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Toroidally-wound permanent magnet machines in
high-speed applications

A. Borisavljevic, S. Jumayev, E. Lomonova

Abstract—The paper studies potentials and limits of perma-
nent magnet machines with toroidal windings in high speed
applications. Three designs in different applications are used
as test cases. The analyses based on analytical and FE models
illustrate both merits and weaknesses of toroidally-wound
machines that have not been addressed in literature. Strong
external leakage of the armature field leads to relatively high
inductance for a slotless machine and, yet, to susceptibility
to losses in the housing. Losses in copper are, arguably, the
decisive factor for suitability of this type of machine for a
particular application; in particular, the machine is hardly
suitable to applications requiring high power density. The
paper finally demonstrates the importance of having a flawless
winding process in order to avoid excessive core losses.

Keywords—high-speed machines, toroidally-wound machines,
toroidal windings, ring windings, permanent magnet machines,
inductance calculation, copper loss, housing

I. Introduction

Using toroidal (also: ring-type or cup-shaped) windings
can be beneficial for electrical machines which require
very short axial length. Such machines are often used for
propulsion and traction [1] or as direct-drive generators [2],
[3]. In recent years, toroidally-wound permanent magnet
machines were suggested in several applications requiring
very high speeds [4]–[7].

In addition to standard advantages correlated with slotless
machines - no cogging and high efficiency [8] - this way
of winding stators is very useful when the axial length
is restricted since the end windings do not increase the
machine axial length. Furthermore, the machine may also
benefit in terms of operating temperature as the windings
can be in a direct contact with the housing and/or coolant.
Relatively high leakage inductance can also be an advantage
for a slotless machine whose inductance would, otherwise,
be very low often entailing the need for additional chokes
at the inverter output. Finally, low armature-reaction field
and distributed windings are expected to result in low rotor
losses.

Besides potential merits, there are also some evident
problems involved with the use of toroidal windings. Com-
pared to other windings for slotless machines, these wind-
ings usually have extended conductor length and, in turn,
potentially high copper losses. Because of the pronounced
leakage field, eddy currents can be expected in machines
surroundings/housing. In this paper, also other risk factors
connected with the manufacturing process will be high-
lighted.

The objective of the paper is to evaluate toroidally-wound
PM machines and assess their potentials and limits for high-
speed (industry) applications. Comprehensive analysis of
such machines has not been reported in literature so far.

The evaluation of toroidally-wound machines will be
made in terms of their general applicability to different
high-speed applications, susceptibility to (excessive) losses
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and manufacturability. The study will apply some existing
electromagnetic models to analyze the given machines.

Winding configuration is the main peculiarity of
toroidally-wound machines; this study is, therefore, mainly
concerned with effects connected with winding (armature)
field, such as inductance, losses induced by the armature
field, losses in copper; as well as with some practical aspects
of winding production.

II. Example machines

Three machine design examples for different high-speed
applications will be used as test cases throughout the paper.
All three designs represent two-pole radial-flux permanent
magnet machines with diametrically-magnetized magnet on
the rotor. Relevant properties of these machines are given
in Appendix.

Machine A represents a small high-speed machine with
a disk-shaped rotor designed for a micro-milling spindle;
design of this machine is thoroughly described in [9]. For a
motor with very small stack length compared to its diameter,
toroidal windings represent a sensible solution. The motor
is designed for 200.000 rpm and modest power of 150 W.

Machine B represents a small motor for an air compressor
of a respiratory system. The machine is designed for highly-
dynamic operation with the speed rapidly changing in
the range of 30.000-90.000 rpm and with the maximum
continuous torque of 4.5 mNm. Toroidal windings in this
design are chosen because of their simplicity and potentially
low price; besides, relatively high inductance compared to
other slotless machines of similar sizes is favorable for
filtering high-order harmonics of the stator currents.

Machine C represents a gas-turbine generator within a
micro Combined Heat and Power (micro-CHP) system. In
contrast to the previous two, this is a highly power-dense
application in which the generator is supposed to deliver
3.7 kW of electrical power at the nominal speed of 240.000
rpm. In the current system a water-cooled slotted machine
with distributed winding is used with nominal efficiency
between 91 and 92%. A prospective for using toroidal wind-
ings was found in very simple stator construction, which
would facilitate inexpensive production of low-loss iron
cores, and in the possibility to directly cool the windings
of the machine.

