By PW stationary a-f axis. The wind power system known as BDFIG. control is
) RW a8 axis enhanced to handle grid imbalances better. It eliminates
G Pr * ’ torque oscillations and allows choosing between three
e, e CW o-f axis. objectives: balanced output current, stable output active

power, or reactive power. Simplified single current loop
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controllers for MSC and GSC improve robustness and
decouple control of active and reactive power, enhancing
dynamic response. A fast sequence decomposition approach
further refines control. The paper covers system
configuration, mathematical modeling, coordinated control
methods, and case studies for a 2MW turbine.

I1. BDFIG-based wind turbine configuration
and fundamental operating principles.

The BDFIG turbine system is composed of the
following components: a choke inductor, coupling
transformer, gearbox, BDFIG, and a back-to-back
converter with MSC and GSC.. The BDFIG has rotor
windings (RW) in addition to two stator windings,
output the windings (PW) along with control windings
(CW).

To ¥ >
Power
grid

@,
0

Br

FIGURE 3The equivalent BDFIG circuit in the PW reference frame.
and the rotor control windings (RCW), which are connected to PW
and CW, respectively, through a magnetic coupling.

Figure 1 shows PW directly With a DC link, CW is
stimulated by MSC and GSC, but it is linked to the
power grid. Figure 2 illustrates BDFIG's air-gap
magnetic fields, with fluxes rotating at specific speeds.
The synchronous

condition is met with mp is equal to wpr + ppor, while
wc is equal to wcr + pcwr. opr = —ocr, which results in
op because RPW and RCW are in an inverse phase
sequence. as shown.

wp = —wc + (pp + pc) wr (1)

To keep wp constant, wc must change directly with or.
At oc = 0, the rotor spins at the synchronous speed of
nature ®N.

wn = wp/(pp + pc)  (2)

III. BDFIG turbine system modelling with
unbalanced grid voltage.

(A). The grid voltage imbalance vectors model for
BDFIG (MSC).

The dynamic vector model of a BDFIG in the dq
reference frame, rotating at angular speed wp, is
derived from its equivalent circuit diagram shown in
Fig. 3.

Vo = Rolp + pp + jwpip (3)

FIGURE 4. Relationships between the (apfp), (agBg), (ar fr), (acpc) and
the (dq) + and (dq) — reference frames.

Vi =R/ +pyr +joprypr(5)
Wp= Lplp+Lprlr (6)
We=Lcle-Lerrlr @)
we=Lrl r+Lprip-Lerlc  (8)

In this context, frequencies and inductances of primary (PW),
rotor (RW), and control (CW) windings are related through
specific equations. Magnetizing inductances are denoted by
Lpm, Lrm1, Lrm2, and Lcm, while leakage inductances are Lpo,
Lro, and Lco.

the vector F transformations between several reference

frames, including voltage, current, and flux, can be derived
as

FZ,q,, = Fa,,ﬁ,,c’*prl F‘Z,([P — Fa,,ﬁ,,(’iw”’ ©)
e = Fipa® Figgy = Py ()
J;l/,, = Fa,ﬂ’,e_j‘l)[’r’ F(;,(/,, = Fu,p, leprt )

F‘;:(,,, = Fu‘.ﬁ,e*ftu(.: F(Z,q,, _ Fa‘.ﬁ‘.cjw"' (12)

TABLE 1.Frequencies of PW, RW and CW quantities.

PW RW CwW
frequency frequency frequency
Positive Wp Qpr Q.
component
Negative -Qp -2C0p+ Wpr -2Qp+
component e

sequence component and can be expressed as [15]

ot —iwnt

Fal)ﬁp . F(Xlaﬁp+ + FOIl)ﬁp—= m+elw/1 + fm—e P (13)
+ + . —j2wp

qu=F(Iq++th—ejw,t

Fth = Fd{ == Fj;/—}-elzwpt (14)

According to (14), in the (dpgp)+ or (dpgp)— reference frame,
the vector F includes both steady-state and double-frequency
oscillating terms. This implies that negative sequence
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components in unbalanced grid voltage cause authority,
acceleration, and DC link fluctuations in voltage at substantial
double frequencies.

