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Abstract: Aiming at the problems of high rotor temperature
and difficult heat dissipation during the operation of the drive
motor for vacuum pump, a negative salient pole permanent
magnet synchronous motor and a conventional permanent
magnet synchronous motor are designed according to the
actual requirements of the driving conditions of vacuum
pump. Firstly, the impact of the size of the rotor magnetic
barrier on the motor torque and the impact of the number of
magnetic barrier layers on the inductance are analyzed using
finite element software, so the suitable values of the rotor
magnetic barrier size and the number of magnetic barrier
obtained.  Secondly, the

layers  are electromagnetic

performances of the two motors, such as the air gap magnetic

density waveforms, no-load back electromotive force and
losses are comparatively analyzed. Finally, the temperature
fields of the two motors as well as the temperature rises at the
rotors and shafts of the two motors are analyzed by simulation
comparison. The results show that compared with the
conventional permanent magnet synchronous motor, the
negative salient pole permanent magnet synchronous motor has
better torque performance, smaller rotor loss and rotor
temperature rise, which provides a scientific reference for the
development of new products.

Key words: vacuum pump; negative salient pole permanent

E€TE: 2023 il 74 “ B H I B 5 ik & mH
(2023JH1/11100010)

2023 Liaoning Province Open Bidding for Selecting the Best
Candidates Science and Technology Plan Project (2023JH1/11100010)

Ltd., Shenyang 110169, China;

Lid., Shenyang 110179, China)

magnet synchronous motor; rotor magnetic barrier; rotor

temperature rise

B dhxrEeA IR s A LE 1T R AR A R Tl
JEE i IR P ) 50, AR AR 25 SR K8 T 00 ) SE PR EESR
B T — G R R BE R 5 LR — & 5 LK B[R] 20
Blo B, MUHA BRITARLE, 208 1 5% 7R B RUSE X R il
ft*%EE’JE‘ﬂr’]u&ﬁﬁﬁaf’éﬂﬂﬁmﬂ’]ﬁ’HI'] MNMTAT T 5%
TR S R B ) A5 LU, X £ AL
WL 4 DT 25 O L S AR S F RV REEAT T X
AT s i, a7 EO Fe 2 A 1 65 e ALY LR 3
LW 5 R Ak il T o &5 SRR, AR L TR K
TP AL, B A K R ) 20 L ML B P RE B 4 e 1

PAREFNEG IR SN, R H T R R T RS %
oAl
KR BEE; RIMEOKEFRIZE RN BT rikE; %1
BT

0 3|5

UTARSRBEE - RS A A B 25 Dl
ﬁtfﬂk#éﬁiﬂﬁﬂﬁé%ﬂi%,Aéﬁﬁfjv?é%la
BEA 228 T H A A IR AL
TR, A RE R I B2 SR ﬂ‘ﬁﬁb
I3 Rl R B B BE AP RE R AR

Eﬁu,Eéﬁﬁﬁ@ﬁd}%m}_%ugﬁjﬁmw
KB IRI A AL N T o B A HLAE S 0 A 3 )

© 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 5 31

Electric Machines & Control Application, Vol. 51, No.5, 2024

73

ZTHAL, A 45 ) 50 s 4T AT SR SRR L (H
T LR AR AE , BN AL S PR is 17 i i 7 58
2R RIS G B LML P R IR T R SR R
M2 T, KRG i HLIE AT A 5 iR ae™
RS Ti N BE5A, HfE A %+
LR AFE, 5% IR THRAK

BRG] A5 R AILAE R Tm] 26 H ALY
Fefih b, 38X AL R T E R, R ALE
A 5E A EAILAS [R]85t B RE M (R B
JEL, KT L) fe 3 B HLK W)
B A TR, 5L B8 S R R M ek T
FRACHE [R5 B LA S [ 78 | R 3as AT T ki
AR T XSS vy A D RHE PR (R R, AT T RO AE , 12
T RHLCRS  SCERT9 TR S TR A B
Ak ARG LA SR B 0 Sy Bl 3 AL A, S
LT T R JROR T A A L, AT R K T ALY
SIRETERE . SCHRL10 180T T — & V7 Rl Br g4
(Y B i R B PR AL, 3 sk A VT R G A v (] 3 3
IR R LASE ISR ML O™ A B, B AR T K R AR AS
AL R A KU, /0N T EATL ) T 1 R ARG A T
AFE. SCERL 11 ] R N ARG e it P2 K
Belp - IR I 2o 1 I 53 S8 RS AN I ST L A K
FEFE T AL PR % BT A IE 5% %, 42 5 T HL L
Mt B T o 25 LT R, A 8 Ao 0 e ) R T
T, B B K R [R) 26 FRL AR LL 8 I RCRE [R) 20
MLEA B R 47 1 fie B /N 9 7 - P RE , B AIR I
2 R IR E R A

BT, AR T —5 3 kW .3 000 r/min
B S Y A K B [ 26 LA — 5 AR T) 1 B 48 s 1
FRACHE R 20 AL, I X5 P 15 FR AL %) FR G 1 i AR A
PERESEATXT L2 HT o

1 HBHRESIETHEE

ARSCUBETH 189 B ™ 1 7 i [R]85 B AL R T 4 1
24 HE OO AR M E B, 7 E 0 5R FH AR 5 4 L D/
FEAE Ik Bl L s AR RE , 5% 5 MR BAT R bk
(D) 1) SR WA S5 K, FF R N TR B # . T
PTG R A AR AR 50 T 3 TR R 4 R T S I R
A RIS UL REEA AR AL

