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Abstract. The Interior Permanent Magnet Synchronous Motor (IPMSM) has been widely employed
as a preferred choice for electric vehicle (EV) because of its advantageous characteristics such as high
efficiency, high-power density, and a robust operation. This paper focuses on the control of an
IPMSM for EV applications, with emphasis on smooth transitions over a wide speed range, including
both normal and high-speed operating regions. A comprehensive review of state-of-the-art IPMSM
control methods is provided, followed by fundamental machine principles. Over-modulation
techniques are then presented to effectively manage the maximum voltage of the DC-link source, a
critical aspect for EV powertrains. In order to control the machine over a wide-speed range, a flux-
weakening method has to be adopted by combining the conventional space vector modulation (SVM)
in the normal speed range and the voltage angle control in the high-speed regions. A key innovation
of this study is the use of the Newton-Raphson method to determine the optimum operating point of
the IPMSM, minimizing the stator current for a given torque demand. This optimization not only
maximizes the torque capability over the entire speed range, but also enhances the dynamic
performance of the system, which is essential for EV applications requiring rapid and precise
response. The proposed control strategy combines SVM with overmodulation techniques, enabling
seamless transitions between low- and high-speed regions. Simulation results are used to validate the
effectiveness of the proposed control strategy, demonstrating stable and robust performance under
varying speed and load torque conditions, highlighting its potential for applications in wide-speed-
range IPMSM-based EV systems.

Keywords: Wide-speed range, IPMSM, Newton-Raphson method, Machine identification.

© 2025 University of Transport and Communications

541



Transport and Communications Science Journal, Vol. 76, Issue 04 (05/2025), 541-555
1. INTRODUCTION

Electrical drive systems play a critical role in modern transportation, including applications
such as subways, buses, and, in particular, electric vehicles (EVs) and hybrid electric vehicles
(HEVs) [1]-[8]. Among various motor technologies, the Interior Permanent Magnet
Synchronous Motor (IPMSM) has been widely employed as a preferred choice for EVs due to
its advantageous characteristics, including high efficiency and high-power density, and a robust
operation over a wide-speed range. In addition, the IPMSM has advantages over its counterpart,
the surface-mounted permanent magnet synchronous machine (SPMSM), in terms of overload
capability and wide-speed range [9]-[10]. The IPMSM motor, illustrated in Figure 1, features a
buried-magnet rotor with alternating magnet poles. Due to the smaller magnet pole area
compared to the rotor surface, the no-load air gap flux density is lower than the flux density
inside the magnets. The d-axis (direct axis) aligns with the rotor's magnetic field and passes
through the embedded magnets, representing the direction of maximum magnetic flux. In
contrast, the g-axis (quadrature axis) is perpendicular to the d-axis and passes through the
rotor’s iron core, allowing the g-axis armature flux to flow without crossing the magnets. As a
result, the synchronous reactance in the d-axis is lower than in the g-axis. Additionally, the
embedded magnets are well protected from centrifugal forces. Since the permanent magnets are
enclosed within the rotor, the IPMSM can achieve high-speed operation, reaching up to twice
the rated speed. This characteristic makes it particularly well-suited for EV applications,
especially for highway driving.

Despite these advantages, driving an IPMSM at high speeds presents several challenges.
The primary limitation is the finite voltage supplied by the inverter. In addition, field-
weakening control is required at high speeds, and the control algorithm must be able to provide
a smooth transition between the normal- and the high-speed ranges. In order to utilize the
maximum voltage provided by the feeding inverter, over-modulation techniques are often
employed for two-level inverters. The over-modulation method can extend the fundamental

phase voltage from Uy./v/3 to 2 - U4/ by injecting high-frequency components into the
stator winding. In addition to its advantage, this approach introduces harmonics in the phase
currents, requiring current feedback signals to filter out high-frequency noise to prevent
unwanted interference with the control loop [11].

In the over-modulation mode, the voltage margin for the current control loop is small,
hence the current controllers are easily saturated. This phenomenon affects the dynamics of the
current control loop. Furthermore, the modulation index in the over-modulation must be
compensated accurately to keep the fundamental phase voltage constant. A method as was
proposed in [12] is used in this paper to control a two-level inverter in the whole range of the
modulation index.