III. Toroidally-wound machines general

Figure 1 shows a cross-section of a typical high-speed
toroidally-wound machine. It is represented to be a two-pole
machine as most of high-speed machines have two poles
including the test machines in this study. The rotor generally
consists of an iron shaft, permanent magnet and non-
magnetic retaining sleeve; machines B and C, however, have
no iron in the rotor in which case r1 = 0. Magnetization is
shown to be diametrical as it is in all the test machines;
however, other magnetization types are possible too.

Six coils are wound around a toroidal iron core. Each
coils spans over the angle θc ≤ 60◦ and opposite coils
belong to the same phase, as indicated in the picture.
Usually, coils are mutually separated, either by protrusions
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Fig. 1. Two-pole toroidally-wound permanent magnet machine a cross-
section

of the stator core or housing or an additional material: in
machine A they are extensions of the stator core, while in
machine B they are made out of plastic material. These
protrusions help fitting the stator into the housing. The
housing is made of conductive material (e.g. aluminium); it
is sometimes in a direct contact with the windings, in which
case r8 = r7, or there is some additional gap between the
windings and housing as shown in the picture.

IV. Inductance
Because conductors are wound around the stator core,

significant leakage of the armature field is expected. In order
to give a reasonable estimation of the phase inductance, a
3D model of the toroidally-wound machine is needed.

TABLE I. Synchronous inductance calculated by different models

2D, magnetizing 2D 3D
analytical anal. FEM anal. FEM

Machine A [µH] 43 64 64 187 280
Machine B [µH] 24 49 49 82 101

In Table I synchronous inductance calculations are shown
for different models applied to machines A and B. Mag-
netostatic model has been used to analytically model the
machines in 2D and the method of images was used for
3D analytical calculations as explained in [10]. In the first
case, the inductance values represent only the magnetizing
inductance i.e. the values are analytically calculated in 2D
by disregarding the external leakage of the armature field.
In the second case, 2D calculations which also include the
leakage outside of the stator core are shown. Finally, 3D
model results are shown with 3D FEM results being the
most representative of the actual inductance. It is evident
that the contribution of the external leakage inductance to
the overall synchronous inductance is immense.

In [10] inductances of different slotless machines with
same air-gap dimensions and permanent-magnet flux link-
age (and torque) are compared using the method of images
for calculations. The machine with toroidal windings has
significantly higher inductance than other slotless machines,
namely those with inserted skewed and concentrated wind-
ings. This is evident from the graphs in Figures 2 and 3 in
which self and mutual inductance are plotted with respect
to the machine length.

High inductance is potentially a very beneficial feature
for this type of machines. Namely, slotless machines regu-
larly have very small inductance and, often, an additional
choke needs to be added on the inverter outputs to filter the
current. With toroidally-wound machines, however, this is
not per se needed.
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Fig. 2. Self inductance of a phase in a slotless machine with toroidal,
skewed and concentrated windings vs. stack length [10]
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Fig. 3. Mutual inductance of a slotless machine with toroidal, skewed
and concentrated windings vs. stack length [10]

V. Losses in housing

The external leakage of the armature field of toroidal
windings is apparently rather high and it will inevitably in-
duce eddy currents in neighboring conductive bodies. Since
machine housings are commonly made of materials, such
as aluminum, which are both good thermal and electrical
conductors, one can expect significant losses in the housing.
Moreover, for good cooling of a machine, the housing must
be in contact with or, at least, in close proximity of the
stator core which, consequently, increases susceptibility of
housing to induced losses from neighboring toroidal coils.

The example of Machine A illustrates this effect very
well. Figure 4 shows measurements of ac resistance of one
phase in the toroidal winding against electrical frequency
for the cases of the stator being inside and outside of
the aluminum housing. It is evident that the losses in the
housing, in this example, have a dominant portion of the
armature-induced losses. Actually, in this particular design
the losses in the housing take up as much as about 50% of
all losses in the machine [9].

To accurately model these losses, one must take into
account fields of all external conductor parts of the toroidal
windings as well as the particular geometry of the hous-
ing. Still, some general conclusions can be drawn using
relatively simple 2D models that take into account eddy
currents, such as the one explained in [11]. One can solve
the diffusion equation:

−∇2A + μσ
∂A
∂t
= μJs,ext (1)

outside of the stator core (r ≥ r6 in Figure 1), apply the
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boundary conditions for magnetic field (Br,i = Br,i+1, Hθ,i =
Hθ,i+1) and, finally, calculate losses in the housing as the
flux of the Pointing vector through the inner surface of the
housing [12].

