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ABSTRACT The dual wound generator brings significant advantages to integrated electric propulsion
systems in ships, particularly in terms of footprint reduction and space saving. However, prior research
on machines using the same pole number for each of the windings has highlighted the challenge of severe
magnetic coupling effects between the two outputs when subjected to dynamically changing loads. This
reduces the stability of the electric power distribution system and its controllability. This paper proposes
a new design based on a wound synchronous generator that overcomes this limitation by using different
pole numbers for the windings to provide independent power supplies for both ship propulsion and ship
services. In this novel approach, the two sets of windings physically share the same slots within a single
machine frame but are fully electromagnetically decoupled. To investigate and validate this electromagnetic
decoupling, the impact of load conditions such as resistive, resistive-inductive, and rectified DC loads are
modelled and experimentally evaluated in detail. The results demonstrate that the novel dual wound generator
operates as a fully decoupled machine, where the load change in one winding output does not impact the
other winding, regardless of the load type. This unique ability to decouple the two outputs represents a
significant innovation in the development of electric propulsion systems for transportation applications. This
work therefore demonstrates the significant potential of the use of dual wound generators for applications in
electric ships, electric aircraft, and heavy-duty vehicles, where independent power supplies are essential for
efficient and reliable operation.

INDEX TERMS Dual wound synchronous generator, harmonic analysis, magnetic decoupling, dynamic
loads, independent power supplies, ship propulsion power, ship services power.

I. INTRODUCTION
Generator sets are widely employed in maritime integrated
electric power systems to supply propulsion power and ship
services as Fig. 1 (a), and offer two principal advantages:

i. The prime mover for the generators can be always
operated in the high efficiency range to reduce the fuel
consumption [1].

ii. The allocation of the prime movers and other auxiliary
devices are more flexible [2].

The associate editor coordinating the review of this manuscript and

approving it for publication was Kai Song .

Integrated power systems contribute to the reduction of
greenhouse gas emissions, aligning with the increasingly
stringent regulations [3]. With these advantages, they have
proven to be highly successful in improving the performance
of electric propulsion systems [4].

The introduction of dual generator machines presents fur-
ther opportunities to enhance the systems. These machines
consist of two sets of rotor and stator in a single frame,
enabling more redundancy and more fault-tolerant capa-
bility in addition to footprint reduction and space saving
benefits [5], [6].

In a further development a single stator and rotor can be
equipped with two stator windings of the same pole number
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FIGURE 1. Architecture comparison for electric propulsion systems for
ships.

to provide dual outputs as shown in Fig.1 (b). Many of
these machines [7], [8], [9] use conventional distributed dou-
ble layer windings. This leads to magnetic coupling effects,
which must be carefully considered and thoroughly inves-
tigated, particularly in maritime applications, where power
supply demands can vary significantly due to multiple oper-
ating modes and conditions, and the impact of coupling
becomes crucial [10], [11]. One concept proposed to power
both port and starboard buses from a single generator with
dual windings which offers redundancy and reduces the
effects of prime mover light loading, but it inherently cou-
ples the two buses through the common generator [12]. The
dynamic issues of galvanic and electro-mechanical coupling
of power systems through a single dual wound generator are
discussed [10].

A 20MW dual-wound generator has been designed for
the electric power distribution system. Experimental results
show that a load disturbance on one side of the generator
can significantly affect the bus voltages on the other side,
challenging the system’s stability [13].
A further developed concept uses two concentrated tooth

windings again of the same pole number arranged in alter-
nate slots or sectors together with single permanent magnet
excitation [14], [15], [16], [17]. These machines provide

decoupling of the two outputs using the concentrated winding
effect [18]. However, the machines inevitably have very large
pole numbers which are unsuitable for maritime use and the
outputs cannot be individually controlled.

An alternative system, the subject of this paper, uses
two windings of different pole number designed so that no
mutual harmonic coupling is present. The concept was first
described in [19], [20], and [21] where the pole numbers used
are in the normal range for maritime use and the outputs
can be individually controlled. Reference [22] describes a
dual output de-coupled machine using permanent magnet
excitation. However, the full experimental validation of the
machines is still lacking. The study in this paper begins
with a comprehensive analysis of rotor field harmonics and
winding factors for armature windings to mitigate the effects
of magnetic coupling on the dynamic performance of the dual
wound machine. Subsequently, a novel externally excited
dual wound generator is proposed, designed to provide inde-
pendent 2-pole and 6-pole outputs with 36-slot double layer
windings in the stator, thereby ensuring complete decou-
pling between these winding sets. The theoretical analysis
and design process aim to eliminate any magnetic coupling
between the windings.

