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Mitigating the Effects of Rotary Transformer Leakage Flux 
on Brushless Synchro Accuracy 
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Abstract: Synchros are electromagnetic sensors utilized to determine the angular 
position of a rotating shaft. This paper examines the impact of leakage flux from the 
Rotary Transformer (RT) on the induced voltages and the position detection accuracy of 
the Wound-Rotor (WR) synchro. Various methods are proposed to mitigate the negative 
effects of leakage flux from the RT. The leakage flux paths, which couple with the 
signal winding, are identified. Based on this analysis, the optimal distance between the 
sensor and the RT is calculated to minimize the adverse effects of leakage flux on the 
synchro's accuracy. Additionally, the RT structure is modified to reduce the leakage 
flux. Another effective approach involves the use of Electromagnetic Interference (EMI) 
shielding. In this context, a shield frame is designed for the RT, and the impact of 
different shield materials on reducing leakage flux is investigated. The results show that 
a copper-based shield significantly reduces the adverse effects of leakage flux and 
improves the sensor’s accuracy. To evaluate the effectiveness of the proposed methods, 
they are assessed through 3-D Time-Stepping Finite Element Analysis (3-D TSFEA) and 
experimental measurements on a prototype sensor. The experimental results show close 
agreement with the 3-D TSFEA, confirming the accuracy of the findings. 

Keywords: Brushless Synchro, Electromagnetic Interference (EMI) Shielding, Leakage 
Flux, Position Sensors, Rotary Transformer (RT), Time-Stepping Finite Element 
Analysis (TSFEA). 

 

1  Introduction 

OSITION sensors are widely employed in a variety 
of industrial applications today, such as in inverter-

driven electrical machines with closed-loop control 
systems [1], robotic systems [2], transportation [3], and 
electric vehicles (EVs). Inverter-driven permanent 
magnet (PM) motors, known for their high power 
density and low torque ripple, are extensively used in 
EVs. The performance of these machines is strongly 
influenced by the motion control system, particularly the 
position sensor. To ensure optimal functionality, it is 
crucial to precisely determine the rotating shaft's 
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position [4]. While many sensorless position estimation 
techniques are available, the inherent limitations of these 
methods in certain scenarios have led to the use of 
position sensors [5]. Sensors utilizing different 
technologies are available, with Hall-effect sensors, 
optical encoders, and selsyns being the most common 
types [1]. Among these, Hall-effect sensors are cost-
effective but typically offer lower accuracy compared to 
other sensor types [6]. Optical encoders, though highly 
accurate and reasonably priced, have fragile physical 
structures, making them unsuitable for industrial 
environments subject to pollution, vibration, and wide 
temperature fluctuations [7]. In such cases, selsyns are 
preferred [8], as they are immune to environmental 
factors like humidity, dust, and oil [9]. 