N Y B S UE T Bt B K R [ 2D H
HLESPERE, R it 1 HA A TR B AR 2R A L
KGR AL Z AT PEREXT L . P FBLE 1

LERE 58 AR TR] B R ™ AR i i L BIL fl T R BEL A
A B 848, RIS K e AR D
PG B EARZSR ISR 1 s, EESHm
K2R,

x1 WERNHBRARER

Tab.1 Technical requirements of two motors
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Tab.2 Main parameters of the two motors  mm
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Fig.1 Two-dimensional topology of two motors
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Fig.2 Effect of magnetic barrier width on torque
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Fig.5 Effect of the number of magnetic barrier

layers on inductance
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Fig. 6 Comparison diagram of air gap magnetic
density waveforms
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Fig.9 d-axis and g-axis inductance change curves
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Fig. 10 Comparison diagram of various losses
A HL L B A% 0 23 5 RE 3 /N T R K G TR 28
BL AR T AR SCBOH AR B AT A5 B TR
TERE RBE T, A508 52 o™ A i 1 1) 25 Ha B A S v 3
PPN Dl 5 5 B, DA H R B 1 R K
TG i YL 401 FE LU H R K R ) 20 A HLBE /N o [
IR, 5 A REAH ) A9 00, ROt AR P AL E 1
A FEAL /0N, 3k 2 A O ™ Al H ML RS 1 BEL 5%
FR R FEREAT T 38 00 MR, {45 2 o o 32 o
K, Bt SRl S /0, TR G A S8 2H A [R) 15 00 T 72
THIFEE

3 RESZSH

3.1 EBEHARTEM
B3 R Sl e LR B S % T A IR
PR B R S AT DL AR

a°T o'T T oT
%—2+K),—2+Kz—z+q:cya—

0x dy 0z T
]

LI oT

=K 05 =0 (1)
] an

L1 oT

%K%lsz =a(T -T.)

K T RYRIRIE 5 g IR E ;¢ PR
sy WMORVEEBE ;T S EE]L; S, S LA Il R
10 5S, A HHLECRG A T, S, Jal Bl Joa i) I
JE a2 S, R REGK g S, A S, i
WMEBGK, K, K, 50 3 AL A TR TE x oy oz 7
] (1) AR
3.2 BREHEMMEEE

R T AR AR A AR H AL
AR ELHE R R AL i B, 5 3R R PR S
S PLFE R R 2 S AR BHG A IR B L
25 °C o R HAE PO 0 B ok % v
772, MR AL P SR B FLAS B ER T ARk K
SIERORITEI G AL G

Vi = 0.023Re™*Pr*

(2)

GOmEn

s ls >z

A
pe,
A Nu 955 FE 7885 Re S T8 Pr o B
B h KB R R B L KB EAR A AR
RARB 0 FB B s 0 T BUR p AR
e, A

BRI AN ALBE T A BROCAR PR 9T 50K
JE L5 ) A5 SR ik 3 B A0 I ] o 3 g xS [
PEREAT - TR A 1) 23, d 28 I A% F- 24 B 58 T
ik 0.81,
3.3 BESHEERSH

R BROCER X5t LA T = 4ETRLE S
BT, RALR EE A E L BN EAR R X

WENIN

7o KB S S5 AR IR

RIS 07 BAT 2 AL AR, LA Pl
IR e R AR 2 LA D il B 7 D5 R i A
VR A B AL T Tl TR 4 A e 12

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



LS PRI, 5551 %, 45 5
Electric Machines & Control Application, Vol. 51, No.5, 2024

71

11 ROk sk#EERE 2B = 4R
Fig. 11 Three-dimensional model of negative salient pole

permanent magnet synchronous motor
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Fig. 12 Temperature distribution of two motor rotors
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Due to the limitations of the working environment
the drive motor of vacuum pump often faces the
engineering problem of high rotor temperature and
difficult heat dissipation during operation. And elevated
rotor temperatures can reduce motor efficiency and even
more  dangerous  situations. Permanent  magnet
synchronous motor has no rotor winding, so there is no
copper consumption in the rotor winding and the rotor

of the

As a new type of permanent

temperature tise is far less than that

asynchronous motor.

magnet synchronous motor, the negative salient pole

permanent magnet synchronous motor can further
reduce the rotor loss and improve the temperature rise
by setting a magnetic barrier in the rotor.

In paper, the

requirements of vacuum pump driving conditions, a

this according  to actual

negative salient pole permanent magnet synchronous

motor and a conventional permanent magnet
synchronous motor are designed according to the same
technical requirements. The two motors are identical
except for the rotor structure, and the topological

structures of two motors are shown in Fig.1.

Fig.1 Two-dimensional topology of two motors

Firstly, the influence of rotor barrier size on
motor torque and torque ripple is analyzed by using
finite element software, so that the range of values of

rotor barrier size is obtained and the optimum value

is  selected.  Secondly, the electromagnetic
performance of the two motors is analyzed, and the
harmonic contents and losses of the back

electromotive force waveforms of the two motors are
compared. Finally, the temperature fields of the two
motors as well as the temperature rises at the rotors

and shafts of the two motors are analyzed by

S8

simulation comparison. The results show that the
performance of the negative salient pole permanent
magnet synchronous motor is better and the rotor
rise is smaller.

temperature Compared  with

conventional permanent magnet synchronous motor,

the

synchronous motor can better solve the engineering

negative salient pole permanent magnet

problems of high rotor temperature and difficult heat
dissipation during operation, which provides a
scientific reference for the development of new

products.
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