To validate the proposed theory and design, a 2D finite
element (FE) model is employed to simulate the motor’s
performance and the extent of magnetic coupling under load
changes. This FE model allows for a thorough examination
of the machine’s behavior in varying operating conditions.
Detailed experimental tests are conducted, encompassing a
range of conditions that reflect realistic operating modes,
to validate the analytical analysis and simulation results.
These experimental tests provide critical insights into the
actual dynamic response and behavior of the dual wound
generator, further confirming the effectiveness of the pro-
posed design in achieving decoupling of the two winding
outputs. The ultimate objective of this research is to develop
a highly reliable and efficient dual wound generator, suitable
for electric power distribution architecture and maritime inte-
grated electric propulsion systems, where decoupling of the
winding sets is of paramount importance for safe and stable
operations.

II. WINDING DESIGN
The winding redesign process is based on the existing wound
synchronous generator available in the laboratory, which has
36 slots for the stator and 24 slots for the rotor. Normally,
the diesel engine drives the shaft rotating at 60 Hz in ships.
To match this rated speed, and also achieve a high winding
factor and facilitate magnetic decoupling, the 2-pole and
6-pole configuration is selected. The magnetic couplings that
must be eliminated in an externally excited 2-pole and 6-pole
dual wound machine can be categorized as follows:

i The coupling between the 2-pole armature winding and
the 6-pole armature winding.

ii The coupling between the 2-pole rotor winding and the
6-pole rotor winding.
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FIGURE 2. Diagram for one 2-pole concentric rotor coil set.

iii The coupling between the 2-pole armature winding and
the 6-pole rotor winding.

iv The coupling between the 6-pole armature winding and
the 2-pole rotor winding.

To reduce the harmonics of the rotor winding, concentric
windings are utilized to realize a waveform of the field close
to sinusoidal. The mechanical slot pitch angle is 15◦ for the
rotor of 24 slots. To achieve different levels for forming a
more sinusoidal waveform, the field strength required which
is proportional to the number of turns in each slot for the
2-pole rotor winding can be expressed by (1). For the concen-
tric winding, the field produced is obtained by superimposing
the rectangular field distribution of individual coils, therefore,
the number of turns required for each slot can be expressed
as (2).

MMF sn = MMF total sin
nπ
12

, n ∈ [1, 6] (1)

Ns1 = Ntotal sin
π

12

Ns2 = Ntotal sin
2π
12

− Ns1

Ns3 = Ntotal sin
3π
12

− Ns1 − Ns2

. . .

Ns6 = Ntotal sin
6π
12

− Ns1 − Ns2 − · · · − Ns5

(2)

Similarly, for the 6-pole rotor winding, the number of turns
for each slot can be represented by (3).Ns1 = Ntotal sin

π

4
Ns2 = Ntotal sin

2π
4

− Ns1
(3)

Based on (2) and (3), to achieve sinusoidal airgap field, the
number of turns for each slot of two rotor winding sets are
determined as shown in Fig. 2 and Fig. 3, respectively.

The magnetic field waveforms produced by two rotor
windings are shown in Fig. 4. The amplitude of all the

FIGURE 3. Diagram for one 6-pole concentric rotor coil set.

FIGURE 4. Magnetic field waveform for 2-pole and 6-pole rotor winding
sets based on analytical calculation.

harmonics contained for each rotor field can be found in
Table 1. It can be observed that there is no harmonics in
common between the two rotor windings hence the magnetic
coupling in between the rotor windings is insignificant.

TABLE 1. Magnetic field harmonics for 2-pole and 6-pole rotor windings.

Considering the armature windings, if a slot in a machine
at θs contains Ns conductors, the resulting conductor distribu-
tion can be described as (4) assuming that the slot conductors
form a point conductor [23], [24]. For the phase a that has
S slots, the resultant conductor distribution for the harmonic
order of p can be expressed as (5).

N p =
1
π
Nse−jpθs (4)

N pa =
1
π

∑S

s=1
Nsae−jpθsa = Npaejφpa (5)

The winding distributions for three phase windings can be
represented by positive phase sequence (PPS), negative phase
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sequence (NPS) and zero phase sequence (ZPS). The position
and amplitude of the first of the three-phase coil set for each
harmonic is given as (6)-(8).

npp =
1
3
[Npaejφpa + Npbej(φpb+

2
3π )

+ Npcej(φpc−
2
3π )] (6)

nnp =
1
3
[Npaejφpa + Npbej(φpb−

2
3π )

+ Npcej(φpc+
2
3π )] (7)

nzp =
1
3
[Npaejφpa + Npbejφpb + Npcejφpc ] (8)

TABLE 2. Winding factors for 2-pole and 6-pole full-pitched armatures.