In equation (1) A is magnetic vector potential, Js,ext is
the current density of the external conductor parts, and μ
and σ are magnetic permeability and electrical conductivity
of the given region.

The model is applied to idealized stator geometries of
Machine A and B (according to Figure 1) with full pitch
of toroidal coils (θc = 60◦) and aluminum as the housing
material at room temperature. Losses in the housing per
mm length of the lateral stator conductors (only) have been
calculated for machines’ rated electrical frequencies. The
results are shown in Figures 5 and 6 for different thicknesses
of the housing wall and its distance from the windings.
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Fig. 5. Loss in the housing of the machine A as a function of housing
thickness for different distances from the windings d; δ represents the skin
depth in aluminum at 3.5 kHz

From the graphs one can conclude that the losses can
be very high if the housing thickness is smaller than the
material skin depth at the given frequency. If the thickness
is increased beyond the skin depth, the minimum loss is
first reached, and, with further increasing the loss growth is
insignificant: as can be expected, most of the losses occur
in the region close to the inner surface of the housing.

Logically, as the housing is placed further away from the
stator, the losses decrease. However, moving the housing
away from the conductors can have serious consequences
to the temperature in the machine and, apparently, the losses
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Fig. 6. Loss in the housing of the machine B as a function of housing
thickness for different distances from the windings d; δ represents the skin
depth in aluminum at 1.5 kHz

themselves would not even be significantly reduced.
In conclusion, housing losses are a great point of concern

for toroidally-wound machines and must be taken into
account in the design phase. The losses can be alleviated
by proper design of the housing and appropriate system for
cooling the potential advantage of the machine is that the
bulk of losses occur in the regions which can be actively
cooled.

VI. Copper losses

Losses in copper are another important factor for per-
formance of toroidally-wound machines. Namely, these
machines have relatively high inactive conductor length and
conduction (I2R) losses are expected to be relatively high
compared to other electrical machines with the same torque.
Besides, as in other slotless machines, the parts of the
windings residing in the air-gap are susceptible to eddy-
current losses induced by the pulsating field of the rotor
magnet(s). For a given magnitude and frequency of the
excitation field, losses in wires increase with 4th power of
the wire diameter [13], [14]. Since the two loss components
are conflicting in terms of their dependence on size and
number of conductor wires, it is essential to adequately
size the wires and to find a balance between conduction
and eddy-current losses.

The conduction loss representation - I2R - should, in
principle, take into account the reduction of effective wire
cross-section as a result of the skin-effect. However, in
electrical machines wire diameter is regularly much smaller
than the skin depth, and the wire-level skin effect can be
neglected [13], [14]. Therefore, for a conductor consisting
of nst parallel strands of diameter dst dc conduction loss in
one conductor turn yields:

Pdc = I2Rdc =
4I2ρltot

πnstd2
st

, (2)

where ltot is the total length of one conductor turn and ρ is
resistivity of copper.

An exact solution of eddy-current loss in round wires can
be found in [15]; however, for wire diameters larger than
the skin depth, the power dissipated in a single bundle of
strands lain in the air gap can be closely approximated by
[13], [14]:

Peddy =
πB2

mω
2lagnstd4

st

128ρ
, (3)
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where Bm is the amplitude of sinusoidal flux density in the
air gap at the position of the conductor and lag is the air
gap length.

In addition to these loss components, bundle-level skin
and proximity effect (involving multiple strands in a con-
ductor bundle) also contribute to the overall copper loss.
However, bundle-level skin effect is practically independent
from the strand sizing [14] as the conductor optimization
tends to fill up the available winding area. Bundle-level
proximity effect is, on the other hand, adequately controlled
by twisting or weaving the wires [14], [16].

A procedure for optimal sizing of conductor wires is
explained in [14]; following this procedure it is possible
eventually to assess the minimum possible copper loss using
equations 3 and 2:

P = Pdc + Peddy. (4)

Here, the procedure from [14] will be shortly recounted.
For a fixed number of winding turns N and cross-

sectional area in the air-gap designated for the winding Aw,
the maximum bundle diameter is defined by:

db ≤ db,max =

√
KpackAw

N
, (5)

where Kpack is the packing factor of round wires which is
strongly influenced by the particular winding process.

