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Abstract—This paper presents a robust control strategy for
multimachine systems (MMSs) composed of two five-phase
permanent magnet synchronous motors (5Ph-PMSMs)
connected in series through their stator windings. A single five-
phase inverter can drive both machines while ensuring
independent regulation using a phase transposition scheme.
Conventional vector control with proportional-integral (Pl)
regulators is sensitive to parameter variations, whereas
classical sliding mode control (SMC) suffers from chattering,
transient errors, and reduced robustness. To address these
issues, an advanced method based on third-order sliding mode
control (TOSMC) is proposed for speed and current
regulation. The approach was tested in MATLAB/Simulink,
showing clear improvements. For 5Ph-PMSML1, the response
time decreased by 45.29 % compared to MMS-SMC and
84.16 % compared to the Pl-based control; for 5Ph-PMSM2,
the reductions were 32.25 % and 81.73 %, respectively. Torque
ripple was also reduced, reaching 9 % and 75.40 % for 5Ph-
PMSM1, and 9.3 % and 76.03 % for 5Ph-PMSM2, relative to
the MMS-PI and MMS-SMC technique. These results
demonstrate the robustness and high efficiency of the proposed
MMS-TOSMC method, which makes it suitable for demanding
MMS drive applications.

Index Terms—Five-phase PMSM; Multimachine systems;
Robustness; Series-connected; Third-order sliding mode
control.

I. INTRODUCTION

Multiphase machines (MPMs) are gaining greater use in
various fields [1]-[3]. To meet these growing demands, such
systems must deliver reliable operation and sustained
efficiency, even under varying load conditions and external
disturbances. Compared to conventional three-phase
configurations, MPMs provide notable advantages,
including enhanced reliability and efficiency, reduced
current in each phase, diminished torque ripple, greater
power handling capability, and more stable speed regulation
[4]-[6]. A key benefit is the tolerance of the system fault,
which allows it to continue running with only a slight
performance loss and low torque ripple. This dependability
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is crucial in industry, where a propulsion failure can
compromise safety, be very expensive, and disrupt
operations [7].

A principal advantage of modern multiphase systems is
their support for multimotor arrangements powered by a
single converter. Emerging studies, building on progress in
this technology, are exploring such series and parallel setups
primarily to minimise weight without sacrificing output. In
these configurations, each motor remains independently
controllable despite the shared power source [8], [9].

In multiphase drive control, torque and flux are managed
solely by the d and g current components. This strategy
deliberately frees the other components, enabling the control
of multiple machines from one shared inverter. However,
independent control of series-connected machines depends
on a custom-designed coupling [10]. To achieve
independent control of machines in a series configuration, a
specific coupling method involving a deliberate phase
transposition is essential. Research has shown that when this
correct phase transposition is implemented, the resulting
current components enable the independent operation of
each machine [11]. According to [10], this configuration
significantly ~ boosts  operational ~ robustness.  The
investigation demonstrated that sophisticated control
algorithms could keep dual machines running at consistent
speed, even following an inverter open-phase fault, thereby
ensuring system continuity.

The MPMs are primarily accomplished through
established techniques such as vector control (VC) and
direct torque control (DTC) [12]-[15]. A key limitation of
VC, which commonly employs proportional-integral (PI)
regulators, is its performance trade-off: despite offering
rapid dynamics, it results in undesirable high current total
harmonic distortion (THD), noticeable torque ripple, and
compromised robustness in MPM systems [16], [17]. This
has motivated significant research into nonlinear control
schemes to supersede conventional Pl-based methods, with
promising results from approaches such as fuzzy logic
control [18], predictive control [19], and genetic algorithms
[20].
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Sliding mode control (SMC) is valued for its stability and
rapid response when facing system uncertainties and
disturbances. However, its main drawback is the chattering
effect [21]-[23]. To mitigate these inherent limitations,
researchers have proposed several advanced control
schemes. These refinements, which seek to augment the
efficacy of traditional SMC, encompass the implementation
of fuzzy logic within SMC [24], a synergetic controller
fused with SMC [25], and the incorporation of backstepping
technique principles [26].

