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As the electrification of the world is rapidly progressing, new applications for controlled elec-
trical drives are constantly emerging. This entails the demand for reliable position feedback
systems capable of consistent performance across various applications and under different
conditions.

The variable reluctance (VR) resolver is a position sensor that has an exceptionally high
tolerance for external disturbances. This thesis examines the current market situation of VR
resolvers from a technical viewpoint. Fields of development for the VR-resolver technology
are identified, and possibilities for advancing VR resolvers in accordance to the needs of the
evolving market are evaluated. A detailed understanding of the VR resolver design principles
is achieved through the reverse engineering of a commercial VR resolver model.

As new types of electrical drive applications emerge, there is a growing need for advanced
sensor solutions that can meet the high demands of developing markets. Regardless of the
growing demand, no significant development has been seen in the field of VR-resolvers. The
results of the study suggest that the identified development possibilities of VR resolvers can
bring a promising solution to meet the expanding needs.
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Maailman sähköistyessä kiihtyvällä vauhdilla, ohjattuja sähkökäyttöjä hyödynnetään jatku-
vasti uusissa käyttökohteissa. Tämä tuo mukanaan kasvavan tarpeen luotettaville asento- ja
nopeussensoreille, jotka pystyvät antamaan tarkkaa mittausdataa vaihtelevissa olosuhteissa.

VR resolveri, eli muuttuvan reluktanssin resolveri, on asentoanturityyppi, joka omaa erityisen
ulkoisten häiriötekijöiden sietokyvyn. Tässä tutkielmassa tutkitaan VR resolverien tämän-
hetkistä markkinatilannetta teknisestä näkökulmasta. Nykyisten VR resolverien kehityskoh-
teita tutkitaan jamahdollisuuksia kehittyvienmarkkinoiden tarpeidenmukaiseenVR resolve-
rien edistämiseen arvioidaan. Yksityiskohtainen käsitys VR resolverien suunnitteluperiaat-
teista saavutetaan yhden kaupallisen resolverimallin takaisinmallinnuksella.

Uudenlaisten sähkökäyttösovelluksien noustessa pintaan, nähtävissä on kasvava tarve kehit-
tyneille sensoriratkaisuille, jotka kykenevät vastaamaan kehittyvien markkinoiden korkeisiin
vaatimuksiin. Kasvavasta kysynnästä riippumatta merkittävää kehitystä ei ole nähty VR re-
solverien saralla. Tutkimuksen tulokset esittävät, että VR-resolveritekniikan laajat kehitys-
mahdollisuudet tuovat lupaavan ratkaisun vastaamaan näihin tarpeisiin.
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1 INTRODUCTION

1.1 Background and Motivation

As the electrification of the world is rapidly progressing, the market for controlled electrical
drives is constantly growing. New electrical drive applications are emerging, as different
industrial and transportation segments are now shifting towards the use of electric drives [1].
This entails the demand for reliable position feedback systems that can perform reliably under
various conditions.

This situation raises the possibility to seek for development opportunities in various areas of
these electrical drive systems, one such being speed and position sensing. Speed and position
estimation can be implemented with a sensorless approach or by utilising position sensors.
An accurate sensorless control, which is implemented with supplying high-frequency pulses
in a motor winding [2] lacks practical applicability. Therefore, in installations where high
accuracy is demanded, sensors are usually applied. The most common sensors are encoders
and resolvers. Encoders are widely applied due to their high accuracy. However, due to
the operating principle of encoders, they are not suitable for harsh environmental conditions,
where the sensors experience for example a lot of vibration, changes in temperature, or dust.
In applications where conditions of that nature are experienced, resolvers are often the most
reliable solution for position sensing [3].

A resolver is an analogue device that is used to estimate the angular position and speed of a
moving part. There are two types of conventional resolvers: wound rotor (WR), and variable
reluctance (VR). In contrast to WR resolvers, VR resolvers have no windings on the rotor,
which makes them more cost-efficient and less complex structurally. Furthermore, WR re-
solvers need either a brush or a rotary transformer to supply the excitation winding on the
rotor. This further increases the complexity and price of WR resolvers [4].

