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ABSTRACTThis work analyzes the use of model predictive control (MPC) for inductiotor
(IM) control and compares it with the standard form of the direct torgueé #ux control (DTFC)
strategy. These two strategies are fundamentally different in operatioa §neIPC decides
the current control action by on-line minimization of a cost function thasise available in-
verter output voltages as optimization variables, whereas (ii) DTFC dsdhtecurrent control
action based on a switching table constructed using a simplified model oMhErphasis
is given in this work to the reconfiguration of the control action after voltagec®inverter
faults. We assume that the fault can be suitably detected and isolated andehavéinter
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can be reconfigured after the specific fault to continue operation, albeitavitduced set of
achievable output vectors. Based on this reduced set of vectorgppese to reconfigure the
induction motor control algorithm by (i) providing the reduced set of iteewvectors as the
reconfigured constraint sef optimization variables for MPC or (ii) instructing DTFC to use a
reconfigured switching tablé&imulation results show that MPC with prediction horizgn= 1
considerably outperforms DTFC at a modest increment of computdtimsa Moreover, this
increment is less pronounced under fault since the number of optimizeti@bles is reduced.

RESUMECet article présente I'application de la commande prédictive (MPC) a la imaaksyn-
chrone (MA) et sa comparaison avec la forme standard du contrdletdie flux et du couple
(DTFC) de cette machine. Ces deux stratégies de commande ont umendéféondamen-
tale dans leur opération vu que (i) la commande MPC décide I'action de @lentlu courant
par voie de minimisation en temps réel d'une fonction de co(t qu'utilisevee®urs de ten-
sion de I'onduleur en tant que variables d’optimisation, tandis que (ii) laramde DTFC
décide I'action mentionnée sur la base d'une table de commutation constrajtees un mod-
ele simplifié de la MA. Dans ce travail on met I'accent sur la reconfiguratie I'actionneur
('onduleur) et de sa commande suite a I'apparition de fautes chez llemduOn suppose que
les fautes peuvent étre détectées et isolées d’'une facon convenajle,'enduleur continue
d’'étre opérationnel apres sa reconfiguration, méme avec un enesegdiuit des vecteurs de
tension. Compte tenu de cet ensemble réduit de vecteurs nous preglesmeconfigurer la loi
de commande de la machine asynchrone de deux fagons alternativesve¢iluine approche
MPC qu'utilise 'ensemble des nouveaux vecteurs comme variabletrdisation et (ii) avec
une approche DTC qu'utilise une nouvelle table de commutation adaptéeedafiguration de
I'onduleur. Des résultats de simulation montrent que la performance @gitche MPC sur-
passe celle de la commande DTFC n’ayant qu’un faible codt additiormehttul. En outre,
lors de l'utilisation de I'onduleur reconfiguré, cet incrément est pluslédncore puisque le
nombre des variables (vecteurs) d’optimisation est réduit.

KeywoRrDsmodel predictive control, controller reconfiguration, direct torque dhuck control,
induction motor, inverter faults.

MOTS-CLES commande prédictive, reconfiguration du contrdleur, contréle direcflax et du
couple, machine asynchrone, fautes onduleur.
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1. Introduction

Direct torque and flux control control (DTFC) is a vector gohtstrategy that
directly controls the stator flux magnitude and the elecgnetic torque of an in-
duction motor (IM). In this strategy, the control actiong &ahosen directly from a
so-calledswitching table The switching table (ST) is constructed taking into ac¢oun
the desired action on flux and torque (i.e., to increment atetcrement) and the po-
sition of the stator flux vector (Takahashi, Noguchi, 198@pBnbrock, 1988). The
control actions are three-phase voltages provided by agelsource inverter (VSI),
which can be represented as voltage vectors in a statioramyefof reference, the
so-called(a,b)-plane (Leonhard, 2001). Under normal (healthy) operatibere are
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eight possible vectors, depending on the switch configamafiwhere six of them are
called active vectors and two are null vectors since theglyee null line voltage. The
six active vectors are notéd, withi = 1, ..., 6, and depicted in Fig. 3(a).

