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Abstract- The increase of vehicular traffic is one of the 2.INTRODUCTION

main causes of the high rate of pollution and increased Al | h f d h
energy consumption. For that, researchers and industria ong several years, researches were focused on the

are continuously working on environmentally friendly ~reduction of problems caused by vehicular trafficrsas
solutions, such as electric and hybrid vehicles. The ekic pollution, energy consumption and long-term severe
vehicles are equipped with rechargeable batteries interdl to  effects on the ecosystem. Retained solutions weiglyna
the supply of the traction motor. Thanks to their higher cjeaner vehicles such as hybrid and electric omeroht
performances, permanent magnet synchronous motors of the fuel's prices rise and the frequent enc tto

(PMSM) became the main types of motors insuring electric . . .
traction. The present work deals with a based 2D finite US€ the environmentally friendly vehicles, the elect

elements design of a synchronous motor, where PMs areVehicle market doubles every year. Besides, driving
managed to insure flux concentration, considering well- motors characteristics are increasingly improve@8][1-

defined specifications of a leisure electric vehicle. It haseen . . )
found that obtained structure gather reduced energy  De€sign and control of electric traction motors was

consumption to decreased losses. presented in several works. In [4], authors studieel
performances of different radial flux surface-maht
permanent magnet motors designed for an electlicchee
motor application (Inner rotor, Inner rotor segmente
magnet, Outer rotor and Outer rotor segmented ntagne
They proved that the outer rotor topology has the
smoother and the higher output torque, but it has #ie
highest iron losses. Moreover, in [5] the operational
characteristics, design features, and control rements
Bc: induction in stator yoke (T) for induction machines, switched reluctance machiaed

f: frequency (Hz) permanent-magnet brushless machines for vehicle
propulsion systems have been reviewed, with emgluasi
their low-speed torque and high-speed power capabil
Given that they offer a higher efficiency and tarqu
density, particular emphasis has been given to aeemt-
magnet brushless machines. Finally, it is clear, ttha¢ to
their high performance and effectiveness, the neied
motors for studied electric vehicles are the permanen
magnet ones [4-8].

Index Terms-Electric vehicle, Specifications, PMSM,
Finite Element Calculation, Output torque.

1. NOMENCLATURE
Br: remanent induction (T)

Bus induction in stator tooth (T)

J: current density (A/R)

Km: error coefficient made by model
Kp: winding coefficient

Lo copper length (m)

Mgs stator tooth mass (kg)

Mc: stator yoke mass (k

¢ y (ko) In the present work, our study targets the desigrtlaad
sizing of a concentrated flux PMSM intended to the
traction of an electric vehicle where thermal behavio

taken into account. In fact, information about copaed

Muvier: density of the iron (kg/f)

Prs: iron losses (W)

Ps: copper losses (W)

g: sheets quality

I cu: copper resistivity".m)

Scu: copper surface (fn

Ta: ambient temperature (°C)

Tc: coil temperature (°C)
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iron losses could be used to elaborate a predictipe
model providing real-time information about the rthal
state of the motor permitting to perform advanced a
complete control schemes taking into account the
evolution of the machine parameters and the preveif

its components damages.

On the other hand, Tunisia is known as great tbaris
destination where leisure vehicles are widely ndede
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which explains the choice of such application iestn

works.

To do so, this manuscript is organized as follows: | N
first, the motor topology and composition are define ' e _
Then, the second part is intended to study the tsffen W s : e \
cogging torque and electromagnetic one, of the tiana LS \

of motor'scomponents dimensions. Finally, the last part of
this work presentsaand discusses motor's performances
from the points of view of energy consumption and
effectiveness.

Fig. 1. Studied topology.
3. SPECIFICATIONS
TABLE Il

The analysis of specifications allows us to identife
needed characteristics to insure motor functionalitg a
retrieve geometric, electrical, mechanical and rttadr
constraints.

Machinés initial dimensions

Symbol Quantity value

. . exts outer stator diameter 133 mm
- Geometric constraints: They present the externaFf
dimensions of the machine taking into account thevints inner stator diameter 101 mm
cooling system and carter: external lengthrextr outer rotor diameter 100 mm
Lex=200mm and external Diameteg,&.280mm. Rintr inner rotor diameter 25 mm
- Electrical and mechanical constraints: they avemi hcs stator yoke height 14 mm
in Tablel. hds stator tooth height 18 mm
- Thermal constraints: the maximum temperature ef th|gs stator tooth width 20 mm
hottest point must not exceed Tmax=200°C. .
. . . Haim magnet height 40 mm
Moreover, in case of overheating, an indicator
should be turned on and the vehicle must bé&aim magnet thickness 8 mm
operated for a sufficient period of time with Her1 width chamfer1 0.6*Her2
degraded performance before stopping. Her2 width chamfer2 0.65*Eaim
TABLEI lerl height chamferl 2 mm
Electrical and mechanical constraints ler2 height chamfer2 13 mm
Parameter value La active machine length 70 mm
Power (kW) 33 (30 seconds) Ne slot number 18
30 (300 seconds) p number of pole pairs 6
15 (permanent)
Voltage (V) DC supply Nominal: 200 5. No-LOAD STUDY
Variation range 9¢ 220 This part focuses the machine cogging torque. Rirst,
torque (Nm) 145 (30 seconds) choose the remnant induction, then following stsiciee