In the present thesis, variable-reluctance-type resolvers are studied. Due to the relatively
simple mechanical structure and minimal need for electrical components, VR resolvers’ reli-
ability is superior in harsh environmental conditions. This is one of the main reasons for the
increasing popularity of VR resolvers among electric drive applications, for example elec-
tric vehicles, where the sensors experience such disturbances as vibrations, high humidity or
temperature changes.

The VR resolver industry has undergone only a few significant developments despite the
growing demand. Notable advancements include the creation ofmore compact and lightweight
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designs, along with enhancements in the overall durability and robustness of the resolvers.
The industry is evolving at a slow pace, while the market is evolving rapidly. This situation
suggests potential opportunities for the further development of VR resolvers. [5]

In addition, compatibility between VR resolvers and the interfaces of frequency convert-
ers is considered. As electric motors are controlled with frequency converters, the position
sensor of an electric drive system is usually connected to the converter via special interface
cards. In order to power a resolver and read and translate the resolver output signals, the con-
verter needs a resolver interface card. The interfaces between the resolvers and converters
set certain limitations for the compatibility with resolvers. These limitations should be met
by resolver manufacturers.

1.2 Aim and Objectives

In this thesis the present situation with variable reluctance resolvers on the market is analysed
from the technical viewpoint to evaluate the possible opportunities for further development.
In addition to themarket analysis, the research includes performing physical studies on a com-
mercial VR-type resolver. A comprehensive understanding of the design of a commercial VR
resolver is achieved through the means of reverse engineering and consequent modelling and
simulation with finite element analysis. By comparing the measured and simulated results,
the former results can be verified and further conclusions can be made.

The goal of the thesis is to analyse the present situation with variable reluctance resolvers on
the market from the technical viewpoint and estimate possibilities for VR resolver enhance-
ment. Structurally, the thesis is formed of four steps, leading to the end goal:

1. Estimation of the market: the VR resolver market is evaluated from the technical view-
point. In addition, possible market gaps are estimated.

2. Investigation of the compatibility with converters: limitations brought by resolver in-
terfaces are studied and the main aspects are evaluated.

3. Reverse engineering of a resolver: a commercial resolver is studied to obtain a detailed
understanding on VR resolver operating and design principles

4. Identification of enhancement possibilities: the data obtained in the previous steps is
analysed and opportunities for enhancements are estimated.
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1.3 Methods

In this section the methods used in the studies, as well as the interests of the performed
studies, are described. The performed studies can be divided into two parts: VR resolver
market studies (literature review), and physical studies (measurements, simulations). The
market studies focus on commercial variable reluctance resolvers and commercial resolver
interface cards. The physical studies involve measurements, simulation, and analysis of a
commercial VR resolver model (Yingshuang 114XU9734). The goal is to acquire a broader
understanding of VR resolver design principles.

1.3.1 Literature review

In the literature review, technical solutions of VR resolvers are studied. The VR resolver mar-
ket landscape is analysed and estimated with the aim of identifying possible opportunities for
enhancements. In addition, commercial resolver interface cards are studied in the scope of
factors that affect resolver compatibility with different frequency converters. Information on
the resolver interface cards is generally available in the data sheets of the frequency convert-
ers, but some data is obtained via contacting the manufactures. The parameter constraints
imposed by converter interfaces on resolvers are estimated.

The sources of information in the literature review are:

1. Marketing reports, statistical reports, and scientific publications which highlight the
situation with resolvers on the market.

2. Catalogues and websites with technical information on commercially available re-
solvers.

3. Manuals, data sheets, and data obtained via directly contacting manufacturers for tech-
nical information on commercially available resolver interface cards.

4. Scientific publications (to assist the estimation of commercial resolvers).

1.3.2 Reverse engineering

Reverse engineering is the process of deconstructing a product of interest with the aim of
obtaining a comprehension on how it is designed [6]. Reverse engineering is applied on a
Yingshuang Electric Machinery Co. VR resolver 114XU9734.

The resolver is investigated by the means of measuring and simulating with finite element
analysis. Certain parameters of the resolver are measured and embedded into the simulated
model. This includesmeasuring the winding impedances and estimating the winding arrange-
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ment and the number of winding turns in each stator tooth. Then, the measured parameters
are applied to produce the FEA model. The modelled resolver is simulated to analyse its
performance and estimate the impact of different parameters on the performance.