A selsyn operates as a no-load synchronous generator, 
with its excitation winding powered by a high-frequency 
sinusoidal signal rather than a DC supply. Two-phase 
selsyns are referred to as resolvers, while three-phase 
ones are known as synchros [10]. Synchros, with their 
three-phase configurations, are more robust than 
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resolvers, making them the ideal choice for applications 
demanding high reliability. However, the literature on 
resolvers is far more extensive than that on synchros. 
Research on resolvers includes new configurations and 
design improvements [11], [12], [13], [14], analytical 
models [15], [16], [17], performance assessments in both 
healthy and faulty conditions [18], [19], fault detection 
via resolver signals [20], fault-tolerant designs [21], 
[22], and new winding proposals [23], [24]. Due to the 
fine copper wire used in resolver windings, short-circuit 
or open-circuit faults are more likely to occur. If an 
open-circuit fault affects the two output windings, the 
sensor will fail [10]. However, an open-circuit fault in a 
single phase of the signal windings can be tolerated at 
the cost of decreased accuracy [22]. Therefore, for 
applications where sensor reliability is paramount, a 
three-phase selsyn, or synchro, is the most dependable 
choice. In terms of output wiring, synchros feature a 
three-wire output, while resolvers have four wires. For 
applications like EVs, where wiring volume is a critical 
factor, synchros are a more suitable option compared to 
resolvers. Conventional synchros have a Wound-Rotor 
(WR) connected to an AC voltage source via slip rings 
and brushes, and these are referred to as brushed 
synchros. The primary drawbacks of brushed synchros 
include voltage drop across the brushes, noise 
interference, reduced accuracy, and the need for frequent 
maintenance. To address these challenges, brushless 
technologies are employed [25]. To eliminate the 
maintenance costs of brushed synchros, the brushes have 
been removed, and a Rotary Transformer (RT) has been 
used in their place. The primary winding of the RT is fed 
with a high-frequency voltage source and is housed in a 
ferromagnetic core coupled to the stator of the synchro. 
The secondary winding, located within the RT’s 
secondary core, is connected to the synchro’s rotor. The 
voltage induced in the secondary winding provides 
power to the rotor's excitation winding, eliminating the 
need for brushes [26]. Since the RT and rotor are not 
physically connected, the lifespan of the RT is entirely 
dependent on the durability of the bearings [10]. The 
major benefits of WR synchros with RT include high 
tolerance to mechanical faults, exceptional positional 
accuracy [27], and silent operation. However, 
incorporating an RT into WR synchros presents 
challenges, such as increased sensor length, leakage flux 
interactions between the RT and synchro windings, and 
phase shift errors arising from the non-ideal nature of the 
RT’s windings [28]. A potential solution to these 
challenges is removing the RT from the synchro’s 
design. For example, [29] introduces a novel brushless 
synchro configuration, where the primary and secondary 
windings are placed on the stator, and the rotor consists 
of a ferromagnetic core with no copper windings. While 
this design eliminates the need for an RT, the accuracy 
and size of the sensor fall short of the required standards 

for a position sensor. A variable reluctance (VR) type of 
synchro, presented in [30], features a rotor without 
windings, with the excitation and signal windings placed 
on the stator. VR synchros offer benefits such as a more 
compact design due to the absence of an RT and simpler 
construction [30]. However, their position accuracy is 
highly sensitive to the precision of their installation on 
the electrical machine. Errors such as eccentricity and 
run-out can distort their output position significantly 
[20]. Other research focuses on improving WR synchro 
accuracy and simplifying winding designs. In [10], a 
method for distributing signal windings based on 
Tingley’s scheme is proposed, along with an analysis of 
how different winding configurations affect WR synchro 
accuracy. Additionally, [31] proposes a novel winding 
method using matrix computations to simplify the 
conversion of synchro’s three-phase outputs into 
resolver format without requiring Scott-T transformers. 
Both [10] and [31] avoid integrating the RT and synchro 
into a single frame, instead using separate frames for the 
RT and synchro to minimize the coupling of RT leakage 
flux with the synchro’s windings. 

Finally, to the best of the authors' knowledge, while 
the RT’s leakage flux significantly affects WR sensor 
accuracy, only [32] provides an assessment of this issue. 
However, the compensation methods proposed in [32] 
do not fully resolve the problem. Therefore, this paper 
investigates the impact of RT leakage flux on synchro 
position error using 3-D finite element analysis and 
proposes several compensation techniques to mitigate its 
negative effects. In this regard, the optimal distance 
between the synchro and RT is determined to minimize 
the influence of leakage flux. Additionally, the RT 
structure is modified to reduce leakage flux, and an 
Electromagnetic Interference (EMI) shielding frame is 
designed and implemented to improve WR synchro 
accuracy. Experimental measurements are conducted to 
validate the effectiveness of the proposed methods. 

2 Studied WR-Synchro Structure 

The analyzed sensor is a brushless, cylindrical WR 
synchro equipped with an RT. As shown in Fig. 1, the 
stator features a 12-slot, three-phase, 2-pole 
configuration with concentrated windings. The rotor, 
consisting of 20 slots, has a single-phase, 2-pole 
concentrated winding. The number of turns for the 
excitation and signal windings on the 𝑖𝑖𝑡𝑡ℎ tooth can be 
calculated as [10]: 

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠−𝐴𝐴,𝑖𝑖 = 𝑁𝑁𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝑤𝑤[2𝜋𝜋
𝑍𝑍

(𝑖𝑖 − 1)]  (1) 

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠−𝐵𝐵,𝑖𝑖 = 𝑁𝑁𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝑤𝑤[2𝜋𝜋
𝑍𝑍

