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1Abstract -- This paper describes the 3D simulations of an 
optimized modular brushless wound rotor synchronous 
machine using finite element method and computational fluid 
dynamics method. 2D finite element tool is used in the 
optimization in order to compute the torque and iron losses. 
Furthermore, an analytical thermal equation is used in order 
to calculate the surface temperature of the machine; this 
equation is used instead of the lumped parameter circuit due 
to the complexity of the machine structure. Its advantage is to 
reduce the computational time and therefore, to explore more 
deeply the whole search domain. However, the optimal results 
need to be validated by more precise numerical methods. 
These numerical verifications show that the leakage flux in the 
end-winding is high, leading to high iron losses in this 
machine. Moreover, the surface temperature differences 
between the analytical and numerical methods are discussed. 

 
Index Terms—Wound rotor synchronous machine, 

modular machine, 3D simulation, finite element analysis, 
thermal analysis, computational fluid dynamics.  

I.   INTRODUCTION 

Modular machine with integrated drive electronics has 
been widely investigated in a wide range of applications, 
particularly in the compressor of HVAC system. A modular 
machine constructed based on a Poki-PokiTM machine [3] is 
shown in Fig. 1.  

 
 

 
Fig. 1.  An example of the segmented stator of a modular machine. 

 
 
In this case, the stator core is not a massive entity. It is 

split into individual segments. Each segment contains one 
tooth and one part of the stator yoke. The coils are wound 
for each segment. Then, the stator is assembled into a 
cylindrical shape and is pressed into a frame. The 
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advantages of these kinds of stator are the fast automatic 
winding manufacturing, the easiness to assemble and to 
remove them, and therefore, the easiness to replace a 
faulted component [1]-[3]. Moreover, the slot fill factor can 
be increased, leading to a decrease of the copper losses. 

With this modular structure, each phase of the machine 
is connected to a separate single-phase converter. Each 
phase drive module is regarded as a single module and 
every phase can operate independently of the others. These 
structures are highly redundant. The effects on the other 
phases are minimized in case of fault in one phase and 
therefore, the system can continue operating even if a fault 
appears.  

Using electromagnetic analysis, 7-phase/7-slot/6-pole 
wound rotor synchronous machine (WRSM) with non-
overlapping fractional slot concentrated winding was 
selected among a set of different machines based on the 
criteria of torque density, efficiency and torque ripple. This 
machine was then compared to surface-mounted permanent 
magnet synchronous machine (SM-PMSM). The results 
demonstrated that the modular brushless WRSM presents 
interesting performance features including high fault 
tolerant capability and extended field weakening range with 
the performance closely matching that of an equivalent SM-
PMSM, for details see [4].  

With this WRSM machine, a heptagonal stator is 
proposed. This makes it possible to increase the slot fill 
factor and to provide more space to integrate the power 
converters on the machine frame. The 2D structure of the 
heptagonal WRSM is shown in Fig. 2. 

 
 

 
Fig. 2.  2D structure of 7-phase/7-slot/6-pole heptagonal WRSM. 

 
 
In Section II, the optimized WRSM is presented and the 

calculation of machine temperature via an analytical 
equation will be explained. 3D electromagnetic validation 
is carried out, yielding a modification of the optimized 
WRSM in Section III. Section IV addresses 3D thermal 
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analysis and the coil temperature will be focused on. 
Finally, the results are discussed in the conclusion. 

II.   OPTIMIZED WRSM 

This machine is optimized by using a Mesh Adaptive 
Direct Search (MADS) based optimization algorithm. 
NOMAD solver is based on MADS and it is developed in 
Matlab Toolbox. NOMAD is well suited for optimization 
problems where the objective function and/or the 
constraints are analyzed using numerical simulations 
without derivative computations [5]-[7]. In this 
optimization problem, the objective function is to minimize 
the exterior volume of the machine under constraints 
including the average torque	= 5ܰ݉, the torque ripple	≤5%, the machine efficiency	≥ 94% and the temperature of 
the coils		≤  Assuming that with a surface .ܥ105°
temperature of the machine	≤  we would be able to ,ܥ85°
obtain the desired temperature of the coils. 