130 (300 seconds) performed:

65 (permanent) - Variation of magnets thickness, where magnets

basic Speed (tr/min) 2250 height is fixed.

operating speed limit (tr/min) 8000 - Variation of magnets height, where magnets
thickness is fixed.

- Variation of magnets thickness where volume
4. MOTOR TOPOLOGY .
magnets is fixed.
In this work, we propose a design procedure of a . . .
permanent magnet P S)I/JHChI’OHOUS gmoltaor with ﬂL&' Choice of magnets remnant induction
concentration arrangement. Considered topology isFig.2 shows the output cogging torque when we used
illustrated in Fig.1. Besides, the initial dimensoof the respectively ferrite magnets (Br=0,37T) and Neodymium
machine are shown in Table Il. Those dimensions véll Iron Boron magnet “NdFeB’ (Br=1T). According to this
varied during the next studies in order to respasdest figure we can find that the use of ferrite magristeot a
to required specifications. good solution despite of its low price. In fact, tatput
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torque in this case is almost zero, while the ube o TABLE Il
NdFeB magnets give to machine the power to produce

g g Cogging torque (Haim=40mm)
cogging torque reaching 10 Nm.

. . . Eaim=6 Eaim=8 Eaim=10
Moreover, Fig.2 and Fig.3 show that the angular pkrio aim=amm - Eaim=smm aim=2omm

of cogging torque is 10°. Max cogging 6.31Nm 10.27Nm 14.85Nm
torque

C. Variation of magnets height

In this part, the magnet height is varied from 35 to
45mm, where the magnet thickness is fixed to Eaimm8m

According to Fig.5 and table IV, the cogging torque
increases with the magnet height rise. In fact,se of
magnet height by 10mm leads to a rise of coggingue

Cogging torque (N*m)

2 4 & 8 10 12 14 1 18 2 by9.26Nmand of magnets volume by 5600tnm
Angular position (°)
20
Fig. 2. Cogging torque versus angular position. —35mm
—+-40mm
45mm

cogging torque (N*m)
> o =

20k I I I I 1 i
0 1 2 3 4 5 6 7 8 9 10

angular position (°)

i pision 10° laposiont” f osion 10 Fig. 5. Cogging torque versus angular position.

TABLE IV
Fig. 3. Angular period of cogging torque. ) )
Cogging torque (Eaim=8mm)
B. Effect of the variation of magnets thickness

In this part, the magnet thickness is varied from 6 to Halm=35mm  Haim=40mm Haim=45mm
10mm, where the magnet height is fixed to Haim=40mm: cogging torque 6.08 Nm

10.27 Nm 15.34 Nm
According to Fig.4 and Table lll, the cogging torque

increases with the magnet thickness rise. In faciseaof

magnet thickness by 4mm leads to an increase of fheEffect of the variation of magnets thickness for edix

maximum cogging torque by 8.54Nm and also of magnewlume
volume by 11200m#h

Fig.6 and table V show that when the magnet volsne i
fixed, the cogging torque decreases with the magnet
—6mm thickness rise. In fact, the raise of magnets thisgreads
-8 mm

o to the growth magnets short circuits, which faltowt
reduction of generated torque as shown in Fig. 7

157

o

3}
T

The main objective of this part is to determine an
optimal value Eaigpima Where the torque is maximum.

Beyond this value, cogging torque decreases with th
magnet height.

cogging torque (N*m)
& o
T

o
T

The analytical expression (1) gives Egifha ! 7mm.
151 AN while the finite element results show that Egie should
0

1 2 3 4 5 6 be " 6mm.
angular position (°)

: : " —  [3¢ferVaim (1)
Fig. 4. Cogging torque versus angular position. €aim optimal — Loly
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-
o
©
>

ISBN: 978-9938-14-953 (50) Editors: Tarek Bouktir & Rafik Ne



Proceedings of the International Conference on Recent Advances in ElegtgtahS, Tunisia, 20

At this stage, we have tested the effect of théatian

concentrated winding and distributed winding [1Q;11

of the magnets dimensions on cogging torque. TR.8.

obtained resultants show that the analytical exprdd)
used in [9] to determine Eaipma is false. Besides, we
can find that a rise of magnet dimensions leadsarto
increase of the maximum cogging torque and also
magnets volume consequently a rise of magnet phige
to deciding about final dimensions of the magnets find
a compromise between it and "J", load studies ha\ze
performed.

