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Abstract 
Resolvers are essential position sensors used for determining rotational and linear motion. However, in linear resolvers, 
longitudinal and lateral end effects reduce positioning accuracy, posing a significant challenge. To mitigate these effects, 
implementing compensation methods is crucial. One effective approach involves using a tubular structure instead of a flat 
structure. The tubular design eliminates the lateral end effect, also known as the edge effect, leading to improved accuracy and 
performance. This paper proposes a tubular structure for a wound mover resolver to address these challenges. The proposed 
design minimizes the impact of end effects and enhances sensor precision. To validate its performance, finite element simulations 
and experimental tests were conducted. The results confirm the effectiveness of the tubular resolver design, demonstrating 
improved accuracy and reduced positioning errors compared to conventional flat structures. These findings highlight the 
advantages of the tubular structure, making it a promising solution for high-accuracy resolver applications. 
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1. INTRODUCTION 
Position sensors play a critical role in modern control 
systems. Among these, resolvers have emerged as one of the 
most prominent and widely studied position sensors in 
recent years. While resolvers have a higher initial cost 
compared to their primary competitor, encoders, they offer 
excellent performance in industrial environments, 
demonstrating strong resistance to noise and temperature 
variations [1]. As a result, they are extensively used across 
various industries. 
Resolvers are typically categorized into two main types 
based on their rotor structure: wound rotor and variable 
reluctance. In wound rotor resolvers, both the stator and 
rotor contain windings, with excitation and signal windings 
placed accordingly. In contrast, variable reluctance 
resolvers lack rotor windings, and changes in reluctance 
arise due to the rotor's shape. These changes in reluctance 
occur as a result of variations in either the air gap length or 
the cross-sectional area, based on the principles of magnetic 
reluctance [2]. 
Based on the type of motion, resolvers are classified into 
two main categories: rotary and linear resolvers, which are 
used to determine position in rotational and linear 
movements, respectively. The design challenges of a linear 
resolver with a wound mover were presented in [3], where 
the structure was flat with a short moving part. Analytical 

modeling, structural optimization, and performance 
evaluation under various mechanical error conditions were 
discussed in [4]–[6]. 
Subsequently, variable reluctance linear resolvers were 
introduced. In [8], a variable reluctance linear resolver with 
a varying cross-sectional area was proposed, and its 
performance was analyzed using finite element simulations. 
In [9], the performance of this resolver was examined using 
the winding function method, which requires significantly 
less computation time than finite element simulations. This 
method was further utilized to propose a solution for 
compensating end effects. In [10], a flat variable reluctance 
linear resolver with a varying air-gap length was introduced, 
and its performance was evaluated through finite element 
simulations. Later, studies in [11]–[13] explored the 
modeling of flat variable reluctance linear resolvers with 
air-gap variations using the winding function or equivalent 
magnetic circuit methods. 
As with other linear machines, the end effect in all these 
linear resolvers contributes to increased errors and reduced 
accuracy. This end effect in flat linear machines includes 
both longitudinal and transverse components, caused by 
asymmetry in the equivalent magnetic circuit. 
In this paper, a tubular structure for a linear resolver with a 
wound mover is proposed. This design eliminates the 
transverse end effect, significantly enhancing positioning 
accuracy. Simulation results confirm the effectiveness of 
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the proposed resolver, and experimental results further 
validate its improved performance. 

2. Tubular Wound Mover Resolver  
In tubular linear machines, both the stator and the moving 
part feature cylindrical structures. Depending on the 
machine's design, either coils or magnets are mounted on 
these components. The structure of the tubular resolver, 
which consists of an outer long stator and an inner wound 
moving part, is illustrated in Fig. 1. 
As shown in Fig. 1(a), the stator of this resolver is a hollow 
cylinder with horizontal slots on its inner surface. The sin 
and cos signal coils are arranged in the form of horizontal 
discs within these slots. The moving part, depicted in Fig. 
1(b), is short, cylindrical, and positioned inside the stator. 
Its outer surface contains disc-shaped slots for housing the 
excitation coils. 
In the proposed resolver, each section of the stator includes 
6 slots, which are aligned with 8 slots on the moving part. 
In the long stator configuration, the 6-slot pattern can be 
repeated multiple times, allowing the stator length to exceed 
that of the moving part. Conversely, in a long moving part 
configuration, the stator length remains limited to 6 slots, 
while the 8-slot pattern on the moving part is repeated. 
It is also worth noting that the tubular resolver can be 
designed with either an external stator or an internal stator. 
Fig. 2(a) illustrates the stator winding configuration. As 
shown, the cos coils are placed in all the slots, but with 
varying numbers of turns. The sin signal coils, on the other 
hand, have an equal number of turns, with their winding 
direction being positive in the second and third slots and 
negative in the fifth and sixth slots. 