Higher-order SMC (HOSMC) offers a solution to the
persistent chattering problem of conventional SMC. Its key
innovation is to direct the discontinuous control action
toward the higher-order derivatives of the sliding variable,
rather than the variable itself, which significantly reduces
chattering. A widely adopted variant is second-order SMC
(SOSMC), which has been proven to be an effective and
practical substitute for standard SMC [27]. lllustratively,
research in [28] employed a SOSMC strategy to improve the
regulation of a five-phase induction motor. This approach
provided robustness against system uncertainties without
introducing excessive complexity.

To address the drawbacks typically associated with
conventional sliding mode control, the third-order SMC
(TOSMC) method was introduced [13]. This advanced
scheme has shown a strong capability in handling systems
affected by disturbances and modelling inaccuracies,
offering a reliable solution that strengthens performance in
both linear and nonlinear environments.

The original contribution of this research lies in
addressing the control of series-connected multimachine
systems driven by a single inverter, with emphasis on
achieving effective decoupling, faster dynamic response,
reduced torque ripple, and improved resilience to parameter
variations. The main contributions can be summarised as
follows:

— Implementation of a robust decoupling strategy for

series-connected  five-phase  permanent  magnet

synchronous motors (5Ph-PMSMs) supplied by a f single
inverter;

— The proposed multimachine system (MMS)-TOSMC

method demonstrates higher efficiency and reliability in

multimachine control compared with existing approaches;

— The strategy successfully minimises torque ripple in

both motors, outperforming alternatives such as MMS-

SMC in reducing chattering effects;

— Enhanced multimachine system control performance is

achieved, including reduced rotor speed tracking errors,

shorter response times, and stronger robustness against
machine parameter uncertainties.

This article is organised in a systematic manner to present
the main aspects of the study. Section Il describes the
process of configuring and modelling series-connection of
two five-phase PMSMs along with their vector control
technique. Section Il explains the application of SMC to
series-connected motors. Section 1V introduces the proposed
TOSMC-based MMS control scheme, designed for two
series-linked 5Ph-PMSMs driven by a single inverter.
Section V presents the simulation results of the proposed
technique and contrasts them with conventional methods.
Finally, Section VI provides the conclusions of the work.

II. MODELLING AND DECOUPLED CONTROL OF A
MULTIMACHINE SYSTEM

The system under investigation comprises two 5Ph-
PMSMs. As depicted in Fig. 1, the five-phase stator
windings of both machines are connected in series,
incorporating a phase transposition [9]. This transposition is
a deliberate design element to ensure that the magneto-
motive force (mmf) produced by the second machine is the
spatial inverse of the force produced by the first machine,
and vice versa. The described system architecture allows for
independent control of each machine. A five-leg inverter
provides electrical power to the system via its five output
phases (Va, Vb, V¢, Vg, Ve) [10]. These outputs connect to the
machine phases, identified as Vas, Vbs, Vs, Vds, and Ves, Which
reflect the spatial distribution of their windings depicted in
Fig. 1.
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Fig. 1. Topology of two series-connected 5Ph-PMSMs fed by a single five-
phase inverter.

The configuration shown in Fig. 1 demonstrates that the
output voltage of the inverter, measured with respect to the
neutral point, corresponds to the combined winding voltages
of both machines. This relationship can be formulated using
vector representation [11]

Vo] [V +Vass |
Vo Vst T Ves2
VoI={ Ve | =| Ve Vo2 |- D
Vi Vs T Vos2
_Ve ) _Vesl + VdsZ )

The currents obtained at the inverter output terminals can
be described by the following mathematical expressions

ia iasl iasZ
ib ibsl icsz
[I S] = ic = icsl = iesZ . (2)
id idsl ibsz
_ie n _iesl_ _idSZ_

A fundamental tenet of independent vector control is that,
through an appropriate stator winding arrangement in a
multiphase machine, two distinct current components can be
used to independently regulate the magnetic flux and the
electromagnetic torque.

The voltage-current relationships for both motors are
defined by the following equations, which are formulated in
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the rotational d-q reference frame [11]:

qligsl’

. d. .
Vst = (Rsl + RsZ)'dsl +(Ld1 + lez)alun _erL |

+W Ldlldsl

. d.
sl = (Rsl + RSZ)Iqsl +(Lq1 + lez)alqsl

5

Ewrﬂ’w
5
ZWr2¢fz-

Here, Lg1 = qu = Lg1 + 5/2mg, Lgp = qu = Lgp + 5/2msy.