Measurements

The electrical parameters of the resolver are measured with the function generator Agilent
33120A (in the middle of Figure 1) and power analyser Yokogawa WT1806E (on the left
in Figure 1). The Yokogawa WT1806E is capable of measuring relatively low current val-
ues (from 10 mA to 5 A [7]), which makes it suitable for measuring excitation current and
impedance with a relatively high precision.

Figure 1: Equipment used to performmeasurements on the Yingshuang resolver 114XU9734
(on the right): function generator Agilent 33120A (middle) and power analyser Yokogawa
WT1806E (left)

Geometry extraction

The exact geometries of some parts of the resolver are acquired using the SmartScope Flash
200 optical measuring device (Figure 2). With the device, the edge of the part is automati-
cally extracted. Points are measured along the rotor edge, and these measurements are then
represented as coordinates within a coordinate system [8]. The points can then be connected
to form the spline.
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Figure 2: Optical measuring device SmartScope Flash 200

Finite element analysis

Finite element analysis (FEA) is applied to predict and comprehend how a modelled object
behaves under different physical conditions by using the finite element method (FEM). The
finite element method is a numerical technique of dividing the space domain of the studied
physical object or phenomena into elements which are connected by nodes (Figure 3). Three
components are needed for FE calculations: a mesh (a discrete representation of a region), a
partial differential equation, and boundary conditions that link the equation with the region.
The equations are solved on every element, and the final result presents a combination of the
individual solutions [9]. In this study FEA is applied to perform electromagnetic calculations,
where electromagnetic phenomena are described with Maxwell equations [10].

Figure 3: FEM-modelled resolver’s stator tooth and windings meshed into small elements
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TheYingshuangVR resolver 114XU9734 ismodelled and simulated inAltair Flux 2D 2022.3.
Flux is a FEA software applied to simulate electromagnetic and thermal properties of elec-
trical equipment [11]. In the case of study, the impact of resolver parameters on the resolver
performance is estimated with FEA.
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2 MARKET RESEARCH

In this chapter the contemporary market landscape of variable reluctance resolvers is anal-
ysed. This includes a review of the global market, studies on the characteristics of VR re-
solvers, and investigation of available resolver interfaces. Factors that should be considered
when designing and commercialising a novel VR resolver are estimated, and potential market
gaps are evaluated.

2.1 Commercial VR-type resolvers

Variable reluctance resolvers are used in various industries, and their demand is constantly
growing. The market of VR resolvers mostly consists of industries requiring precise posi-
tion measurement in applications where the sensor has to withstand shocks, vibrations, heat,
humidity and other environmental variables. At the present, there are three largest markets
of VR resolvers: automotive, aerospace, and oil and gas industries. Other uses where high
reliability is important and where VR resolvers have been adopted are for example in various
components of defence systems and satellites. It is estimated that the automotive industry
will continue to dominate the VR resolver market, but the demand is expected to grow in au-
tomation and robotics in, for example, manufacturing applications. Statistics on VR resolver
market growth between the years 2018 and 2023 is presented in Figure 4. [5]
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Figure 4: VR resolver market share revenue growth between 2018 and 2023

As the dominantly largest uses for VR resolvers are in automotive and aerospace applications,
reliability is a very important factor. In critical applications, resolver faults can pose signifi-
cant safety risks, emphasising the need for achieving utmost reliability. Therefore, stringent
quality control should be integrated in the production process.
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In general, the most valuable factors to consider when developing a VR resolver, are relia-
bility and cost effectiveness. According to the statistics presented in Figure 4a, the smallest
VR resolver models (diameters up to 25 mm) are the most popular. The models with outer
diameters over 100 mm exhibit significantly lower popularity. As the models with bigger
diameters are less preferred, it could be more expedient to focus on the development of the
smaller models.

2.1.1 VR resolver structure, operating principle, and main parameters

To identify potential areas for development in VR resolvers, different factors defining the
functioning and performance of a VR resolver should be considered. Prior to that, the struc-
ture and operating principle of the VR resolver are introduced.

Structure

A VR resolver consists of a rotor that rotates with the shaft, a stationary stator, and three
windings: excitation, cosine, and sine. The cosine and sine windings are often mentioned
together as sensing or output windings. The stator has multiple stator slots (teeth), where
three sets of windings are wound with a specific distribution of turns. The sensing winding
arrangement of the resolver is dictated by the number of stator teeth and number of saliency
pitches. An example of a VR resolver with marked components is presented in Figure 5.

