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MASZYNA SYNCHRONICZNA MALEJ MOCY Z WIRNIKIEM
PROSZKOWYM, WZBUDZANA MAGNESAMI TRWALYMI —
WYNIKI BADA N SYMULACYJNYCH | EKSPERYMENTALNYCH

SMALL POWER SYNCHRONOUS MACHINE WITH SMC PM EXCITED
ROTOR — EXPERIMENTAL AND SIMULATION RESULTS

Abstract: The work presented in this paper relates to aeribit Permanent Magnet Synchronous Motor
(IPMSM) experimental and simulation results. The stafdhe machine is an mass-produced one with clas-
sic assembly. The rotor has been previously opédyidlesigned and constructed and made of Soft Miagne
Composites (SMC). There is presented a method aumeg inductances at different load currentsti®ar
larly self and mutual winding inductances as wsltlaandq axis inductances were evaluated. The value of
torque was evaluated for different currents and gyoangles. Experimental results were compared with
simulation ones. On the test stand there was aBoa&ed efficiency map.

Streszczenie:Artykut przedstawia wyniki badasymulacyjnych i eksperymentalnych maszyny syndimn
nej z magnesami zagu@zonymi. Stojan i korpus maszyny zostaly zagrone z klasycznej maszyny asyn-
chronicznej klatkowej. W trakcie wcg@ejszych prac geometria wirnika zostata zoptynmaliana, zaprojek-
towana i wykonana w technologii proszkdw magnetychn Przedstawiono szczeg6ty metodytej do wy-
znaczania indukcyjrigi dla r@nych wartgci pradu. W trakcie badawyznaczono indukcyjniei wlasne i
wzajemne uzwoje fazowych oraz w odi i q. Pomierzono réwniewartasici momentu obrotowego dlaz6
nych wartéci pradu w funkcji lgta mocy. Wyniki badéa eksperymentalnych poréwnano z wynikami biada
symulacyjnych. Na stanowisku pomiarowym wyznaczaheniez mapg; sprawndci badanej maszyny.
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1. Introduction 2. Machine geometry

To protect the environment, there exists The case of study is represented by a 4-pole
a strong demand to develop very IPMSM with fixed stator geometry and wind-
efficient  electric  motors with  high ing parameters. Stator and assembly are mass-
torque/mass ratio [1-3]. Special design with produced ones taken from an induction motor.
high overall performance and wide speed op- The machine is equipped with NdFeB mag-
eration capabilities [3, 4] make particular ma- nets, oriented in the radial direction, mounted
chines suitable for all automotive applications inside the rotor. Such structures are referred
where weight and geometry dimensions are as IPM machines [3, 5]. The rotor is made of
very important. An IPMSM with permanent SMC (relative permeability approximately
magnets buried inside the rotor that is properly 40). During initial works there have been im-
designed, fulfill foregoing requirements. plemented optimization procedure in Matlab
Main positive feature of SMC applied in mag- environment which used a genetic algorithm
netic cores is that it can be easily shaped inthat ran and evaluated FE models in Maxwell
complex forms. The other advantage is its iso- tool [2, 5]. After optimization process the ma-
tropic properties and low losses at high chine has been built and tested.
speed/frequencies. SMC mixed with epoxy The analyzed geometry (optimized one with-
resin makes machine structure robust to me-out SMC poles) has been depicted in Fig. 1.
chanical stresses. With proper technology it is and Fig. 2.

possible to achieve high relative permeability Selected machine parameters has been pre-
up to 1000. sented in the table 1.
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iron

poles)consecutive design stages

3. Simulation results

Simulations were conducted with a 2D FE
model that did not consider any losses which
caused some errors but on the other hand
shorted calculation time. Characteristics of
steel were taken from datasheet and were
modeled as a nonlinear B-H curve. Magnet pa-
rameters were as follows .23T, H=-
890kA/m). Fig. 3. shows torque waveforms as
a function of power angle for two different
current amplitude values. Electromagnetic
torque consists of two main components ac-
cording to (1):

