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The field-oriented control (FOC) method is a widely used technique for precise speed regulation in three-phase
induction motor drives. The resistance values of the motor vary from their rated values because of increased
temperature during operation. The research aims to improve the accuracy of rotor flux linkage (RFL) estimation,
thereby sustaining the performance of the FOC method under resistance variations. The paper proposes a more
advanced approach to estimating and integrating motor resistances into the RFL calculation. A new structure, featuring
voltage, current, and virtual current models, is used to determine the stator and rotor resistance. These estimated
resistance values replace the rated resistance values in the current model, which are then used to calculate the RFL
vector. Simulations are performed to verify the accuracy of the estimated resistance values and the effectiveness of the
improved FOC method under different operating conditions. The simulation results demonstrate that the calculated
resistances closely match the preset resistance values, confirming that the enhanced FOC method retains high
estimation accuracy even when motor resistance changes. References 18, figures 9.
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Introduction. Field-oriented control (FOC) is an effective technique that enables precise control of a
three-phase induction motor (IM) by decoupling the magnetic flux’s torque and magnitude . As a result, FOC
has drawn significant attention from both industrial and academic researchers [1-3]. However, real-world
applications expose FOC systems to various operating conditions that negatively impact their performance,
especially fluctuations in motor resistance caused by temperature changes during operation [4, 5]. These
fluctuations can lead to inaccurate estimates of the rotor flux linkage (RFL) angle, which is crutial for
maintaining optimal performance in motor control systems. Wang et al. [6] discuss advanced control
strategies, emphasizing that while FOC enables efficient torque and flux decoupling, it also requires complex
parameter tuning to handle varying resistance levels. A notable weakness in [7] is the dependence on static
models for resistance calculations, which can cause inefficiencies under dynamic temperature conditions.
While they offer a robust framework for IM control, the absence of a real-time adaptation mechanism for
resistance changes may restrict their use in scenarios with large temperature fluctuations. Additionally, their
work does not address integration with advanced methodologies like the multi-model approach proposed in
this paper.

This work presents an innovative approach based on the current model [8] to tackle these challenges
in estimating RFL for FOC techniques. Furthermore, an improved MRAS model is employed to precisely
determine the stator and rotor resistances of the motor and integrate this data into the RFL angle calculation
within the current model. This method uses a trio of models: a voltage model [9-11], a current model [12,
13], and a virtual current model [14], to evaluate the stator and rotor resistances in real-time [15, 16]. The
FOC method can sustain higher accuracy and stability during motor operation by dynamically adjusting the
calculated resistances, rather than relying on static rated values [17]. The proposed approach improves the
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. . U, accuracy of RFL angle estimation by adjusting to changes
“{-’}, , @, f_\, in rotor and stator resistance during motor operation.
FOC I Additionally, simulation results have confirmed the validity
nverter . :
controller of this analysis.

] The Dynamic Field-Oriented Control of a
Three-Phase Induction Motor. Employing the equation
system for the IM [18], a Field Oriented Control (FOC)
scheme is developed for the IM's drive system, as shown in
Fig. 1. The system includes the following key components:
IM, where RFL dynamics play a crucial role in regulating
speed; a load that varies by application; a three-phase AC
inverter power supply, which controls both speed and
torque through its voltage and frequency outputs; and a
sensor array that measures the motor's current, voltage, and
speed signals. The FOC controller operates by decoupling
the torque and flux components of the stator current, allowing for independent control of the motor. A
Current Model (CM) is utilized to estimate the RFL. Additionally, the system integrates estimators for both
stator and rotor resistances.

Improved Rotor flux linkage in the FOC technique. The CM estimates the RFL using the stator
current and rotor speed measurements obtained from the sensor system. Operating within the [o, B]
coordinate frame, the RFL components are calculated using the mathematical expressions provided in
equations (1) — (4):

Fig. 1 — Block diagram of IM using enhanced
FOC
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Estimation of Stator and Rotor Resistances Based on the Current Model. A resistance
estimation method is proposed to simultaneously determine the stator and rotor resistances by integrating
three distinct models: the voltage model (VM), the CM, and the virtual current model. These models employ
the measured current and voltage signals as input variables
to accurately estimate the motor parameters. First, the CM
is used to derive the RFL and its angle needed for
implementing the FOC strategy, as defined in equations o,
(1) — (4). However, deviations in rotor resistance (R,)
directly impact the accuracy of RFL estimation. To R, o J / )
mitigate this effect, a virtual current model is introduced to ) Current !
predict the stator current components in the stationary [, U, —— Estimat
B] reference frame, with the estimation process detailed in Rywt — Smator
equations (5) — (7). Fig. 2 illustrates the discrepancy ¢fom VM. Fig.3)

s CM
g

between the predicted and measured stator currents, which Fig. 2 — Rotor resistance estimation diagram
is utilized as an error signal to adjust the estimated value
of R,.
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Second, the VM estimates the RFL using the formulations given in equations (8) — (10). Similar to
the CM, any variation in the stator resistance (R;) directly affects the accuracy of RFL estimation in the VM.