For normal-speed operation, the maximum torque per ampere (MTPA) strategy is
commonly adopted to optimize performance. In contrast, in the high-speed range, flux-
weakening control is employed, reducing the pole flux to increase the speed while maintaining
to the maximum phase voltage constraint of 2Ug./m. This allows the machine to operate
efficiently in the constant power region. Several methods for flux-weakening control have been
proposed, including current angle control, voltage angle control, and combined torque and flux
control [13]-[15]. The most critical requirement of the flux-weakening algorithm is the ability
to cooperate with the conventional MTPA to provide a smooth transition between the normal
and the high-speed regions. Other important requirements of the flux-weakening algorithm are
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to ensure high dynamics of the control system and to be easily integrated with the conventional
space vector modulation method.

This paper presents an indirect voltage angle-based method for field-weakening control
that is designed to integrate seamlessly with conventional IPMSM control schemes. The
Newton-Raphson method is used to determine the optimum operating point online at each speed
and torque, rather than using look-up tables. This approach offers adaptability to variations in
machine parameters caused by magnetic saturation and temperature changes, ensuring robust
and efficient control over a wide speed range.

Stator

Permanent
magnet

Figure 1. Structure of the IPMSM [16].
2. THEORETICAL FUNDAMENTAL OF IPMSMS

This section dedicates an overview on the mathematical description of IPMSMs and then the
basic operation of the machine.

In the rotating d-q reference frame, the d-axis is aligned with the rotor flux, representing the
flux-producing component, while the g-axis, which is perpendicular to the d-axis. This rotating d-g
frame is commonly referred to as the rotor-fixed reference frame. The stator voltage equations in the
d-q reference frame are expressed as follows:

. dig .
ud=R5-1d+Ld-E—ws-Lq-Lq 0

di
. q .
uq=RS-Lq+Lq-E+wS-Ld-Ld+wS-/1m

where ug, uq and ig, iq and Ly, L are the voltage, current and inductance with respect to the d- and
g- axis, respectively; Ry is the stator resistance; ws is the synchronous speed and A, is the permanent
magnet flux linkage.

The amplitude of the stator current is limited by a maximum value I, corresponding the

thermal constrain of the machine.
[ 2
Iy = i(21+iéslsm @)

In the continuous working condition, I, can be set to equal to the nominal value Iy. Figure 2
shows numerous circles corresponding to the locus of the stator current with different magnitude
values. If I, = Iy, then the operational points are located inside the circle named “IN Limit” as
shown in Figure 2.

The electromagnetic torque (T,) is given by:
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3 . o
Tezzp'(’lm'lq*'(Ld_Lq)'lq'ld) (3)
where p is the number of pole pairs of the machine.

It can be seen that the electromagnetic torque is composed of two components: one is associated
with the flux linkage of the permanent magnet, and the other is due to the reluctance of the machine.
In the case of SPMSM, the direct- and quadrature-inductances, say Lq and L, respectively, are equal
so the reluctance component is zero. Therefore, the maximum torque per ampere (MTPA) of the
SPMSM is obtained by controlling i}; = 0, while the MTPA curve of the IPMSM (i'TP4) is defined
at each stator current amplitude I by the following equations [17].

A A% 12
l-g/[TPA — m _ m > + = (4)
4-(Ld—Lq) 16'(Ld—Lq) 2

l-av[TPA _ /152 _ (l-g/ITPA)Z (5)

In the steady state, the voltage equation for IPMSMs above the base speed is derived as follows:

O+ Lo i)? + (Lq ig)" = (Usm) (6)

Ws

iq (A)

20 15 10 5 0 5 10 15 20
iq (A)
Figure 2. The locus of iy, i for MTPA, current and voltage limit.

Where U, is the maximum output voltage of the feeding inverter. For the case of the 2-level

inverter, U, = Uy * 2/ is the maximum phase voltage and corresponds to the six-step mode of
the inverter.

For a given electrical speed w, the locus of (id, iq) satisfying (6) is a ellipse as shown in Figure

2. When w increases, the ellipse shrinks. The machine can increase its operating speed until the
corresponding ellipse does not intersect the limited circle.