V;Ifq = Ryl +P‘ff,1_:q Fiop Vg, (15a)
Ve = Rl +p¥ g, +iwebly, (15b)

0 = RIS, + ply, +jwprtr (15¢)
;&:Lq = Lol + Lol (15d)
Vot = Lelogy — Lerly, (15e)
w;q = L,:,gq + Lprd g, — Lerl g, (156)

RW power can be calculated as follows from (15d):

-+
‘-'!'p( dey Ly o

o= ;
ey Llr:-r Llr:-r ped

C16)

What happens when you substitute (16) for (15e) and

(156)?
+ L, +
i'bﬂ'!gl = L_ _;-)tfg — Ly ndg — L‘"“!L_':Fq (7
pr
v _ggr L v Lelp,y
wn'd'q - L"chq E”E’pdq + Lpr fpdq (18)

By substituting (16) and (17) into (15¢), RW voltage
equation can be expressed as

Vi =R.I}

cdg cdg + O'L(p‘!j_ + K:c:’q (20)

“dg
The leakage factor is 6 = 1 — L2crLp/ (Lpr LM Lc),
and K+cdq includes all d and q axes disturbances and

cross-coupling variables.

2 2
L2, wclel, RLjLer

K = (jwele — Y PeZerfp _
atg = Uewele =J=p oy M eag + U7 I2Lu
_j@erkerly ek | Rrlple

Lp- P Lpr LprLas
WprLerLply
+ Sy @20
LI%,—L.M pdg
i L Lar
+ e T + M oa
I(. dg LprLer wpdq L., }pdq 22)

You can compute the PW apparent Sp under grid
voltage imbalance using the formulas [15], [16].

. 3 =
Sp =P, +j0p = _E‘ﬁ:f‘fﬂj‘_@ (23)

Combining equations (14), (22), and (23) separates
power into oscillating and average components, both
reactive and active.

Py = Ppy + Ppg sin 2awpt + Ppeacos2wpt

Q,’J = Qpﬂ + st?, sin 20pr + Q;;LQCOSQ.LUPI (24)

Where PpO, Qp0O, Pps2, Ppc2, Qps2, and Qpc2
represent the oscillating and average parts of reactive
and active power.

qu] VFII‘ VFIH' VP‘EF* VP;__
Qpo Voot ~Voar Voa— V-
Fpoa | _ _ 3L, Vig— ~Vpa- _Vr;:Jr Vipa+
Ppc2 2UnLpr | Vg Vg V;:H V:;:"*'
Ops2 Vi Vg Voie Vi
Cpe2 Vogr ~Voa— Voar ~Vpir

(Vs

Vige | s

Y — 2Ly

LYy

P+ pd+ " pg— pd—| | ed+

VP;— 7V;;f— 7VP-:‘+ VJ’;f‘F ‘U;‘F (25)

Voo Voo Y Ve ||l |

~Vod— Vg~ V;I!’— v:‘;:r— cq-

VP_&F V;;I— Vp;Jr _v.ritf-

The electromagnetic force of BDFIG under unbalanced grid
voltage is represented as [16].

3. (4 3 _
Tem = 2Ppim (wﬂdqu:fq) + gPeim (%‘;{Eq) (26)
Using (14) and substituting (18) and (22) into (26) yield

5 . ot 3 FRE-NE
Tom = Ei)p*m (wbd:r[ﬁdq) + EP(-UH (Vt'(dq[cdq)
3 Ly R, 3 L(TLPL, L
= —ppri I ) 2pe _ L
™ (Fratl) + 37 Lyl L,

. 4 4 .
X im (‘/’;)dq](-dq) = Tom0 + Tems2 sin 2apt

+ Teme2 cOS 269;)" (27)

where Tem0, Tems2, and Temc2 represent the average torque
and oscillating torque components' amplitudes of
electromagnetic torque.