Fig. 2(b) depicts the excitation winding configuration. In 
this figure, the excitation winding is designed as a tooth-
wound coil with a variable number of turns. In this resolver, 
the stator core and the moving part are made of 
ferromagnetic sheet material. Table 1 shows the dimensions 
of the designed resolver.  
 

 
(a) 

 
(b) 

Fig. 2: Winding of Linear Tubular Resolver a) Stator b) 
Movable part 

 
Table 1: Physical dimension of proposed resolver 

30 mm Stator length 

23 / 13 mm Stator Outer/ Inner 
Diameter 

11 / 5 mm Stator Outer/ inner 
Diameter 

6 / 8 Stator / Mover teeth 
2 mm Mover slot height 

1.3 mm Mover slot width 
3 mm Stator slot height 

1.5 mm Stator slot width 
 
In the design of a resolver as a position sensor, the primary 
goal is to minimize its dimensions as much as possible. 
However, manufacturing constraints must also be carefully 
considered. It is important to note that, unlike electrical 
machines, the minimum physical dimensions of resolvers 
are generally not dictated by magnetic saturation, as 
saturation in resolvers is quite rare. Instead, the minimum 
dimensions are typically determined by mechanical strength 
requirements and the practical considerations for sensor 
assembly and winding. 
The simulation results of the designed resolver will be 
analyzed further using the finite element method. 

3. Finite element analysis 
For the finite element simulation, the commercial software 
Ansys Electronics Desktop Maxwell Design is used. It is 

 
(a) 

 
(b) 

Fig. 1: Linear Tubular Resolver a) Long stator b) Short 
movable part 
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important to note that the guidelines for the finite element 
simulation of resolvers, as described in [14], are followed. 
A sinusoidal supply voltage with a frequency of 4 kHz is 
applied to the excitation winding. The induced voltages in 
the sin and cos signal windings, which exhibit amplitude 
modulation, are then calculated. By extracting the peak 
values of these signals and applying the arctangent function 
to the ratio of the voltages, the position is determined. The 
calculated position is subsequently compared with the 
reference position, which is derived based on the set speed, 
to compute the position error. 
The finite element simulation of the resolver under study is 
conducted in three different scenarios. In the first case, both 
the stationary and moving parts are assumed to have infinite 
lengths, and the finite element simulation is performed 
using Master/Slave boundary conditions. The output signals 
of the resolver in this scenario are shown in Fig. 3(a). In the 
second case, the stator is modeled as having a long length, 
while the mover is short. The corresponding output signals 
are displayed in Fig. 3(b). In the third case, the stator is 
short, and the mover is long, with the resulting output 
voltages shown in Fig. 3(c).  
As illustrated in Fig. 3, the peak values of the induced 
voltage signals in the stator signal windings are proportional 
to the sine and cosine of the position of the moving part. Fig. 
4 shows the peak of the voltage signals from Fig. 3(b), 
calculated using the Hilbert transform and processed with 
MATLAB software. 
To further assess the performance of the designed resolver, 
the position detection error is calculated, as shown in Fig. 5. 
For this evaluation, the position is determined by using the 
envelope of the calculated signals from Fig. 4. It is worth 
mentioning that the operation principle of the studied 
resolver is based on the excitation current applied to the 
excitation winding: 

௘ܫ (1)  =  (ݐ߱) ௠cosܫ
 The voltage equations for the stator windings consider the 
winding resistance, currents, and flux linkages. Due to the 
high input impedance of the RDC, the stator currents are 
negligible.  

௦௜௡ݒ (2) =
݀
ݐ݀  ((ݐ߱) ௠cosܫ௦,௘ܮ)

௖௢௦ݒ (3) =
݀
ݐ݀  ((ݐ߱) ௠cosܫ௖,௘ܮ)

 where Ls,e and Lc,e are mutual inductance between 
excitation winding and the stator’s sine and cosine windings 
and can be defined as:  

௦,௘ܮ (4) = ) sinܮ
ݔ
߬௣

×  (ߨ

௖,௘ܮ (5) = ) cosܮ
ݔ
߬௣

×  (ߨ

where τp is the pole pitch, L is the maximum value of mutual 
inductance, and x is the displacement between the stator and 
mover. Substituting (4)-(5) into (2)-(3) the induced voltages 
can be obtained as:  

 
(a) 

 
(b) 

 
(c) 

Fig. 3: Induced voltages in the signal windings of the linear 
tubular resolver: (a) stator and moving part with infinite length, 
(b) long stator and short moving part, and (c) short stator and 
long moving part. 

 

 
Fig. 4: Envelope of the induced voltage signals in the sine and 
cosine windings in the case of a long stator and short moving 
part. 

