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Abstract—Variable reluctance (VR) resolvers are used in 

electrical drives for position and speed feedback. Their winding-

free rotors make them particularly robust and reliable. One 

example of their application is in electric vehicles. 

Meanwhile, the widespread use of VR resolvers in the 

aviation industry, which accounts for 35.3% of the market and 

represents the largest segment, drives the demand for lighter 

and more compact designs. This paper proposes a design for a 

compact VR resolver. Key aspects contributing to its size 

reduction are analyzed, and the design process is presented. A 

2X resolver with a 16 mm external stator diameter and a 7 mm 

stator core length has been developed. 

Keywords—compact resolver, minimized size, resolver, 

variable reluctance.  

I. INTRODUCTION 

Electrical drives have become more and more popular, 
replacing the many conventional drives such as combustion 
engines. Many of them require precise control implemented 
via closed speed and position loops. Encoders and resolvers 
are the most applicable sensors to measure the speed and 
position of the motor shaft [1]. Although there are other rotor 
position measurement techniques under development [2], 
direct measurements are still the most reliable and simple 
method for position feedback.  

Encoders are relatively precise devices. However, they are 
digital, and therefore, they might compromise reliability in a 
harsh environment. Resolvers, in contrast, are analogue 
devices. The measured signals are converted to digital format 
only in embedded electronics of the inverter. In applications 
where reliability and robustness are demanded, resolvers are 
typically used [3].  

Nowadays, variable reluctance (VR) resolvers are more 
favored compared to rotor-excited resolvers in applications 
where reliability is crucial [4]. The absence of brush and slip 
mechanisms makes the structure of a VR resolver simpler and, 
therefore, more robust. In addition, VR resolvers typically 
have a smaller axial length, which makes them favorable in 
applications where longitudinal space is limited.  On common 
application example is automobile technology [5], [6]. 
However, according to 2022 market statistics [7], the largest 
user of VR resolvers is the aviation industry, which takes 
35.3% of the VR resolver market (the automotive industry 
follows with 31.7%), Fig. 1. At the same time, size and mass 
are crucial in aviation and every gram matters. This implies 
that minimizing the size of measuring devices for electrical 
drives in aviation is advantageous. Moreover, based on market 
demand, resolvers with diameters up to 25 mm are leading, 
accounting for 31.9% of the market share (when compared 
with 25-50 mm, 50-100 mm, and above 100 mm), Fig. 2.  

VR resolvers typically have between two and five saliency 
pitches (or cams corresponding to the number of pole pairs in 
electrical machines) [8]. Resolvers with up to 12 saliency 
pitches are also available on the market [9], but they are 
encountered less frequently. 

 

Fig. 1. Market share of resolvers by end user 

 

Fig. 2. Market share of resolvers by outer diameter size 

Considering the trend toward high-speed machines, which 
enables size reduction – a key demand in aviation – the 
number of motors with a relatively small number of pole pairs 
is expected to increase. High-speed machines typically do not 
exceed one or two pole pairs to keep the electric frequency at 
minimum especially when magnet-free technologies such as 
Induction Motors or Synchronous Reluctance Motors are 
applied. This is because the value of inductance in these 
machines is inversely proportional to the square of the number 
of pole pairs [10], making motors with fewer poles more 
favorable. For the case of study, a resolver with two saliency 
pitches was selected.  

II. CONSIDERATION OF DESIGN PARAMETERS FOR RESOLVER 

OF MINIMIZED SIZE 

This section discusses the main aspects to be considered 
during the design of a resolver with minimized dimensions. 
These are: 

1. Compatibility with the resolver interface card; 

            
    

 
  
 
  
  
 
  
 

     

     

     

     

     

     

     

     

     

     

     

     

           
           
            
             



2. Number of saliency pitches; 
3. Number of teeth; 
4. Core dimensioning: length, rotor maximum diameter, 

rotor shape, minimum air-gap length, and the height 
and width of the teeth; 

5. Excitation and sensing windings: number of turns, 
winding positioning, and conductor diameter; 

6. Manufacturing considerations, which should be 
accounted for throughout the entire design process. 

These aspects are not necessarily addressed in this order, 
but should be carefully considered either simultaneously or 
iteratively.  

