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ABSTRACT
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ARTICLE INFO: This paper introduces a Permanent Magnet Double Rotor
Received 15 May 2026. Generator (PMDRG), single stator, double rotating rotors with
Accepted 19 June 2026. . . . . .

Available online 24 June 2026. symmetrical air-gaps machine. It is capable to deliver

independently power by two generators in a single machine. The

Keywords: Permanent Magnet Double Rotor Generators, proposed study is about the circuit diagram of PMDRG model,
Proportional Integral Control, Wind Turbine System, ) )
MATLAB/Simulink Model. and controlled dynamics by Proportional Integral (PI) control

system and introduces the simulation by MATLAB/Simulink.
The machine should be installed for wind energy application
aiming a more compact and efficient power production. The PI
control system is commonly used for electric machines due to its
simplicity and effectiveness in eliminating steady-state error. In
PMDRG system, PI controllers are naturally used to regulate
their rotors speeds, which in turn controls the active power

output.
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1 Introduction

The permanent magnet double rotor generator
(PMDRG) has been widely used in different industry
fields because of its higher power density, high torque,
and high efficiency than the wound rotor synchronous
machines [1]. Compared with the conventional PMSM,
the PMDRG with dual-rotating rotors also provides
features such as high efficiency, high torque capability,
compact structure [2,3]. Thus, the PMDRG with dual-
rotating rotors has been commonly used in various
applications including wind energy, electric ships,
underwater vehicles (UVs), Electric vehicles and
airplane [4,5]. Usually, an electrical machine with
multiple rotating rotors has multiple assembly machines
in series or parallel [6,7]. For the present topology, the
machine has dual-rotating rotors and a single stator. The
inner rotor will rotate by the wind turbine, and by
electromagnetic induction the outer rotor will rotates. in
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other words, the speed of the outer rotor is 1/3 of the
rotation speed of the inner rotor [8]. In spite of the
conventional synchronous machines, the rotor rotation
speed must be synchronized with the magnetic field
speed. However, for the PMDRG the inner rotor’s
rotation speed is not synchronized with the outer PM
rotor due to slip of permanent magnet induction
mechanism. For the dual rotor machines studies, Cao et
al. [9] studied the decoupling analysis of a brushless
dual-mechanical-port dual-electrical-port machine. This
machine operates without brushes making it suitable for
wind energy and hybrid electrical vehicles applications.
The authors verified their theoretical results using Finite
Element Analysis (FEA) and validated them
experimentally. However, they did not control the speed
of each rotor. Ullah et al. [10] presented and introduced
a new type of dual-rotor wound-field flux switching
generator for wind power applications. The proposed
machine uses two rotors rotating in opposite directions
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i.e. (counter-rotating). Even though, the rotors speed
control does not include of their study. Zhao et al. [11]
presented the investigation of the magnetic coupling
effect and performance characteristics of a permanent
magnet dual-rotor generator for wind energy system.
The proposed machine includes two coaxial rotors with
permanent magnets and a shared stator placed between
them. Their topology is analyzed by using FEA in order
to evaluate the magnetic field distribution, torque ripple
and output power production. The structure of this paper
is as follows: Section 2 the two-dimensional (2D) model
of the PMDRG system is presented and provides an
overview of the system operation principle; Section 3
presents the mathematical model of the proposed
PMDRG system; Section 4 the control system of the
machine is presented and describes the block diagram of
the complete model of the PMDRG; Section 5 presents
and discusses the obtained simulation results to evaluate
the effectiveness of the proposed control scheme; finally,
section 6 presents the concluding remarks of this study
are provided.

Main Contributions of This Work

1. Development of a complete dynamic mathematical
model of the PMDRG in the synchronous dgq
reference frame, including stator, inner rotor, and
outer rotor dynamics.

2. Design of a Proportional-Integral (PI) controller
for controlling the inner and outer rotors speed
under variable wind speed conditions.

3. Implementation of the proposed mathematical and
control models in MATLAB/Simulink using
fundamental simulation equations rather than
predefined machine libraries.

4. Demonstration of the effectiveness of the proposed
control scheme in maintaining a constant inner and
outer rotors speed despite fluctuations in wind
speed.