Figure 5: VR resolver with four saliency pitches manufactured by Tamagawa Seiki Co.

The stator and rotor are typically made from laminated steel sheets manufactured by laser
cutting or stamping. The sheets are stacked together by the means of Backlack technology
[12] or by mechanical clamps. This laminated structure helps to reduce eddy current losses.
Insulation between the coils and stator serves to prevent short circuit. [13]
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Operating principle

The operating principle of a variable reluctance resolver is based on the varying air-gap length
resulting from the meandering shape of the rotor. A high-frequency voltage is supplied to the
excitation winding, and a voltage is induced in the sensing windings. As the rotor rotates,
the air-gap length between the rotor and stator varies sinusoidally with the shape of the rotor.
This variation in air-gap length affects the magnetic reluctance, subsequently influencing the
magnetic flux in the sensing windings and the induced voltage on the winding terminals. The
position of the rotating shaft can be then estimated based on the output voltage signals.

Main parameters

The main parameters of a variable reluctance resolver are input and output voltages, input
impedance, excitation current, transformation ratio, input frequency range and the number
of saliency pitches. The output voltage is determined by the transformation ratio and input
voltage, and the excitation current is determined by the input impedance and the input voltage.

The number of rotor saliency pitches defines the number of electrical periods seen in the
output voltage during a full mechanical turn of the rotor. With a 2X resolver (two saliency
pitches), one mechanical turn corresponds to two electrical periods. It is important to recog-
nise that a VR resolver can be used with electrical motors only when the number of motor
pole pairs is equal to or larger than, but necessarily a multiple of, the number of resolver
saliency pitches. This alignment is based on the fact that each saliency pitch corresponds to
360 electrical degrees.

2.1.2 VR Resolver characteristics

In this section, different characteristics of VR resolvers are considered, and factors that should
be taken into account when designing a VR resolver are evaluated.

Reliability

The reliability of variable reluctance resolvers is one of their main selling points. A VR
resolver consists of only two solid parts: the rotor and the stator. As seen in Figure 5, the
rotor of a VR resolver has no additional parts, which minimises the risk of failure. The stator
has a simple and durable structure as well. The minimal number of parts constructed from
durable materials and absence of onboard electronics entail the possibility of achieving the
utmost reliability of the VR resolver.

The operating principle of the VR resolver makes it nearly insensitive to environmental fac-
tors such as dust and humidity. In contrast, optical encoders can experience significant de-
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terioration in performance or malfunction under similar conditions. Moreover, VR resolvers
are notably more resilient to temperature variations compared to encoders.

Even relatively small changes in the rotor position can affect the amplitude of the induced
voltage in a single coil quite significantly. However, VR resolvers can attenuate the electrical
angle error caused by eccentricity, if the output coils are distributed symmetrically. In case
of eccentricity, the air-gap length enlarges on one side and a change in the induced voltage is
sensed in the tooth coils on that side while an equal opposite change in voltage is sensed in the
tooth coils on the opposite side. As shocks and vibrations can cause small eccentricity of the
rotor, the length of the air-gap can experience momentary changes. The ability to withstand
these environmental factors makes the VR resolver an ideal choice for various applications
where high reliability is demanded. [14]

Accuracy

The working principle of resolvers allows achieving high accuracy of angle estimation. As
a resolver is an analogue device, it has an infinite resolution. The resolution of the feedback
system as a whole is limited only by resolver-to-digital converter in the controller [15].

The resolver should be properly designed and manufactured to provide the highest possible
accuracy. The size of the resolver is the main factor restricting the capabilities of the resolver.
It is concluded in [16] that a larger number of stator teeth reduces harmonics in the output
voltages, which deteriorate the position sensing accuracy of the resolver. Thus, a higher
number of stator teeth allows for higher accuracy. However, a higher number of stator teeth
requires a larger outer diameter of the resolver. In general, a larger outer diameter of the
resolver allows more freedom in the design to achieve the maximum accuracy.

The rotor and stator geometry and winding distribution are the most important factors defin-
ing the accuracy of a resolver. One key factor which affects the accuracy of a VR resolver
is the shape of the rotor. The accuracy of a resolver can be increased by optimising the rotor
shape [17]. For this, finite element analysis can be utilised, which allows to minimise the
number of manufactured experimental samples making the development more cost effective.