A. Compatability with resolver interface cards 

It is important to set the boundaries before designing the 
resolver. Electrical boundaries are defined by the interface 
cards used to supply the resolver with excitation current and 
to measure the output voltage, thus enabling feedback from 
the sensor and closing the control loop of the electrical drive. 
The converter cards available on the market have the 
following parameter ranges [11]: 

- Supply voltage, Uin: 1.3–19 V rms; 
- Maximum supply current, Iexc: 28–180 mA rms; 
- Measured voltage, Ucos, Usin (or Uout): 0.5–7 V rms; 
- Supply frequency, f: 1–22 kHz. 

However, it is important to check the parameters of a specific 
converter card from the manufacturer to ensure compatibility 
with the designed resolver.  

In general, the supply voltage should not be very high for 
small VR resolvers, because then the required flux density is 
achieved with a larger number of excitation turns. Assuming 
the same space for the excitation winding, a smaller supply 
voltage allows the use of fewer turns with a larger wire 
diameter, compared to the case with high voltage. A larger 
wire diameter allows for better winding integrity. 

A resolver card with a larger supply current is 
advantageous, as it provides greater design flexibility and a 
higher current limit. A lower measured voltage at the resolver 
interface card is preferable, as it allows the use of fewer 
sensing turns. The supply frequency should be as high as 
possible to reduce the excitation current, making it easier to 
stay within the current limit. 

It is worth mentioning that high frequency, low flux 
density in the core, and low output voltage measured by 
converter card make a resolver more sensitive to 
electromagnetic interference. In this regard, smaller resolvers 
are more susceptible to external disturbances. Therefore, 
proper protection, such as shielding may be required in certain 
applications. Alternatively, or additionally, increasing the size 
of the resolver can be considered to improve its stability with 
respect to electromagnetic interference. 

B. Number of saliency pitches 

The number of saliency pitches, X, f   “   ll”     l     
designed for high-speed motors should not exceed two, 
corresponding to a motor with four poles. However, there 
might be motors with a large number of poles in high-speed 
applications, which is common for PMSMs. In this regard, it 
is worth mentioning that the larger the number of saliency 
pitches, the larger the resolver should be. This is related to the 
fact that with an increasing number of saliency pitches, each 
pitch becomes less salient. In the case of infinite number of 

saliency pitches, the rotor will lose its magnetic saliency. Of 
course, when the number of saliencies increases, the number 
of teeth can also be increased to make the resolver more 
sensitive to the rotor position, however, a larger number of 
wound teeth is more difficult to realize in a limited space. On 
the other hand, the number of saliency pitches can be 
increased while keeping the number of teeth the same 
changing the winding arrangement (or even keeping it the 
same in some cases), however, it will again lead to a lower 
magnetic saliency of the resolver. Lower saliency means that 
with the same number of sensing and excitation winding turns 
and the same supply current, the larger number of saliency 
pitches will result in lower output voltage compared to the 
case with a lower number of saliency pitches. This statement 
holds true if it is assumed that in each case the rotor shape is 
optimized to provide the largest output voltage (maximum 
saliency).  

In cases where the number of motor pole pairs, p,  is high, 
for example, eight and the resolver with four saliency pitches 
is not feasible to design in a given space limitation, a resolver 
with two saliency pitches, which should be more feasible to fit 
the reduced space, can be applied. In this case, the position 
measurement error will be doubled. In principle, the number 
of saliency pitches, X, should be equal to the number of pole 
pairs of the electrical motor, p, or a smaller integer that evenly 
divides p. However, in such cases, the measurement accuracy 
will be lower by p/X. This is not because the resolver will be 
less accurate but because the measured angle should be 
multiplied by p/X to obtain the position angle in electrical 
degrees for the control of electrical motor. The relationship 
between the number of saliency pitches, X, the number of 
motor pole pairs, p, and the impact on measurement accuracy 
is expressed by the following equations.  

Number of saliency pitches 

 𝑋 ≡ 0(mod 𝑝), 
𝑋 ≤ 𝑝  (1) 

Error of estimated angle experienced by the electrical drive 

control 

𝜀mot = 𝜀res ∙
𝑋

𝑝
 , (2) 

where ε    is the error of the resolver.  

