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Abstract: With the development of green aviation and the
continuous progress of new energy technology, electric aircraft
have also been developed rapidly. As the core of electric
aircraft, the electric propulsion system is also achieving more
and more attention. Permanent magnet synchronous motor
(PMSM) has become an ideal solution for electric propulsion
system of electric aircraft due to its high power density and
high efficiency. As its independent of position sensor, the
sensorless control technology of PMSM can better satisfy the
requirement of high reliability under the high altitude and
complex environment of electric aircraft. Firstly, the main
methods of sensorless control of PMSM for electric propulsion
system of electric aircraft is summarized and compared.
Secondly, the key technologies and difficulties of sensorless
control of PMSM are analyzed, including rotor starting
position detection, low-speed startup, and medium and high-
Finally, the problems existing in the

speed operation.

current research are summarized, and the future
development is prospected.
Key words: electric aircraft; electric propulsion; permanent

magnet synchronous motor (PMSM) ; sensorless control
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Fig.3 Schematic diagram of direct calculation method

(2) AL BRI

A BIHRRL A A RR S RERE LI i
— Bl TXE PMSM AR A B A AR T %
ZTTEA ] PMSM AE a—B A45 2 2 L s 3BT fl
T A E AR SR L J X E Uy
*%%ﬂiﬂf%ﬁﬁﬁ%?é% ﬂfﬁ?1ﬁ*ﬂﬁj\ﬂ‘}$, iz [ arctan
BB TIZ S, TS B H ARG THE. S sh 3R
IR AR RS BT RAZEML, ik

¢f=%—1wngu4—R¢)m—Lw4(m

#. = arctan lllfw (3)

fa

A WS s, N THERE; U, W€ T L
15 T Lo 4 =B ARG TR o, g
35N o« B hilEEE .

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HUBLS RN, 55 51 4%, 45 1Y

Electric Machines & Control Application, Vol. 51, No. 1, 2024

SR ARk BAR HAT T/ VRISl 2 e 7
PRAFAS L, (B SEBR N, 25 5 32 BN AR T WA
TR R SN s D AR AR R, AT S R
¥ o LB I A) B HERS 7 A 1R 22 R AR, 7R AL
ABAT A IR ] 530 P, SRR 5% 22 R B LA
D B I ERE . [R) I 7E A LR Sh 4 R B B sltis A1 %
PR AE S U 0~ 5% B B, B A 3 3 (i 3 (R xfE
DA FATLREA o0 A 42 ), 22 T 2 e 81 W L ) AR
BATAIPERE

(3) Tf%fi%ﬁj}%%

HF A ik SR R 42 B AL ((Inner-Mounted
Permanent Magnet Synchronous Motor, IPMSM ) 'y

SERIRYRE R, o-B ARAR FR T HL R DT R AL R
?Tn B BT BT o sh# e 2 E*T{E

N T R R, 47 i B v sl 3
DRk N

R, +pL, w. (L, - Lq) i,
t e

R, + pL, [iB]

(4)

i e

Krh.e P R H 53 ( Extended Electromotive
Force , EEMF)

EEMF (3350
— sinf,
e=[(L, _Lq>(wrid _Piq) + wndjf] [ cosf ]

(5)

M (S) AT VA EEMF 4 & f sl #f
BEEAE TR EFE .
1.1.2 H#F*

DAY R AR I #8873k Ay Sl ol FH AR TE L
], S T UL 380 F Fh e | R 3 R B fL Bl B R
AT BB ER , DT o A B R ke

(1) TR AR

TEROULIN £ (SMO ) 1k 2 — i a] A8 45 4 455 )
Jid, BT A E St S A g il A
A BEARFX G FEi% 7 R, SMO BT
PMSM (PR AH Lk AR AR 22 0 FRL U 5 R R A 7 4
I FH H A I 1 2 U T AR T o e I e P 3
P Ak T 2%, SMO S T i Hi sl $4)  , IfF ik
— AT TR T R AR R R R N
4 IR .