20

cogging torque (N*m)

4 5
angular position (°)

Fig. 6. Cogging torque versus angular position.
TABLE V
Cogging torque (Haim=Vaim/Eaim)

Eaim=6mm Eaim=7mm Eaim=8mm Eaim=10mm

Max 17.34Nm
cogging

torque

13.4 Nm 10.27 Nm 6.33 Nm

Eaim=10mm

Fig. 7. Field vectors at no-load (J=0A/fm
6. LOAD STuDY

Before deciding about final dimensions of the magne
the following studies have to be conducted:

- Choice of winding type
- Investigation of needed current density

A. Windings choice

Fig.9 shows an output torque comparison of two
PMSM with flux concentration arrangement. The first

closes a concentrated winding and the second is a
classical one with a distributed winding. Accorditg
obtained curves, the concentrated winding shouldhlee t
best choice in our case. In fact, when J=10A?mthe
output torque in case of concentrated windings reatch
108 Nm, while in case of distributed windings theput
torque cannot exceed 23Nm.

L
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T

T
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Fig. 8. Concentrated and classical distributed windings
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Fig. 9. Output torques versus current density
B. Needed current density

In order to find out the current density "J" needed
produce the desired electromagnetic torque and dind
compromise between J and magnet dimensions, falpwi

There are two windings types for the electric mators jies are performed:
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(respectively thickness) is high, more the
current densities giving the required torques is
low.

- The rise of magnets height (respectively
thickness) make the machine less susceptible
to saturation

Table VI and VII show the required currents density.

According to Fig.12 and TABLE VIII we can see that
the required current density increases with magnet
thickness when magnet volume is fixed, as a redute
growth magnets short circuits, Fig.13.

TABLE VI
Required current density (A/nfin

Fig. 10. Electromagnetic torque versus current derfsityEaim
from 6 to 10mm

45 mm

Fig. 11. Electromagnetic torque versus current defityaim
from 35 to 45mm.

Fig. 12. Electromagnetic torque versus current deffisitfEaim
from 6 to 9mm

Referring to Fig. 10 and 11, one can notice that:

- For a constant thickness (respectively height) of
magnets, more the magnets height



deciding about final value of Ids, in order to firal
compromise between torque ripple, saturation arel th
required current density.

Fig. 14. Cogging torque versus angular position, dofrom 10
to 20mm

Despite the bad effects of |ds decrease presentdtei
no-load study, load studies have to be performddrbe



Fig. 18. Copper losses versus coil temperature for thereequ
torque.

B. iron losses

The iron losses in rotor are equal to zero bectiuse
rotor's magnetic material sees a fixed magnetiddfie
However, the stator's magnetic material sees a ntiagne
field turning to the electric rotation frequencwr fthis
reason iron losses in stator are the majority ammén be
calculated by the equation (6), (7), (8), (9).

Fig. 19. Induction in stator tooth versus angular pasitio



Fig. 20. Iron losses versus speed

The present work covers the design and sizing of a
permanent-magnet synchronous motor, where PMs are
managed to insure flux concentration, consideriradl-w
defined specifications of a leisure electric vehicl

The performed load and no-load studies lead to an
improvement structure with reduced energy consuwmpti
and decreased losses, which are the main heatimgesou
in electrical machines. In fact, the obtained strueifers
a reduction of required current density about 1 mfrand
a reduction of iron losses exceeded 350 W. Besitles,
efficiency of the designed motor is around than @96n
for high speed.

It is to be signaled that the information about copper
losses and iron losses obtained in the last pahi®paper

Fig.18 and 20, show that the iron and copper logses'® currently being used to elaborate a predictagdr
the designed motor during normal operation afgodel providing real-time information about the rthel
respectively equal to Pf=132.17W and Pjs=99.5\§ate of the motor permitting to _perfo_rm advanced a
Comparing to the final structure in [9]. We haverid that complete  control schemes taking into account the
the obtained structure gathers reduced energy cquigm evolution of the machine parameters and the preveiof
to decreased losses. Table XI show a comparisorekatwdamages.
the two structures. Besides, Fig.21 shows that the edig

configuration is characterized by a very high éicy. In
fact, the motor efficiency is greater than 0.99 efegrhigh
speed.

TABLE XI

Comparison (nominal regime)

Fig. 21. Efficiency versus speed
9. CONCLUSION

Hybrid and electric vehicles are the main solutifors
the pollution problem due essentially to the uséhefmal
automotive, which explain that since several
numerous research works were focused on
improvement of the characteristics of differentddnof
motors intended for electric vehicles.
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