C. Number of teeth 

The resolver with minimal size presents a manufacturing 
challenge. As the number of teeth increases, a larger number 
of smaller coils is required, which makes manufacturing more 
challenging. Therefore, the main strategy is to select the 
smallest possible number of teeth. However, it should not 
deteriorate resolver accuracy, and the following aspects 
should be considered.  

When the number of saliency pitches is two or larger, the 
minimum preferred number of stator teeth is eight or more. 
This will allow to compensate for possible rotor eccentricity. 
Also, the number of teeth should be even, as with an odd 
number of teeth, the number of sensing turns will not be 
periodic in regard to teeth, which will make resolver more 
sensitive to imperfections in the rotor geometry or 
eccentricity.  

The accuracy, in principle, can be adjusted by modifying 
the rotor shape for any even number of teeth. As shown in 



[12], the number of teeth can be even lower than the number 
of saliency pitches (cams). However, in this case the voltage 
induced in the coils is affected only by those saliency pitches 
which are facing the teeth at a given time instant, while other 
saliency pitches do not participate in the exchange of magnetic 
energy. From this perspective, at least more than two stator 
slot pitches (two teeth) should cover one rotor saliency pitch. 
Having exactly two stator slot pitches per one saliency pitch 
is not feasible because, in that case, the sine and cosine voltage 
signals will be zero at any rotor position. 

Then, to simplify manufacturing of the small rotor where 
winding assembly might be a challenge, it is recommended to 
have no more than two coils on one tooth: one excitation and 
one sensing (sine or cosine). This configuration can be 
achieved when the ratio of the number of teeth to the number 
of saliency pitches (cams) equals four [12]. The approach 
where only one coil is assembled on each tooth requires more 
teeth ,where instead of two teeth, three are needed: one for 
excitation, one for sine, one for cosine [6], [13].   Practically, 
a lower number of teeth can be applied for one saliency pitch 
with only one coil on a tooth [14], but in this case not all 
saliency pitches will fully participate in magnetic energy 
conversion. This approach may be feasible for resolvers with 
a large number of saliency pitches; however, it is outside the 
scope of the current study.  

D. Stator and rotor core dimensioning 

The core dimensioning includes the following parameters: 

- Stator external and inner diameters, Dse, Ds; 
- Resolver length, l; 
- Rotor inner diameter, Dri, outer maximum and 

minimum diameters, Dr,max, Dr,min, shape of the rotor 
surface, a, b. The design can be started with minimum 
feasible inner rotor diameter. Once the rotor inner 
diameter is fixed, the minimum rotor outer diameter 
can be determined based on mechanical integrity 
constraints; 

- Stator yoke height, hy, and teeth widths, bd.  

The design process begins with determining the overall 

dimensions based on application or customer requirements, 

including the external stator diameter and resolver length. 

Additionally, the rotor inner diameter needs to be established. 

The number of saliency pitches and teeth are also considered 

in the design, according to the considerations discussed 

above.  
In general, the rotor diameter is desired to be as large as 

possible to provide the highest saliency. However, it should 
be compromised with the stator side. The yoke height and 
teeth width can be selected to be the same as they conduct 
about similar flux. The tooth width directly interacts with the 
rotor, and therefore, it directly impacts the inductance and 
output voltages. At the same time, the stator slot area, which 
compromises with the sizes of teeth and yoke, should be 
sufficiently large to allow the required number of excitation 
and sensing winding turns. Thus, a balance between core 
dimensions and windings should be found.    

It is also important to note that core dimensions are closely 
related to the iron losses, the estimation of which is not a 
trivial task in resolvers. Manufacturing methods such as laser 
cutting or stamping degrade the magnetic properties of the 
steel [15], which makes the iron loss estimation even more 
difficult. Iron loss estimation is a relatively complex process 
as manufactures usually provide loss characteristics of steel 

starting from 0.1 T and in frequency range up to couple of 
thousands of Hertz, while VR resolvers typically operate at 
flux density below 0.1 T and at significantly higher 
frequencies. A preliminary estimation of iron losses at low 
flux density and higher frequency can be made with 
approximation proposed in [3].  