(𝑖𝑖 − 1) + 120°]  (2) 

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠−𝐶𝐶,𝑖𝑖 = 𝑁𝑁𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝑤𝑤[2𝜋𝜋
𝑍𝑍

(𝑖𝑖 − 1) − 120°] (3) 

𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒,𝑖𝑖 = 𝑁𝑁𝑒𝑒,𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑠𝑠 𝑃𝑃𝑤𝑤[2𝜋𝜋
𝑍𝑍

(𝑖𝑖 − 1)]   (4) 



Iranian Journal of Electrical & Electronic Engineering, Vol. 22, No. 01, March 2026     3 
 

 
Fig 1. Schematic of the studied WR synchro with on-tooth 

winding. 

where 𝑁𝑁𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 denotes the maximum number of turns for 
the signal winding, 𝑁𝑁𝑒𝑒,𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum number of 
turns for the excitation winding, Z represents the number 
of teeth, and 𝑃𝑃𝑤𝑤 indicates the number of pole pairs. The 
geometrical dimensions and excitation specifications of 
the studied synchro are provided in Table I. 

3 The Influence of RT 

Given the configuration of the examined synchro, a 2-
D analysis is not feasible. Therefore, to evaluate its 
performance, 3-D Time-Stepping Finite Element 
Analysis (TSFEA) is employed as a reliable method, 
using the ANSYS Electromagnetics Suite 2022 
environment. However, the accuracy of the TSFEA 
depends on both the mesh resolution and the simulation 
time step. Finer meshes and shorter time steps lead to 
more accurate results, but come at the cost of increased 
computational demand. As a result, a balance must be 
struck between the accuracy of the results and the 
simulation time. For this purpose, the time step is set to 
156.25 μs, and the adaptive mesh refinement technique 
is applied, resulting in 140,728 mesh elements. 

To investigate the influence of the RT, two sets of 
simulations are conducted. In the first analysis, the RT is 
removed, and the rotor winding is supplied directly with 
the input voltage source. In the second analysis, the RT 
is included in the simulation. The induced voltages in the 
signal windings are calculated and imported into 
MATLAB software. The synchronous sampling method 
is then employed to determine the envelope of the 
signals. Finally, by using the two desired envelopes, the 
position is calculated. The calculated position is 
compared with the actual position to determine the 
sensor’s position error. 

The Average of Absolute Position Error (AAPE) and 
the Total Harmonic Distortion (THD) of the output 

waveform envelopes are as key metrics for assessing the 
accuracy of synchros. These indices are used in the 
following section to compare the output results. 

3.1 Simulation in the Ideal Condition 
To extract signal voltages under ideal conditions 

(neglecting the effect of the RT), the rotor winding is 
directly supplied with a high-frequency excitation 
voltage. The output voltages of the synchro and their 
envelope, are shown in Fig. 2(a) and (b), respectively. 
The harmonic content analysis of the signal envelope, as 
illustrated in Fig. 2(c), shows that the maximum THD of 
the synchro’s output voltage is 0.056%. In this case, the 
AAPE value has also been calculated to be 0.013°. 

3.2 Simulation with Considering the Influence of RT’s 
Leakage Flux 

To account for the impact of the RT in TSFEA, the 
input voltage source is connected to the primary winding 
of the RT. With the RT’s influence considered, the 
maximum THD of the output voltage envelope increases 
to 0.114%. This represents a sharp increase of 103.5% 
compared to the ideal condition, resulting in a higher 
position error for the sensor. The envelope of the 
induced voltages in the synchro’s signal windings, both 
with and without the RT’s effect, is shown in Fig. 3(a). 
From the waveforms in Fig. 3(a), not only is a phase 
shift observed between the corresponding envelopes of 
each phase, but the amplitude of the envelopes also 
decreases when the RT’s effect is included. The position 
error of both sensors is presented in Fig. 3(b). The 
AAPE of the synchro, considering the RT, is 0.082°, 
which corresponds to a 530% increase compared to the 
case where the RT’s effect was neglected. 