When two machines are linked in series, the overall
torque is determined based on the separate current
contributions delivered by the inverter:

+oinviinv S 5 inv
Tel = pl((Ld - Lq)ld Iq +\/;¢)f1|q )l

5 invsoinv S +inv
Tez = pz((Lx - Ly)lx Iy +\/;¢)f2ly )

The mechanical dynamics equation of the two motors can

®)

. d. .
Vdsz = (Rsl + Rsz)ldsz +(I‘dz + lel)aldsz _Wr2Lq2|q52’

+W LdZIdSZ

. d.
vszz(Rsl+R52)|q52 (L +lel)d gs2

(4)

be expressed as follows:

dw,
I dtl =Pl — P T — W,

dw ®)
Iz dtrz =Pyl = P,Te, — fmzwz-

In vector control applications, a common practice is to set
the direct-axis current components (igs1 and igs2) to zero.
Doing so streamlines the control process, since only the
quadrature-axis currents (ign and ig) are then used to
regulate the system, as illustrated in Fig. 2 [11].

The voltage references are determined on the basis of the
connection diagram presented in Fig. 1, where

v, ViV,
v, Vi +V,
V, [=|V g +V, (6)
V*d V dsl +V bs2
Ve | VetV |

E
. |
* V, S
. * Vaa1 2 2
lgs1 > *
er* * Decoupling |Vhet o T}ie Setf Vo S Five |—o0—
Blockand [y~ | Va&ue€o Vo |pywml_Se_| Phase 5Ph-PMSM
Current [ =¥ inverter = S| Inverter ] <01
Wri =0 —»| Controller —=pf control Vd d
(PD) Vest voltage Ve Se
|dsl T T |qsl i 41
aS
4__
0, —» i ias
0([34_ . =
P Vasy : At
lgs2 ] — s | X 3
Wrz* > Decoupling | Ve «—° =3
Blockand [, N lys >
Current = ” ¢
W2 i o —»| Controller |Vds
(PIJ Veiz*
|d§2 T T|q52
IXS
4—
8, —> xy,i
Fig. 2. Block diagram of vector control of two series-connected 5Ph-PMSMs.
Inverter phase current references are as follows: signals [11].

_ia_ _iasl—‘ _ias2_ I asl+|
ib ibsl icsz I bsl + I
ic = icsl = iesz = I csl +| (7)
Iy a1 s g+ s

_ie _ _i951j —idsz— _i esl +| ds2 |

Equations (3) and (4) are fully decoupled, enabling
independent control of each machine. One implemented
method is a vector control strategy utilising PI controllers.
This approach maintains the igs; and igs> current components
at zero, allowing machine torques to be regulated
exclusively via the ig1 and igs; currents. As illustrated in the
vector control diagram in Fig. 2, current controllers
subsequently generate the complete voltage reference

I1l. THE SMC STRATEGY FOR TWO SERIES-CONNECTED
5PH-PMSMs

Sliding mode control is regarded as a resilient strategy
since it can sustain reliable performance even under system
uncertainties, external disturbances, and dynamic variations.
This robustness arises mainly from the distinctive features
that define the method [22].

The initial phase of developing an SMC scheme involves
specifying a set of switching functions S(x). In this study,
the sliding surface is represented by the following
formulation [23], [24]:

(8)
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where n denotes the relative degree, 1 is a positive
coefficient, and e symbolises the tracking error vector e = x*
- X

The next stage involves formulating the control law so
that condition §(x) = 0 is fulfilled, guaranteeing the

convergence of the system to the sliding surface. The
attractiveness requirement can then be expressed as [22]

S(x)S(x) < 0. )
The basic control law consists of two main sections

U =U, +U,. 10)

The control vector U is defined by its equivalent
component (Ueg) and a correction factor (Un). The
calculation of U, is essential to satisfy the stability criteria of
the chosen control.

The control vector U comprises two elements: an
equivalent component (Ueg) and a corrective component
(Un). Determining U, is critical for the stability of the
system [23]

U, =K sat ((S(x)/9)), 1)

where K is a constant.

The sat ((S(X)/é)) represents the saturation function,
and the parameter & specifies the thickness of the boundary
layer.

In this work, the sliding surface is formulated based on
the deviation between the reference and measured speeds,
together with the corresponding current components of the
two 5Ph-PMSMs. Accordingly, the mathematical expression
is given below.