An increase in operating frequency can help to minimize 
iron losses, as with higher frequency the flux density is 
reduced. According to the Bertotti equation (3), the hysteresis 
component of iron loss is approximately proportional to the 
square of the flux density and linearly proportional to 
frequency.  

d𝑃iron = (𝑘h𝐵m
2 𝑓 +

π2𝜎𝑑2

6
(𝐵m𝑓)2

+ 𝑘e(𝐵m𝑓)
3
2 ∙ 8.67) 𝑘f, 

(3) 

where kh is the coefficient of the hysteresis loss, ke is the 
coefficient of the excess loss, σ is the conductivity of the 
material, d is the thickness of the lamination, f is the 
frequency, Bm is the peak value of the magnetic flux density, 
and kf is the lamination space factor. 

Iron losses must be minimized as significant energy 
dissipation in the steel leads to a reduced output voltage. 
While a low output voltage can be compensated by increasing 
the input voltage, this also causes iron losses to increase 
approximately with the square of the flux, resulting in 
potentially unpredictable values. Moreover, the excitation 
current may increase and exceed the limits imposed by the 
frequency converter interface. The use of high-quality steel in 
VR resolvers is particularly advantageous due to their 
operation at relatively high frequencies. Under such 
conditions, steel with low-loss properties is especially 
beneficial.  

Once the stator teeth width is selected, the rotor shape can 
be adjusted to achieve the required accuracy. At least, rough 
rotor shape adjustment can be implemented to achieve similar 
peaks of sine and cosine signals. The rotor shape is determined 
via air gap equation. The meandering shape of the air gap 
δ(X∙α) is determined by the following equation  

𝛿(𝑋 ∙ 𝛼) =
𝑎

𝑏 + 𝑐𝑜𝑠(𝑋 ∙ 𝛼)
, (4) 

where a is a length factor, b is a shape factor, and X is the 
number of rotor saliency pitches, α is the mechanical angle 
along the rotor periphery. For different tooth width values, the 
optimal rotor shape can vary accordingly.  

In addition, to ensure reliability in the prototype stage, it is 
prudent to incorporate a safety margin in the resolver’s design 
parameters by considering the effects of iron degradation. 
Studies indicate that the damaged layer can range from 
165 μm [16] to several mm [17]. In the present case, since the 
resolver is particularly small, the proportion of degraded steel 
relative to the total steel volume is significant. To account for 
  i  d g  d  i n, i  c n       u  d               l y    l ng 
all edges of the magnetic regions of the core is affected. 

E. Winding 

The excitation winding should have a sufficiently large 
number of turns to keep the flux density in the resolver at a 
level that limits iron losses, while also being small enough to 
induce the required voltage in the sensing winding. As space 



is limited in small resolvers, the cross section of excitation 
wire should be selected to reduce the copper section but keep 
the resistive voltage drop minimal to provide the core 
excitation required.  

The sensing winding should have as large a number of 
turns as possible because it would allow inducing the required 
output voltage with lower excitation current. A lower 
excitation current reduces core excitation and, consequently, 
iron losses. The sensing winding carries negligible current 
because it serves to measure induced voltage only, and 
therefore, the cross section of the sensing wire can be as small 
as possible and limited primarily by its mechanical integrity.  

As one of the main challenges in designing a small 
resolver is achieving a sufficient output voltage level, the 
resistive voltage drop in excitation winding should be 
minimized. It is important to remember that the sensing 
winding is not experienced any current flow because the 
voltage is measured at its terminals. Then, leakage 
inductances of sensing and excitation winding do not impact 
the output voltage. Therefore, it is preferred that the excitation 
winding be assembled with the minimal length of end 
winding. For example, if the excitation and sensing coils are 
wound all along the teeth (Fig. 4a), the excitation winding 
should be wound first, and sensing winding is assembled on 
the top of it. This minimizes the end winding length of the 
excitation winding, reducing the voltage drop. 

  

a) Excitation winding has minimal 
end winding length 

b) Arrangement of windings to 
maximize copper space factor in 

the slot 

Fig. 4. Possible winding arrangements in VR resolver with minimized 
dimensions. The excitation winding is marked with black. The sensing 
cosine and sine windings are marked with red and orange, respectively 

Alternatively, the windings can be arranged to achieve 
maximum copper space factor (Fig. 4b). A more practical and 
efficient coil distribution should be considered individually 
for each specific case.   