2. Primary Coil of RT
1. Primary Core of RT

Wound-Rotor 
Synchro 1

43
2 5

6 7 8

3. Secondary Core of RT
4. Secondary Coil of RT

6. Signal Winding
5. Stator Core

7. Rotor Core
8. Excitation Winding

Table 1. Geometric dimensions and excitation parameters of the 
studied WR synchro. 

Parameter Unit Value 

Stator outer/inner diameter mm 46/34 

Rotor outer/inner diameter mm 32/23.5 

Synchro/ RT height mm 6.7/5 

Number of teeth for stator/rotor - 12/20 

Slot width of stator/rotor mm 7.12/2.59 

Slot height of stator/rotor mm 2.6/2.41 

Slot opening width of stator/rotor mm 0.99/0.5 

Number of turns for RT windings - 50 

Excitation voltage/frequency V/Hz 5/400 

Rotational speed rpm 300 
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Fig 2. Finite element simulation results of the studied synchro, 

without considering the RT effect: (a) induced voltages in 
signal windings, (b) envelope of the induced voltages, and (c) 

harmonic content of the envelopes. 

 
Fig 3. Finite element simulation results of the studied synchro: 
(a) comparison of the signal voltage envelopes and (b) position 

error analysis with and without considering the effect of the 
RT. 

Therefore, the use of RT in WR synchros significantly 
impacts the precision of the sensor. To explain the 
reason, the flux paths in the RT, obtained from the 2-D 
finite element simulation, are presented in Fig. 4(a). For 
better clarity, the path of the RT’s primary winding flux, 
which passes through the stator core, is shown in 3-D in 
Fig. 4(b).   

 
Fig 4. Determination of the RT’s leakage flux paths and the 

flux through the synchro core using finite element analysis: (a) 
two-dimensional view, (b) and in three-dimensional view. 

It is important to note that in Fig. 4, the dispersed 
fluxes in the surrounding space have been neglected. 
From Figs. 4(a) and (b), it can be observed that the 
leakage flux from the RT and the flux passing through 
the overhang of the signal windings contribute to an 
increase in the THD of the output signal, thereby 
reducing the sensor’s accuracy. 

The following presents methods for reducing the 
negative impact of the RT’s leakage flux on the accuracy 
of WR synchros. 

4 Design Improvement 

Three different techniques are explored to minimize 
the impact of the RT’s leakage flux on the accuracy of 
the synchro. 

4.1 Increasing the Distance between the RT and 
Synchro Core 

Increasing the distance (D) between the RT and the 
sensor is one method to reduce the impact of the RT’s 
leakage flux. By doing so, the reluctance of the magnetic 
flux path between the signal windings' overhang and the  

RT’s core is increased. The distance, D, is defined as 
shown in Fig. 5, with its initial value set to 7.5 mm. In 
this configuration, the RT’s leakage flux that surrounds 
the signal windings' overhang passes through the iron 
core of the transformer, which has lower reluctance. This 
effectively reduces the influence of the leakage flux on 
the output voltage. 
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Fig 5. Definition of D as the distance between the synchro core 

and the RT core. 

To determine the distance at which the impact of the 
transformer’s leakage flux on the synchro’s output 
voltages becomes negligible, the distance between the 
RT and the synchro is gradually increased. Using finite 
element analysis, the mutual inductance between the 
primary winding of the RT and one turn of the signal 
windings is calculated, as shown in Fig. 6. At a distance 
of 19.5 mm, the mutual inductance reduces to 46.27 nH. 
Further increasing the distance results in an excessive 
sensor length, which is undesirable. By calculating the 
envelope of the output voltages in this case, the 
maximum THD is reduced to 0.076%, representing a 
33% decrease compared to the case where the RT’s 
effect is considered. Additionally, the AAPE decreases 
by 72%, reaching 0.0247°. 

Fig. 7 shows the output position error versus the actual 
position, at D=19.5 mm under ideal conditions, and 
D=7.5 mm for the studied synchro. As shown in Fig. 7, 
increasing D improves the sensor’s accuracy, but at the 
cost of longer synchro length. Therefore, this approach 
may not be suitable for applications requiring small-
sized sensors. 