Based on the above, the winding factors for 2-pole and
6-pole 36-slot full-pitch winding sets can be expressed as (9)
and (10). It is worthwhile to mention that the winding factor
is equal to the distribution factor in this case when full-pitch
windings are considered.

kF2wp = kF2dp =

∣∣∣∣∣ sin
(πp

6

)
6 sin ( pπ36 )

∣∣∣∣∣ (9)

kF6wp = kF6dp =

∣∣∣∣∣ sin
(πp
18

)
2 sin ( pπ36 )

∣∣∣∣∣ (10)

The winding factors for 2-pole armature and 6-pole arma-
ture windings are shown in Table 2. It can be seen that the
PPS and NPS have no coupling between 2-pole armature and
6-pole armature but have harmonics of the same order in
ZPS which would introduce magnetic coupling between two
armature sets.

To mitigate the magnetic coupling, double layer windings
are used for both 2-pole and 6-pole armature windings. For
2-pole winding, the top and bottom layers are in the same
position using fully pitched coils while offsetting the bottom
layer by 1/3 pole pitch results in 2/3 short-pitch windings.
For the 6-pole winding, offsetting the bottom layer by 1/6
coil pitch results in 5/6 short-pitch windings. The effect of
the offset of the layers can be described by (11). It follows
that the conductor distribution N pa for the pth harmonic of a
phase winding is multiplied by cos(pα/2) when a α offset is

applied. Therefore, the winding factors for 2-pole armature
and 6-pole armature are modified as shown in (12) and (13).

N pao = Npa(1+e−jpα) = Npa2e
jpα
2 cos

pα
2

(11)

kS2wp =

∣∣∣∣∣ sin
(πp

6

)
6 sin ( pπ36 )

cos
pπ
6

∣∣∣∣∣ (12)

kS6wp =

∣∣∣∣∣ sin
(πp
18

)
2 sin ( pπ36 )

cos
pπ
36

∣∣∣∣∣ (13)

TABLE 3. Winding factors for 2-pole and 6-pole short-pitched double
layer armatures.

As a result, the winding factors for two short-pitched
armature windings are shown in Table 3. It shows that the
harmonics of zero phase sequence for 2-pole winding are
completely removed and there are now no harmonics of
the same order in the 2-pole winding and 6-pole winding,
which means the magnetic coupling has been eliminated. The
winding diagram for 2-pole armature and 6-pole armature are
shown in Fig. 5. Moreover, after the offsetting, the 6-pole
rotor winding has eliminated the impacts on the 2-pole arma-
ture winding as shown in Table 1 and Table 2.

III. FINITE ELEMENT MODELING
The primary focus of this paper is to eliminate the coupling
effects when a dynamic load change occurs. This section
presents the simulation results when a resistive and inductive
load are applied separately to both the 2-pole and 6-pole
outputs. The 2D model is built as shown in Fig. 6 based on
the geometry of the existing generator using extra fine mesh
in the simulation.

Firstly, the effect of pure resistive load change was investi-
gated. By adding external three-phase 60 � resistive load for
the 2-pole output and 80� for the 6-pole output, and defining
the time they are switched in, the dynamic load conditions can
be simulated.

Fig. 7 shows the simulation results when a load change
occurs in the 2-pole armature winding when the 6-pole arma-
ture winding is loaded at rated output. It can be seen that at the

102088 VOLUME 12, 2024



H. Wang et al.: Dynamic Performance of a Decoupled Dual Wound Synchronous Generator

FIGURE 5. Winding diagram for 2-pole and 6-pole winding sets.

start the resistive load is switched on and the 2-pole winding
current increases from zero to the rated peak current of 2.5 A.
The terminal voltage for the 2-pole output remains at the peak
value of 154 V with only a short disturbance. Moreover, there
is no disturbance observed on both the current and the voltage
outputs for the 6-pole armature winding which maintains the
voltage of 129 V and the current of 1.6 A.

Fig. 8 shows the simulation results when applying a
dynamic resistive load change for 6-pole armature winding
while 2-pole armature winding is loaded at rated output. It can
be observed that when the load is changed at the start for

FIGURE 6. 2D FE model for the dual wound machine.