The ST can be considered as a result gfrediction procedure where, using a
reduced model of an IM, we predict its behavior when diffénesitage vectors are
applied, according to the position of the stator flux. Howgtree selection of the ap-
propriate vector to apply, based on this prediction and #wrdd action on flux and
torque, follows heuristic reasoning. This suggests theipdisy to improve perfor-
mance by resorting to some type of optimization (Escaha. 2003). In this work
we thus propose to select the control actions by means of Inpoddictive control
(MPC) (Geyeret al., 2009; Bolognanet al., 2009), which minimizes an optimization
criterion (cost function) based on some model outputs ptediover a time period
(the prediction horizof using a model of the IM. Specifically, in the current paper
we utilize a cost function which weights the square of themrbetween predicted
flux magnitude and torque, and their respective desiredarées. The optimization
variables used by MPC are tif@,b}components of the stator voltage vector, taking
into account that only a finite number of voltage vectors captoduced by the VSI.

In certain implementations of IM control, where continuayeeration of the sys-
tem must be ensured, the use of a fault tolerant inverterssatde to avoid the need
for parallel redundancy. There are many different fauktaht topologies for an AC
motor drive. Here we use the switch redundant topology dised in (Welchkeet
al., 2003), (Fu, Lipo, 1993) and (Liet al,, 1993). We consider two kinds of faults
that can be handled by this topology: a short-circuit fadilbiwe switch device and
an open-circuit fault. We assume that a fault detection aoldiion algorithm detects
which component is in faulty condition and performs the 13geey actions in order
to reconfigure the inverter, refer to (Fuchs, 2003) for a eyief common faults and
diagnosis methods in VSI. After this reconfiguration pracéise inverter can generate
only four voltage vectors, according to the switch comhorat available after a fault
occurrence, instead of the eight voltage vectors obtaindgtalthy operation condi-
tions. Based on this reduced set of vectors, we propose tmfigare the induction
motor control algorithm in the following ways depending ohigh strategy, MPC or
DTFC, is employed:

— providing the reduced set of inverter vectors asrdw®nfigured constraint set
of optimization variables for MPC, or

— instructing DTFC to use @econfigured switching tableroposed in (Nacussat
al., 2011).

Simulation results show that MPC with prediction horizh= 1 considerably out-
performs DTFC at a modest increment of computational cosireldver, this incre-
ment in computional cost is less pronounced under faultesthe number of opti-
mization variables is reduced. In addition, the voltagetmescapplied by the MPC
strategy are compared with those applied by the DTFC styaegyder to analize the
switching losses in the VSI.
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The remainder of the paper is organized as follows. In Se@isome concepts
of the DTFC strategy are presented and the reconfigured DREDTFC) strategy of
(Nacusseet al,, 2011), which handles faults in the VSI, is reviewed. In 8ec8 the
MPC approach for IM control is presented and a reconfigure€@ NHeMPC) strategy
is proposed. In Section 4, some simulation results are slwwrder to demonstrate
the continuous operation of the system as well as its goodrdigiresponse. Section
5 presents conclusions and discusses future work.

2. Direct Torque and Flux Control

This section gives a brief description of the principles loé tstandard DTFC
scheme (Takahashi, Noguchi, 1986)(Depenbrock, 1988) eeskpts a reconfigured
DTFC strategy in order to maintain the system operabilitgrad fault occurrence.

2.1. Classical DTFC strategy

Flux Control Loop
Flux

Reference

—_— 0

Torque
Torque Control Loop

switches state —

Switching
Table

Inverter

Flux and
Torque
Estimator

Figure 1. Schematic of stator flux based DTFC induction mdtore with VSI.

DTFC is a vector control strategy that directly controls gtator flux magni-
tude and the electromagnetic torque of an induction motdre Strategy consists
of two control loops, associated to the stator flux magnitaié to the electromag-
netic torque, respectively. Each control loop has a hystemmparator that indicates
which control action must be performed (to increment or tordiment the magnitudes
of stator flux and torque). A switching table is constructedtsat, given the current
flux vector position and the desired control actions, ther@mpate voltage vector to
be applied to the motor can be selected. The mentioned eolacjors are a vectorial
representation of the three phase voltages provided bydiuatar (VSI) that feeds
the machine, when the IM stator windings are star conectédhanneutral is isolated.