By taking into account packing factor of wires on both
strand and conductor level, and the insulation build of the
wire, one can express the correlation between the strand
diameter and number of strands:

dst = d1−1/β
r α−1/β

(
KpackKpack,stAw

nstN

)1/(2β)

. (6)

where dr, α and β are coefficients of an empirical correla-
tion between the total insulated-wire diameter and nominal
(copper) diameter:

dst,tot = drα

(
dst

dr

)β
. (7)

After substituting dst in the expression for total copper
loss (4), one can find the optimal number of strands from
equation:

∂P
∂nst
= 0. (8)

The explicit formula yields:

nst,opt =

⎛⎜⎜⎜⎜⎜⎝ db,max

d1−β
r αp f

⎞⎟⎟⎟⎟⎟⎠
γ(

512I2ρ2ltot (1 − β)
π2B2

mω
2lag (2 − β)

) β
6 γ

, (9)

where:
γ =

6
3 − 2β

. (10)

Naturally, the optimal number of strands is the integer
number nearest to the value defined by (9). Although
optimal, the previous method usually results in a very high
number of strands. Not only that this may be inconvenient
from the production point of view, but it can also be
unjustified given the actual reduction of losses. For this
reason, another approach to adequately size the conductors
is also presented.

If the number of strands is fixed, the optimal conductors
no longer necessarily fill the available winding space.
For the given number of strands nst, the optimum strand
diameter is obtained from:

∂P
∂dst
= 0 (11)

to be:

dst,opt1 (nst) = 2 · 3

√
2Iρltot

πBmωnst
√

ltotlag

. (12)

However, strands of the optimum diameter might not
fit the available area for the conductor bundle (5). The
maximum nominal strand diameter dst,max is actually defined
by equation (6). Therefore, the optimal strand diameter for
a fixed number of strands nst is defined by:

dst,opt (nst) = min
(
dst,opt1 (nst) , dst,max (nst)

)
. (13)

The maximum number of strands nst,max,cost is determined
by cost factors, and the optimal number of strands nst,opt is
defined by (9). The smaller of these two values represents
the definite limiting value for the number of strands:

nst,max = min
(
nst,max,cost, nst,opt

)
. (14)

A practical approach to optimally sizing the wires (con-
sidering cost constraints) can be established as follows: in-
crease the number of strands until either maximum number
of strands nst,max has been reached or the corresponding
copper loss P has begun to converge (i.e. increasing the
strand number does not lead to a significant loss reduction).

Machines A and C have been used to demonstrate the
approaches for conductor sizing and the extent of copper
losses in different toroidally-wound machines. In both cases,
amplitude of flux density Bm in the winding region is
calculated using the 2D analytical model mentioned in
Section V, this time applied to the area of the machine
inside the stator core. For both machines the optimal strand
number nst,opt is calculated according to equation (9). After
that, optimal diameters and corresponding total copper loss
are calculated for different strand numbers starting from
nst = 1 until nst = nst,opt. The results are displayed in Figures
7 and 8.
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Fig. 7. Minimum total copper loss vs. number of parallel conductor
strands for the machine A

From both figures it is evident that using the truly optimal
numbers of strands is unjustifiable given the actual reduction
in overall loss. It is particularly noticeable with the machine
A where the loss corresponding to the optimal strand
number of 13 is just a fraction lower than the minimum
loss generated when only 4 strands are used.

More importantly, the results of this analysis indicate
also that toroidally-wound machines are hardly suitable for
highly power-dense applications. Namely, the test design C
would result in roughly 10 times higher power density (i.e.
20 times higher power at roughly twice the air-gap volume)
than the design A and, at the same time, more than 50 times
more losses would be generated in copper. The bulk of these
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losses would actually be generated in the air-gap rendering
the design impractical.

Toroidally-wound machines can be suitable in relatively
low-power applications. On the other hand, when high
power density is required, the losses in copper of the
toroidal windings are prone to be excessive.

VII. Winding manufacturing considerations

Toroidal windings are quite common in inductors and
machinery for their production is readily available. In
principal, using winding machines, high fill factors can be
achieved. Still, for machine applications, winding process
must be carefully scrutinized.

Figure shows a simplified drawing of Machine A cross-
section with indicated flux lines of the phase-a coils. If the
serially connected coils of the phase are equal i.e. have a
same number of turns, the conversely-directed flux lines
linked by the two coils will exit the stator core and cross
the air-gap; just like in a conventionally-wound machine.
However, if one of the coils have an additional turn, the
field of the added turn links entirely through the stator iron
whose small reluctance allows the resulting field to be very
high.

