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Design of Saliency-Based Sensorless Drive Interior PM Synchronous Motor

This paper presents the electromagnetic design of saliency-based sensorless drive IPM motor for the general

industrial application. The magnetic saturation and cross-coupling effects are considered in finite element (FE) analysis-

based performance predictions to achieve accurate design. The reliability of the FE simulation is verified by experiment

using a prototype. Then, it is examined that the influence of the IPM rotor geometry on the operating region under the

sensorless drive. Consequently, the design guideline has been established to obtain a suitable rotor geometry which
can maximize the torque capability under the sensorless drive. The 45Nm-5.5kW 6-pole-9slot IPM motor is optimally
designed. The validity of the proposed design is experimentally verified using the prototype.
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Fig.1 Efficiency comparison between Induction Motor and EDM
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Fig.2 Configuration of sensorless control system.
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Fig.3 Relation between rotor position and coordination.
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Fig.4 High frequency inductance locus.
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Fig.8 Measured operating point trajectory of test motor in the
(i, i) plane.
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Fig.9 Calculated operating point trajectory of test motor in the
(iq» i) plane.
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Fig.12 Effect of rotor tooth opening on the feasible region, the
curves L4=0 and L,=0 are drawn in the (i, i;) plane.

i[A
a2, B 3
14 ,,‘_'5,;_‘ : A &
AAME Lar0 :
a4,
L0
=20
[mAEyzar Lm0y
r ] 1
=i} -4 =10 L1 ]'d.[_.ﬁ.]
(o) RRTHE R
50

=

BR B2 [Nm)
= =

—
=
T

=

0 5 10 15 @ 5 30 38
B— MM, [deg)

(b) ®RK MILY

WHTY) v VR EOREBETIMA 57 5 v AL,
Ly=Ly & VIKBERMCTEL 272D TH S, fFELLT,
e KM JI bV 7 IZINSETHE & ©41.4ANm 2 & 32.6Nm~ 4
L, BRI ZEKRELTFHS>TWS,

—7, dA1.9mm ~ 7.9mmOIPMEE [+ % ik 3 % &,
WA 2R EALIIEL,> OMPAAIIRL 20, KM+
V21 3OO I ICKIFICKRIT 22 Edbhb. Bfi
R HIATIION,

(a) dliA S R72RA A Z T v b o 5% A A3 5

L, diit > 2% v 2587z
(b) g A > 527 v AHHML, $OOBSIMAL Y
WFELRo7
7eOThbo VLX), BAEWERRY EIIEALOP R
W EHEROT b NS, HUAARE S OR/Mid, i, T—7%
SEER,, T v Vlkw,,, AW, % T,
d =R (1-cosO)+w _cosf

r_min

Wm
6 =arctan Row ) R-w )

THZbN5D. LTORKGENTIX, BIRETITH L7 TH S
N2 i/ NILARR Ed, a2V 5o

REEICE DL MIB U U AREIEBAROEHE—5 DRE

B X133 @HaEAFRSH UYL AEGRHEECRIETZE

Fig.13 Effect of depth of embedded magnet on the feasible
region, the curves L ;=0 and L,,,=0 are drawn in the (i,,

i) plane.
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Fig.14 Maximum torque vs. magnet length (8 ,=0°).
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Fig.16 Constant torque curve and sensorless operation point of

designed motor.
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Fig.18 Measured cogging torque of designed motor.
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Fig.19 Measured torque vs. current characteristics of designed
motor.
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