There are some points to consider when controlling an IPMSM. The operating points always
located inside the “IN limit” circle, as observed in Figure 2. When the machine operates below the
base speed, the operating points are on the MTPA curve. As the electrical speed wg increases above
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the base speed, the operating area becomes smaller. The intersection between the constant torque
curves and the ellipses helps to determine the look-up table in the flux-weakening of the machine.
Traditionally, this table can be pre-calculated based on the parameters of the machine, but they are
parameters that depend on the motor’s temperature and the stator current. The control algorithm
should allow a smooth transition between the normal speed and the high speed region. The over-
modulation algorithm must keep the fundamental in the actual modulated voltage equal to the
reference value until the six-step mode is reached.

However, instead of using the look-up table to define the reference current, the paper proposes
the Newton-Raphson method used to identify the optimal operating point of the machine, which
includes the reference ig and ig. In the field weakening mode, the voltage angle is indirectly
controlled by ug and ug. The current controller is saturated, which leads to the six-step operation
mode, and the voltage angle is indirectly controlled by the reference voltage (even in the saturation
condition).

As illustrated in Figure 3, the Reference Current Generator determines the reference currents
ig and ig based on the motor speed ws. A Comparator evaluates the motor speed and selects the
appropriate method accordingly. When the operating speed is below the nominal value, the MTPA
method is employed to determine the reference current, and the conventional SVM technique is
utilized [12]. Conversely, when the motor speed exceeds the rated speed, the Newton-Raphson
Method is applied to compute the reference currents, ensuring efficient high-speed operation while
maintaining system performance.

Udc

o T i

I
L,O_, PI L e» Newton- | !d : * *
. | ewton . U; w
- I Raphson iNR | I »
S lq I > d ur
Wy | Method - L d,] Current iy Uc ! b | -
"
I ' Controller |- abc U,
| {MTPA — -
| d : iq iy Inverter
: L,| MTPA iMTPA |1 [ | 4 ) i
| Method ["4 | s a
| |
| ! ;
I Comparator : lh
|
I
: = W < Wg NF— |
I
. |
Reference Current Generator
do 6
de
Encoder

Figure 3. The block diagram of the proposed algorithm.
3. NEWTON-RAPHSON METHOD.

This section introduces the Newton-Raphson based method for finding the solution of non-
linear equation system. Suppose that the nonlinear equation system is given in

fi() (7)
. |=0



Transport and Communications Science Journal, Vol. 76, Issue 04 (05/2025), 541-555

Where x = [x, ..., x,]T is the variable vector of the system of equations.
The Taylor’s interpolation of f (g) in a vicinity of x, is

F) = £ (x0) + | (- x0) +0 (2~ ) ®

- Xo

Where G (x) is the gradient matrix vector given by

ﬁﬁ ﬂq 9)
of |ae 92
G(x) === - R
— o0x [a& aﬁJ
d, ox,
To make (8) in the form of a recursive approach, it can be written as follows:
0= (x) + 6(2) (xira — xc) (10)
Or
— -1 .
Hers = % — G7H(x) - f (%) (11)

In terms of IPMSMs, the reference current components ig and ig are determined by the
reference torque T,r and the actual electrical speed wy in the flux-weakening mode.
Tret = Kmt " iq + Kyt " lg " ig

Uge " 2\° (12)
(dc )=U§+U§

2
Usm =

Where

3 3
Kt = Ep “Am K = Ep ) (Ld - Lq) (13)

The Newton-Raphson method given in (11) for solving the equation system (12) demonstrates
that the gradient matrix is in the size of 2x2, so its inversion can be easily computed. For the IPMSM
motor, the nonlinear equation system is expressed as follows:

_ (AN Udm — U§ — U§ >_
i(i) - <f2(£)> B <Tref - Kmt ' iq - Krt "l iq B Q (14)

Where x = [id, iq]T is a transposed vector consisting of the components i4 and iy. By substituting
Ug and Uq from equation (1) into equation (14), assuming steady-state conditions diy/dt =
diq/dt = 0, we obtain:
fi(x) =U%, —R2(i5 +i2) —w2(LE-if+1%-i2) — 2 Ry ws-ig-ig(La— Lq)
— 2w An(Rs - ig + ws - Lq - ig) — w? - 23,