. aa’ x.x
rotor
iron

stator
iron

additional turn

flux line of
balanced coils

flux line of
the additional turn

Fig. 9. Motor geometry cross-section: depiction of the effect of an
additional turn in one of the phase coils on the field in the stator core
[9]

In Figure 10 a flux-density plot and field lines are shown
for examples of an evenly wound Machine A and of the
same machine with only one extra turn in one of the two
toroidal coils of the phase a (precisely, 41 turns instead of
40). While adding an extra turn in the left-hand coil of the
phase does not increase by much the phase inductance, flux

Fig. 10. Flux-density plots and field lines of the motor with balanced
coils (top) and with a single coil having an additional turn (bottom) - 2D
FEM [9]

density in the stator iron increases tremendously: 262 mT
of the maximum flux-density in the unevenly wound motor
against only 20 mT in the balanced machine (simulated for
ia = 1 A, ib = ic = −0.5 A). The losses in the core will
quadratically follow the increase in amplitude of the flux
density; therefore, an unevenly wound coils will contribute
to a significant increase in ac losses in the stator (as also
demonstrated in [9]).

Hence, the winding production process for toroidally-
wound machines must be highly repetitive and the winding
process must be monitored. In turn, highly-repetitive coils
require, arguably, a fully-automatized winding process.

VIII. Conclusions

Using permanent magnet machines with toroidal wind-
ings in high-speed industry applications can be beneficial
from the point of low manufacturing cost. The stator with
toroidal windings inactive axial length due to end windings,
the iron core is simple and allows for inexpensive winding
and assembly procedures. Furthermore, the machine may
also benefit in terms of operating temperature due to the
direct contact of the windings with the housing and/or
coolant.

This paper critically reviews merits of toroidal windings
and also indicates potential risks connected with using such
windings. The study is primarily focused on phenomena
related to the stator (armature) field, in particular: its
influence on inductance and losses.

Contribution of the (external) leakage inductance to the
overall synchronous inductance of the machine is very
high. Toroidally-wound machines tend to have significantly
higher inductance than other slotless machines. Such a high
inductance can, actually, be rather beneficial in terms of cost
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of the electrical drive as it can eliminate the need for big
inductive chokes at the converter output.

On the other hand, the design of a toroidally-wound
machine must address eddy-current losses outside of the
machine, especially when it comes to the electrically-
conductive housing. The study shows that the housing
thickness should be somewhat than its material’s skin depth
at the operating frequency so that the losses are minimized.

Since the external leakage field is immense, an accurate
3D model of the machine is necessary to adequately repre-
sent the armature field and calculate inductance and external
losses.

Assuming all other geometrical and electromagnetic pa-
rameters of the machine to be a priori defined, based on
modeling of copper losses, the paper establishes different
approaches for the sizing of conductors. The total copper
loss is, arguably, the decisive factor for the suitability of
a toroidally-wound machine for a certain application. The
machine can be favorable for high-speed applications in
when efficiency is most important design factor. On the
other hand, when high power density is (also) required,
copper losses in the air-gap conductors become the main
obstacle for the performance.

Unevenly wound coils in motor phases causes an unnec-
essary increase of the armature field and, in turn, losses in
the stator core. This phenomenon implies that an automatic
and highly repetitive winding process is strongly recom-
mended for toroidal windings.

Appendix

TABLE II. Parameters of the test machines

Parameter Test machine A Test machine B Test machine C

f [Hz] 3500 1500 4000
I [A] 2 2 12
P [W] 150 30 3700
N 40 28 24
lag [mm] 6 16 39

References

[1] B. Jensen, A. Jack, G. Atkinson, and B. Mecrow, “Performance
of a folded-strip toroidally wound induction machine,” Industrial
Electronics, IEEE Transactions on, vol. 59, no. 5, pp. 2217–2226,
May 2012.

[2] E. Spooner and B. Chalmers, “’TORUS’: a slotless, toroidal-stator,
permanent-magnet generator,” Electric Power Applications, IEE
Proceedings B, vol. 139, no. 6, pp. 497 –506, nov 1992.

[3] E. Muljadi, C. Butterfield, and Y.-H. Wan, “Axial-flux modular
permanent-magnet generator with a toroidal winding for wind-
turbine applications,” Industry Applications, IEEE Transactions on,
vol. 35, no. 4, pp. 831–836, Jul 1999.