The machine performances are analyzed thanks to 
ANSYS Maxwell based on the finite element method 
(FEM). Considering that the computational time and the 
complex structure of the WRSM, the surface temperature of 
the frame is calculated from the following equation: 

௦ܶ = ܶ + ∆ܶ° = ܶ +	 ௧ܲ௧ × ܴఏ (1) 

where	 ௦ܶ is the surface temperature of the frame,	 ܶ  is 
the ambiance temperature,	 ௧ܲ௧ is the total losses of the 
machine and	ܴఏ is the thermal resistance for the convection 
which is defined as: ܴఏ = 1 ℎܵ⁄    (2) 

where	ℎ is the convection heat transfer coefficient, ܵ is the 
surface area of the frame. 

The value of the convection heat transfer coefficient for 
natural convection was presented in [8]. In this study, the 
convection heat transfer coefficient is selected as 20	ܹ/݉ଶܭ. 

After optimizing, the minimal value of the exterior 
volume obtained is		2.0542 × 10	݉݉ଷ. The machine 
performances at 7000rpm are represented in Table I and the 
optimized variables are shown in Table II. 

 
 

TABLE I 
T H E  P E R F O R M A N C E  O F  A N  O P T I M I Z E D  WRSM  

Performance Value Unit 

Average Torque 5.00 Nm 

Torque ripple 4.09%  

Stator copper loss 35.40 W 

Rotor copper loss 50.74 W 

Iron losses 80.13 W 

Total losses 166.27 W 

Efficiency 95.56%  

Temperature 86.50 °C 

 
 
 
 
 
 
 
 

TABLE II 
O P T I M I Z E D  V A R I A B L E S  

Name Value Unit 

Machine Length 31.62 mm 

Stator Yoke Height 13.95 mm 

Tooth Height 18.38 mm 

Tooth Width 45.46 mm 

Rotor Yoke Height 12.88 mm 

Pole Shoe Height 9.80 mm 

Pole Shoe Width 41.90 mm 

Pole Body Height 22.14 mm 

Pole Body Width 14.50 mm 

Shaft Diameter 47.53 mm 

Pole Arc Offset 23.18 mm 

Armature Current Density 2.69 ܣ/݉݉ଶ 

Field Current Density    3.87 ܣ/݉݉ଶ 

 
 
Note that the optimal WRSM presented in Tables I and 

II are the best local optimum that we found by using 
NOMAD during intensive 2D-numerical efforts; from a 
starting point to a local solution that takes about 5 days. 
This is not presented in this paper which mainly deals with 
the 3D-numerical validations of this optimal design of 
WSRM.  

The machine performances including the average 
torque, the torque ripple and the machine efficiency are 
then evaluated by 3D simulation taking into account the 
effect of the end-winding. The machine temperature will be 
analyzed based on computational fluid dynamics (CFD) 
method by using ANSYS Fluent in order to validate the 
optimal results. 

III.   3D ELECTROMAGNETIC VERIFICATION 

A.   Introduction 

A large number of numerical methods can be considered 
in order to solve flux equations. FEMs have been widely 
used in practical applications, not only for steady-state field 
analysis but also for transient performance analysis of 
electrical machines [9]-[11].  

3D-numerical models make it possible to analyze the 
flux in the end zone of electrical machines. Indeed, the 
current in the end-winding can generate leakage flux that is 
not included in the flux calculated from a 2D simulation. 
Therefore, the solution in 3D is generally more accurate 
than a 2D one, because it takes into account the leakage 
flux; the size of the 2D and 3D meshes must be 
comparable. 

Standard non-grain-oriented electrical steel for both the 
stator and the rotor is M330-35A. This lamination has a 
good magnetic characteristic such as high permeability and 
low loss density. The stacking factor of the lamination is 
0.95. The 3D structure of the optimal WRSM is presented 
in Fig. 3. 

 



 

 
Fig. 3.  3D configuration of the optimal heptagonal WRSM. 

 
 

The principle steps for modeling electric machines in 
ANSYS Maxwell were presented in [9]. In this study, the 
rotor winding is excited with DC current and the stator 
windings are fed by sinusoidal currents. The initial rotor 
position is determined in order to obtain the maximum 
static torque of the machine. 