Fig. 2. Initial rotor geometry cross section
Tab. 1. Selected machine parameters

3 3
Tem:EL_pb WPMDQ+Emb[QLd_Lq)DdEH « @

Parameter Value Unit
P, 935 W Where: 1y, |4 —d andq axis currents,¥,, -
T, 31 Nm magnet fIl_Jx. The first one is a PM torque (that
is proportional to quadrature axis current and
My 3000 rpm flux in air gap developed by magnets), and the
H 88 % second one is a reluctance torque (that is pro-
I 16 A portional to the difference between direct and
" : guadrature axis inductance, and currents prod-
Rs (20°C) 12.7 Q uct). The value of torque for nominal current
Ly 0.065 H and optimal power angle was about 3.1 Nm
which is comparable with basic (induction
Lq 0.150 H motor) design (3.6 Nm).
h 3.5 :
where:
Pa —nominal power 3 /\j _________ (1)22
T, —electromagnetic torque nominal val- 25 i\ '
ue T \
. . Z
Ny — nominal rounds per minute value oy 2 / """""" \
n — efficiency T 1 5l \
. (o)
In — nominal current T / o \
R — stator phase winding resistance \
L4 Ly —dandg axis inductances 0.5 R
- i 0 =
Po numb.er of pole pairs o 0 100 150
m — machine mass Rotor angle [deg]

Fig. 3. Torque waveforms for different cur-
rents
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Secondly I, and Lag values over different ro- Ly and Ly were 65mH and 150mH respective-
tor position has been estimed using that meth-ly. A method for calculation ofl andq axis

od described in details in [6]. It must be em- inductances values was described in [6]. De-
phasized that inductance values should be in-spite big magnet volume the PM flux value
creased with end-winding inductances that has was relatively low - 400mWb.

not been simulated in 2D model [7]. Recalcu- Knowing machine parameters and power sup-

lated results are shown in Fig. 4. ply constraints it is possible to evaluate Con-
stant Power Speed Range (CPSR). It has been
defined as:
wmax|p
CPSR=——-" (2a)
o,
T
3 Theoretical considerations showed that pro-
3 posed geometry has small CPSR (1.3), be-
é cause it does not fulfill optimal field weaken-
£ ing condition:
| = Lem (2b)
Ld
! Torque and power curves are depicted in
-0.06 . . - Fig. 5.
0 50 100 150

Rotor position [deg]
Fig. 4. Self and mutual inductance waveforms
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Fig. 5. Torque and power curves

Nominal speed of a proposed geometry was test stand has been designed and programed
higher than for induction motor. For this rea- (Fig. 6). It consists of the optimized IPM pro-
son it was possible to stay at even higher pow- totype and a B&R servo motor (8LSA44 -
er level with smaller torque value. 1451W, 3000rpm) clutched and mounted on a
4 E . | I aluminum plate, and several measurement de-
- Experimental results vices. The B&R was controlled via application
For experimental evaluation of the machine developed for Power Panel 45.
parameters and characteristics, a proper
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Fig. 6. Test stand
Inductance were measured with the scheme
shown in Fig. 7. 0.2
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Fig. 7. Inductance measurement scheme :»: :
The inductances values were measured and
calculated for 30 different positions with a -0.03 !
3deg step with the following formulas: ;
2 -0.1 . .
Ua) _Rre 0 50 100
I, Rotor position [deg]
La(#) = o (38)  Fig. 8. Self and mutual inductance values
— UB
Laa(#) = (2nf)1, (3b) The machine efficiency was measured in gen-
where erator regime for different speeds and load
U,, U, — A and B phase RMS volt- torques.
age value
LA, Lo — self and mutual inductance
f — AC source frequency

Fig. 8. shows self and mutual inductances val-
ues for different rotor positions and two AC
currents — nominal and 1.5 times nominal val-
ue. It occurred that the machine was not satu-
rated — for different currents there was nearly
any change in the inductance values. It was
caused by the relatively big air-gap length and
low permeability of SMC.

Efficiency [%]

500 3
Speed[rpm]

Torque [Nm]

Fig. 9. Efficiency map



Maszyny Elektryczne — Zeszyty Problemowe Nr 3/2Q0%) 165

According to results shown in Fig. 10 the All these features were achieved due to PM
highest efficiency was about 96%. excitation and rotor made of SMC.
Negligible influence of current on d and q axis

[ =y
3:5 1 oA inductances values have been observed. It was
3 ! caused by low permeability of SMC and high
air gap length. Serious disadvantage of such
__ 25 solutions is small value ofgLwhich results in
= limited field-weakening capabilities.
£ 2 During experimental evaluation it was not
g easy to keep constant temperature of windings
S 15 — the copper wires were overheated in the high
= torque regions. Whole measurement procedure
1 took about 8h for a qualified engineer. In the
05 future there is planned a special test stand de-
) velopment that would simplify and automatize
ol H H H measurement procedures.
0 50 100 150
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Fig. 11. Cogging torque waveforms compari-
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