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Abstract—In this paper, a new type of machine — namely, the increase (full) or decrease (weak) the magnetiatoel of
Electric Controlled Permanent Magnet Excited Synchonous the machine [6]-[7]. To demonstrate the operatinggiple of
Machine (ECPSM) possessing field weakening capahji - is  the ECPS machine and its features, a finite elerapatysis
proposed and tested. The key is to incorporate arsple fixed DC- (FEA) has been applied and fully carried out. Tremtask of

coil into a stator of the machine. Thus, the resuihg new type of th vsi t btain v
motor can offer effective flux control. The designmethod of the € analysis was 1o obtain the necessary parameters

ECPSM machine is presented in detail. By combininghe use of designing, optimizing and controlling the machine.

GOT-It-software and Flux3D application for the optimization of

a finite element model, the static and transient ettromagnetic II. MACHINE DESIGN

performance are investigated. Experimental resultsof the . . .

ECPSM are given to verify the validity of the propsed machine. In _orde_r to f_|nd t_he best dey_gn solutlor_l_for th@HSM
Index Terms—Permanent magnet machines, electric vehicles, mach_me, its _W'de _f"_3|d weakening ca_lpablllty, higlower

magnetic fields, finite element methods, optimizatin, testing, density and high efficiency were taken into accaluning the

inductance measurement, voltage measurement. analysis. Therefore, one of the purposes of thidysvas to
find the optimal thickness of the rotor and statore made
. INTRODUCTION from soft magnetic composite (SMC) materials withou

Permanent magnet brushless (PMBL) machines hax(;éceedlng a magnetic field into full magnetizatitavel.

become more widely used for a variety of industria erefore, during the analysis, some of the —geametr

applications due to their high efficiency, high powdensity, pargmeters, such as the thickness_es of. the C(.)'@ smr
h%% drive performance gand maint)énar?ce-free qagliti region -T1, the core SMC rotor regionT2 (according Fig. 2)

- - - and the thickness of magnetsT3, have been varied and
However, they are used in modern drives for electobiles L
and often suffer from uncontrollable flux, thus iimg their explored. A 3D FEA of the machine has been perfdme

constant-power operation for EVs in high speedamesgi There according to the given criteria and fine numermadluation by

X : I using the new powerful and reliable optimizationltGOT-It
Ealr]e_[giaené ways for solving this problem describetit@mature and Flux3D ver.10.4 released by CEDRAT [8]. The

simulation tools have allowed to effectively optomi the
ECPSM machine with several objectives and consrain

ISO_CORE_sMC

a) b)
Fig. 2. Magnetic field distributions. (a) Cross ti@t FEModel.
(b) Full FEModel.

Figs. 3-4 show, as result of simulation studies, ithpact of

Fig. 1. Cross section of ECPSM with the doubleaefmountec  the core SMC thickness on the magnetic saturation
PM rotor and three phase windings stator struatitte fixed magnetization level. The figures indicate the wniss of
excitation control coil. magnetic flux density (maximal value) on the staod the

The purpose of this paper is to present an advanceyor core face region (Fig. 3), as well as ratedteomagnetic
computation and optimization method for the 3D téni torque (Fig.4) around a reference point. Each eurv
element model (FEM) of the ECPS machine as showkigrl. ~ corresponds to a variation of one free parametsidénits
that contains both PMs and the DC field controll doi €ntire domain of variation, the other parametersaiging



fixed at their reference values. This gives a shudrview of TABLE |

the robustness analysis. In order to plot the fi@@meters on BACK EMF AT D'FFSEi;'Z“I‘aTtg;’RRENT CONTROL CO'(“’;; ;sou(:g(;pm)
the same horizontal axis, they are all normalizedvben I=3A | 1.=0A | 1.=3A | 1.=3A | 1.=0A | 1.=3A
[-1;+1]. Veeak (V) 34.7 43.1 53.1 39.2 43.2 50.
Vaus(V) | 284 35.¢ 442 27.2 30. 36.(
. 2 A L e T1
E T ====T2
s S T3
- A R e— T1 1 — e ll. CONCLUSION
5 So====T2 | | _a===T . . .
= T3 - In this paper, the design and analysis of the n&@RPEM
£ ° 10 05 05 10 0 10 05 05 10 machine have been presented and discussed. Thartke t
: i i ’ : ’ ’ new optimization tool GOT-It, it was possible tot-sp an
Normalized parameters Normalized parameters L . . )
a) b) optimization problem easily and quickly and to fitice best
Fig. 3. Magnetic flux densitymaximal value on the SMC core fe conflgyratlons of the mathne n accordance t9 d!be!gn
region. (a) Rotor face region. (b) Stator facesagi objectives and the associated constraints. Theiaeships
between the main design parameters and performance
6 requirements have been established. By employing a