+
+ o+ - - I
Temo —%f'pq+ %H _wﬂ&,_ wpa‘_ [LiH_
- - + g+
Toms2 | = Afem ‘J’P — Pg— _,;,Pd+ ¥+ I—]
- - + + cd—
Teme2 _'ﬁfrpq, %ff;,d_ T ¥pg+ W;,H [L:j'—
(28)
3 (peLerLpl Ler  PpLe
Arem = 5 ( Bopemr  Peter Prer 29
2 LyvLy, Ly Lyt

= @—- Eo

FIGURE 5. Equivalent circuit of a GSC in dq reference frame.
(B). The grid voltage imbalance vectors model of gsc:

Figure 5 presents the GSC's equivalent circuit in the dq
reference frame, modeled with an angular speed of wp, as
per [18].

Ve = Roly + Loply + jopLoly + Ve (30)
dVy,
CT'VJL':P!{.D_Pf' (31)
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Given Fig. 4, Both positive and negative sequencing
elements in the (dgqg)+ or (dgqg)- frames of reference
can be used to characterise vector F under grid voltage
imbalance.

+ — Ft - 2t
Fg&’q Fl:df.r* + Fl:-'-fq'— €
- _ - + 2t
ngq - Fl;dq— + quq-—'— e ’ (32)

GSC power in the (dgqg)+ frames is obtained under a
grid voltage imbalance by replacing (32) into (30).

= Rg.r;;q + Lkp.f;}‘r + jepLel g, + V;;w (33)
Likewise, under grid voltage unbalance, the input
apparent power Sg of GSC can be calculated as

) 3 =
Sy = Py +jQg = —Ev;,qg,q (34)

Using equation (32), substituting variations in voltage
and current into (34), separates average and oscillating
active/reactive power components.

Py = Py + Pysasin2awpt + Pgea cos 2apt
Qg = Qg + Qgasin2wpt + Qpacos2wpt  (35)

These terms represent average and oscillating parts of
Power system analysis of both reactive and active
power components.

-t + - - -
Pe(] VgLH' vch' ng - ng_

‘ vh —vi v —vo |t
Os0 AR L e ol B
PgsZ _ _3 vg_q— _Vfd— _qu+ Va[_H- ],f;‘_c,(+
Peer 2| Ve V- Vgﬁ+ Vﬁﬁ Loa-
33‘2 Vi ~Veg- ng+ ngr Lo

2 = -
ges L Veo- ~Veao Vegr —Veasr
(36)

IV. Present standard deviations for msc and
gsc have been calculated, together with a
coordinated control approach and control
objectives..

(A) machine side controller:

+ boab oy o ot
Vpdq+ = Vpd+ +) qul+ = Vp:!+ Njwﬂwpdfﬁ
V,r;.fq— = V,r;f— +J'VP_Q‘— ~ _jwf’wj;fq— (37)

+
o Uy Vpd+P ;(]
cd+ s i
Lo (VAL 4Vl + V)
+ +

I Uy Vpd+Q:)(l B Lrvpd+
at =~ ¥ w1\ Lelew

3LLT (Vpd+ = V;x!— - qu—) Pl (38)
I = VP!’—I-H L Vl’;— 1:)—*
cd— V+ cd+ v g+

pd+ P_LH'
-t = vPi[Jr - Vi’iﬁ*
og- = V+ cd+ v+ oq+

pd+ pd+

(B) gride side controller:

Ip_m‘j_ +Ig_ntﬁ— = ]J;Jq_e‘lwhl +I{2—Lh!_e—}w;,I — (J (39)

_p* - -
g;H VPLLH VELH
1= ;—j" - V"%Ii;,_ + v’%[,;q_ (40)
od+ gd+ gd+
i = -
Iyl = =1

According to equations (24) and (35), the total amount of
active power (Ptotal) for Objective II, as shown in Fig. 1, is
the product of the active power output from the BDFIG PW
plus the GSC.