B.   Analysis Results 

It takes a lot of CPU-time and memory to simulate and 
analyze the performance of the optimal WRSM in 3D; this 
is due to the complicated shape of the windings, and a large 
number of mesh elements. It takes at least 60 hours to 
simulate the 3D model of the machine with a sufficiently 
thin mesh size to obtain precise results, which can be 
compared to 2D model of the machine (values presented in 
Table I). The magnetic induction of the machine is shown 
in Fig. 4. 

 
 

 
Fig. 4.  Magnetic induction distribution of the stator and the rotor. 

 
 

In Table III, the machine performances by using 3D 
FEA are provided. The average value of the torque is 
4.8434Nm and the torque ripple is about 4.28%. The iron 
losses are higher than the value in 2D due to the leakage 
flux induced by the current in the end-winding. The 
electromagnetic efficiency of the machine is reduced to 
94.79% and therefore, the surface temperature of the 
machine is increased to 95.75°C.  

TABLE III 
M A C H I N E  P E R F O R M A N C E  U S I N G  3D FEA 

Performance Value Unit 

Average torque 4.84 Nm 

Torque ripple 4.28%  

Phase voltage (rms) 91.74 V 

Stator copper loss 35.40 W 

Rotor copper loss 50.74 W 

Iron losses 105.14 W 

Total losses 191.28 W 

Efficiency 94.79%  

Temperature 95.75 °C 

 
 
Note that the average torque is smaller than 5Nm. Thus, 

it is necessary to increase the average torque in order to 
obtain the desired performance. The machine length is 
selected to increase the average torque without affecting too 
much the surface temperature based on a sensibility 
analysis. Thanks to an analytical approximation, the new 
value of the machine length calculated is 32.65mm in order 
to obtain 5Nm for the average torque. In order to verify the 
results, a new 3D simulation based on FEM is carried out. 
The electromagnetic torque is shown in Fig. 5 and the 
performances of the new machine are shown in Table IV. 
 
 

 
Fig. 5.  Output torque of the WRSM obtained by 3D FEA. 

 
 
 

TABLE IV 
M A C H I N E  P E R F O R M A N C E S  R E C T I F I E D  

Performance Value Unit 

Average torque 5 Nm 

Torque ripple 4.05%  

Phase voltage (rms) 94.27 V 

Stator copper loss 35.80 W 

Rotor copper loss 51.51 W 

Iron losses 105.94 W 

Total losses 193.25 W 

Efficiency 94.89%  

Temperature 96.07 °C 

 
The value of the surface temperature obtained is 9.57°C 

higher than the one for the optimized WSRM; this is due to 
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the difference of the losses. Since the main goal is to obtain 
less than 105°C for the coil temperature, the study shall 
proceed in order to evaluate the real value of the 
temperature of the coils in the thermal analysis. 

IV.   THERMAL ANALYSIS 

A.   Introduction 

The integration of power converters onto the machine 
housing can raise the machine temperature. If the 
temperature is too high that may cause problems such as 
failure of insulation materials and therefore, this can 
decrease the lifetime of the converters and of the machine. 
In this study, the temperature limit is fixed to 105°C. 
Hence, it is necessary to determine the temperature 
distribution of the new corrected machine. The temperature 
can be achieved according to two approaches: lumped-
parameter thermal method or numerical methods such as 
FEM and CFD. 

The lumped-parameter thermal models make it possible 
to estimate key temperatures inside an electrical machine 
much more rapidly than the numerical methods. However, 
the calculation of the lumped parameters which are mainly 
based on the dimensional data of the machine can be 
challenging to perform for complex parts including the 
active part of the winding and of the end-winding body 
[12].  