simulation model in the time-stepping FEA, the opaeli
magnetization characteristic of the motor is susitdly
obtained. The comparison between the experimeetallts
and the results achieved from 3D FEM of the machisieg
4 an advanced coupling technology computation methas
-10 05 0,5 1,0 revealed a satisfying level of accord. Moreoveg tisults
Normalized parameters show that the proposed machine can offer effectitime flux

control and a wide constant-power speed range.d@yn@ing
the shape and position of the PMs and iron polégkérrotor,
To verify the FEA results, the performance of thePSM the performance of the proposed machine has beehefu

machine prototype, which is partially shown in Fig.was improved, making it more suitable for its applicatin EVs.
tested.

Electromagnetic
torque (Nm)

Fig. 4. Electromagnetic torque versus normaliZ&dl 3 parameters.

This work was supported by the Ministry of Educaténd Science,
Poland, under grant N N510 5080406.

REFERENCES

[1] K. Ki-Chan; "A Novel Magnetic Flux Weakening Methofl Permanent
Magnet Synchronous Motor for Electric VehicleEEEE Transactions
on Magnetics, vol.48, no.11, pp.4042-4045, Nov. 2012.
[2] X. Zhu, L. Quan, D. Chen, “Design and Analysis ofNew Flux
b) Memory Doubly Salient Motor Capable of Online Fl@entrol,” |EEE
Fig. 5. Parts of the ECPSM machine. (a) StatorRpr. Trans. Magn,, vol. 47, no. 10, pp. 3220-3223, Oct. 2011. .
[3] T. Kosaka, M. Sridharbabu, M. Yamamoto, and N. MiatsDesign
studies on hybrid excitation motor for main spindiéve in machine
. tools,” |IEEE Trans. Ind. Electron., vol. 57, no. 11, pp. 3807-3813, Nov.
Figure 6 shows no-load back-emf waveform at 1006 rp 2010.

speed and different magnetization level (excitatmmrent [4] S. Chaithongsuk, B. Nahid-Mobarakeh, J. Caron, Idkofabet. F.

control coilly). In addition, table I lists the peak values amel t Meibody-Tabar, "Optimal Design of Permanent Maghéttors to
Improve Field-Weakening Performances in Variablee®p Drives,
root mean square (RMS) of back EMF. IEEE Transactions on Industrial Electronics, vol.59, no.6, pp.2484-
2494, June 2012.
60 60 [5] K.l Laskaris, A.G. Kladas, "Optimal Power Utilimart by Adjusting
5o L s0 | Torque Boost and Field Weakening Operation in Paena Magnet
T e e Traction Motors,"IEEE Transactions on Energy Conversion, vol.27,
oM S TG 40 I no.3, pp.615-623, Sept. 2012.
T30 | if,eT e\ eI A S [6] H. May, R. Palka, P. Paplicki, S. Szkolny, M. Warida“Comparative
o0 [ -=--1=3A .| o0 LF ----1c=3a " research of different structures of a permanentraagexcited
= 10 —Ic=0A N # — 10 synchronous machine for electric vehicleSlgctrical Review, R. 88 NR
------------- Ic=3A 100 i T2 12a/2012, pp.53-55.
0 : : : ‘ 0 . . L . [71 P. Di Barba, M. E. Mognaschi, R. Palka, P. Paplicki Szkolny,
o 1 2 3 4 5 0o 1 2 3 4 5 “Design optimization of a permanent-magnet excitgghchronous
Time (ms) Time (ms) machine for _electrical automobilesl,hternational Journal of Applied
a) b) Electromagnetics and Mechanics, 10S Press, vol.39, Number 1-4/2012,
. . . pp.889-895.
Fig. 6. Back EMF waveforms under different magredton level. g1 GoT-It Tutorial, CEDRAT, October 2011 (http:/wvedrat.com).

(a) Simulated. (b) Measured.