For the first machine:

S(idsl) = idsl* - idsl'
S(Iqsl)

qsl - qsl'
S(er) - er er' (12)
For the second machine:
S(idsz) = idsZ* - idsZ’
S(Iqsz) qs2 qu’
S(Wrz) _Wrz — Wi (13)

Deriving to the first order of (12) and (13), we obtain the
following:

S'(id5|) = : - i.dis,

S(|q5|) is i.q:;,
S(Wi)—Wi —W, (14)
which

B 1 For the first machine,
"~ |2 For the second machine.

A substitution of (3) and (5) into (14) leads to the
following result:

s(idsi) = im: - (Vdsi _(Rs + Rsz)idsi + Wi Lyl

1
m 1 |qsl)

1 . . 5
L+L (Vqsi -(Ry+ RsZ)Iqsi =W Lyleg — \/;Wri(pfi ]v
i qi

S(Wri) = V'\Iri* _ ;Jiz [(L |_ )IdSI \/§¢ﬂ qusn + Jpl T, + ;mn W,
mi mi mi (15)

$(ige) =i -

The control strategy employs three variables, vgsi, Vgsi, and
igsi, as the control vector to drive the system toward the
target condition where S(x) = 0. The corresponding
equivalent control vector, expressed through Vgieq, Vgieq, and
Vgieg, IS Obtained by S(x) = 0, which yields the following

relations for its elements:

Vieq = (L + Ly )i + (R + R, )i — Wi L

ri —qi'gsi !

- 5
tieq = (Lsi + I‘qi )Id|s + (Rsl + Rsz) Iq5| + W Ld||d5| \/;Wri (Dﬁ '

=J +PiT + faw,; /(P (L

qleq mi Whi mi " Vri

5
+ \/;(ﬂﬁ ))-
(16)

- I-qi )idsi

The control vector is configured in this manner to
guarantee effective performance and to achieve accurate
dynamic response and switching behaviour on or in the
vicinity of the surfaces:

Visi = Vgieg T K % sign (S(ig;)),
Vi = Vgieq T K % sign (S(iqsi))l

iqsi qleq + K X Slgn (S (er )) (17)

Although the discontinuous nature of the controller
provides stability in the face of system uncertainties and
external disturbances, it simultaneously generates high-
frequency oscillations, a drawback referred to as chattering

[22], [24].

IV. TOSMC APPROACH OF TWO SERIES-CONNECTED 5PH-
PMSMs

A wide range of SMC methods have been developed;
however, their real-world application is frequently limited
by the issue of chattering. Studies have shown that higher-
order SMC provides one of the most efficient solutions for
minimising this unwanted phenomenon [22], [23].

The supertwisting SMC (STSMC) approach represents a
second-order control method recognised for its strong
robustness. Its main strengths lie in the simplicity of its
design and its ability to operate effectively without requiring
an exact mathematical model of the system. This
characteristic enables it to handle parameter changes and
external disturbances efficiently, while also delivering fast
transient performance. For this reason, STSMC has become
a widely adopted and extensively studied solution in the
control of complex systems such as multiphase electric
drives. A key feature of this method is that it is based solely
on the sliding surface S, eliminating the need to evaluate the
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sign of its derivative (S) [29].

Although the STSMC technique has proven effective in
theory, its application in electrical systems still faces
considerable challenges. Implementing STSMC in drives,
power converters, and multiphase machines often requires
handling strong nonlinearities, fast dynamic behaviours, and
wide operating conditions. These systems are also highly
sensitive to measurement noise, discretisation effects, and
implementation delays, which can limit the expected
benefits of the controller. All of this is due to the chattering
phenomenon [24], [29].

In this part, a novel control strategy is introduced to
manage two series-connected five-phase PMSMs, where the
use of third-order SMC (TOSMC) is used to improve the
performance of the system compared to conventional MMS-
based regulators. The proposed structure replaces the
traditional controllers for both machines with dedicated
TOSMC units, ensuring more accurate current and torque
regulation. In addition, the outer control loop is redesigned
by implementing a TOSMC-based speed controller,
allowing coordinated regulation of the two motors under
varying operating conditions.

The formulation of the TOSMC control signal is obtained
by combining three separate terms, whose mathematical
representation is provided in (18)

u(t) =u, (t) +u, (t) +us (t). (18)
Accordingly, (19) is defined as follows:
u,(t) = 4, /|S[sign(s),

U, (t) = 4 [ sign(s)dt, (19)

Uy (t) = 4;ign(S),

where the switching function S defines the sliding surface.
The parameters A1, A,, and Az represent the adjusted positive
gain values.