FIGURE 7. Simulation results for 2-pole and 6-pole outputs when
resistive load dynamic change occurs in 2-pole windings.

6-pole winding, there is no impact on either the voltage or
the current from the 2-pole winding.

All these results show that there is no magnetic coupling
between 2-pole armature windings and 6-pole armature wind-
ings when a pure resistive load change happens in the system.

To simulate more realistic operating conditions for electric
ships, a resistive-inductive (RL) load was applied to the dual
wound generator. The simulation assumes the 6-pole output
operating with a three-phase 80 � load, while the 2-pole
output load current changes. At time zero, a three-phase load
consisting of 60 � resistors and 100 mH inductors was con-
nected to the 2-pole output winding. The simulation results,
depicted in Fig. 9, show a transient fluctuation in the 2-pole
output at the moment of load connection. However, the out-
put quickly returns to normal operation, achieving a voltage
of 150 V and a current of 2.3 A. Notably, a comparison of
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FIGURE 8. Simulation results for 2-pole and 6-pole outputs when
dynamic resistive load change occurs in 6-pole windings.

the current waveforms between the cases of pure resistive
load (Fig. 7) and resistive-inductive load (Fig. 9) shows a
difference in the peak current timing.With pure resistive load,
the current peaks at 5 milliseconds, while with the resistive-
inductive load, the current peaks at 7 milliseconds, due to the
additional inductance introduced into the windings.

The 6-pole output exhibited no observable effects from
the 2-pole windings. It maintains stable output conditions
for both voltage and current. These simulation results ver-
ify the effective decoupling of the dual wound generator’s
windings, as the 6-pole output remained isolated from the
load variations in the 2-pole output even under dynamic
resistive-inductive load conditions. Furthermore, the simu-
lation results for the effects of dynamic resistive-inductive
load change on the 6-pole output, shown in Fig. 8, con-
firms the absence of magnetic coupling in this scenario. The
dual wound generator demonstrated its capability to handle
resistive-inductive loads without compromising the indepen-
dence of its output windings, further enhancing its potential
suitability for electric ships and similar applications.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS
A. TEST PLATFORM CONFIGURATION
The prototype of the designed dual wound generator has
been built. Following the redesign requirements to validate
the dynamic magnetic decoupling performance, the wind-
ings were rewound based on the new winding design using
the existing generator. The specifications of the designed
dual wound generator are listed in Table 4. All the compo-
nents required to conduct the experiments are depicted in
Fig. 11 and the description of each component is listed in
Table 5.

FIGURE 9. Simulation results for 2-pole and 6-pole outputs when
dynamic resistive-inductive load change occurs in 2-pole windings.

FIGURE 10. Simulation results for 2-pole and 6-pole outputs when
dynamic resistive-inductive load change occurs in 6-pole windings.

B. ROTOR FIELD DYNAMIC CHANGE TEST
To investigate the potential impact of changing one of the
rotor excitation currents on the other output, an experimental
test was conducted on the dual wound generator by increasing
the rotor excitation current. During this test, the two stator
windings supplied their rated resistances, that is, 60 � for the
2-pole winding and 80 � for the 6-pole winding.

As depicted in Fig. 12, a resistor is connected in series in
the rotor excitation circuit to maintain a low initial rotor cur-
rent. The resistor is then short-circuited by the circuit breaker
to increase the rotor excitation current to 1 A. Notably, the
external resistor is set to have the same resistance value as the
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TABLE 4. Specification of the dual wound generator.

TABLE 5. Description of the component used on the test bench.

corresponding rotor winding, ensuring that the rotor current
is effectively doubled when the circuit breaker is turned on.

This setup allows a controlled examination of how changes
in one rotor excitation current may influence the other output
and evaluates the effectiveness of the decoupled rotor wind-
ing design.

Fig. 13 presents the dynamic changes in the 2-pole
and 6-pole stator voltages when the 2-pole rotor current
is increased from 0.5 A to 1 A by the circuit breaker.

FIGURE 11. Experimental test platform.

FIGURE 12. Rotor field dynamic change test circuit.

As anticipated, the 2-pole stator voltage rises with the
increase in the 2-pole rotor excitation current. However, it is
important to note that due to the constant input power of the
DC motor, this results in a reduction in the rotating speed of
the prime mover.