The DTFC control strategy is based on the dynamic equatibtiseostator flux
and electromagnetic torque. The dynamics of the stator fiexov, A\, are given by
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whereV, is a voltage vector;, is the stator current vector ar, is the stator re-
sistance. The standard DTFC strategy assumes that thgealtap on the stator
resistanceR; can be neglected and hence the dynamics of the stator fluxnéye o
governed byV,. Therefore, application of a specific voltage vedtrduring a time
interval AT yields

AN = VAT, )

which shows precisely how the voltage vector affects thesfaux. The expression
of the electromagnetic torque in terms of the stator and rfair vectors is

T - n Lm
em — o
2 PoLL,

] & sin(o). ©)

wheren,, is the number of pole pairs of the induction machibgandL, are the stator
and rotor inductancd,,,, is the magnetization inductanceis the angle between rotor
and stator flux vectors and is the total leakage factor (Leonhard, 2001). The rotor
flux is known to have a dynamic response slower than that oftéter flux. Hence,
provided the time period\T" is small enough, classical DTFC assumes that the rotor
flux is constant with respect to variations in the stator flliken, if ]Af| is constant
and|)Ts| can be kept constant, it follows from 3 that the instantasesectromagnetic
torque can be controlled by modifying the anglérhus, to perform the control action,
an adequate stator voltage vector must be applied to thetiodumotor in order to
keep the stator flux magnitude constant and make the statordiate to produce a
desired angle difference

Taking the projections of the VSI voltage vectors on a ratatieference frame
with axesd andq whosed axis is aligned with the stator flux vector it is possible to
know the effect of each voltage vector on the stator flux ntaglei and the electro-
magnetic torque as given by equation (4) below [see (Bertalet al,, 1999) for its
derivation], where\ 4, is thed component of the rotor flux referred to the statg,
andiy, are thed, ¢ components of the stator current angl, is the rotational speed of
the stator flux vector with respect to the stationary refeedrame. It can be seen from
(4) that thed component of the voltage vectdry;, influences directly the stator flux
amplitude, and the component}/;, influences the torque variation, with= 0, ..., 7.
Note that the stator flux vector has onlycomponet because it is aligned with tthe
axis, hence\,, = 0 and|\gs| = [As] =: A,

ANg = AT(Vy; — Rgigs),

3 1—0 . Tem
§anAdSTAT(V:1i - Rslqs - w/\s)\s) + TSA)\S»

(4)
ATep =

The standard DTFC algorithm defines six sectors in the comfagh)-plane (sta-
tionary reference frame), where each voltage vector lsdbet sector, see Fig. 3(a),
(Depenbrock, 1988; Takahashi, Noguchi, 1986). Fig. 2 sttbeprojections of each
voltage vector on the, ¢ rotating reference frameVy,; andVy;), when thed axis
passes throught sector 1.
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According to the sector in which the stator flux vector lies éme effects of the
voltage vectors in that sector, a suitalvieltage switching tablés defined as Ta-
ble 1 (Takahashi, Noguchi, 1986). In this table, a 1 in thaucwois of stator flux
quantity or torque indicates that this magnitude needs todreased while a 0 indi-
cates that the quantity needs to be decreased. Dependiingsm desired actions, a
particular voltage vector is applied when the stator fluxteelies in each of the six
sectorsS1 to S6.

JSm e
Vi

Sector 5

Vs©001) Vs@101) 6
(@ (b)

Figure 2. (a) Sector discretization i (b) plane. (b) Sector 1 normalized Voltage
Vector Projection onto: d axis (upper), q axis (bottom). likec grey, V1; dotted
black, V2; grey, V3; black, V4; dashed black, V5; dotted @asblack, V6.

Table 1. Standard Voltage Vector Switching Table.

