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Annatation. In this paper, a mathematical model of the Permanent Magnet Synchronous Motor
(PMSM) drive is developed and analyzed.

The proposed model is designed to accurately describe the dynamic behavior of the PMSM,
evaluate power losses, and facilitate control system modeling.

Based on the dynamic equations of the PMSM in the synchronous reference frame (dq0), the
state-space equations are derived, where iron losses—particularly eddy current (Foucault)
losses—are modeled by means of a resistance R; connected in parallel with the magnetizing
branch.

In addition, analytical expressions for copper (Cu) losses and iron losses under steady-state
conditions are presented. The developed model can be effectively used for analyzing the
efficiency of PMSM drives, performing numerical simulations, and optimizing control systems.

Keywords: Permanent Magnet Synchronous Motor (PMSM), dynamic model, dq0
transformation, synchronous reference frame, electromagnetic torque, iron losses, eddy current,
power efficiency, mathematical model.

Mathematical Model of PMSM

To perform a theoretical analysis of the Permanent Magnet Synchronous Motor (PMSM)
drive, it is necessary to develop a mathematical model that can accurately describe the machine’s
behavior. From a structural point of view, the PMSM is very similar to the conventional
synchronous motor, and therefore its dynamic model is based on the classical synchronous
machine equations.

When the machine is described in the abc phase reference frame, the obtained equations
are nonlinear and time-dependent. However, when expressed in the dq rotating reference frame,
the equations become much simpler, which increases computational speed and facilitates control
system modeling. In the steady-state operation, the variables remain constant over time, further
simplifying the analysis.

The dq model associated with the rotor is the most widely used and reliable model in the
scientific literature. It neglects magnetic saturation, eddy current, and hysteresis losses and
assumes that the back electromotive force (EMF) is sinusoidal. These simplifications allow
predicting the PMSM’s behavior with sufficient accuracy.

If the motor is designed for line-start operation, the rotor is equipped with a cage winding,
similar to that of induction motors, and the model is accordingly modified. Furthermore, models
that include iron losses—particularly eddy current losses—have also been developed, providing
more accurate evaluations of the energy efficiency.

More complex models are developed using the Finite Element Method (FEM). This
approach enables high-precision modeling of the PMSM’s electromagnetic, thermal, and
magnetic flux distribution processes. However, due to their complexity and high computational
requirements, the simulation time of such models is typically long.

Dynamic Model. To describe and analyze the Permanent Magnet Synchronous Motor
(PMSM), the most convenient approach is to consider a synchronous rotating reference frame
that is fixed to the rotor (d—q—0 frame). The transformation of the state variables (voltages,
currents, and flux linkages) from the abc stationary reference frame to the rotating dq0 reference
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frame is performed using the amplitude-invariant transformation matrix, which is expressed as
follows:

2n 21
cos () <cos (6——) ~cos (B+—=)
3 3
Xa 2 2m om . A
[Xq]:§ [-sin (8 —sin (6——) -—sin (8+—)I[Xb] (1)
Xo 3 3 7 x
1 1 1
2 2 2
Here, Orepresents the angle between the stator phase a and the rotor flux linkage.
Conversely, the variables in the abc stationary reference frame can be obtained from the
rotating dq0 components by applying the inverse amplitude-invariant transformation matrix,
which is expressed as follows:
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Figure 1. dg-axis equivalent circuits of the PMSM model considering iron losses:

(a) equivalent circuit for the d-axis;
(b) equivalent circuit for the g-axis.

Taking this into account, and assuming that magnetic saturation is neglected, the
electromotive force (EMF) is sinusoidal, and the rotor is cageless, the voltage equations of the
PMSM (Permanent Magnet Synchronous Motor) in the synchronous reference frame can be
expressed as follows:

: Imd :
Vd:Rsld_H—dd_r:_qulmq (3)

: di :
Vq:Rslq"'Lq%"'de'md"'quPM (4)

From equations (3) and (4), the state-space equations that allow constructing the complete
dynamic model of the PMSM can be derived as follows:
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The electromagnetic torque is determined as follows:

3 ) ..
Te:Ep[wPMlmq"'(Ld_Lq)'md'mq] (12)

By considering equations (5), (6), (9), and (10) under steady-state operating conditions,
the copper (Cu) losses in the stator windings can be determined using the following expression:

3 .
PCuZERs(chj'Hé) (13)
Similarly, the iron losses caused by the fundamental component of the total flux linkage
in the iron core can be determined as
35 /2 4 3 w? . .
follows:  Pee=3 Re(igy+izg)=5 - [(Lgimg)*+ (Wen+Laima)’] (14)

Although hysteresis losses are not considered in this study, they can also be included in the
machine model. These losses are proportional to the frequency of the machine phase currents.
Therefore, to incorporate them into the model, the iron-loss resistance (Rge) is usually treated as
a function of the angular frequency ().

Summary. The research results indicate that modeling a PMSM in the dq coordinate
system simplifies the electromechanical processes of the motor and allows for more accurate
calculations. Representing iron losses through the Rc resistance increases the realism of the
model and plays a significant role in analyzing energy efficiency. Using the mathematical model
of the PMSM, it is possible to evaluate the motor's dynamic performance, power losses, and the
efficiency of control systems with high accuracy. This approach serves as an effective tool for
enhancing the energy efficiency of industrial enterprises and developing new control algorithms
based on digital simulations.

References:

1. Kirishnan, R. Permanent Magnet Synchronous and Brushless DC Motor Drives. CRC Press,
2010.

2. Morimoto, S., Sanada, M., & Takeda, Y. “Wide-speed operation of interior permanent
magnet synchronous motors with high-performance current regulator.” IEEE Transactions
on Industry Applications, 1994.

3. Vas, P. Sensorless Vector and Direct Torque Control. Oxford University Press, 1998.

762
https://www.eijmr.org/index.php/eijmr



4 4

Ethiopian International Journal of Multidisciplinary Research

pISSN:2349-5707 Volume:12,Issue 10,0ctober-2025 eISSN:2349-5715

4.

To'ychiyev, F. N., & Abduxalilov, A. G. (2025). Doimiy magnitli sinxron mashinalarni
modellashtirishda klark va park transformatsiyalarining qo'llanilishi. B academic research in
modern science (T. 4, Brimyck 55, cc. 174-178). Zenodo.
https://doi.org/10.5281/zenodo.17249313

Abduxalilov, A., & Abdurasulov, M. (2025). Doimiy magnitli sinxron mashinalarning tahlili.
AkaneMuyecKkue HCCIeOBaHHUS B COBpeMeHHOW Hayke, 4(36), 90-92. wusBneueHo OT
https://inlibrary.uz/index.php/arims/article/view/109343

Kichik quvvatli doimiy magnitli sinxron generatorni loyihalash va tahlil qilish. Abduxalilov
A.G'., Mahmutxonov S.K. 2025/6/9 Energiya va resurs tejash muammolari. Ne88(775-780)
ISSN (print) 2091-5985 ISSN (online) 2181-1946

763

https://www.eijmr.org/index.php/eijmr


https://doi.org/10.5281/zenodo.17249313
https://inlibrary.uz/index.php/arims/article/view/109343

	Keywords: Permanent Magnet Synchronous Motor (PMSM