On the contrary, the use of numerical simulations can 
predict the temperature of a complex structure but the 
computational time for modeling is huge. These numerical 
simulations can be carried out by FEM or CFD. FEM-based 
simulations make it possible to compute the temperature 
accurately inside solid bodies. However, in order to take 
into account the effect of the fluid on the solid, convection 
heat transfer coefficients need to be applied at the 
boundaries between the solid zone and the moving fluid. 
These coefficients are provided by using analytical 
approaches or by some experimental tests. Using CFD 
simulation, the solid and the fluid regions can be modeled 
and the machine temperature is then analyzed with high 
accuracy. In fact, the exact evaluation of the temperature at 
different locations inside the machine is a very high CPU-
time consuming task because of the complicity of the fluid 
velocity and of the surface properties of the machine [12]-
[13]. In this paper, the CFD method is selected to analyze 
the temperature of the WRSM without cooling system. 

B.   Fluid Dynamic Model 

The family of the Reynolds-Averaged Navier-Stokes 
(RANS) models is widely used in the field of turbulence for 
many industrial applications. In particular, RANS is the 
most widely used method for thermal analysis of electrical 
machines. Based on turbulent kinetic energy and dissipation 
rate or length scale transport equations, RANS models are 
commonly used for developing the turbulences arising from 
buoyancy, shear, or shocks. 

For incompressible fluids, the density does not change 
with the pressure. The RANS equations can be described 
for fluid flow of an incompressible fluid by the following 
equations, see [14]: ߩ డడ௧ + .ܷ)ߩ	 ∇)ܷ = −∇ܲ + 2∇(μ∇ܷ) + ݂ (3) ∇ܷ = 0	 

where	ߩ is the density, U is the average velocity field, ܲ is 
the pressure, μ is the dynamic viscosity and	݂ is the 
volumetric force. 

C.   Simplified Structure 

A simplified model of all the parts in the new corrected 
machine is created in 3D by ANSYS Maxwell. The 
complete model is required due to the lack of symmetry in 
the geometry of this machine. The thermal modeling of 
some parts such as winding, bearing is a challenging task. 
The bearing is thus not modeled in this study. In order to 
simplify the CFD model, some assumptions are made as 
follows, see [15]: 

- The ambient temperature is constant. 
- There is no influence of the temperature rise on the 

thermal property of materials. 
- The lamination is modeled as an orthotropic 

composite material which has different thermal 
conductivities in different directions. 

- Air is blown in and out perpendicular to the inlet 
and the outlet faces. 

- Heat sources are uniformly distributed in the 
corresponding parts of the machine. 

The winding is simplified as homogeneous winding 
thanks to the calculation of the equivalent conductivity. The 
winding has several different insulations such as wire 
insulation, slot insulation, wedges, etc. and they are 
modeled as an equivalent insulation system. In this paper, 
the winding insulation is simplified and it consists of only 
the wire insulation shown in Fig. 6. 

 

 
Fig.6.  The copper and insulation components of a simplified winding. 

 
 
The stator and the rotor are laminated in order to reduce 

eddy current losses. The laminations are separated by 
insulation which owns low thermal conductivity. Thus, the 
thermal conductivities of the stator and of the rotor in the 
axial direction is calculated as equivalent conductivity of 
the lamination and of the insulation [16]. Table V shows the 
thermal properties of the different materials used. 

 
 

TABLE V 
T H E R M A L  P R O P E R T I E S  O F  M A T E R I A L S  

Material 
Conductivity 

(W/mK) 
Capacity 
(J/kgK) 

Density 
(kg mଷ⁄ ) 

Lamination 
Radial (28) 

420 7650 Axial   (2) 

Copper 387 380 8960 

Polyimide 0.26 1000 1449 

Steel 16.27 502.48 8030 

Aluminum 202.4 871 2719 

Air 0.026 1000 1.22 



 

D.   Boundary Condition 

Generally, the boundary conditions are necessary for the 
convergence of a CFD simulation. Regarding the inlet and 
the outlet regions, they are faces through which the air gets 
in and out from the simulation domain. The pressure inlet 
and the pressure outlet are used to define the flow boundary 
conditions at the inlet and at the outlet respectively, with 
zero Pa as the relative pressure for the natural convection 
[17]: 

- Inlet: Pressure-inlet (ܲ = 0	ܲܽ); ܶ =  .ܥ20°
- Outlet: Pressure-outlet (ܲ = 0	ܲܽ);	 ܶ =  .ܥ20°
- Wall of moving fluid: Moving wall. 
- The contact interfaces are considered as coupling 

surfaces.  