To mitigate this issue, the error between the RFL
estimated by the CM and that obtained from the VM
is processed through a PI controller to adapt the R;
estimation. The structure of the R, estimator is
illustrated in Fig. 3.
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Results and Discussion. The three-phase induction motor model is developed using the actual motor
parameters: stator resistance of 3.179 Q, rotor resistance (referred to the stator side) of 2.118 €, and
inductances of 0.209 H for both stator and rotor windings, along with 0.192 H for the magnetizing branch.

The motor's reference speed is set to reach 1000 rpm at
In the case study, the effectiveness of the resistance

0.5 s and is held constant throughout the test period.
estimation method is evaluated by simultaneously

increasing the stator and rotor resistances by 30% at 2.0 s. This disturbance requires a current density of
approximately 280 A/mm?, which significantly challenges the estimator's capability.

Simulating the operation of the IM drive based

Fig. 4 illustrates that the RFL vector components
in the [a, B] plane from the CM are also accurate
and stable, ensuring efficient system operation.
Fig. 5 presents the reference and simulated IM
speeds undeer varying R; and R, resastances; the
control system maintains the motor speed close to
the reference value despite minor overshoots
during the starting process. When both resistances
are increased by 30% from their nominal values at
2.0 s, this change affects the RFL and rotor speed
in the estimated models. Although the initial
change in R; and R, leads to a deviation between
the reference and estimated values, the estimator
exhibits good adaptability by accurately adjusting
to the changes in R, and R,, as shown in Figs. 6
and 7. Finally, the simulation results in Figs. 8 and
9 show a negligible discrepancies between the
actual and estimated resistances.
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on the improved FOC method with CM-based RFL,
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Fig. 4 — Rotor flux vector from the current model
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Conclusions. The study
presents a practical approach to
improving the  precision and
reliability of field-oriented control
method in environments where
variations in motor resistances can
compromise system performance. By
simultaneously employing the
voltage, current, and virtual current
models, the proposed approach
enables accurate updates of stator
and rotor resistances, thereby
enhancing adaptability in estimating
the rotor flux linkage angle.
Simulation results demonstrate that
replacing rated value with the
estimated resistances allows the
field-oriented control system to
maintain robust stability and control
performance during operation. This
method shows strong potential for
future experimental validation on real
hardware platforms, contributing to
improved reliability and adaptability

|- - - - Real Estimated‘
Rr increase 30%
2.755
q4--
1
275 ! J
2 2.1 22 23
1 2 3 4 5

Times (seconds)

Fig. 7 — Rotor resistance: Real and Estimated
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Memoo nonvoso-opicumosganoeo kepysanns (IHOK) € wupoko 3acmocogysanum nioxo0om 07 MOYHO20 pecyno8anHs
WBUOKOCTT MPUDABHUX ACUHXPOHHUX O8USYHIG. 3HAUEHHS ONOpI8 OBUSYHA BIOPIZHAIOMbCS 6I0 HOMIHAIbHUX Hepes
niosuwenHs memnepamypu nio uac pobomu. Memorw 0ocniodcents € niosUeHHsE MOYHOCII OYIHKU NOMOKO34eNnIeHHs
pomopa (I13P), wo naoacmv modxciueocmi niompumysamu egpekmuericmo memooy [I3P y pasi 3min onopy. ¥ pobomi
3anpPONOHOBAHO 80OCKOHALEHUN NIOXI0 00 OYiHKU ma inmezpayii onopie deueyHa 6 pospaxyHox II3P. 3anpononosana
CMPYKMypa, wo SKIYUAE MO0l Hanpyau, CIMpymMy ma 6ipmyaibHO20 CIMPYMY, 8UKOPUCTHIOBYEMbCA 3408 BUSHAYEHHS
onopy cmamopa ma pomopa. OyiHeHi 3HAYEHHA ONOPY 3AMIHIOIOMb HOMIHANLHI Y MOOeni CMmpyMy, RiCis 4020
BUKOPUCIOBYIOMbCA 0151 po3paxyHKy eekmopa I13P. Moodeniosannsa npogooumuvcs 3a05 nepegipKu moyHOCMi OYiHeHUux
3HAYEeHb ONopy ma e@ekmusHoCmi 800CKOHANeH020 Memoody [I3P 3a pisnux ymose excniyamayii. Pesynomamu
MOOeNo8aHHsA NOKA3VIOMb, WO PO3PAXYHKOGI ONOpU MOYHO Gi0N08i0aioms NonepeoHbo GCMAHOBNEHUM 3HAYEHHAM
onopy, niomeepox*CcyrouU BUCOKY MOYHICMb OYIHIOBAHHA 3d OONOMO2010 800CKOHANEH020 Memoody II3P unasime y pasi
3MiHU onopie dsueyna. bion. 18, puc. 9.

Kniouosi cnosa: nonboBo-opieHToBaHe KepyBaHHi, MRAS, Monenb Hampyrd, Molelb CTpyMy, OIp pOTOpa, OIip
craropa.
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