The schematic design adopted for constructing the
TOSMC controller is shown in Fig. 3.

o>
Ay o

181 Sign(.S)
Fig. 3. The TOSMC controller.
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Fig. 4. Schematic of the proposed control strategy for two motors
connected in series, with: k = 1 for the 5Ph-PMSM1, k = 2 for the 5Ph-
PMSM2.

The error signals defined in (12) and (13) serve as inputs
for the TOSMC controllers applied to both machines. In
particular, the TOSMC based regulators for speed w;; and

currents igi and iqsi are employed to manage the reference
torque Tem", as well as the stator voltage components vgsi and
Vqsi.

The control architecture of the system is illustrated in Fig.
4, which shows two series-connected 5Ph-PMSMs powered
by a single five-phase inverter.

V. DISCcUSSION AND RESULTS

The performance of the suggested control technique and
the dynamic characteristics of a series-connected
multimachine system (MMS) were investigated through
numerical simulations using the MATLAB/SIMULINK
platform. The simulation was configured with the
parameters for both machines, as detailed in Table I [30].
This section assesses the effectiveness of the proposed
TOSMC for the multimachine system (MMS-TOSMC) by
comparing its outcomes against two benchmark controllers:
a standard SMC (MMS-SMC) and a PI controller (MMS-
Pl). The evaluation is conducted through two primary
examinations: reference tracking test under the effect of load
torque T, variation and to another verify the robustness of
the controller against changes in machine parameters.

TABLE I. MACHINE PARAMETERS.

5Ph-PMSM1 5Ph-PMSM2
Power 1.5 Kw 1.5 Kw
Stator _ _
resistance Ry =0.67 Q Rs = 0.67 Q
Nu_mber of P =2 b =2
pairs poles
Inertia
moment Jmy = 0.004 Kg/m2 Jnz = 0.004 Kg/m?
Stator L o
inductances Lo =Lq=0.0085H Lsz = Lz = 0.0085 H
Magnetic flux #n = 0.2 web 0= 0.2 web
Stator _ ~
frequency F. =50 hz F,=50hz

A. The First Test Case

This section aims to study how the regulators used in an
MMS adapt to changes in operating conditions, such as
external disturbances. To compare the responses of the
controllers, we will use reference speed steps for each
machine. The simulation established distinct speed profiles
for two 5Ph-PMSMs. 5Ph-PMSM1 began at 150 rad/s,
decelerated to 125rad/s at 0.2 seconds, reversed to -
125rad/s at 0.8 seconds, and stopped at 1 second.
Simultaneously, 5Ph-PMSM2 started at 125 rad/s, reduced
to 100 rad/s at 0.2 s, was driven to -100 rad/s at 0.8 s, and
also halted at t = 1 s. To evaluate performance under load, a
torque of 5 Nm (designated T.; and Ty2) is applied to both
motors for a duration of between 0.4 and 0.6 seconds.
Figures 5 and 6 illustrate the results of the current test.

Figures 5(a) and Figure 6(a) illustrate the rotation speeds,
wrl and wr2. We can conclude from two figures that all of
the regulators follow the reference to rotation speed. The
results demonstrate that the proposed MMS-TOSMC
approach outperforms those of the standard MMS-PI and
MMS-SMC in terms of tracking accuracy. The speed
response time of the two machines using the proposed
approach is the shortest among other MMS. For the first
machine, the response time is estimated to be 0.0064
seconds using the proposed approach. This is in contrast to
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the MMS-SMC and MMS-PI methods, which estimate
response times to be 0.0116 and 0.0416 seconds,
respectively. A similar performance advantage is observed
for the 5Ph-PMSM2, where the proposed method results in a
0.0063-second response time, outperforming MMS-SMC
(0.0093 seconds) and MMS-P1 (0.0345 seconds).
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Fig. 5. Evaluation of reference tracking and load disturbance response of
5Ph-PMSML1 under different control approaches: (a) Rotation speed wy; (b)
Electromagnetic torque Tem; (C) Stator current lg;.
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Fig. 6. Evaluation of reference tracking and load disturbance response of
5Ph-PMSM2 under different control approaches: (a) Rotation speed w,; (b)
Electromagnetic torque Tem; (C) Stator current lg,.