Proat = (Ppo + Pgo) + (Pps2 +ng~z) sin 2ewpt
+ (Ppe2 + Pye2) cos 2wyt (41)

I+* -2 (V;[Jr‘o;() ik V;[,de + Vg;._ijZ)
sd+ = +2 —2 =5
3 (ng+ - ng— - V.E".'—)
2 (Ve4Q30 = ViaPr + Veg—P2)
2+ = +2 -2 -2
3 (ng+ + ng— ng_) “3)
—% 2P]—"—'2 _ Vﬁ?_‘[* T - VSZ‘* I+-:_
gd— = Fp+ T gd+ + ‘zq
: 3vgd+ Vg(H» ngur
— 2Pp-r2 = Vﬁq— +¥ gd— I
eq— + + Tgd+ + “aq+
Weir  Vaar ¥ Vs

Objective III states that in Figure 1, the total reactive power
\(Q-{\text{total}} \) is the sum of \(Q_p \) and \( Q_g ). To
prevent oscillations in PW reactive power and BDFIG
electromagnetic torque, \(Q_{ps2} =0\) and (Q_{pc2} =0
\), are both controlled. In order to remove oscillations in the
overall reactive power output, it is also necessary to satisfy
\(Q_{gs2} =0\) and \(Q_{gc2} = 0\). Therefore, according
to equation (36),
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Controlled object(MSC)
(‘:fl#

I, o WV Vit K1 L
A +— e —
() ‘f AT Y {Vr;?_i[l ]‘) "R +als h‘, >

cdg Mq-}

Controlled object(GSC)

| K.
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g ARy g+
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= 1‘ m | gilg—

Figure 6. Present controllers in the reference frames (dq) + and (dq)
—. (A) Current Controller for MSC. Current controller for GSC (b).
One can determine the necessary references for GSC currents as

2ng+Pg(]
g(H» e >
3 (ng+ + V ng*)
e 2V3«-’+Q20
8a+ — +2 -2 )
3 (VezH— Ved— V 7) (44)
I = ng—_ o ng_ I+
gd— = 4+ gd+ +  Teg+
ng+ ng+
[—* _ V 2q— T!* _ Ve gd— qx
eq— = 4+ gd+ + ‘za+
Vg—;!Jr vgnH»

For coordinated control, MSC and GSC must follow
their reference currents for both positive and negative
sequences.

1) MSC (BDFIG) current controller First, calculate \(
**_{ed+} V), \( IM*_{cq+} V), \( IM*_{cd-} V), and \(
I**_{cq-} V) from \( PA*_{p0} V), \( Q**_{pO} \), and
equation (38). Then design the current controller using
equations (14) and (20).

VII:-%— ( r.dq+ .'.dq+) + }‘"/ (I:I;-%— cdq+) +K cdq+
(49)
v;f:— - ( u."(; ujq ) + k"[( cdg— 1(;(]—) + K(:iq—
(46)

V-H: e][f?,;—(p,rl-p[)fhl+VL;,:_E—jlﬁp—(pP-i-p[Jﬁ,J 47)

Lm‘ﬁ

2) Current controller for GSC. Based on equations P
* g0, Q * g0, (40), (43), and (44), the variables I +*
gd+, [ +* gq+, I —* gd—, and I —* gq— can be found.
Using (32) and (33), GSC current controllers for
(dgqg) + and (dgqg) — reference frames are designed
with decoupling and feedback control.

Vo = — [ p2 U — 1) + ki f Uiy — Lo ):I
+K g (48)
Vot = — &, I
apg— = — | o2 Ugag— — Toag ) +kiz | Ugiq —Togy )
+ng1q— (49)
+ oyt . +
Kgdql - ngql +JwPL3[edql (50)
Kgdq— ngq prL [qu—

The General Services Commission current control
diagram is shown in Fig. 6(b) based on equations (48)

and (49). In the (agfg) citation frame, the total GSC
control voltage combines outputs from positive and
negative sequence current controllers, as shown in
Fig. 4.

V*

e 16,
gpop = epdq+ej Vg€ e GDh

To successfully regulate the good and negative sequence, use
the MSC and GSC control designs shown above..