F. Design for manufacturing 

Besides the estimated geometrical parameters, the 
practical issues in assembly should be taken into account from 
the beginning. The main aspects to address are as follows: 

- The minimal air-gap length should be as thin as 
possible while being large enough for safe operation. 
Eccentricity and assembly precision must be considered to 
determine the minimal air gap; 

- The minimal wire diameter should be sufficient to 
ensure the mechanical integrity to the resolver; 

- The winding process should be estimated from the 
beginning. If automated winding process is implemented 
using a needle winding machine, then the copper space factor 
of the winding area will not be the highest, while the winding 
area can be quite large. Alternatively, each coil can be wound 
very accurately with a linear machine with turn-by-turn 
precision. In this case, the copper space factor of the winding 

area will be the highest, however, the total space factor of the 
slot can be low because the linear machine can wind mainly 
full layers. Fractions of winding layers are not feasible in 
practice with a linear machine, because the wires start sliding 
when not kept by supports from the sides. These side supports 
can limit the winding layers to only one fixed length. 
However, the top layer can still be fractional if it is fixed to 
the previous layer with tape or glue after the winding process;  

- When changing the number of turns and wire 
diameter, the available space should be considered. The 
number of winding layers and the number of turns that fit in 
each layer must be taken into account. Potential deviations 
from the originally designed parameters during manufacturing 
should also be estimated. For example, if the designed number 
of turns is 100, the deviation to 97 or 103 turns should be 
accounted for;  

- Winding insulation should be also considered when 
estimating the winding positioning.  

III. DESIGN PROCESS 

The algorithm in Fig. 3 presents the steps during the design 
of the resolver of minimal size. Each step is explained in detail 
below.  

1) The design starts with setting overall dimensions, 
which are external stator diameter and maximum length. The 
total length is dictated by the stator core length and the end 
windings. As the end winding can be accurately estimated 
only at the winding design stage, the stator core length can be 
roughly assumed to be approximately 85–90% of the total 
resolver length. 

The supply voltage is determined based on the datasheet 
of the resolver card for which the resolver is designed. The 
supply frequency should be selected as the maximum allowed 
by the interface resolver card. This will allow to minimize the 
supply current, which is usually quite limited by the available 
interface cards. Additionally, with increased supply 
frequency, the flux density in the core will be lower and iron 
losses will be minimized as discussed in the previous section.  

2) The number of teeth should be selected as discussed 
in the previous section. The best number of teeth is 4·X.  

3) The thickness of stator teeth can be assumed to be 
40% of the slot pitch, which is a reasonable starting point 
based on the authors’ experience. The stator yoke height can 
be kept the same as the width of stator teeth or slightly thinner, 
because the flux in the yoke is slightly lower than in teeth due 
to some leakage. In further iterations, the tooth thickness can 
be reduced to accommodate a higher number of sensing 
winding turns and thereby increase the output voltage. This 
logic holds as long as the relative increase in the number of 
sensing winding turns is higher than the relative decrease in 
tooth thickness.  

4) It can be observed from existing commercial VR 
resolver solutions that, with larger external diameter, the ratio 
of maximum rotor diameter to the stator external diameter 
increases and vice versa for smaller sizes. It is important to 
note that here, the external diameter is referred to the outer 
surface of stator yoke. In many commercial solutions the 
stator outer diameter is measured from the outermost stator 
points including the stator steel part serving only for assembly 
purposes, and not for conducting magnetic flux.   

In     cu   n        c , “   ll  iz ”   f       VR     l     
with an external stator diameter of 30 mm or less. For the first 



iteration in designing a small-size VR resolver, the maximum 
stator inner diameter can be assumed to be 60–70% of the 
external stator diameter. While the optimal ratio is usually 
lower, starting with a 60% assumption allows for an iterative 
reduction of the stator inner diameter to its optimal value.  

The minimal air-gap length is selected as the smallest 
acceptable from a mechanical point of view. The stator’s inner 
diameter and air gap directly determine the rotor’s maximum 
diameter. Parameters a and b are adjusted to achieve similar 
peaks in output voltage, ensuring high accuracy. If Drmax and 
Drmin are constrained, a and b are interdependent. Adjusting a 
requires a corresponding adjustment of b to maintain the 
diameters. At this stage, the number of excitation winding 
turns can be assumed to be unrealistically large to avoid 
saturation and the number of sensing turns can be assumed 
randomly. The final shaping of the rotor, using parameters a 
and b, can be done at the end of the design process.  