Tem || As || ST || S2 || S3 || S4 || S5 || S6
0 O Vol Ve || Vol Ve | Vo | V7
0 T Ve | Vol Vo] Vo V7| W
1 O |\ V|| Val| Vs Ve | Vi | Vo
1 Tl Va | Va|| Vil Vs Ve[ Wi

2.2. Reconfigured DTFC strategy

After the occurrence of an inverter fault (Welchkbal, 2003; Fu, Lipo, 1993;
Liu et al,, 1993), a reconfiguration procedure is started and a newt@v®pology
is obtained that provides only four voltage vectors; forragée Fig. 4(a) shows the
voltage vectors availables after a fault in the R leg. Theava DTFC strategy, called
reconfigured DTFC (ReDTFC) is necessary to deal with the rewofcontrol ac-
tions. A ReDTFC strategy was presented in (Yznaga Blatad., 2008) where four
sectors were defined according to the four resulting voltegtors for a fault in the
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leg of the VSI. Here we employ an improved ReDTFC, proposg@Nacusseet al,
2011), which uses a new discretization(afb) complex plane into sectors. This dis-
cretization is obtained taking the projections of the rdicpmed-VSI voltage vectors
on a rotatingdq reference frame whos¢ axis is aligned with the stator flux vector,
as shown in Fig. 3. The new sectors are defined between theddgittical lines of
Fig. 3, where the influence of each voltage vector is cleatgrdgned.

This new ReDTFC reduces the torque ripple and maintainsythardic response
achieved in (Yznaga Blancst al,, 2008). Fig. 4(a) shows the new discretization using
eight sectors and, based on them, a new ST is constructedws ghTable 2.

ola

Vi '

Ve v4f

N
\
AY
__|
1
1
- L
’
U4
’ |
H
B - v
i "\ i

(b)

Figure 3. (a) Sector discretization im (b) stationary reference frame for a fault in
leg R (b) Normalized Voltage Vector Projection onto: d axigger), q axis (bottom).
dashed grey, V1; dotted black, V2; grey, V3; black, V4.

The resulting switching table works as follows: in secto¥i’d js applied in order
to increase torqué/; is applied to decrease torque and increase fluxgnslapplied
to decrease torque and fluX, is never applied in sector 1 because it has a large mag-
nitude and the torque reduction will be too drastic. In sex® 5 and 7 the vectors
are chosen following the same reasoning as above. For sttierapplication of the
voltage vectol; produces an increase in the flux magnitude and torque; tHeapp
tion of V7 increases the flux magnitude and decreases tofduand V3 produce the
opposite effect, respectively. A similar reasoning is usedectors 4, 6 and 8.

3. MPC for Induction Motor Control

Model predictive control (MPC) is a control method that, atte sampling instant,
computes the control input to be applied at such instant byrgpan open-loop op-
timal control problem. The initial state for the optimizatiis taken to be the current
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Table 2. Reconfigured Voltage Vector Switching Table.

Tem || As || ST || S2 | S3 || S4 || S5 || S6 | S7 | S8
0 OV |VaVaVillWiVa|Va| Vs
0 LW Vi Va Vo[ Va | Vs | Vil Va
1 O Ve | Vs [ Va|[Va[Va| ViV |V
1 LV [ Va [ Va || Vs|[Va||Va| | Vi] Vh

system state, and future states are predicted over thecpoedhorizon using a model
of the system. The optimal control sequence resulting froendptimization is an
open loop strategy comprising a set of successive confpatato be applied over the
prediction horizon. However, this is converted into a fesadbostrategy by applying
only the first control action of this set and then repeatirgwiole procedure at the
next sampling instant when new measurements of the sysétes stre obtained. This
technique is known as receding-horizon control. Here we@se to use an MPC
strategy for IM control (Geyeet al, 2009; Bolognanket al, 2009; Mirandaet al,,
2009). The full state-space model of the IM can be writterodevs:

&(t) = Ac(w(t))z(t) + Beu(t), )
W = p(Araish — Arpisa) — %w _ %Tm -

With 2 = [ise is Ara )\rb}T, J is the moment of inertiaj is the dynamic vis-
COSItY, isq, isp @aNd A4, Ay are the(a,b) components of the stator current and the
rotor flux, respectivelyw is the rotor speedy = [Va V},]T, V. andV; the (a,b)
components of the applied stator voltage, and where

—y 0 af mbw A0
. 0 —v —npbBw af _ S

AC((“)) | alL,, O —a  —npw [ BC - 8 ”6‘5 ’ (7)
0 aL, npw —a 0 0

I _ R, _ 1 _ _Lm _ 1(l—0c 1 _ R
with model parameters = = = +, 8 = ;75— v = (77 + ), Ts = =,
2

—_— LTTL — Lm i i i
o =1- g%, n=mn,7, whereR, is the three-phase rotoric resistance.