4.2 Introducing an Air Gap within the RT’s Core 
Another solution to increase the reluctance of the RT’s 

flux path to the windings’ overhang is to introduce an air 
gap in the core of the RT. Fig. 8 shows the proposed 
radial air gap with a length of 0.1 mm. Additionally, due 
to the direction of the magnetic flux in the RT core, the 
mutual inductance between the primary and secondary 
windings increases, thereby reducing the impact of the 
leakage flux on the synchro’s output voltage. Based on 
the results from the 3-D TSFEA, the maximum THD of 
the output signal is 0.105%, which represents a 7.8% 
reduction compared to the scenario with the 
conventional RT. As shown in Fig. 9, which illustrates 
the synchro’s position error relative to the actual position 
when accounting for the RT core gap, the AAPE 
decreases by 8.5%, reaching a value of 0.075°. To 
investigate the effect of slot width on the sensor’s 
performance, the radial slot width is increased from 0.1 
mm to 0.2 mm. In this case, the sensor’s AAPE reaches 
0.040°, and the THD of the signal envelope decreases to 
0.103%, representing a reduction of 51.2% and 9.6%, 

respectively, compared to the synchro with a 
conventional RT. It can be concluded that increasing the 
radial slot width reduces the leakage flux linked with the 
signal winding overhang. 

 
Fig 6. Mutual inductance between the RT’s primary winding 
and the signal windings versus the distance between the RT 

and synchro. 

 
Fig 7. Comparison of position errors of the studied synchro 
with and without considering the effect of the RT, and with 

varying distances between the synchro and the RT core. 

 
Fig 8. Implementation of an air gap in the RT core to mitigate 

the impact of leakage flux on the signal winding voltage. 

 
Fig 9. Examination of position errors for the studied synchro 

with and without considering the effect of the RT and the 
presence of an air gap (Rg) in the RT core. 

In [32], the effect of different slot configurations on 
reducing leakage flux was not investigated. Therefore, in 
this study, a new type of slot is introduced in the RT 
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core, and its impact on sensor accuracy is evaluated. As 
shown in Fig. 4, a significant portion of the leakage flux 
coupled with the synchro is attributed to fringing flux. 
To reduce the fringing flux between the RT and synchro 
core, an axial slot with a width of 0.15 mm, as shown in 
Fig. 10, is introduced in both the primary and secondary 
cores of the RT. Fig. 11 presents the position error of the 
synchro for the RT with the axial slot. The AAPE of the 
sensor reaches 0.057°, representing a 30.4% reduction 
compared to the conventional RT structure. 
Additionally, the THD of the signal envelope decreases 
by 8.7%, reaching 0.104%. The results indicate that the 
slots introduced in the RT core effectively reduce 
leakage flux and improve the accuracy of the synchro. 

 
Fig 10. The axial gap created in the primary and secondary 

cores of the RT. 

4.3 Electromagnetic Interference (EMI) shielding 
In this section, a more effective method than those 

proposed in [32] is introduced. Electromagnetic 
Interference (EMI) shielding is employed as an 
alternative approach to mitigate the adverse effects of 
the RT’s leakage flux on synchro accuracy. As shown in 
Fig. 12, an EMI shield attenuates electromagnetic waves 
through three mechanisms: absorption, reflection, and 
multiple reflections. The total EMI shielding 
effectiveness (𝑆𝑆𝐸𝐸𝑇𝑇) of a shielding material is the sum of 
the electromagnetic wave attenuation through absorption 
(𝑆𝑆𝐸𝐸𝐴𝐴), reflection (𝑆𝑆𝐸𝐸𝑅𝑅), and multiple reflections (𝑆𝑆𝐸𝐸𝑀𝑀), 
as expressed by Eq. (5) [33]: 

𝑆𝑆𝐸𝐸𝑇𝑇 = 𝑆𝑆𝐸𝐸𝑅𝑅 + 𝑆𝑆𝐸𝐸𝐴𝐴 + 𝑆𝑆𝐸𝐸𝑀𝑀    (5) 

The Absorption loss of the material can be calculated 
using Eq. (6) [33]: 