2 Two-Dimensional (2D) Model and
Operating Principle

Figure 1 shows the two-dimensional (2D) model of the
PM generators with dual-rotating rotors, where the two
rotors are employed to drive two wind plates. the inner
rotor is wound rotor whereas the outer rotor working
stator since there is slip speed between them. The single
stator which has the electromagnetic field in its windings
speed must be synchronized with the real speed of the
outer rotor. The two generators output power can be
extracted from the windings of the inner rotor and the
stator windings.
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Fig.1: Overview of PMDRG Machine, (a) Front view
of the Machine and (b) Side view of the Machine.

The PMDRG configuration is illustrated, where both
generators are designed to produce power, the inner rotor
windings to be connected into sliprings. The rotation of
both rotors is in phase. Since the outer rotor is rotating
according to electromagnetic induction of inner rotor
and to assist its rotation there are plated can be installed
as shown in Figure 2. The mathematical model of the
system and description of the proposed PI control
strategy are presented in the next section. Figure 2 shows
the proposed installation of both plates, where the
shorter one is the main plates connected to the inner
rotor, while the other plates can be connected into the
outer rotor.

Fig.2: Dual Rotor Dual Plates of the Wind Energy.

3 Mathematical Modeling and Control
Methodology

The following assumptions are made to simplify the
dynamic model equations:

e Saturation effects, hysteresis, and eddy current
losses are neglected in the analysis.

e The induced EMF is assumed to be a sinusoidal.

e [t is assumed the inner rotor and stator winding
resistances are constant and equal.

The dynamic model of the PMDRG as the other types of
electrical machines is developed by writing differential
equations for voltages, currents, speed, and torque. The
voltage equations in the dq0 reference frame are
presented below.

e/
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The stator voltage equations can be written in the dq0
reference frame as [2].

X ay

Vds = Tylgs + d;is - wslpqs (1)
X dy

Vqs = rslqs + d:S + wslpds (2)

Where Vy , Vs represent the stator voltages in the direct
and quadrature axes. w; is the angular synchronous in
the stator, R; is the stator winding resistance. Y45 , Ygs
are the direct and quadrature flux linkages in the dq0
frame between the stator windings and the PM outer
rotor, which are given by the equations:

1pds = Lds?ds + Lmd'idir + APMOT (3)
qu = qulqs + Lmqlqir (4)

Where iy, igs, lgir, Lgir are the direct and quadrature
currents in the stator and inner rotors windings,
respectively. Lpg & Ly, is the mutual inductance
between the inner rotor winding and the stator windings.
Apumor 1s the flux linkages produced by the PM-surface
mounted outer rotor and the stator, and this magnet is
fixed on the outer surface of the outer rotor.

The same model is obtained in the inner rotor; However,
the angular speed is defined as the difference between
the speeds of the two rotors. So, the inner rotor voltages

in dq0 are described in equations as:
dygr

Var = 1yplay + at (ws - wr)l'bqr ®)
, dygr
Var = Tiplgir + =2 + (@5 = 0, )qr (6)

Where the flux linkages can be defined as:

Yar = Lairlair + Lmatas + Aemir (7)
Yar = Lgiriqir + Linglgs (8)

Where w; is synchronous speed, w, is the rotor actual
speed, Var, Vgr) War, Yqr represent the voltages and the
magnetic fields in the dq0 frame, respectively and R, is
the inner rotor winding resistance. Apy;- is the flux
linkages produced by the PM- surface mounted outer
rotor and the inner rotor. From equations (1,2 and 5,6)
the following equations can be produced.

Yas = f[Vds — Tyigs + l/)qsws] dt )
qu = f[%s - rsiqs - lpdsws] dt (10)
lpdr = f[Vdr - riridir + (ws - wr)l/)qr] dt (ll)
Ipqr = f[Vqr - ririqir - (ws - wr)lpdr] dt (12)

Using the mathematical solution of the magnetic flux
equations system, the current equations from equations
(3,4 and 7,8) are:

. 1 .

lgs = E [l/)ds — Lynatay — }\PMor] (13)
. 1 .

lgs = L_qs (l/)qs - Lmq lqir) (14)
. 1 .

lair = Tar [War — Linaias — Apmir] (15)
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Lgir = E [¢qr - Lmqlqs] (16)

The PMDRG machine has a different electromagnetic
torque developed equation in flux linkage and currents.
The torque equation is the electromagnetic torque
generated by the stator, outer rotor, and inner rotor, and
is described by the equations [12][13].

3P . .
Te, stator — 22 (wdrlqs - lpquds) (17)
3P . .
Te, pm-rotor — EE (}\PMorlqs + }\PMir lqir) (18)
3P . .
Te, wd-rotor — 22 (wdslqir - quldir) (19)

The Mechanical speed equations of the inner and outer
rotors are derived by equating the inertia torque to the
accelerating torque.