[4] C. Zwyssig, J. Kolar, W. Thaler, and M. Vohrer, “Design of a
100 w, 500000 rpm permanent-magnet generator for mesoscale gas
turbines,” in Industry Applications Conference, 2005. Fourtieth IAS
Annual Meeting. Conference Record of the 2005, vol. 1, 2-6 2005,
pp. 253 – 260 Vol. 1.

[5] S. Yoo, H. Lee, and M. Noh, “Optimal design of micro flywheel
energy storage system,” in Control, Automation and Systems, 2008.
ICCAS 2008. International Conference on, Oct 2008, pp. 492–496.

[6] A. Borisavljevic, M. Kimman, P. Tsigkourakos, H. Polinder, H. Lan-
gen, R. Schmidt, and J. Ferreira, “Motor drive for a novel high-speed
micro-milling spindle,” in Advanced Intelligent Mechatronics, 2009.
AIM 2009. IEEE/ASME International Conference on, July 2009, pp.
1492–1497.

[7] Z. Wang, Y. Enomoto, R. Masaki, K. Souma, H. Itabashi, and
S. Tanigawa, “Development of a high speed motor using amorphous
metal cores,” in Power Electronics and ECCE Asia (ICPE ECCE),
2011 IEEE 8th International Conference on, May 2011, pp. 1940–
1945.

[8] N. Bianchi, S. Bolognani, and F. Luise, “High speed drive using
a slotless pm motor,” Power Electronics, IEEE Transactions on,
vol. 21, no. 4, pp. 1083 – 1090, july 2006.

[9] A. Borisavljevic, Limits, Modeling and Design of High-Speed Per-
manent Magnet Machines. Springer Thesis, 2013.

[10] S. Jumayev, A. Borisavljevic, K. Boynov, J. Pyrhönen, and
E. Lomonova, “Comparative analysis of inductances of air-gap
windings,” in Electromagnetic Fields in Mechatronics, XVI Int.
Symp. on (ISEF 2013), Sep 2013.

[11] S. R. Holm, H. Polinder, and J. Ferreira, “Analytical modeling of a
permanent-magnet synchronous machine in a flywheel,” Magnetics,
IEEE Transactions on, vol. 43, no. 5, pp. 1955–1967, May 2007.

[12] S. R. Holm and H. Polinder, Modelling and optimization of a
permanent-magnet machine in a flywheel. LAP Lambert Academic
Publishing, 2010.

[13] A. Borisavljevic, H. Polinder, and J. Ferreira, “Conductor opti-
mization for slotless pm machines,” in Electromagnetic Fields in
Mechatronics, XV Int. Symp. on (ISEF 2011), Sep 2011.

[14] C. Sullivan, “Optimal choice for number of strands in a litz-wire
transformer winding,” Power Electronics, IEEE Transactions on,
vol. 14, no. 2, pp. 283 –291, Mar. 1999.

[15] J. Lammeraner and M. Stafl, Eddy Currents. CRS Press, 1966.

[16] P. Reddy, T. Jahns, and T. Bohn, “Transposition effects on bundle
proximity losses in high-speed pm machines,” in Energy Conversion
Congress and Exposition, 2009. ECCE 2009. IEEE, Sept 2009, pp.
1919–1926.

IX. Biographies
Aleksandar Borisavljevic graduated from the Faculty of Electrical
Engineering, University of Belgrade, Serbia in 2004. After graduation
he worked as a researcher at the Institute ”Mihajlo Pupin” in Belgrade.
In 2006 he joined Delft University of Technology where obtained his
Ph.D degree in 2011. Since November 2010 he has been with Eindhoven
University of Technology, where he works as an Assistent Professor. His
research is primarily focused on high-speed electric drives.

Sultan Jumayev Sultan Jumayev was born in Turkmenistan, USSR
in 1988. He received the M.Sc. degree in electrical engineering from
Lappeenranta University of Technology, Lappeenranta, Finland in 2011.
He is currently a PhD-student in Eindhoven University of Technology,
Eindhoven, The Netherlands.

Elena Lomonova was born in Moscow, Russia. She received the M.Sc.
(cum laude), Ph.D. (cum laude) degrees in Electromechanical Engineering,
all from the Moscow State Aviation Institute (TU), Russia in 1982,
1993, respectively. She is currently Professor at Eindhoven University of
Technology, The Netherlands. She has worked on the electromechanical
actuators design, optimization and development of the advanced mecha-
tronics systems.

2593

Powered by TCPDF (www.tcpdf.org)