V. Proposed Predictive Control Models

Chemical plants and other businesses use Model Predictive
Control (MPC), an advanced control technique. power
systems. Unlike PID and LQR controllers, MPC optimizes
current actions while considering future impacts. It uses
dynamic models, typically linear and empirical, to predict
future events and adjust controls accordingly. MPC operates
over a set time-horizon, applying only the immediate action,
and is usually implemented digitally, though faster analog
versions are being explored.

e Principles of MPC:

The multivariable control algorithm known as Model
Predictive Control (MPC) makes use of:

ean internal dynamic process model

ean optimisation cost function J across the fading
prediction horizon, and a history of previous control
actions,

to determine the best control movements. Here is an
illustration of an irregular cost function for optimisation::

3= w,Au?

Aty
J = ZIU_T;(?}' —_ Ii)g

Without violating constraints (low/high limits) With:
T; =i -th controlled variable (e.g. measured temperature)
T = i -th reference variable (e.g. required temperature)

L = i -th manipulated variable (e.g. control valve)

Wz; = weighting coefficient reflecting the relative
importance of <L'i

Wy, = weighting coefficient penalizing relative big changes

¢ Robust MPC:

e Min-max MPC optimizes against all potential
disturbances, offering robust control but at high cost of
calculation.

e Strict Restrictions State limitations are expanded by
MPC. to ensure a feasible trajectory despite
disturbances.

e Tube MPC uses a model and feedback control to keep
the actual state close to the desired state, maintaining a
safe distance determined using the sturdy positive
invariant (RPI) set.

e A situation-tree is used in multi-stage MPC. to handle
uncertainties, adapting decisions at each stage based on
new data. It's efficient but becomes impractically large
with more uncertainties and longer prediction horizons.
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e Multilevel inverter

Multilevel converters, pioneered in 1975, initially used
a three-level design and have since evolved with
various topologies. They employ multiple lower
voltage DC sources, like capacitors or batteries, to
create higher power outputs by combining these
sources through power switches. Each switch's voltage
rating matches its connected DC source. This allows
for efficient power conversion using staircase voltage
waveforms.

Multilevel inverters come in a few varieties.

(a)Cascaded H Bridge Inverters
(b)Diode Clamped Inverters

(c)Flying Capacitor Inverters

(a) multi-level cascading H bridge Inverters:
Multiple independent DC sources (SDCS) are used by
an inverter seen in Figure (a) to generate AC output. A
a single-phase full-bridge or the H-bridge inverter
receives connections from each source. By alternating
permutations of four switch (S1, S2, S3, S4), these
inverters can provide three outputs: +Vdc, O0Vdc, and
—Vdc. Switch S1 and S4 are used for +Vdc, for
instance, whereas —Vdc
uses S2 and S3. When all switches are off, the output
is 0. Multiple Inverter levels have a series connection.
to synthesize a complex waveform, like the one shown
in Figure (b). Using m = 2s+1, where s is the amount
of DC sources, one may calculate that amount of
output voltage levels, m.

][(w)=%[ctm{n0|)+ cus{ﬁﬂﬂh..ﬂus[jnﬂj ]], wheren=1,3.5,7, .

@

Yarem-1 //:/+

s .
7!-4—’ “L‘—I’
L i&‘: Va-n
1 2 = =
o
32
1 W\, A
Sr : ~
v < Vas
=T P5 L
52 o, =0 ¥ PS5
A £ Vas
il Pa : y
o, =0, T Ba 1
1 ¢« Vasz
il P3 ' n
1o, v, =0, | P3 b
l———5==—1|, 1
o, 5 =0, B2
< Var
1 P n y
o, 70, [=&]

Fig:7(b). Output phase voltage waveform of an 11-level cascade
inverter with 5 separate dc sources.

Conducting angles 1, 2, 3 are selected to minimize
voltage distortion by eliminating lower frequency
harmonics: 5th, 7th, 11th,

VI. Multiple-level inverter control and modulation
methods:
Segmentation of Signal Processing Techniques:

Modulation
Techniques
Fundamental High Switching
Switching Frequency Frequency PWM
IJ l l Selective l
Space Selective Space Harmonic Sinusoidal
Vector Harmonic Vector Flimination PWM
Control Elimination PWM PWM

VI(a). Classifications of Multilevel Modulation
Methods:

In industrial applications, high-frequency Sinusoidal
PWM (SPWM) with phase-shifting is  widely used.
Selective harmonic elimination, multilevel space vector
PWM, and multilevel carrier-based PWM are the three
primary multilevel modulation techniques., extending
traditional two-level strategies.