E.   Modeling Technique 

The rotation of electrical machine has a direct effect on 
the fluid flow and the pressure distribution. There are two 
main techniques that can be used to simulate the machine 
rotation: moving reference frame (MRF) and sliding mesh 
(SM). For a steady state analysis, MRF technique is used 
and for a transient analysis, SM technique is used [18]. 

MRF technique is used to simulate the relative motion 
of the rotor and of the stator. The fluid region is split into 
two inner and outer regions by an interior surface. The 
inner fluid region surrounding the rotor part rotates at the 
machine speed. The outer fluid region is set to be 
stationary. The region where MRF is applied does not move 
physically, but rotation of all walls in the MRF region is 
taken into account to generate a constant grid flux. The grid 
flux is calculated based on the properties of the reference 
frame and therefore, the forces due to the rotation are 
introduced to the MRF region. This approach is suitable for 
a steady state analysis and it can solve most flow behavior 
like mass flow rate and pressure rise across rotating 
components [19]. 

F.   Analysis Results 

The k-ε realizable model with Enhanced Wall 
Treatment is used because of its robustness, and the 
solution methods are adjusted as second order [20]. The cell 
zone conditions govern the material, the heat generation 
and the rotational properties of the solid and of the fluid 
zones. Volumetric heat generation rates represent the iron 
and the copper losses. In natural convection, fluid motions 
are generated due to density differences caused by 
temperature differences. Therefore, air is considered as an 
incompressible ideal gas with specified operating 
conditions. To obtain these following results, 13 hours of 
CPU-time was needed using a PC-server with 16 processors 
(2.6GHz and 128GB).  

The temperature distribution of the machine is shown in 
Fig. 7 and Fig. 8; the same temperature scales are used for 
both figures. The highest temperature in the machine is the 
temperature of the field winding (113.80°C). The surface 
temperature of the frame where the power converters are 
integrated is about 104.48°C. The error of the surface 
temperature of the frame between the CFD simulation and 
the analytical equation is about 8.05% with the same value 
of the losses analyzed by 3D electromagnetic simulations. 
However, it should be noticed that only natural convection 
is investigated in this study. The radiation should be taken 
into account at the surface of the machine frame for 
electrical machines without cooling system. 

 
Fig. 7.  Temperature distribution of the new corrected WRSM. 

 
 
 

 
Fig. 8.  Surface temperature of the new corrected machine frame. 

 

V.   CONCLUSION 

The design optimization of a modular brushless wound 
rotor synchronous machine with 7 phases, 7 slots and 6 
poles was investigated. 2D-numerical simulations were 
used inside the optimization code NOMAD in order to 
provide an optimal solution. Therefore, this optimal 
solution needs to be verified by using 3D electromagnetic 
and thermal analyses. The numerical validations show that 
using 3D electromagnetic simulations, the average torque is 
inferior to 5Nm. Hence, by increasing the length of the 
optimal machine, a new corrected WSRM is so-obtained. It 
can be observed that the iron losses obtained using 3D FEA 
are higher than in 2D. This is due to the high leakage flux 
in the end-winding of non-overlapping concentrated 
winding. By taking the values of losses analyzed by 3D 
FEM, the surface temperature of the new corrected machine 
calculated from (1) is different compared to the one 
analyzed by CFD simulation. It is important to note that the 
limit on the coil temperature was fixed to 105°C to 
guarantee a perfect functioning of the WSRM. Thus, in 
order to obtain that temperature value at the end of this 
entire design process, a limit of 85°C had to be fixed into 
the optimization problem. At the end, the coil temperature 
of the new corrected WSRM analyzed by CFD method is 
113.48°C which is 8.48°C higher than the desired value. 
This should not be an issue, since we expect to have some 
dissipation by the shaft and the bearings of the machine. 
The results are very encouraging and shall be confirmed by 
an experimental test. 



 

VI.   REFERENCES 
[1] Udai Shinpurkar, Henk Polinder, Jan A. Ferreira, “Modularity in 

Wind Turbine Generator Systems – Opportunities and Challenges”, 
Power Electronics and Applications, 2016. 