It is observed that at 1 A rotor current, the peak voltage of
the 2-pole stator is lower than twice the value at 0.5 A rotor
current, primarily due to the rotational speed drop. Addition-
ally, the 6-pole voltage, as depicted in Fig. 13, exhibits a slight
decrease with the increasing 2-pole rotor excitation current,
which can also be attributed to the reduction in rotating speed.

Notably, despite the sudden change in the 2-pole field,
no disturbances or unexpected instantaneous output fluctu-
ations are introduced on the 6-pole output. This observation
reinforces the effectiveness of the decoupled winding design
of the dual wound generator in maintaining the stability of the
system during changing of the 2-pole rotor excitation current.

Fig. 14 displays the experimental test results when increas-
ing the 6-pole rotor current from 0.6 A to 1 A by the circuit
breaker. As anticipated, the 6-pole stator output voltage
exhibits an increase with the rise in the 6-pole rotor excitation
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FIGURE 13. Results from 2-pole rotor current dynamic change test.

current. In the same way as the effects observed with changes
in the 2-pole rotor current, the rotating speed of the prime
mover experiences a slight decrease due to the increase in the
6-pole rotor current. Consequently, the 2-pole stator output
voltage also decreases.

An encouraging finding from these experiments is the
absence of disturbances and waveform distortions arising
from increased harmonics, which could have resulted from
magnetic coupling between the 6-pole rotor and the 2-pole
output. As such, it can be concluded that the rotor current
solely affects the corresponding stator winding, and there is
no evidence of undesired magnetic coupling between the two
rotors and the other outputs.

These results verify the effectiveness of the decoupled
winding design of the dual wound generator, as it success-
fully isolates the effects of rotor current changes and ensures
minimal interference on the 2-pole and 6-pole outputs.

C. RESISTIVE LOAD DYNAMIC CHANGE TEST
In an electric ship propulsion system, the variations in propul-
sion and service power demand during different operations
necessitate the assurance that changes in load on one output
does not affect the other output. Fig. 15 and Fig. 16 present
the results of the dynamic resistive load change tests.

The dynamic load test for the 2-pole output starts by oper-
ating it under a no-load condition. Subsequently, the rated
3-phase resistive load is introduced to the 2-pole output, while
the 6-pole output remains at its rated load condition. The test
results for the 2-pole output dynamic load are illustrated in
Fig. 15. Initially, the 2-pole stator current starts from zero and
increases to its rated level. The 2-pole stator voltage shows
transient changes when the load is connected and returns to
the rated 3-phase sinusoidal waveform. In contrast, the 6-pole

FIGURE 14. Results from 6-pole rotor current dynamic change test.

stator voltage remains stable and unaffected throughout the
test.

Following the same testing process as the 2-pole dynamic
load test, the dynamic load test results for the 6-pole resistive
load are depicted in Fig. 16. At the beginning of the test,
the 6-pole stator has no current as it operates under a no-
load condition. Subsequently, the current increases to its rated
value when the load is connected. During the switching pro-
cess, slight voltage ripples are observed on the 6-pole stator
voltage; however, the waveform returns to its normal voltage
in a short time.

Based on the experimental test results for the resistive load
dynamic change in this section, it is evident that changes in
the resistive load on the 2-pole output have no impact on
the 6-pole output, and vice versa. This outcome reaffirms the
effectiveness of the dual wound generator’s design, demon-
strating its ability to maintain isolated operation of the two
outputs, ensuring minimal interference between them.

D. RL LOAD DYNAMIC CHANGE TEST
The successful decoupling of the two windings during the
resistive load dynamic change test encourages the investiga-
tion of a more intricate operational scenario, specifically the
inductive load test.

In the dynamic resistive-inductive load test, each phase
of the 2-pole output is subjected to a load consisting of a
60� resistance and a 100 mH inductance connected in series.
Similarly, the corresponding values for the 6-pole output are
an 80 � resistance and a 100 mH inductance. The testing
procedure mirrors that of the resistive load dynamic test,
wherein the output is initially operated under a no-load condi-
tion and subsequently loaded with the specified resistive and
inductive loads. During this testing process for one output, the
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FIGURE 15. Result from 2-pole resistive load dynamic change test.

FIGURE 16. Results from 6-pole resistive load dynamic change test.

other output is maintained at its rated 3-phase resistive load
condition.

Fig. 17 displays the results of the 2-pole output resistive
and inductive load dynamic change test. As the load is con-
nected, the 2-pole stator current starts to increase; however,
the first peak value does not reach the rated peak current
due to the presence of the inductive load. It is noteworthy
that the 2-pole stator voltage is affected upon the switching
of the 2-pole loads in the circuit, while the 6-pole voltage
remains consistently stable, thereby indicating the successful
decoupling of the two winding outputs under the inductive
load condition.