Let ¢y, for £ = 0,1,... denote the sampling instants and let a subsdriph a
variable denote the value of such variable at the correspgreampling instant, e.g.,
x, = z(tx). Assuming that rotor speed is known and remains approxignedastant
between sampling instants, an exact discrete-time mod@lagnt to the continuous-
time equations (5) can be found as follows:

Trp1 = Apxy + Brug, (8)

where the matrices!; and By, are given by [see (Mirandat al., 2009)] for further
details on the online computation of these matrices)

t
Ak: — eAc(UJk)‘(tk+1_tk)7 Bk _ / k+1 eAC(wk)‘(tk+1—t)Bcdt. (9)

ty
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The electromagnetic torque and the squared magnitude sfdtw flux are calculated
at each sampling time as follows:

|A)kl? = [Car)T[Cxr],  (Tem)e = Ty (10)

where the matrice§’ and7" are given by

L 0 0 0 —-0.5
C: |:LSU 0 Tl’: LO :| T: §’]’L Lm |: 8 005 0.5 8 :| (11)
m ) .
0 Lso O g L. —0.5 0

The cost function for the MPC on-line minimization is

L=k+N

Jeost = Z {WT [Tem(tf) - TTef(tf)]Q +
l=k

W [t 2 = A2y ()] + WawAu(te) ) (12)

where N is the prediction horizons,.; and A,..; are the desired reference signals
for torque and flux magnitude, respectively, af\d equals the number of VSI leg
switchings required at each sampling time known as the ‘Hengrdistance’: if the
control action (applied voltage vector) changes fropat timet,_; to V; at timet,,
with ¢,5 € {0,...,7}, thenAu(t,) equals0, 1,2 or 3 depending on the number of
VSl leg switchings required for switching froir to V. Also in (12),W. andV, are
the torque and flux magnitude error weights, wheréas, is the VSI leg switching
weight.

To evaluate the predicted values of torque and stator fluxiihate, 7., (t¢) and
[As(te)|, for ¢ = k +1,...,k + N, the model (8)—(10) is used, where the rotor
speedu(t) is assumed to remain constant and equal(tq) = wy, over the prediction
horizon ¢, tot; n), and the input,, for every/, is constrained (in healthy operation)
to the finite set consisting of the eight voltage vectors gatee by the inverter. Thus,
there is a total oB" possible sequences of input vectors, and the same number of
predicted values for the cost function (12), of which the imimm is selected. The
minimizing sequence consists &f voltage vectors. The first vector of this sequence
is applied and a new sequence is recalculated at the nextiegrtime.

3.1. Reconfigured MPC strategy

As explained previously, there are only 4 vectors after améguration of the
VSI. Hence, it is possible to reconfigure the MPC control At using the same
cost function but constraining the input to the finite setsisting of the new, “after-
fault”, voltage vectors. Notice that in this case the numiifgpossible control input
sequences over the prediction horizon is reduced*to
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4. Simulation Results

In this section, simulation results are presented in orderompare the perfor-
mances of MPC and DTFC and their associated reconfiguratiategies, ReMPC
and ReDTFC, respectively. In particular, for the MPC sggtere consider a unity
prediction horizon for the cost function (12), namely,= 1. This is because our ex-
perience from (Nacussa al,, 2010) is that usingv = 2 does not improve the results
obtained withV = 1 and the increment of computational load is significant.