 

(6) 
௦௜௡ݒ = (௠߱ܫܮ)− sinቆ

ߨ
߬௣

× ቇݔ sin(߱ݐ)

+ ( 
ߨ௠ܫܮ
߬௣ ௫ܸ)cos (

ߨ
߬௣
  (ݐ߱) cos(ݔ

(7) 
௖௢௦ݒ = (௠߱ܫܮ)− cosቆ

ߨ
߬௣

× ቇݔ sin(߱ݐ)

− ( 
ߨ௠ܫܮ
߬௣ ௫ܸ)sin (

ߨ
߬௣
  (ݐ߱) cos(ݔ

 
Because the frequency of the excitation voltage is much 
higher than the mover speed (Vx), the moving voltage is 
negligible. So, the induced voltages can be reduced to: 
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௦௜௡ݒ (8) = (௠߱ܫܮ)− sinቆ
ߨ
߬௣

× ቇݔ sin(߱ݐ) 

௖௢௦ݒ (9) = (௠߱ܫܮ)− cosቆ
ߨ
߬௣

× ቇݔ sin(߱ݐ) 

 
Therefore, x can be calculated from the arctangent of the 
ratio of two-phase voltages: 

ݔ (3) =
߬௣
ߨ × )ଵି݊ܽݐ

௦௜௡ݒ
௖௢௦ݒ

) 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5: Positioning error in the linear tubular resolver: a) stator 
and moving part with infinite length, b) long stator and short 
moving part, and c) short stator and long moving part. 

 
The position detection error is determined by the difference 
between the actual position of the resolver, calculated based 
on time and speed, and the value obtained from Equation (3) 
as below: 
 

௫ݎ݋ݎݎ݁ = ݔܸ × ݐ −  (4) ݔ
 
where ݁ݎ݋ݎݎ௫ is given the position error and ௫ܸ is the linear 
velocity. 
 As shown in Fig. (5), the highest accuracy is achieved by 
the resolver with infinite length stator and mover, which, 
however, is not practically feasible. When considering 
actual lengths for the stationary and moving cores, position 
error increases due to the introduction of longitudinal end 
effects. If the moving section, which carries the excitation 
winding, is extended, the flux linkage between parts that are 

misaligned with the signal winding increases, resulting in a 
larger position detection error. This is in contrast to the case 
where the stator is long, and the excitation-carrying moving 
section is short. 
The maximum position error (MPE) and the average of 
absolute position error (AAPE) for the ideal resolver are 
0.02 mm and 0.01 mm, respectively. For the resolver with a 
long stator and short moving section, the MPE is 0.07 mm, 
and the AAPE is 0.04 mm. In the case of the resolver with 
a short stator and a long moving section, the MPE is 1.63 
mm, and the AAPE is 0.72 mm. Based on these results, the 
configuration with a long stator and short moving section is 
selected for the practical prototype construction.  
 

 
(a) 

 
(b) 

 
(c)  

Fig. 6: Prototype resolver: (a) the PVC holder of the stator coils, 
(b) the assembled stator, and (c) the mover 

4. Practical Prototype Construction 
To further evaluate the performance of the designed 
resolver, the construction process has been completed, and 
experimental results have been assessed. Fig. 6(a) shows the 
PVC spools used for winding the stator. The ferrite sheets 
forming the stator core are assembled with these PVC 
spools to create the stator core. Fig. 6(b) illustrates the 
assembled stator placed inside the aluminum housing. Fig. 
6(c) shows the core of the moving section, along with the 
excitation windings. To evaluate the performance of the 
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fabricated prototype, a testing system has been designed and 
constructed, as shown in Fig. 7. This system includes a 
function generator that provides the necessary voltage for 
the excitation winding at a frequency of 4 kHz. A DC motor, 
along with a mechanism to convert rotational motion to 
linear motion, is used to generate linear movement. A linear 
encoder is employed to determine the reference position, 
while a digital oscilloscope stores the output voltages. The 
measured output voltages are presented in Fig. 8. Position 
error calculations using the experimental signals show that 
the sensor's accuracy is within 10% of the error predicted by 
the finite element method. 

 

 
Fig. 7: Test setup for tubular linear resolver 

 

 
Fig. 8: Induced voltages in sin and cos signal winding 

5. Conclusion 
Linear resolvers are crucial position sensors used to 
determine position in linear motion. The limited magnetic 
circuit, in terms of length and width, results in longitudinal 
and transverse end effects (edge effects) in linear resolvers. 
The use of a tubular structure, due to its symmetrical design, 
eliminates the transverse end effect. This paper proposes a 
wound tubular resolver and examines the effects of the 
stator/core and mover/core lengths, comparing them to the 
case where both stationary and moving parts have infinite 
lengths. Based on the superior accuracy of the structure with 
a long stator and short moving part, this configuration was 
selected for experimental testing. A practical prototype of 
the sensor, along with the required testing system, was built. 
A comparison of the experimental results with those 
obtained from transient finite element simulations 

confirmed the accuracy of the design and simulation 
process.  
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