[2] Guang-Jin Li, Zi-Qiang Zhu, Martin P. Foster, Dave A. Stone, and 
Han-Lin Zhan, “Modular permanent-magnet machines with alternate 
teeth having tooth tips”, IEEE Trans. Industry Electronics, vol. 62, 
no. 10, Oct. 2015. 

[3] “Motor Technologies for Industry and Daily Life Edition”, 
Mitsubishi Electric Advance, vol. 103, Sep. 2003. 

[4] H.T. Le Luong, C. Hénaux, F. Messine, G. Bueno-Mariani, N. 
Voyer, S. Mollov, ”Finite Element Analysis of a modular brushless 
wound rotor synchronous machine”, The 9th International 
Conference on Power Electronics, Machines and Drives, Apr. 2018. 

[5] Sébastien Le Digabel, “Blackbox optimization with the NOMAD 
software”, GERAD and Ecole Polytechnique de Montréal (MAGI), 
CanmetEnergie, 2015. 

[6] Dongsu Lee, Jong-Wook Kim, Cheol-Gyun Lee, and Sang-Yong 
Jung, “Variable mesh adaptive direct search algorithm applied for 
optimal design of electric machines based on FEA”, IEEE Trans. 
Magnetics, vol. 47, no. 10, Oct. 2011. 

[7] Myung-Ki Seo, Tae-Yong Lee, Jong-Wook Kim, Yong-Jae Kim, and 
Sang-Yong Jung, “Principal component optimization with mesh 
adaptive direct search for optimal design of IPMSM”, IEEE Trans. 
Magnetics, vol. 53, no. 6, June 2017. 

[8] Wei Tong, “Mechanical design of electric motors”, CRC Press, 
Taylor & Francis Group, pp. 409-429. 

[9] Huijuan Liu, Longya Xu, Mingzhu Shangguan, and W. N. Fu, 
“Finite element analysis of 1 MW high speed wound rotor 
synchronous machine”, IEEE Trans. Magnetics, vol. 48, no. 11, Nov. 
2012. 

[10] ANSYS Maxwell 2D/3D user’s guide. 
[11] Juha Pyrhönen, Tapani Jokinen and Valéria Hrabovcova, “Design of 

rotating electrical machines”, John Wiley & Sons, Ltd. ISBN: 978-0-
470-69516-6, 2008. 

[12] Han-Kyeol Yeo, Hyeon-Jeong Park, Jung-Moo Seo, Sang-Yong 
Jung, Jong-Suk Ro, and Hyun-Kyo Jung, “Electromagnetic and 
thermal analysis of a surface-mounted permanent-magnet motor with 
overhang structure”, IEEE Trans. Magnetics, vol. 53, no. 6, June 
2017. 

[13] Roman Pechanek, Vladimir Kindl, Bohumil Skala, “Transient 
thermal analysis of small squirrel cage motor through coupled FEA”, 
Science Journal, 2015.  

[14] R. Pechanek, L. Bouzek, “Analyzing of two types water cooling 
electric motors using computational fluid dynamics”, 15th 
International Power Electronics and Motion Control Conference, 
2012.  

[15] Xinggang Fan, Ronghai Qu, Jian Li, Dawei Li, Bin Zhang and Cong 
Wang, “Ventilation and thermal improvement of radial forced air-
cooled FSCW permanent magnet synchronous wind generators”, 
IEEE Trans. Industry Applications, 2017.  

[16] Mariia Polikarpova, “Liquid cooling solutions for rotating permanent 
magnet synchronous machines”, Thesis for the degree of Doctor of 
Science  at Lappeenranta University of Technology, Lappeenranta, 
Finland on the 21st of November, 2014.  

[17] Shuye Ding, Hailing Li, “Investigation of characteristics of fluid 
flow pattern for air-cooled motor”, Industrial Electronics and 
Applications, 2016. 

[18] Peter H. Conner, Steve J. Pickering, Chris Gerada, Carol N. 
Eastwick, Chris Micallef, Chris Tighe, “Computational fluid 
dynamics modelling of an entire synchronous generator for improved 
thermal management”, IET Electric Power Applications, 2012.  