Mechanical dynamic speed equations of the machine
are given as follows:

e outer rotor speed found as:

p
Wor = f_ [Teor + Tmech - Tfriction—or] dt (20)
2o

e Inner rotor speed found as:
P
Wi, = fm [Teir + Tmech - Tfriction—ir] dt (21)

In the equation, T,.;, is the externally applied
mechanical torque acting in the direction of the rotor
speed, and Tyyjcrion Tepresents the damping torque acting
opposite to the direction of rotation.

Wy 18 the mechanical rotor speed, and  w, is the
electrical speed, and the relationship between them is
equal to:

D
We = 7 Wrm (22)
The instantaneous magnitude of the stator and inner

rotor voltages, currents, and active power at the
generator's terminal are calculated as [14].

V, = /de + 1, (23)
i, = /idz +i,° (24)

3. .
P =2 (Valq + Vgiq) (25)

4 Machine Control with PI Controllers
in the dq0 Reference Frame

The control strategy is based on cascaded loops, where
the outer loop controls the machine speed and the inner
loop regulates the dq0 currents. All quantities are
transformed into the synchronous dq0 reference frame,
allowing decoupled torque and flux control.

e Quter Speed Loop Stator Side

The stator synchronous speed wg is continuously
measured and compared with the reference speed w.
The error signal (w; — w,) is processed by a PI

e/
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controller, and its output defines the reference g-axis
stator current igs. This reference current is then
compared with the actual measured stator g-axis current
igs- The resulting error (igs — i4) is input to another PI
controller, whose output produces the reference stator g-
axis voltage vy. This voltage reference is applied to the
machine to control speed and regulate torque production.
Figure 3 illustrates the overall structure of the outer
speed control loop and inner current control loop on the
stator side.

In parallel, the d-axis stator current control is performed.
A reference value i, typically set to zero for maximum
torque per ampere, is compared with the actual measured
d-axis stator current izs. The error (i —igs) 1is
processed by a PI controller, generating the reference
stator d-axis voltage v}, which is applied to maintain
flux regulation.

e Outer Speed Loop Inner Rotor Side

The rotor speed w, is measured and compared with its
reference w;. The error signal (w; — w,) is fed to a PI

controller, and the output defines the reference g-axis
rotor current ig,.

This value is compared with the actual measured rotor
g-axis current iy, and the error (ig, — i4) is applied to
a PI controller. The controller generates the reference
rotor g-axis voltage. vg, which contributes to rotor speed
control. Figure 3 illustrates the overall structure of the
outer speed control loop and inner current control loop
on the inner rotor side.

For the rotor d-axis, the reference current i}, is
compared with the actual rotor current iy,.. The error
(i} — igr) is processed by a PI controller, and the
resulting output is the reference rotor d-axis voltage v};,..
This voltage reference is applied to regulate rotor flux.
A complete MATLAB/Simulink model of the PMDRG
was developed in the dq0 reference frame. The model
incorporates all the mathematical equations representing
the stator and rotors dynamics, including voltages,
currents, and flux linkages, as well as the implemented
PI control loops for speed control. Figure 3 shows the
wind turbine block diagram components.

- . I Vdr ref

Vds ref . ]
o )
ids_ref vy, ) Teor > Te o
. i > i
Location 1 w Ve, ¥ g We
Ws
Tmema\
——————— Vg,
External
. iqs_ref Vgs_ref Torgue
@q_ € qw > Ves
T T T
Speed_outer rotor_ref - axtand
Location 2 Location 3 Var iy w,
- P fe e T, "
ws. . . — e_r
Wy a > g
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Fig. 3: Complete Block Diagram PMDRG System.

4.1

The wind turbine acts as the main source of mechanical
energy in the proposed wind energy conversion system.
It transforms the Kinetic energy available in the wind

Wind Turbine Model

Open Access Atrticle is distributed under a CC BY 4.0 Licence. r

into mechanical power required to drives the generator.
The mechanical power extracted from the wind can be
expressed as:
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1

Pm =3mp Cy A B) ?0° (26)

Where p is the air density (kg/m?), C,, is the coefficient
of power conversion, r is the blade tip radius (m), A is
the tip speed ratio (TSR), and B is the blade pitch angle
in degrees.

The mechanical torque developed by the wind turbine is
given by [15][16].

Pm
Ty = a (27)
Where:

Pm : Generated power.