VI(b). Multilevel SPWM

Multilevel SPWM uses various carriers, and several methods
reduce distortion in multilevel inverters using triangular
wave-based SPWM.

3

A

A

Control Signals

- i bl A
e 0002 0004 0006 G008 001 0012 00l 001§ GOls
Time(sec)

(a)

_HHH\[NH

uuuuuuuuuuuuuuuu

(b)

Fig:8. Control and carrier signals are part of multi-carrier control;
output voltage is part of it.

By employing a single reference signal in comparison to
carriers, the Multilevel SPWM technique expands upon the
bi-level SPWM.. The converter cell produces positive voltage
when the reference is greater and negative voltage when it is
not. Using three series cells in each phase of a seven-level
inverter, minimal distortion occurs with carriers shifted by
120°.
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Diagram 9. Output Voltages Including Carriers Phase
shift: 0°, 90°, and 120° are the possible values.
VI (C). Space Vector Modulation (SVM):
The SVM method is adaptable for multilevel
inverters, illustrated by Vector diagrams in space for
inverters with three, four, and seven levels.
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Figure:10 Space Vector Diagram (a)Three-Level; (b) Five-Level

VI.CASE STUDIES

Case studies are completed in Matlab-Simulink for a 2
Megawatt BDFIG-based turbine system. Table 2 lists
the BDFIG parameters.. A transition between the Scm
and GSC occurs at 2.55 kHz, and the General Services
Commission cutoff Lg is 0.16 mH. By employing the
voltage unbalance factor, voltage imbalance may be

calculated.

£ =25 100%  (52)
Vg+

TABLE 2. Parameters of 2WM BDFIG system.

Rated power 2MW

RatedPW voltage 690v

Rated PWfrequency| 50HZ

Rp,R¢,Rr (Q) 0.0012,0.0072,0.0
010

Lp,Le,Ler (MH) 3.1000,6.8890,19.
050

Lor Ler (MH) 6.6560,4.8940

Pp,,Pc 2,2

where Vgand V.. symbolise, respectively, the grid of
the power vector's both positive and negative
sequencing components.

Vg-:(Vga+02ng+UVgc)/3, Vg+=( Vga+anb+02Vgc) /3, 01/2j 3/2,
Vea, Vb and Vg represent three phase grid voltage vector.

H S

(b)

FIGURE:11. Simulation Figure showing the suggested MPC coordinated
control for MSC and GSC in the BDFIG generation system.
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VIII.COMPARISON OF SIMULATION RESULTS:

L.CASE:

Fast Sequence decomposition algorithm.

PI controller results:

1671-1793) Volume 34 ISSUE 7 2024

MPC controller results:
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FIGURE:12. fast Sequence decomposing procedure. (a) Vgabc (p.u.) grid voltage. (b) Particle U-shaped component of positive sequence in the of reference
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II.CASE: Waveforms under 10% the electrical grid imbalance with three configurable control targets and the

removal of torque oscillations.

PI controller results: MPC controller results:
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III.CASE: Waveforms with two control modes under " Grid voltage of D 10%.

PI controller results: MPC controller results:
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XI.CONCLUSION:

This work presents a method for sensorless induction motor management that reduces torque ripple and extracts dc signals
from dc current injections in the low-speed range. The analysis started with the flux ripple in the second harmonic current
injection and arbitrary dc. The present reference, which eliminates torque fluctuation, is computed based on the study.. An
averaging filter based on angle has been developed for the collection of DC current and voltage data. Basic flux rotor
orientation is applied in the suggested solution to overcome the synchronous speed perturbation issue.. Simulation and
simulation results verify the applicability of the proposed strategy. The suggested technique allows for an accurate estimation
of the stator opposition, which is the most important parameter for the torque accuracy and stability of sensorless management

of the Rechargeable Doubly-Fed Initiation Generators (BDFIG) at low speeds.
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