. . (15)
fz(&) = Tref — Kmt lg — Kierig- lq
The gradient matrix vector is obtained as follows:
of 911 Y12
G(g) ox 921 gzz] (16)
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where:
— ofr — 2 2.72Y. ; 2

g1 =5 = —2-(R:+ w?-13) iqg—2-Rs-ws(Lg—Lq) "iq— 2 @2 - A - Lg

df, . .
g1z =a—i1= ~2-(RZ+ w?-12)ig— 2Ry ws(Lg— Lq) * ig — 2 w%+ A * Ry

af‘; (17)
921 = a_id = Kt ig

of ,
922 =a_i2=_ mt — Krt " iq

q
The inverse of G(x) is given by:
1 922 —Y12
-1 —
¢ (x) = det(G) o g ) (18)

where

det(G) = 911" 922~ 912-921
=[-2- (R4 w?-13) iqg—2 Ry  ws(Lg—Lg) " iq— 2 @2
“Am - Ld] ) [_Kmt — K¢ - id] (19)
—[-2-(RE+ w2 L%) iqg—2 Ry ws(Lg — Lq) " iqg — 2 - w?
A Rs] - [=Kine - ig]

Expanding the matrix multiplication from equation (11) with x; = [iqx, iq’k]T, we obtain:

[id,k+1] _ [id,k 1 [ 922 —912] ] Ifl(id'k' iqk) (20)

igrer]  ligrl  det(@)L1=921 911 | (igpiqn)

By substituting the expressions for g,1, 912, 921 and g,,, the update equations are derived as
follows:

. . 1 (21)
ld,k+1 = ld,k - det(G)

[(—Kmt — Kee - tar) - f1(iage iqr)

+(2-(R2+ w2-12) "iqx +2-Rs- ws(Lg — L) - igp + 2 - w?

' Am ’ Rs) ' fZ (id,k: iq,k)]

. . 1 (22)
fakel = ek T Ger(6)
’ [(Kmt ) iq,k) ’ fl (id,k' iq,k)
—(2-(R2+ wZ-L3) "iqx + 2 Rs- ws(Lg — L) - iqp + 2 - @2
“Am La) - (g iqr)]
These equations (21) and (22) describe the iterative update of iy, and ig x4 Using the

Newton-Raphson method. Note that at each iteration k, the values of f;, 2, 911, 912, 921 and g,»
are computed based on the current values i4, and i, before performing the update. The operating
point can be determined online without the need for a lookup table. Furthermore, the computational
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complexity of the Newton-Raphson method remains manageable, making it suitable for
implementation in any DSP microcontroller. The flow chart of the Newton-Raphson algorithm is
demonstrated in Figure 4.

It is noted that the flux-weakening is triggered when the electrical speed is higher than a
predefined value. Below this speed, the IPMSMs are controlled with an MTPA characteristic.
In addition, the reference torque must be limited to ensure that the operating points are located

inside an allowable region.
/ Initialize ig, ig /

Compute f; (id, iq ) 2 (id, iq ) according to (15)

Compute g1, 912, 921, G2 according to (17)

Compute G ! ([id, iq]T) according to (18)
Update ig, i according to (21) and (22)
Output reference value i3, ig:
iy =155 iy =iyt

Increment iterationcount: k =k + 1

|
}

Output reference value iy, ig:

Figure 4. The flow chart of the Newton-Raphson algorithm.
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4. PARAMETER IDENTIFICATION OF THE IPMSM IN THE SIX-STEP MODE

The output power of PWM-controlled AC motor drives is improved by increasing the inverter
output voltage through overmodulation. In the six-step mode, the output voltage can be reached to a
maximum possible value in continuously controllable fashion.

A comprehensive review of the state-of-the-art parameter estimation methods has been
introduced in [18], where the machine’s parameters can be identified by either online or offline
techniques. Among the promising estimation methods, this work focuses on the recursive least mean
square (RLMS), as it works in both low and high speed ranges and can be conducted in real time
with affortable requirements on computational burden and stored memory of the microcontroller. In
addition, RLMS can be operated against the noise [19]. In [19], the g-axis inductance and the voltage
error are identified for the purpose of reducing the angle error in an encoderless control, since these
two quantities have a significant effect on the precision of the angle observer algorithm. In this work,
the flux linkage, d- and g-axis inductances and stator resistance are required to be updated to
reconstruct the MTPA curve or to be used in the Newton-Raphson method to set the reference d-
and g-axis current components.