The simulations were performed using Matlab/Simulink wvilie toolbox devel-
oped in (Felicioniet al, 2002), and the power electronics components are modeled
as ideal switches. A cascaded control structure for speeiiaiés employed, adding
a Pl controller to compute the desired torque reference. stder currents and the
rotor speed are measured and the respective fluxes are testinfde induction mo-
tor chosen for simulation has the following parametefs: = 0.39923(), Ry, =
1.165Q2, J = 0.0812Nm, L, = 0.13995Hy, L, = 0.13995Hvy, L,, = 0.13421Hy,
andn, = 2. The PI parameters a8, = 7.05 and,, = 0.0282. Four sets of
weightd are chosen for the cost function (12), namél§y = [0.008 0.24 0.001],
Wy = [0.0091 0.089 0.001], W/ = [0.008 0.24 0] and W = [0.0091 0.089 0] where
Wi = [Wr i Wy Wey ] and W, = [W,; W ;0] fori = 1,2. The MPC control
strategy resulting from the use of the weighits is denoted MPCJ,, and that corre-
sponding toV/ is denoted MPC1. The switching sampling periodjs= 0.1ms.

The simulation scenario is as follows. The rotor speed esfeg is a ramp that
starts at time zero with final vali&rad/s. AttimeT = 1s aload torque; = 24Nm
is applied. Attimel” = 2s a fault in the R leg of the fault tolerant VSI occurs.

Fig. 4 shows the resulting electromagnetic torque, whichdwhieved steady state
conditions when the fault in the VSI occurs. The associatatbisflux magnitude
evolution in presence of the fault is shown in Fig. 5. The toptiom) plots of these
figures correspond to the set of weights (1/5) whereas the left (right) plots corre-
spond to the comparison DTFC versus MPC1 (DTFC versus MEPYCAnd their re-
spective reconfiguration strategies. We observe that MPA@IMPCL,, with weight
coefficientsi¥; achieve an improvement in the torque and flux ripple valugk ve-
spect to the DTFC strategy, while the same strategies wilghtveoefficientsii,
obtain a better ripple reduction in the electromagnetiquerand the flux ripple value
remains almost equal. We also observe that the reconfiguesibn, ReMPC1 and
ReMPC1,, of the controller maintain their ripple reduction pattevith respect to
ReDTFC. This behavior indicates that the proposed MPCegfies are suitable to

1. When the cost function contains only torque and flux mageitrdor terms, the weighting matrices are
chosen to balance the contribution of both error terms sineeamplitude values of these errors are very
different. When the term that weights the number of VSI switciseadded, the above criterion cannot be
maintained because the new term would dominate the contett&®i (thus preventing the reduction of

torque and flux ripple) if its contribution to the cost valsesimilar to the other terms. We therefore resolve
this tradeoff by selectingVs,, ; from experience and extensive simulation tests.
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operate under faulty conditions because it is possible totaia a comparable per-
formance without changing the controller structure.

DTFCvs MPC1 DTFCvs MPC1 w

N NN W ow
LRI

Electromagnetic Torque
N

N

Electromagnetic Torque

Figure 4. Electromagnetic torque for ReDTFC (in black), R&BA (in grey, left
plots) and ReMPCJ, (in grey, right plots). Simulation performed with; and W,
(top) and withiW} and W5 (bottom).

The voltage vectors applied during a reduced time intem@&akhown in Figure 6
as black dots. The grey solid line indicates the sector irclvkiie stator flux vector
lies at every time instant. Note that the stator flux vectes In Sector 1 during most
of the time interval shown. Also shown in these figures aréeslogersions of the elec-
tromagnetic torquer,,,, (dashed black line) and stator flux magnitude, (dashed
grey line) together with their reference signals. The tajigptorrespond to MPC1 and
the bottom plots to MPCJ,. The left (right) plots correspond to weight coefficients
Wy and W] (W, and W3). For coefficientsiV; and W] we see that the controller
applies almost the same vectors as in DTFC (i, V2 and V3), except for a few
time instants when it employlg, andV,, which are not allowed in DTFC. Fd¥; and
W the controller applies voltage vecttr to increment torque and flux during more
than half of the time interval corresponding to Sector 1 igufF¢ 6, and vectoV to
decrement both variables towards the end of that time iatefhese control actions
are responsible for the reduced torque and flux ripple. Aemesl in Fig. 2, the pro-
jection onto the d axis (top) and q axis (bottom) of the vadtagctorsl; andV, has
a magnitude smaller than that correspondingyd@ndVs. Hence,V; andV, produce
a softer control action. However, switching betwégnand V3, and betwee, and
V4, which occurs for MPC1, involves a greater number of invdeg switchings and
hence increase the associated commutation losses. Thé agositive weightil/y,,
introduces some changes in the applied control actionsrbgéneral, voltage vectors
that are not allowed in DTFC will still be applied. Whé#,, is positive, the con-
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Figure 5. Stator flux magnitude for ReDTFC (in black), ReMRi@Qrey, left plots)
and ReMPC1, (in grey, right plots). Simulation performed with] and W, (top)
and withW; and W5 (bottom).