The rotor diameter should be, however, as large as 
sufficient to correspond to the application requirements.  

5) Once the winding topology is selected (Fig. 2a or b), 
the number of excitation turns is adjusted stay within the limit 
of the supply current. The diameter of excitation winding 
should be as large as possible to minimize resistive voltage 
drop, UR. It also should not be compromised with its 
mechanical integrity, meaning that the minimum wire 
diameter, dex, min should be established. However, it should be 
compromised with the area for the sensing winding. At this 
stage, the recommended resistive voltage drop should not 
exceed 20% of the supply voltage as a starting design point.  

In case the excitation current exceeds the maximum 
possible supply current with the minimal mechanically 
possible winding diameter, step 3 should be reconsidered with 
reduced stator inner diameter.  

Usually, the current density does not reach very high 
values when the excitation current is limited by the inverter 
card and the excitation winding diameter is large enough to 

minimize resistive voltage drop. The acceptable current 
density in resolvers can be higher than in electrical machines 
because a resolver is a small device, and the amount of heat 
generated is not significant and is easier to dissipate. However, 
the designer should still ensure that the current density does 
not reach extremely large values. especially in cases where 
coils are connected via printed circuit boards or conductors 
with smaller cross-sections compared to the wire. The thinnest 
point can be the weakest from a thermal point of view.  

Iron losses should also be considered. They usually do not 
exceed 10% of the input power in properly designed resolvers 
when the flux density stays below 0.1 T. If these values are 
different, adjustments in the core dimensions or the number 
and diameter of excitation turns can be applied.  

6) Once all previous design parameters are set, the 
number of sensing turns should be determined to provide the 
required output voltage or transformation ratio. The constraint 
here is the minimal mechanically feasible winding diameter, 
ds, min.  

If the output voltage is lower than the minimal readable 
level by the resolver interface, the reduction of excitation 
winding size has to be considered. Alternatively, the reduction 
of stator teeth and yoke size can be explored. It is 
recommended to start with adjusting the excitation winding 
before modifying the stator core dimensions, because 
estimation of iron loss has much higher uncertainty compared 
to the winding Joule loss due to its complex nature. Both 
methods will allow for a higher number of sensing turns, 
however they both will result in a lower total magnetic flux 
around the sensing winding. These methods can be effective 
if the increase in sensing winding turns is more significant 
than the decrease in magnetic flux.  

If decreasing the excitation winding diameter and reducing 
the stator tooth and yoke thicknesses do not allow for an 
increase in the output voltage, the reduction of the inner stator 
diameter (and, therefore, rotor diameter) should be considered 
if possible from the viewpoint of minimal shaft diameter and 

Fig. 3. Proposed design process for Variable Reluctance resolver of minimized size. i, ii, and iii, are artificial variables introduced for the iteration cycles 
and can be of values 1 and 2 only 



minimal rotor yoke. If, after these adjustments, the output 
voltage does not increase but instead reduces or remains the 
same, it indicates that a functional resolver is not feasible 
within the given overall dimensions.  

If the output voltage exceeds the maximum readable value 
by resolver interface card, the number of excitations turns can 
be increased and the number of sensing turns can be reduced 
in iterative manner to achieve the required output voltage. If 
necessary, a smaller-sized resolver may be feasible.  

IV. DESIGNED RESOLVER PARAMETERS AND PERFORMANCE 

Based on the design aspects discussed in the previous 
sections, a 2X resolver was designed with the following 
parameters. The geometry of the resolver design is given in 
Fig. 4. The geometry of the resolver design is shown in Fig. 4, 
while the resolver design parameters are listed in Table I and 
the performance parameters are provided in Table II. 

The flux density distribution in the resolver, assuming 0.1 
mm deteriorated steel, is shown in Fig. 5. The two teeth in 
front of the rotor meandering peaks experience the highest 
flux density of 60 mT, while other core parts have 
significantly smaller flux densities. The approximated losses 
for M250-35A at 0.1 T for 20 kHz are 180 W/kg. Assuming 
the worst-case scenario where the entire resolver steel 
experiences 50 mT flux density, the loss density would be 
approximately 45 W/kg (loss proportional to the square of the 
flux density). Then for resolver steel of 5.5 grams, the total 
iron loss is only 0.25 W, which makes the effect of iron losses 
on the resolver’  performance negligible.  