The torque outputs (Tem: and Temz) of the MMS are

illustrated in Fig. 5(b) and Fig. 6(b). A comparison reveals
that the proposed MMS-TOSMC approach is significantly
more effective at suppressing torque fluctuations than both
the conventional MMS-PI controller and the MMS-SMC
method, which suffers from chattering. The proposed
technique achieves a substantially lower torque ripple of just
1.5 Nm, compared to 1.65 Nm for the MMS-PI and 6.1 Nm
for the MMS-SMC. This represents a reduction in torque
ripple of approximately 9% and 75.40 % for the 5Ph-
PMSM1. For the second motor, the ripple was also
considerably lower, showing reductions of 9.3% and
76.03% compared to the MMS-PI and MMS-SMC
strategies, respectively. The results in Figs. 5(c) and 6(c)
demonstrate that the proposed MMS-TOSMC method
effectively drove the stator currents lg; and lg. close to zero,
markedly outperforming other techniques.

B. The Second Test Case

To test the robustness of the proposed MMS-TOSMC
strategy against parameter changes in the two motors, the
evaluation was conducted using the reference tracking
conditions for the first test. The resilience of the controllers
was evaluated by introducing significant deviations in the
main machine parameters: the stator resistances (Rs1,2) and
the moments of inertia (J1,2) were doubled, while the d-axis
and g-axis inductances (Lg12 and Lq1,2) were decreased to
80 % of their original values. The results from this
simulation are illustrated in Figs. 7 and 8.
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Fig. 7. Robustness test of the control methods for 5Ph-PMSM1: (a)
Rotation speed wyy; (b) Electromagnetic torque Tems; (C) Stator current lg;.

The performance comparison in Figs. 7(a) and 8(a)
indicates that the proposed MMS-TOSMC controller is
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more robust than the conventional MMS-PI controller when
subjected to changes in machine parameters within a two-
motor drive connected in series. The speed response of the
MMS-PI controller was markedly less stable, exhibiting
increased overshoot. This is quantified by the results: for
5Ph-PMSML, the overshoot decreased from 174 rad/s using
the traditional method to 152 rad/s with the new one. A
similar improvement was seen in 5Ph-PMSM2, where the
overshoot dropped from 145 rad/s to 126.5 rad/s.
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Fig. 8. Robustness test of control methods for 5Ph-PMSM2: (a) Rotation
speed W,,; (b) Electromagnetic torque Temp; (C) Stator current Ig.

The proposed MMS-TOSMC strategy delivers superior
performance in minimising torque ripple, as evidenced by
the significantly smoother electromagnetic torque outputs
(Tems and Temz) shown in Fig. 7(b) and Fig. 8(b) when
contrasted with conventional MMS-PI and MMS-SMC
methods. As illustrated in Figs. 7(c) and 8(c), the proposed
controller demonstrated superior performance in regulating
current. It successfully maintained the stator currents lg and
lg2 close to zero, a result that the alternative control
strategies failed to achieve.

VI. CONCLUSIONS

In this study, a TOSMC-based nonlinear dynamic control
strategy was developed to manage two series-connected
five-phase PMSM powered by a single five-phase inverter.
The proposed method was extensively validated through
MATLAB/Simulink simulations and was benchmarked
against the conventional MMS-PI and MMS-SMC
approaches. Simulation results confirmed that the MMS-
TOSMC design delivers notable improvements in the
overall performance of the dual-motor system under various
operating conditions. The TOSMC-based scheme introduced
for MMS offers several key benefits:

10

— It ensures faster and more accurate tracking of reference
speed and torque compared with the MMS-PI and MMS-
SMC methods;

— It provides a smoother torque response with reduced

ripples, which enhances efficiency and minimises
acoustic noise;
— It exhibits stronger robustness against external

disturbances, such as load variations and parameter
mismatches, outperforming the conventional MMS-PI
and MMS-SMC controllers.

Overall, the results highlight that the MMS-TOSMC

approach represents an effective and reliable control
framework for series-connected multimachine drive
applications.

Future research will focus on experimental validation
using real hardware, where the obtained results will be
compared with those of different control techniques. In
addition, future investigations will consider the integration
of methods based on artificial intelligence for the control of
multimachine systems connected in series.
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