Fig. 18 exhibits the results of the resistive-inductive load
dynamic change test for the 6-pole winding output. In the
same way the 2-pole output test, the load switching solely

FIGURE 17. Results from 2-pole resistive-inductive load dynamic change
test.

FIGURE 18. Results from 6-pole resistive-inductive load dynamic change
test.

affects the 6-pole voltage, without any impact on the 2-pole
output. These results further substantiate the independence of
the two outputs under a more complex load condition during
dynamic operation.

E. RECTIFIED DC LOAD DYNAMIC CHANGE TEST
In this section, the performance of the dual wound gener-
ator under a rectified DC load test is investigated, this is
important for electric propulsion ship systems employing DC
distribution networks. The test involves using a full-bridge
rectifier (VS-36MT120) to establish a DC bus from both
the 2-pole and 6-pole stator outputs, with resistive loads
connected to verify the decoupling of the twowinding outputs
under dynamic rectifier conditions.
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FIGURE 19. Results from 2-pole rectified DC load dynamic change test.

FIGURE 20. Results from 6-pole rectified DC load dynamic change test.

For this test, DC resistive loads of 1000 � and 500 � are
applied to the 2-pole and 6-pole rectifier outputs, respectively.
The winding output under examination starts in a no-load
condition and subsequently the DC resistive load is connected
into the DC bus. During the test, the other output is main-
tained at its rated 3-phase loaded condition.

Fig. 19 illustrates the results of the 2-pole rectified load
dynamic change test. The 2-pole stator rectified DC voltage
increases from zero to 320 Vdc upon switching. At each
switching point, slight ripples appear on the primary side of
the 2-pole stator voltage, while there is minimal effect on the
6-pole stator.

Similarly, Fig. 20 presents the rectified DC load dynamic
change test results for the 6-pole winding output. The rec-
tified voltage for the 6-pole output is set at 230 Vdc. Upon
switching the 6-pole DC resistive load to the circuit, there
is no noticeable impact on the 2-pole output. However, the

6-pole stator voltage exhibits some ripple content at each
rectifier switching point.

The dynamic test on the rectifier circuit demonstrates the
dual wound generator is capable of providing an onboard
DC bus using one of its stator windings without affecting
the other winding. These results further validate the effective
decoupling of the two winding outputs under dynamic recti-
fier conditions, enhancing the reliability and versatility of the
dual wound generator in electric propulsion systems.

V. CONCLUSION
This paper investigates the performance of a novel
dual-wound generator designed and constructed to handle a
range of operating load conditions, providing a practical elec-
tric propulsion system for shipping applications. It addresses
the common challenge of magnetic coupling between the
two outputs of the dual-wound generator. The new design
is proposed based on a wound synchronous generator that
provides independent power supplies for ship propulsion and
ship services, thereby avoiding magnetic coupling between
the outputs. In this novel approach, the two sets of windings
physically share the same slots within a single machine frame
but are electromagnetically fully decoupled.

The arrangement of the 2-pole and 6-pole windings was
analyzed in detail to eliminate electromagnetic coupling and
achieve harmonic decoupling through the winding design.
The aim was to ensure the two winding outputs function
independently, enabling the generator to provide independent
power supplies for electric propulsion and ship services.

Two-dimensional finite element analysis was utilized to
validate the decoupling performance of the dual wound gen-
erator under the dynamic change of resistive and inductive
loads. The experimental tests conducted on the dual wound
generator prototype provide evidence that the two winding
outputs, including the end-windings, are completely decou-
pled under different load conditions and when subjected
to different forms of dynamic load changes. As a result,
the 2-pole and 6-pole windings can independently generate
power supplies without affecting each other or the overall
system. This capability ensures the provision of independent
and reliable power sources for both electric propulsion and
ship service applications.

In summary, our detailed modelling and experimental
results demonstrate that the novel dual wound generator oper-
ates as a fully decoupled machine and the unique ability to
decouple the two outputs represents a significant innovation
in the development of electric propulsion systems for ship-
ping applications. The implications of this paper also extend
beyond electric propulsion ship systems and have potential
applications in other transport, including electric aircraft,
railroads, buses, and heavy-duty trucks. The demonstrated
success of the dual wound generator prototype highlights
its versatility and effectiveness in addressing the challenges
posed by different dynamic load conditions inmodern electric
power systems.
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