The filtered output voltages for the ideal case and for the 
case with 0.1 mm steel deterioration are shown in Fig. 6. The 
corresponding errors, presented in Fig. 7, exhibit opposite 
periodicities and similar amplitudes. This was achieved by 
adjusting the rotor to find a point closer to the optimal one to 
maximize accuracy.  

 

Fig. 4. Geometry of the two-cam resolver for 2 x 360 electrical degrees per 

revolution 

 

 

 

 

 

 

 

Table I. Design parameters 

Parameter Value 

Axial length of the stator stack, l (mm) 7 

Stator external diameter, Dse (mm) 16 

Length factor, a  0.7 

Shape factor, b 1.5 

Rotor maximum/minimum diameters, Drmax/Drmin (mm) 7.4/5.16 

Maximum/minimum air-gap length, δrmax/δrmin (mm) 1.32/0.2 

Rotor inner diameter, Dri (mm) 3 

Height of the stator yoke, hys (mm) 1 

Width of the stator tooth, bd (mm) 1 

Assumed permeability of stator and rotor steel 
M250-35A 

1000 

Number of excitation turns in one tooth coil, Nex 42 

Excitation winding copper diameter (insulated wire 
diameter), dex (mm) 

0.112 
(0.123) 

Number of sensing turns on one tooth, Ns 126 

Sensing winding copper diameter (insulated wire 
diameter), ds (mm) 

0.112 
(0.123) 

Excitation resistance, Rex (Ω) 12.3 

Voltage drop on excitation resistance, UR (V)  

In u   nd winding l    g  induc  nc  (μH) 0.52 

In u  i   d nc         Hz (Ω) 106.17 

Table II. Signal values 

Parameter 
Value 

(ideal case) 
Value (0.1 mm 

steel degradation) 

Input voltage RMS (V), Uin (V) 7  7 

Input voltage frequency, f (kHz) 20 20 

Output filtered voltage RMS, Uout 
(Usin, Ucos) (V) 

3.34 1.78 

Transformation ratio 0.477 0.254 

Input current RMS, Iexc (mA) 65.94 90.51 

Current density RMS, Jexc 
(A/mm2) 

6.69 9.18 

 

 

Fig. 5. Flux density distribution in the resolver under study 

 



 

Fig. 6. Filtered output voltage: solid line – idea case; dashed line – 0.1 mm 
steel degradation 

 

Fig. 7. Resolver error  

For the electrical parameters, data of the ABB interface 
card FEN-21 was used (Table III). This card allows a wide 
ranges of supply voltage, current, frequency, and output 
voltage.  

Table III. FEN-21 interface data: voltage and current 

 Amplitude Frequency Max current 

Excitation signal  …   V R S 
 …   Hz 

100 mA RMS 

Sensing signal  …  V R S - 

It is worth noting that the resolver simulated with the effect 
of steel degradation does not achieve a 2 V RMS output 
voltage, which is the minimal measured by the FEN -21. 
However, the supply voltage can be increased up to the value 
where the excitation current achieves 100 mA. In this case the 
output voltage will be close to 2 V. To be on the safe side, the 
manufactured design resolver should be equipped with a 
slightly larger number of turns to ensure the compatibility with 
the ABB FEN-21 interface card.  

V. CONCLUSION 

The study step by step considers the design aspects of 
variable reluctance resolver (VR) with minimized size. The 
design process begins by setting the required overall 
dimensions and electrical parameters set by resolver interface 
card. The design process incrementally leads to the feasible 
design or to the conclusion of impossibility to implement a 
certain resolver in given boundaries. All the parameters are 
considered in such a sequence to ensure compatibility with a 
resolver interface card.  

The manufacturability plays a crucial role in compact 
resolver design, and therefore, design for manufacturing is 
essential. Particularly, the winding arrangement and wire 
dimensions are of importance. While the size has to be 
minimized, the resolver should be robust enough to provide 
the required reliability.  

Compact resolvers are viable for manufacturing high-
speed electrical machines with a lower number of poles. 
However, they can also be applied with machines with higher 
number of poles, though additional studies are required for a 
deeper analysis. The primary application area is aviation, 
which is the largest user of resolvers, where minimization of 
size and weight are particularly advantageous.  
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