Manufacturing complexity

Although the design of VR resolvers is relatively simple, the stator windings introduce some
complexity to the manufacturing process [15]. VR resolvers have complicated winding dis-
tributions and arrangements, which differ between models of different size and with different
number of rotor saliency pitches. The windings have to be wound correctly with the designed
number of turns in each tooth coil to achieve the targeted resolver performance. Special
winding equipment is required for mass production of VR resolvers, and these machines can
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often be expensive (the price ranging from several dozen USD to a couple of hundred USD).
The complicated winding process poses difficulties with quality control. Common problems,
such as wire insulation damage or asymmetric coil locations, can affect the accuracy of the
resolver [18].

Nonoverlapping winding arrangement solutions have been proposed in a number of papers
[4], [14], [18]. With a nonoverlapping winding arrangement, each stator tooth has a single
coil, and the output winding coils have identical numbers of turns, which makes manufac-
turing much easier. However, nonoverlapping winding arrangements can be utilised only
with certain stator slot and rotor pole combinations. This makes the solution less versatile,
but could propose a solution for the manufacturing difficulties. According to [18], a slight
decrease in the resolver accuracy is seen with the nonoverlapping winding arrangement as
well, when comparing to VR resolvers with the conventional winding arrangement.

Size

VR resolvers can be produced in different sizes. The possibility of manufacturing very small
and lightweight resolvers is especially advantageous in sectors such as aviation and robotics
where size and weight considerations are paramount.

One major advantage of VR resolvers, when comparing to conventional wound-rotor re-
solvers, is related to the winding-free rotor. The wound-rotor resolver has the excitation
windings on the rotor, thus requiring a rotary transformer to supply the excitation winding.
In contrast, VR resolvers have both excitation and sensing windings on the stator. This ex-
cludes the need for a transformer and results in a shorter axial length. Thus, they are often
easier to integrate into a drive system [18].

2.1.3 VR Resolvers on the market

The key players on the VR resolver market are Tamagawa Seiki Co., Shanghai Yingshuang
Electric Machinery Co., and MinebeaMitsumi Inc. Analysing the information on VR re-
solvers manufactured by these companies provides insights into the parameters of the most
prevalent VR resolvers on the market.

The Tamagawa VR resolver lineup consists of five resolver types, where each type has spe-
cific stator outer and inner diameters and rotor inner diameters. One type has two stator
options, which differs only by the stator outer diameters and by the winding insulation op-
tion. Each stator can be wound for different numbers of saliency pitches. The total num-
ber of models manufactured by Tamagawa is 24, and Yingshuang Electric has 17 different
VR resolver models in total. The MinebeaMitsumi VR resolver lineup contains seven re-
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solver types. Similarly to Tamagawa, each stator type can be wound for different numbers
of saliency pitches. The total number of models manufactured by MinebeaMitsumi is 38.

The electrical parameters and operating bounds of the considered resolvers are summarised
in Table 1. The accuracies of the resolvers with different number of saliency pitches are
presented in Table 2 [19]–[21]. Input impedance data is not provided for theMinebeaMitsumi
resolvers, thus the excitation current cannot be calculated. All obtained data is presented in
Appendix A.

Table 1: Electrical parameters and operating boundaries of the resolvers manufactured by
Tamagawa, Yingshuang, and MinebeaMitsumi

Parameter Tamagawa Yingshuang Electric MinebeaMitsumi
Power source AC 7 V rms 10kHz AC 7 V rms 10kHz AC 7 V rms 10kHz

Transformation Ratio 0.2 (±8%) 0.258/0.257 (±10%) 0.286 (±10%)
Output voltage RMS (V) 1.400 1.806/1.799 2.002
Input impedance (Ω) 75 (±8%) 83 to 420 (±15%) (unavailable)

Input (excitation) current (mA) 93.333 18 to 84 (unavailable)
Max. Operating speed (rpm) 20000 / 10000 60000 30000 / 12000
Operating temp. Range (°C) -40 to 150 -50 to 155 -40 to 125