Wy, : Mechanical speed.

T, : Represents the driving torque generated by the wind
turbine (N-m).

Figure 4 shows the Simulink block of the wind turbine
aeromechanical.

O concarspeeaeny

Eli Pitch angle (deg)

Wind Speed (m/s)

T (PU)

‘Wind Turbine Model

Fig. 4: Wind Turbine Block Diagram.
5 Simulated Results and Analysis

Table 1 presents the electrical parameters of the
PMDRG used in the Matlab/Simulink as follows [2].

Table 1: PMDRG Main Parameters

Symbol Unit | Inner Inner rotor | Stator | Outer
Rotor & Stator Rotor
Interaction
Apumir Wb. | 15915
turns
Apmor Wb. 15.92
turns
R Q 0.02 0.035
Ly &Lg mH | 3/4.5 9/15
Ling & Lipg| mH 0.5/1.5
] Kg/ 0.89 0.83
mZ
B N.m. | 0.10 0.10
s/rad
pole pairs (P =2)

To evaluate the results of the mentioned mathematical
model in section (3), simulation process of the PMDRG
model was carried out with the given data in Table 1. The
results of modeling the depends on the wind speed
ranges from 5 to 12 m/s. The simulation modeling
carried out with PI control gains given in Table 2. These
gains were obtained using the time-domain pole
placement method [17][18].

Open Access Atrticle is distributed under a CC BY 4.0 Licence.
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Table 2: PI Control Gain's

PI location Kpr Ki
Location 1 7.83 3549.56
Location 2 0.26 1.8125
Location 3 13.18 5915.93
Location 4 2.62 1184.35
Location 5 3.52 78.387
Location 6 3.94 1777

Figure 5 shows the inner rotor speed response at a wind
speed varied from 5m/s to 12 m/s. The rotor accelerates
rapidly and reaches a peak speed of approximately 990
rpm before settling at the reference value of 900 rpm.
The settling time is about 0.183 s, indicating a fast
dynamic response.

The PI controller effectively eliminates the steady-state
error and maintains stable operation under wind
conditions.
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Fig. 5: Inner Rotor Speed Response.

Figure 6 shows the outer rotor speed response at a wind
speed varied from 5m/s to 12 m/s. The rotor accelerates
rapidly and shows a transient overshoot before settling
at the reference speed of 300 rpm. The settling time is
approximately 0.62 s. Despite the initial oscillations, the
PI controller effectively eliminates the steady-state error
and maintains stable operation at the desired speed.
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400 | 8l

200 | gl
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Time (Sec)

Fig. 6: Outer Rotor Speed Response.
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Figure 7 illustrates the inner rotor three-phase voltages
at a wind speed varied from Sm/s to 12 m/s. The voltages
are balanced and sinusoidal with a phase shift of 120°
between phases, confirming proper machine operation.
After a short transient period, the voltages reach a stable
steady-state peak value of about £1000 V, showing the
effectiveness of the control system and the stability of
the generated output.

Inner Rotor Voltage (volt)
T T T

Phase-A
1500 - - - - ‘Phase-B
-+ Phase-C

1000 -

500

v,
-500

Inner Rotor Voltages (a,b,c)
°

-1000 -

-1500 - -

Time (Sec)

Fig. 7: Output Voltage from the Inner Rotor.

Figure 8 illustrates the inner rotor three-phase voltages
at a wind speed varied from 5m/s to 12 m/s. The voltages
are balanced and sinusoidal with a phase shift of 120°
between phases, confirming proper machine operation.
After a short transient period, the voltages reach a stable
steady-state peak value of about £500 V, illustrating the
effectiveness of the control system and the stability of
the generated output.
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Fig. 8: Output Voltage from the Stator of PMDRG.
6 Conclusions

In this paper, the double rotor double plates wind turbine
drives PMDRG system to produce dual, independent,
voltage sources using a compact machine with a single
stator and windings and two different rotors one rotor is
PM rotor (outer rotor) and wound rotor (inner rotor) has
been introduced in terms of complete model, PI control
system. The PI control for the independent rotors is
presented and proven to be effective to fix the speed of
inner rotor to be 900 rpm and the outer rotor to be 300
rpm even the wind speed is varied. In addition, the stator
and inner rotor voltages are simulated to provide

Open Access Atrticle is distributed under a CC BY 4.0 Licence.

independent voltage sources from a single machine.
Future work will include finite element analysis,
experimental prototype validation, converter modelling,
and comparison with advanced control strategies.
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