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Abstract: Permanent magnet synchronous motors have been
widely used in various fields due to their high power density,
efficiency, and reliability. In applications that require
mechanical angles, position sensors are generally used to
obtain the mechanical position information of the motor rotor,
which can reduce the reliability, integration, and power
density of the control system. In order to achieve mechanical
angle identification of permanent magnet motors without the
use of position sensors, the electromagnetism of a surface-
mounted permanent magnet synchronous motor ( SPMSM) is
designed. By adding auxiliary teeth of different heights to the
rotor, the inductance of the motor topology includes the
mechanical angle information of the rotor. The negative effects
of adding auxiliary teeth on the back electromotive force,
output torque, and three-phase inductance of the motor are

analyzed using finite element simulation software. Finally,
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the mechanical angle identification ability of the proposed
topology is verified on the 0.75 kW SPMSM platform.
Key words: permanent synchronous

magnet motor;

mechanical angle; auxiliary teeth; finite element analysis
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Fig.1 SPMSM cross section
FAAE TR RERE L B d g Bl L AT 25 O R i
Blithr SPMSM {18 7K B A4 W 0] 5 8 7k 00 A 6 A,
JEA B RS IR TRk O G s . B TR
{17 ST N RS W s e S % 1 UV )
PG Y 22 5, P AL L I B0, g Sl E RO
FAAE , [ AL AR A e PR A G N T R REL 4
ARSI RO I d g SRR R e T
FET AR O B8 O A SR A i YA AR I
BRI, W B SPMSM [ S 7455 5
Homs 1 pos.

®1 FHHEE SPMSM S

Tab.1 Parameters of SPMSM with auxiliary teeth
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Tab.2 Simulation results for different numbers of

height-increasing auxiliary teeth

Jin s 4 Bl 15 5 THD/% PP/mH
0 3.46 0.56
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Fig.2 Surface development diagram of rotor iron core
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Fig.3 FFT results of rotor core height
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Fig.5 A-phase inductance harmonic content of
SPMSM with auxiliary teeth

Br 7 H R e A5 Tl AR A T LA A
Bt AT LA R HIL A9 F JER 2 00 HE A HILAR AR A
S, T 2 f L AR 8 B A S s AL A B AR R
1 fig

AR TG IS FL BN A Ji e DL R DR Al e =
AT B 095 AT AR RE ™ A= i 2
2.1 FREEBNEX R B HE RN

FEIESZ R me 2 i 0 LU T v, — e A 2
JHL B R AR AE TE 5% %, ERT I AR IR
KLk 21 L K ML) B Sl e P R DN

& 6 24 Ansys {7 H.15 2 7Y 1 48 B 5 SPMSM
TERUE FE 1 3 000 rpm 11 —AH S L gh#, S i g 3
A 119.86 'V, /NTHUER) 380 V, [FIAT HuAL 40
SPMSM [ FLBh# 121.60 V FRET 1.43% , H =
Vi i Bl 5 SPMSM 1) ) HL8h#4 117.73 V [T}
T 1.81% ., TEUSIN THBIG Z )5 , ALY S HL 3
rbr AL T HUE RS A o3 o, AR L AR 4 2
S A YRR T i ( PT HARE A5 38 HL T 9% I g A8 32 24
g 4.25% , FeAESE SPMSM T 0.23 AN E 3,
b= SPMSM FFE T 0.49 4~ 43 i, HE 5%
FHAL =14 SPMSM 158 T 4k .
2.2 EInEEBNG T H BRI

P AL A i e i AT LA O s R i i AL B 71
ZHE T, K W [F] 25 f B H 0 2 0 e = =X
(6) Fi7s:

T. =%np[¢;fiq + (L, - L)ig,]  (6)
K e KGR SE 50, o1, 23500 d g TR
Ly L, 53508 d g B S A SCTEE A il B
SPMSM A[a] FA4 45 SPMSM i %:4H d .q % HLEE,
Hod g WG AT SHUGE A R ik, o

6 BN SPMSM Kk BB B
Fig. 6 Back electromotive force waveforms of SPMSM
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Fig. 9 Experimental platform
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Fig. 11 High frequency response current
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Fig. 12 Mechanical angle identification basis
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Permanent magnet synchronous motors
(PMSMs) are widely used in various fields due to
their smaller size, lighter weight, higher operational
efficiency, greater reliability, and better dynamic
performance. In applications like multi-axis robotic
arms and servo control , where the mechanical position
of PMSM needs to be determined, a large number of
position sensors such as rotary transformers, magnetic
encoders, and photoelectric encoders are used.
However, the use of position sensors reduces the
versatility, reliability, and increases the complexity of
the control systems, while also adding to the cost and
size. To counteract the disadvantages of using position
sensors, researchers, both domestic and international ,
have proposed sensorless control methods. For the low
and zero speed range as well as the medium and high
speed range, sensorless algorithms based on saliency
and back electro-motive force have been introduced
respectively.

The aforementioned sensorless control methods
can achieve the observation of rotor electrical angle
over the entire speed range. However, in multipole
PMSM, due to the electrical characteristics of the
motor cycling multiple times within one mechanical
cycle, one mechanical cycle contains a number of
electrical angle cycles equal to the number of pole

For the

mechanical angle and electrical angle of an 8-pole

pairs. example, relationship  between
PMSM within one mechanical cycle is shown in Fig.1.
The characteristic of the electrical and mechanical

angles within one mechanical cycle is such that a

S6

single electrical angle corresponds to four different
mechanical angles. Without sensors, if only the rotor
electrical angle is observed, it is impossible to
determine the corresponding magnetic pole and thus
further identify the mechanical angle. Therefore, a
new method is needed to identify the rotor mechanical
angle without sensors, in order to introduce sensorless

control algorithms into high-end fields like servo

control.

Fig.1 Diagram of the relationship between electrical

angle and mechanical angle of 8-pole PMSM

The

permanent magnet synchronous motor ( SPMSM) is

electromagnetism of a surface-mounted
designed by adding auxiliary teeth of different heights
on the rotor to ensure the motor’s inductance topology
includes information about the rotor’ s mechanical
angle. The negative impacts of adding auxiliary teeth
on the motor’s back electromotive force ( EMF ),
output torque, and three-phase inductance are
analyzed using finite element simulation software.
Finally, the mechanical angle identification capability
of the proposed topology is verified on a 0. 75 kW

SPMSM platform.
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