Table 2: Accuracies of the resolvers with specific numbers of saliency pitches

Number of saliency pitches 2 3 4 5 6 7 8 12
Accuracy Yingshuang ±60′ ±40′ ±30′ ±24′ ±20′ ±20′ ±10′
Accuracy Tamagawa 60′ p-p 40′ p-p 30′ p-p 24′ p-p 20′ p-p

Accuracy MinebeaMitsumi ±60′ ±40′ ±30′ ±24′ ±20′ ±18′ ±15′

As it is shown in Table 1, all models from the companies are designed to be supplied with
the same input voltage (7 V rms) at the same frequency (10 kHz). While Tamagawa mod-
els maintain constant transformation ratios and input impedance across all models, Ying-
shuang models exhibit significant variations in input impedance among different models. All
MinebeaMitsumi models have the same transformation ratios as well. The input impedance
of the Tamagawa resolvers is listed as 75 Ω, while the Yingshuang models’ input impedances
vary between 83 Ω and 420 Ω with the calculated average being 167 Ω. The average input
impedance of the Yingshuang models is over two times as high as the input impedance of
the Tamagawa models. Due to the higher input impedance, excitation current is lower in the
Yingshuang Electric models. The excitation current varies between 18 mA and 84 mA in
the Yingshuang resolvers, whereas the Tamagawa resolvers’ excitation current is 93 mA for
every model.
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Reasons for the different impedances can be found by examining Equations 2.1 (equation for
impedance), 2.2 (equation for inductance), and 2.3 (equation for reluctance),

Z =
√

R2 + (j!L)2 (2.1)

L =
N2

Rm
(2.2)

Rm =
1

�r � �0
� l

S
(2.3)

where R is resistance, j!L is the inductive reactance (L being inductance), N is the number
of turns in a coil, Rm is the magnetic reluctance, �r is the relative permeability of material
(electromagnetic steel in the case of a resolver), �0 is the permeability of vacuum and l is the
length of the magnetic circuit. S is the cross-sectional area of the magnetic circuit.

A proper analytical estimation of the resolver inductances needs a more detailed considera-
tion, which involves splitting magnetic circuit in parts such as rotor, air gap, stator, tooth tips,
stator teeth, and stator yoke. However, this is beyond the scope of this thesis. Nevertheless,
the general inductance equation is sufficient to derive certain conclusions on inductances
(impedances) of the resolvers under consideration.

One of the reasons for higher impedance values (and therefore lower excitation currents) of
the Yingshuang resolvers compared to Tamagawa resolvers is in the geometrical differences.
The most significant impact on the reluctance of the magnetic circuit comes from the air gap.
However, the air-gap lengths are not provided in the Yingshuang product catalogue [19].
Thus, comparing the Tamagawa and Yingshuang resolvers’ air gaps is not possible.

Another parameter affecting the reluctance of a magnetic circuit is the cross-sectional area (S,
Equation 2.2). In a resolver, the cross-sectional area of the magnetic circuit is directly pro-
portional to the axial length of the resolver. As the axial lengths of the Yingshuang resolvers
are larger than those of the Tamagawa resolvers (as shown in Tables 3 and 4), this proposes
a logical explanation for the difference in the inductances (impedances) of the excitation
windings. As the axial length of the rotor increases, the cross-sectional area S increases and
the magnetic reluctance decreases (Equation 2.3), resulting to an increase in the inductance
(Equation 2.2), which, in turn, results in an increase in impedance (Equation 2.1).

This explanation is valid if to assume that the air-gap lengths of the Yingshuang and Tama-
gawa resolvers are similar. This assumption can be supported with the Yingshuang resolver
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(model 114XU974) in our possession, which allows us to measure the air-gap length. As the
Tamagawa resolvers’ air-gap lengths are provided in the product catalogue [20], the air gap
of similarly sized Tamagawa resolvers can be compared to the air gap of the measured Ying-
shuang resolver. The Tamagawa resolvers with the outer diameters from 101 mm upwards
have the air-gap length of 1 mm. The measured Yingshuang resolver has the outer stator
diameter of 114 mm, and has the air-gap length of 1 mm similar to the Tamagawa resolvers.
It can be assumed that the rest of the Yingshuang resolvers have similar air-gap lengths as
the Tamagawa resolvers.