There are several points to consider. First, in the six-step mode, the d- and g- currents are not
seperately controlled, and current ripples are observed in both axes. As a result, the signal injection
technique for the d and q inductance components may not be required as in the normal speed range
as presented in [19]. Second, it is well known that the aforementioned four parameters are not
estimated simultaneously, especially in the six-step mode when only the phase angle of the voltage
is under control. The estimation of the four parameters can be carried out through the following
sequential procedure: 1) set the rated or calculated values of the machine based on the datasheet or
information obtained from the machine’s nameplate; 2) determine the flux linkage of the machine;
3) estimate the d-axis and g-axis inductances; and 4) evaluate the stator resistance. Each step is
executed sequentially with a processing time of 10 ms per step. This estimation process is supported
by an analysis of the RLSM algorithm, focusing on aspects such as the error, convergence and
dynamics [20]. Additionally, the stability margin of the speed control loop with respect to the
identified parameters error must be considered to ensure the robust control performance. However,
this aspect is beyond the scope of this paper and will be addressed in a future study.

5. OVERMODULATION METHOD

The modulation index (M) is defined as the ratio between the magnitude of the reference
voltage u; and the maximum output voltage of a 2-level inverter corresponding to the six-step
operation mode:

|us|
S e A 1
Udc ' 2/1'[ ( )

In the linear region of the space-vector modulation technique, the modulation index is limited

by MI = (\/ig) /(2/m) = 0.9069. In the overmodulation region, the modulation index can reach 1

in the six-step operation. An overmodulation technique is required to cooperate with the
conventional SVM to control the inverter in a whole modulation range. The technique as presented
in [12] is adopted in this paper work. The reference voltage components in the direct and quadrature
axes in the normal operationing point can be precisely modulated by the SVM technique, while in
the field weakening region, the current controllers saturate, meaning that only voltage phase is
indirectly controlled, while the amplitude is fixed to Uy, - 2/.

MI
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6. SIMULATION VERIFICATION

To validate the proposed control strategy, simulations were conducted with the main parameters
of the motor are listed in Table 1. The simulation results are shown in Figure 5-Figure 10. Figure
5 illustrates the machine speed response regarding to the changes of reference speed and load torque.
Initially, the reference speed increases from 0 to 1 p.u, then jumps to 2 p.u before settling at 1.5 p.u.
The actual machine speed effectively tracks these changes, confirming the robustness of the control
strategy. Furthermore, when the reference speed exceeds 1 p.u, the system enters the flux weakening
region, where voltage constraints come into play.

Figure 6 presents the modulation index, which reflects how the inverter utilizes its voltage
capability. When the system operates in the flux weakening region (above 1 p.u speed), the
modulation index reaches 1, indicating that the current controllers are saturated, and the voltage is
controlled primarily by its phase angle. This behavior ensures efficient utilization of the available
DC bus voltage. As the speed increases, the reference torque is reduced, as shown in Figure 7, which
is especially easy to observe in the time range from 0.2 s to 0.4 s. During this period, the reference
torque is reduced to prevent excessive current demand while maintaining stable operation. The actual
torque follows the reference closely, proving the effectiveness of the control strategy in tracking
torque commands.

The reference currents ig and ig are changed accordingly, as shown in Figure 8 and Figure 9.
Initially, i;; remains near zero but becomes negative when the system enters flux weakening mode
to reduce the electromotive force (back EMF) and allow operation beyond the base speed. At low
speeds, ig is relatively high, ensuring sufficient torque. However, in the flux weakening region, ig
decreases to maintain the required torque while respecting the voltage and current limitations. It can
be seen that both ig and i closely follows the reference values, demonstrating the precise control of
these currents.

Figure 10 shows the variation of the voltage angle, which plays a crucial role in controlling the
stator voltage vector. In normal operation, the voltage angle follows a typical trajectory based on the
current vector. However, in the flux weakening region, the modulation index is 1 as the current
controllers are saturated, the voltage angle is adjusted to compensate for the reduced available
voltage, ensuring stable operation at high speeds.

Table 1. Parameters of the motor.

Parameter Symbol  Value Unit
Rated torque TN 2.5 Nm
Rated speed ny 3000 rpm
Maximum stator current Ism 15 A
Stator resistance Ry 0.115 Q
d- axis’s inductance Lq 3.56 mH
d- axis’s inductance Lq 7.25 mH
Pole pairs p 1
Moment of inertia Ji 0.0006 Kg.m?
Permanent magnet flux linkage An 0.0978 Vs
Switching frequency f 10 kHz
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Figure 5. Speed response regarding to the changes of reference speed and load torque.
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Figure 7. Load torque (in the orange), reference torgue (in the red) and torque response (in the blue).
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Figure 10. Voltage angle.