troller discriminates between null vectdrs andV7, selecting the one which involves
the fewest inverter leg switchings with respect to the mresivoltage vector applied.

Similarly to Figure 6, the voltage vectors applied duringlfiaconditions are illus-
trated in Figure 7. In this case, all the ReMPC1 strategi@sesponding to weights
wh, Wi, W, and W3, apply voltage vectors in a similar way because the VSI can
only producel different voltage vectors, instead &f The improvement in the ripple
magnitude observed in Figure 7 when employing ReMPC1 is nosti;ndue to the
fact that ReMPC1 employs knowledge of 5 variables in ordetei@rmine the con-
trol action, as opposed to ReDTFC which employs only 2 [see @lacusset al.,
2010)]. Another observation in relation with the simulatedjue response is that
the faulty ripple amplitude is smaller than the healthy oft@s is because the magni-
tude of the reconfigured voltage vectors is smaller than tagmtude of the original
active voltage vectors: for the healthy VSI the magnitudehef voltage vectors is
%VDC whereas for the reconfigured VSI the maximum magnitude oftage vector
is %Vpc.

Table 3 shows the number of inverter leg switchings over thelg simulation
scenario, i.e.3 sec., and the RMS torque error over 1000 points (0.1 secaids)
tained from simulation tests of ReDTFC, ReMPC1 and ReMRGir both healthy
and faulty conditions . The 1000 points belong to steadyestaeration condition.
Note that the lowest error values correspond to ReMPC1 With but the number
of inverter leg switchings is the highest, whereas ReMRQ#®duces the number of
switchings considerably with almost no increase in thererro
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Figure 6. Sector 1 for healthy operation. (a) Simulationfpemed withi?’{ and ;.
(b) with W and .

Table 3. Number of inverter leg switchings and RMS torquersrr

Strategy Switching || Healthy RMSE | Faulty RMSE
ReDTFC 24501 1.8218 2.3875
W, ReMPC1 33915 1.3128 1.2606
ReMPC1,, 29048 1.3518 1.3439
W ReM PC1 38540 1.0241 1.1226
2 ReMPC1,, 33128 1.0343 1.1224

5. Conclusions

We have presented a reconfigured model predictive contatesly (ReMPC) to
reconfigure an induction motor control algorithm after fauh the VSI that feeds
the motor. The ReMPC strategy was compared with a recontigDiie=C strategy
(ReDTFC) previously proposed. The simulation results sttevachieved improve-
ment of the ReMPC strategy with respect to the ReDTFC styafidys improvement
can be explained by the fact that, in order to select the gyjate input voltage vec-
tor, the MPC strategy benefits from knowledge of all the fiatestvariables of the
IM model, whereas DTFC employs only two variables: statox find electromag-
netic torque. In addition, for prediction, MPC utilises a nm@omplete model of
the induction motor than that considered by the DTFC styat€@n the other hand,
the mentioned improvement involves a greater number of catations in the VSI.
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Figure 7. Sector 1 for faulty operation. (a) Simulation erhed withiV; and W .
(b) with W and 5.

This increment in the switching losses has been reduced lightimg the inverter
leg switchings. Future work includes the possibility to lempent the proposed MPC
strategy in ‘explicit’ form. We envisage the use of othermerin the cost function
(such as 1-norms ako-norms) to avoid quartic functions of the state and input-var
ables as is the case with the current choice of 2-norms ugbe ijpaper.
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