A correspondence of accuracy and the number of rotor saliency pitches is seen in all three
VR resolver lineups in Table 2. The Yingshuang Electric and MinebeaMitsumi resolvers
are exactly half as accurate as the Tamagawa models with the same numbers of rotor poles.
Or at least this is what the markings in the datasheets suggest. While Tamagawa has listed
the accuracies of their resolvers as maximum peak-to-peak errors, Yingshuang Electric and
MinebeaMitsumi has listed their accuracies as maximum deviation (±). In principle, this
means that when a Yingshuang or MinebeaMitsumi model is shown to have the accuracy of
±30’, it is interpreted as 60’ p-p.

Comparing the operating bounds of the resolvers in Table 1, it is seen that the differences in
the operating temperature ranges are not very significant. Tamagawa resolvers can operate
in the temperature range of -40 to 150 °C, Yingshuang Electric resolvers can operate in the
range of -50 to 155 °C, and MinebeaMitsumi resolvers can operate in the range of -40 to 125
°C. A much larger difference is seen in the maximum operating speeds of the resolvers. It
is seen that the Yingshuang resolvers are designed to withstand much higher rotation speeds
than the MinebeaMitsumi or Tamagawa resolvers.

The reason for such a significant difference in maximum operating speed can be found from
comparing the rotor geometries of models with similar geometries. As the publicly available
information on the geometries of the MinebeaMitsumi resolvers is quite limited, the compar-
ison focuses on Tamagawa and Yingshuang resolvers. The resolver pairs are chosen mainly
by similar inner stator diameters, as rotor maximum diameters are not provided for Ying-
shuang Electric resolvers. Physical properties of five similar models from both companies
are presented for comparison in Tables 3 and 4.
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Table 3: Comparison of physical properties of selected pairs of similar models: Tamagawa

Model (Tamagawa) TSY1010 TSY1020 TSY1030 TSY1040 TSY1050
Stator outer diameter (mm) 59.5 80 106 132 167
Stator inner diameter (mm) 20 35 58 80.6 119
Stator core axial length (mm) 7 4 4 4 4
Rotor inner diameter (mm) 9.25 25 45 60 100
Rotor core axial length (mm) 8 4 4 4 4
Rotor maximum width (mm) 4.98 4.5 5.5 9.3 8.5
Estimated minimum rotor

width (mm)
≈4 ≈3 ≈3 ≈6 ≈5

Table 4: Comparison of physical properties of selected pairs of similar models: Yingshuang
Electric

Model (Yingshuang Electric) J37XU9732 J52XU9733 76XU9732 114XU9734 132XU9733
Stator outer diameter (mm) 37 52 76 114 132
Stator inner diameter (mm) ≈22.50 33.9 50 90 102
Stator core axial length (mm) 7 7 8 8.5 8.4
Rotor inner diameter (mm) 9.52 12.7 25 64 65
Rotor core axial length (mm) 8 8 9 10 9.4
Estimated rotor maximum

width (mm)
≈6.09 ≈10.10 ≈11.50 ≈12.00 ≈17.50

Estimated minimum rotor
width (mm)

≈4.7 ≈6.5 ≈8 ≈6.4 ≈11.9

Rotor minimum width 

Rotor maximum width 

Figure 6: Meaning of the maximum and minimum widths of the rotor cross section

The parameter that has the most significant impact on the maximum rotational speed is the
minimum width of the rotor cross-section (shown in Figure 6). Since this area is the thinnest
part of the rotor, it experiences the highest stresses and breaks first if the stresses exceed
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whereRmax represents the maximum diameter of the rotor. By adjusting the spline parameters
a and b, the rotor shape can be replicated. The most accurately replicated rotor shape was
achieved with the parameter values a = 2:45 and b = 1:46. Comparison of the rotor shapes is
shown in Figure 18. The estimated accuracy with the spline-adjusted rotor shape is presented
in Figure 19.

Figure 18: Comparison of the measured rotor shape and the rotor spline defined by equations
(blue line)

0 2": 4": 6": 8":
Electrical angle (rad)

-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

Er
ro

r (
el

ec
tri

ca
l d

eg
re

es
)

Figure 19: Estimated accuracy of the resolver with the rotor shape defined with the equation-
driven spline with parameters a = 2:45 and b = 1:46

When comparing Figures 17 and 19, a certain difference is seen in the accuracy. This is due to
some small unidealities (asymmetries) of the measured rotor, examples of which are shown
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