20254 5 H
%40 55 10 ]

CERINE s P NI ¢

TRANSACTIONS OF CHINA ELECTROTECHNICAL SOCIETY May 2025

Vol.40 No. 10

DOI: 10.19595/j.¢nki.1000-6753.tces.231687

ETERUEFRKSE

HY 2= ML Tk 7% B 25 FRL A

RIRICEN X

= 33 12
53

S5

LA

T AL
(L HIRFHAIESE MM
2. WIAFHHABAEEUHF O AN

310027
311107)

WE EAREXTARAAT, B FEFREERITARATWELERE. X
THARBERMEEREN TR ARUE FFAREHH G EBRA B AETER KR LA L
R, BERGHFEMETEHEGFEA, RERERANRAEE. b, ZXRE-—FET
BB RE SR AR E S ek E R T %, TRINNETENURM L ERER
Feo e R ALAR B B A B KRR BT AR A AR S AT O R e 4 R SR R A B T E A I
Rl &R AHECRILER, RBERUTFEXLREGRAKE, AREER KANLWEH K
WRDHEANE, RLEFCECRBIMTEARGRDIE. W, ZXBH T I ALRE
AR MR ERBER, e TR E R A E R RNMEIER. EEFARES
MERTHGREEREN: FRTFRGARLEEAANKTRARR A+, §IAGT IR
HAERRREFERSD T EML, ARBNTERE AERHEGFHE, LATRUTFEX

ALY A AR

KER: ATARERSE BEFUEERE XWAR#BELFEN R7H77H#

FESES: TM341

0 3=

PR, Tl il 3 A e OR BT, DAHLBRE
N 57 511 3 10 516 32 T A T A T I )
A A= G AT AT, A R4S B T,
fil R L Sh LR GEAE A LA P iz DR 2 — 18
B TR 2 (R OGE R R . AESEIERE
PR RCRE R HUBCE R T s R AL . N AR AR
Al RPN EOR, D AR U
R LB HL R GE A m . SRG I . m DR L
7 ) AN e

PR HUBE R EE23h U . 5% I Rl R
HLZN AL AR G A T R U 2K R 7] 20 v BL L3 v B
R, ARAG R E PO A B, D SR Y

Wil “RE” “HE” R BOCTHHRITUE (2023C01178) FilH
FAREIFEE SN IE (52237003) % B,

WoRE H O 2023-10-12 ks H 3 2024-03-22

JE 5 AL E PRORS HEFE ) o BLARAE B8 2 BUBRCR ¢ 1 4] ik
ARG, O 2% 2 RE S T 8 A 1R 8 0] X
Gt s, AH i1 T AL S A% B B B I AE A, A
Y S PR A7 5 DGV YRR A T B L PR L s R BTLAR A S K
FE, DAL Ar) i R Sl ATLES Bl I PR A7 B R T S0
SLRBAR AL 3G 0 07 A AR kA, T2 3
BUBE 12 37 55 RO BB, 515 1A 1) ) i v L 3 5
OGRS, HARVFAT A E R M IE R . I
Ub, AR ZE it 4 8 s G 4% T i SOl R H 3 — 3k
W A T Bkt Je A e S BILVE A R HL ML A R
fir, JERMGEZMAMEN. £iZms TNHRZ M
o7 BRI 9 O B R A A TR g 0 g B % &5
I 75 21, T G R AR A R R A HE LY
SO0T A, A e e ) 4 R o B 5 SR RO DL AR
IR HE LA RE I o U AL Zh e,
L IR A EAR AR AR BOR LS 7 BT AE 1R e XA AR
G A8 A A 1A T e A A U s A T I A
Ft DR A 1R D) 45 S DL HL G 1 iy P TR A A