[19] P.H. Connor, S.J. Pickering, C. Gerada, C.N. Eastwick, C. Micallef, 
“CFD modelling of an entire synchronous generator for improved 
thermal management”, Power Electronics, Machines and Drives, 
2012. 

[20] Unai San Andres, Gaizka Almandoz, Javier Poza, and Gaizka 
Ugalde, “Design of cooling systems using computational fluid 

dynamics and analytical thermal models”, IEEE Trans. Industrial 
Electronics, vol. 61, no. 8, August 2014. 

VII.   BIOGRAPHIES 
Huong Thao Le Luong received engineering degree in electrical 
engineering from ENSEEIHT – INP of Toulouse, France in 2013. From 
2014, she was a research engineer in the Laboratory of Plasma and Energy 
Conversion, Toulouse, France. From 2015, she is a PhD Student in the 
Institut National Polytechnique de Toulouse, France. Her present work 
focuses on the optimal design of wound rotor synchronous machines. 

 
Frederic Messine received his Master degree in 1993 and his Ph.D. in 
applied mathematics and computer science in September 1997. From 1998 
to 2004 he was an associate professor in the University of Pau (France). 
From 2004 to 2013, he moved from the University of Pau to the high 
school ENSEEIHT-INPT of Toulouse in the IRIT Laboratory. In February 
2006, he received his habilitation to supervise researches French diploma 
HdR. Since 2013, he does his research in the LAPLACE Laboratory of 
Toulouse and he became a full professor in September 2016. He does 
researches on deterministic global optimization, numerical optimal control, 
and topology optimization and on the applications of numerical 
optimization to solve inverse problems of electromechanical actuator 
designs. 

 
Carole Henaux received the Dipl. Ing. Degree in Electrical Engineering 
from ENSEEIHT, Toulouse, France, in 1992 and the PHD degree from the 
Institut National Polytechnique de Toulouse in 1996. She is now a 
Lecturer with the Electrical Engineering department of INPT / 
ENSEEIHT. She teaches Electrical Machines modeling and is also the 
member of the Electrodynamics GREM3 research group of INPT-
ENSEEIHT-LAPLACE, Toulouse. The group is of 9 permanent academics 
working in the fields of electromechanical energy conversion, with 
particular interest in novel techniques and design methodologies such as 
electroactive materials, composite magnetic materials, electroactive fluids, 
analytical field calculation and optimal design. 

 
Guilherme Bueno Mariani received double engineering degree in 
electrical engineering in 2012 from the Grenoble-INP and from UNESP. 
In 2016 he received a Ph.D. degree in electrical engineering from the 
University of Grenoble Alpes. Since 2016, he is a researcher engineering 
at the Power Electronics Systems division at Mitsubishi Electric Research 
Centre Europe, Rennes, France. His present research interest is with the 
control, modeling and simulation of electrical machines. 
 
Nicolas Voyer received engineering degree in digital communication from 
Telecom ParisTech in 1995. From 1997 to 2008, as research engineer in 
Mitsubishi Electric Information Technology Europe, Rennes, France, he 
contributed to the standardization of physical layer, signaling protocols 
and architecture of 3G and 4G cellular networks. From 2008, he is 
research manager in Power Electronics Systems division at Mitsubishi 
Electric Research Centre Europe, Rennes, France. His present research 
interest is with the control, modelling and simulation of power electronics 
systems, such as PV, railway and EV traction, HVDC. He is co-inventor of 
more than 80 patents. 

 
Stefan V. Mollov received the Dipl.Eng. degree from the Technical 
University of Gabrovo, Gabrovo, Bulgaria, in 1995, and the Ph.D. degree 
from the University of Birmingham, Birmingham, U.K., in 2000. From 
2000, he was a Lecturer with the University of Birmingham, where his 
research activities focused on power electronics applications in the field of 
autonomous systems, aerospace electrical systems, and renewable energy 
sources and storage. In 2005, he joined ADETEL Group, France, as a 
Power Electronics Expert, working on transport applications. In 2009, he 
joined THALES Avionics as a Power Supply Expert. Since 2013, he has 
been the Head of the Power Electronic Systems Division at the Mitsubishi 
Electric R&D Centre Europe, Rennes, France. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