𝑆𝑆𝐸𝐸𝐴𝐴 = −8.68𝑡𝑡 �𝑓𝑓𝜇𝜇𝑟𝑟𝜎𝜎𝑡𝑡
2

    (6) 

where 𝜎𝜎𝑇𝑇 is the total electrical conductivity (in S/cm), 𝑓𝑓 
is the frequency, 𝜇𝜇𝑟𝑟 is the relative magnetic 
permeability, and 𝑡𝑡 represents the thickness of the 

shielding material. According to Eq. (6), the shielding 
effectiveness due to the absorption mechanism improves 
with an increase in the electrical conductivity and 
magnetic permeability of the material. Therefore, iron 
(with 𝜇𝜇𝑟𝑟=11000) is chosen for its high magnetic 
permeability, and copper is selected for its high 
electrical conductivity to reduce the RT’s leakage flux. 
The sensor structure, integrated with the designed shield 
for the RT, is shown in Fig. 13. Based on the results 
from the 3-D TSFEA, as illustrated in Fig. 14, the 
copper shield outperforms the iron shield in mitigating 
the adverse effects of the RT’s leakage flux. As shown 
in Fig. 14(a), the maximum THD of the signal envelope 
for the RT with the copper shield is 0.094%, 
representing a 17.5% reduction compared to the 
unshielded structure. Furthermore, as shown in Fig. 
14(b), the AAPE has decreased by 63.3%, reaching 
0.0304°, along with a reduction in the maximum position 
error of the sensor. 

 
Fig 11. Comparison of the position error of the studied synchro 
with and without an axial slot in the current transformer core. 

 
Fig 12. Different EMI Shielding Mechanisms. 

 

 
Fig 13. The studied synchro with shielded RT. 
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Fig 14. Comparing the performance of the studied synchro 

with different EMI materials: (a) THD of voltages’ envelope 
(b) AAPE and MPE. 

5 Experimental Evaluation 

For the practical assessment of the proposed 
compensation methods, evaluations are conducted on a 
prototype sensor. Due to its effectiveness and ease of 
implementation, the first method is selected. Fig. 15(a) 
shows the stator and rotor core of the prototype, while 
Fig. 15(b) presents the built RT. The experimental test 
circuit of the prototyped synchro is illustrated in Fig. 
15(c). As shown, a DC motor is used to rotate the sensor 
at a desired constant speed, and a precise optical encoder 
is coupled to the motor shaft as the reference position 
sensor. The primary winding of the RT is powered using 
a digitally synthesized function generator, and a digital 
oscilloscope is employed to measure and record the 
output voltages of the prototype synchro. These captured 
analog voltages are displayed in Fig. 16. The position 
error in the experimental test is calculated by comparing 
the determined position to the real position, where the 
real position is provided by the optical encoder. The 
obtained AAPE is 0.028°, which indicates that the 
deviation between the simulation and practical results is 
less than 11%, thus confirming the accuracy of the 
simulation. 

6 Conclusion 

In this study, the impact of the RT’s leakage flux on 
the accuracy of WR synchros was analyzed using 3-D 
time-stepping finite element analysis (TSFEA). Three 
distinct methods for mitigating the negative effects of 
transformer leakage flux were proposed, and the results 
of both simulations and experiments were presented. In 
the first method, the influence of the RT’s leakage flux 
was examined by increasing the distance between the 
synchro and the RT core, leading to the determination of 
an optimal distance where the effect of the leakage flux  

  
(a) (b) 

 
(c) 

Fig 15. The prototype synchro: (a) the stator and rotor core, (b) 
the employed RT, and (c) the test circuit. 

 
 

Fig 16. The measured voltages from the experimental test. 

on synchro accuracy became negligible. In the second 
method, a gap was introduced within the RT’s core to 
reduce the leakage flux passing through the signal 
windings’ overhang. As an alternative approach, an 
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electromagnetic shielding frame was designed for the 
RT, and the performance of different shield materials 
was evaluated. The results showed that a copper-based 
electromagnetic shield significantly attenuates the 
negative impact of the RT’s leakage flux, thereby 
improving the synchro’s accuracy. Finally, a prototype 
of the investigated synchro was tested experimentally. 
The good agreement between the experimental data and 
the 3-D TSFEA results confirmed the accuracy of the 
simulations and validated the effectiveness of the 
proposed methods. Future research will focus on 
exploring additional shielding materials for the RT and 
their impact on synchro accuracy, analyzing various RT 
structures, and optimizing RT design to minimize 
leakage flux and further enhance the accuracy of WR 
synchros. 
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