In practical operating conditions, key parameters of the IPMSM, such as direct-axis (Lq) and
quadrature-axis (Lq) inductances, are not constant. These parameters vary due to multiple factors,
including magnetic saturation, temperature rise in stator and rotor, and core losses. Such variations
typically lead to a reduction in inductance values, resulting in reduced efficiency, unstable torque
production, and challenges in high-speed operation. To evaluate the responsiveness of the Newton-
Raphson control algorithm compared to the lookup table method under parameter variations, the
inductance values Lq and L, are reduced by half while maintaining the same speed and load
response as in the simulation results shown in Figure 5-Figure 10. The corresponding simulation
results for the modified inductance values are presented in Figure 11-Figure 14.

Traditional lookup table-based control strategies become ineffective in high-speed operation
when the actual speed fails to track the reference value in the field-weakening region, as observed in
Figure 11 between 0.2s and 0.5s. This limitation arises because the lookup table method relies on
fixed, precomputed values of Ly and Ly, which become inaccurate under parameter variations.
Consequently, incorrect reference currents are generated, leading to degraded performance,
particularly in flux-weakening regions at high speeds.

In contrast, the Newton-Raphson method offers a significant advantage by determining machine
parameters online, enabling real-time adaptation to parameter variations. This capability ensures
stable and efficient operation across a wide speed range. As observed in Figure 11, the Newton-
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Raphson method obtains faster and more precise reference speed tracking, whereas the lookup table
method exhibits slower response and noticeable deviations during speed transitions.

The dynamics of the system are also influenced by the reference torque, which directly
influences performance of the machine. As demonstrated in Figure 12, the actual torque more
closely tracks the reference value when using the Newton-Raphson method, indicating its
effectiveness in maximizing torque generation. This improvement is achieved due to the accurate
real-time computation of iy and i currents, as illustrated in Figure 13 and Figure 14, which are
dynamically adjusted by the Newton-Raphson-based control algorithm.

T T T T T T
s Reference speed |
with Newton-Raphson
with Lookup Table
15 —
—_
=
& 4L _
w
3
05 1
O -
1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9
Time (s)

Figure 11. Speed response regarding to the changes of reference speed and load torque
with and without Newton-Raphsoon Method.
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05 B

Tref (pu)
-

_1 L 1 Il 1 L 1 1 L
0 0.1 02 03 04 05 06 0.7 08 09

Time (s) |
Figure 12. Torque response with and without Newton-Raphsoon Method.
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0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Time (s)

Figure 13. Direct current response (iq) with and without Newton-Raphsoon Method.
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1 I 1 L I 1 | I
0 0.1 0.2 03 0.4 05 06 0.7 0.8 09

Time (s)

Figure 14. Quadrature current response (iq) with and without Newton-Raphsoon Method.
7. CONCLUSIONS AND OUTLOOK

The proposed control strategy has demonstrated consistent and reliable performance in various
scenarios involving changes in speed reference and load torque, demonstrating its suitability for EV
applications. The seamless integration of overmodulation techniques with conventional SVM
enables effective control, even under challenging conditions. In the flux-weakening mode, the stator
voltage is controlled by the load angle, yet the system remains stable and provides a smooth transition
between the low and high speed regions. While direct and quadrature currents are not separately
controlled in this mode, the control strategy maintains robust torque regulation. Simulation results
confirm the effectiveness of the proposed algorithms and illustrate their potential for wide-speed-
range operation in EV systems. Although the Newton-Raphson method provides precise operating
points and enhances system stability by accurately identifying machine parameters, it also has some
limitations. Compared to look-up table methods, it requires higher computational time due to
iterative calculations. Additionally, in high-speed flux-weakening mode, the system equations
become highly nonlinear, which may increase the number of iterations needed for convergence or,
in extreme cases, lead to convergence failure.

There are some prospects regarding this work that should be investigated in the future. Firstly,
the Newton-Raphson method requires precise machine parameter identification, which could be
achieved by signal injection at low speeds and recursive least square techniques at high speeds.
(overmodulation). Secondly, the real-time reconstruction of MTPA trajectories through online
parameter identification offers the opportunity to further improve efficiency and adaptability in
dynamic EV environments.
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