(2) TS LI 257

63
g R it
| R
| Al
sisl—F ] e *ﬁ'ﬁﬂ—%»—
svofly -\gn(r)TeLr@,&z% fiiit /)
It

o
(EE
Ay

ik}

B4 f&4 SMO RIEE

Fig. 4 Schematic diagram of traditional SMO
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With carbon peaking and carbon neutrality
already on the agenda of many economies around the
green development has

world, including China,

become an urgent need for the aviation industry, and
fuel

emissions is the core task of green aviation. Since

reducing aircraft consumption and carbon

electric energy has the advantages of clean and safe,
the

development of power electronic equipment and

easy to transform and transmit, and with
control electronic technology, electric aircraft with
electric motor as the power source has gradually been
emphasized by various countries. As one of the key
technologies of electric aircraft propulsion system,
how to accurately obtain the rotor position and
rotational speed and other information of permanent
magnet synchronous motor drive technology is a
necessary condition to realize the precise vector
control of permanent magnet synchronous motor.
Compared with the traditional position sensor-based
control technology such as photoelectric encoder, the
permanent magnet synchronous motor sensorless
control technology does not rely on the position
sensor and utilizes other available information in
order to achieve the control and detection functions.
It avoids problems such as the easy failure of
mechanical position sensors in high-altitude and
complex environments, and at the same time, it can
also be able to better meet the requirements of high
reliability for electric aircraft.

This paper first systematically introduces the key
technologies and applications of sensorless control of

permanent magnet synchronous motors for obtaining

S7

rotor position, rotational speed and other information
for the electric aircraft propulsion system. It explains
why it is impossible to utilize a single method to
achieve accurate control of the motor. Based on the
speed domain division framework, the principles and
advantages and disadvantages of different sensorless
control technologies are discussed in detail, and the
medium and high speed domain sensorless control
methods, the zero and low speed domain sensorless

the full

control methods

and speed domain

all

elaborated in depth, so as to facilitate the readers’

control methods,

composite sensorless are

comprehensive understanding of the various methods
The

PMSM control method only shows excellent control

of sensorless control technologies. current
effect in the appropriate speed interval, the speed
range is limited, and there is not yet a method that
can realize sensorless operation in the full speed
range. Therefore, composite control methods must be
used, i. e., the control methods of the above two

will  be

complement each other’s advantages to realize the

speed ranges mixed to control and
speed estimation in the full speed range, and the
difficulty in the design of composite control methods
lies in how to realize the smooth switching of the two
types of methods. The composite control strategy has
become the research hotspot of sensorless control
technology nowadays, and its development is the
general trend.

Secondly, the start position detection, low-
speed startup and medium-high speed operation of

motors have been the hot spots of sensorless control
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technology research. Starting position detection relies
on initial state estimation and starting strategies, low-
speed starting uses advanced control strategies to
ensure smooth motor startup, while medium and
high-speed operation requires fine speed and position
control, and methods such as MARS, SMO, etc. are
usually employed to achieve excellent performance.

These methods

practical value for sensorless control techniques for

provide extensive research and
electric motors, and are particularly important in
aerospace fields such as electric aircraft.

Finally, the study points out the problems
associated with current sensorless control techniques,
such as inaccurate start position detection, unstable
low-speed startup, and control difficulties for
medium- and high-speed operation. Then, possible

future directions of the technology are discussed,

S8

start position detection
the

introducing more

including improving the

algorithm,  optimizing low-speed  start-up

strategy, and reliable control
methods for medium- and high-speed operation to
achieve more accurate and stable sensorless control.
Problems with the current research are pointed out,
and possible future directions for the sensorless
control technology of PMSM for electric aircraft

propulsion system are discussed.

Zero-low Speed Range
(Based on the convex pole effect)

Sensorless Control Technology
of PMSM for Electric Aircraft
Propulsion System

Medium-high Speed Range
(Based on the fundamental wave
model of the motor)

Full Speed Range
(Future research priorities)

Fig.1 Classification of PMSM sensorless

control methods
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