40 5 10 1

= ok
5B A L

e T IR A A SR A 1) SR N R i 1) 20 P L S 3l T ik 3121

EAZ AL B RIS 5 T8 R HLE 3 I A % 7
JITAE (1 XA SR TG AR T e DX D) e A v LB AR
PRl T v S B R WA £ 2 T (K AR FR AR e, SRR K
2 ) A S I BB I dpe AR B R e, A
Fi e T 738 3 A SRR T v s — S T i
2y BB DX Sy BERR 20 1R [ 5E Sy BEAR 1 77 ¥ iR
3 AR B DO I £ 5 PR s Bl B BIL, BAR 4
T T B DX ) # T) S A 00 AT AR bR AR e S B 37 €
e P, 0E T R 0 B XKD 8 A R Y0 BT 1A SR IR
PNIIE R R 3 TR /P R N IR 4 I P (EE
SE 1 FEREAT N IR Sh 42 Bl 2 FE I 6 F FEBOR . B/
oG B R WIS DU R A AR BRI AR P 22 (i,
2y T8 55 8 ) BT 11 Tk 20 47 A TR A T e

T 2RI N AL AR RS ik, MATE
PLGEAAEA R 5 I A B, G s
TIEN KB, S BUER AR B 1 AL )
PN ARAZ AT g AL AR R, L
S AR MR o SRR A . BRI 5
HPRART, BRULAE %I 5 R MR BT N

B _EPIITTILAN, AT SRR T 2R E
IR S W R AL B S A TR, A Ll A
(I ELR D AR bR AR PR B AR i, AR FL LIS AT ) I ok
LA, R AN [ I 20 R A B AT T A A
BNk T 1 FA B A ST B g 42 o R 2 20220
o G RO 4%, AR R AR B R U S 5
Je LA LR, ek AL Ay 2 B o R R AT A A Al
v HR T RALI A EORE R R e
EHINERZ N T sdEs &, i)Y
AEYBL T R S ARUE s BPIRAS . HELUAE T
360 B OB 55 3 HEAT 7 B AN T

A 3C N K 7] 25 VR R 2R HL A
B R L Sl I BEALAI A6 iy BE AR AN ) Jin 3 ity 2 9E
AP 3BT, AR 70 A7 465 R ek sl B A e XA
RGN Tk, IR T IT AT T AR 46 #
TIPS . SRR, TR RES S L4 X
WA A B0 f /N R I I R UT 82, 5 4R e T iR AT LE
A FE T HEAS B X AN TR0 46 11 B TR~ 495 3 I 1]
LTG5 00 J5 A 47 1 45 ) 00 AT T 2 B 2

1 SPMSM B iREFHTE

X1 2R W AL R 20 B, e e A dg
B AR bR AR R IR R IE N

Tezgpl//fiq (1)

A, TN R: p WA E: vl
TKMGARMERE s g h dq BARRR 2R R 1 q Bl
T AT LR 1T e R (R R B, 2T
BUBK B 2% fie 0% 5 (1L 1) dme K Mo, A F 3 5 1m) 41
(Field Oriented Control, FOC) &k T K ¥
A H YR L (Maximum Torque Per Ampere, MTPA) #3
il RE A% SR i K ) FL G R, DL S I B ) e T
B H br o
TENUBRE OGSl i R gerh, gl i 1 o
BOR, TR e An] R 2R 48 (LB T) 88 2 o 222 K T LS
I [A) 3 $ e, AR MRS R, 7R T
I IR] ] DA 2
7, <1, (2
A HE S I i i ) 2 PR ) e K B A P v L 4%
i, AL dy q B s
i=0
P, dger AN q BRI B KR IERE 25 i b
dq HhARAR R T € 1 d Bl .
A DA B e K IR S Bl i A R

Te zépl//fiqref 4

2

WA ALE) Iy 24 T5 e
JO=T,-T, (5)

A, AR, T R 6 X LA
FE O XS T 18] ¢ 1 B 4
A A5 R Bl R A R

9:%?%0 (6)

3 .
TM = Epl//flqref

K, T MRSV AL 6 A BPLBIGG A .

X R A EAR A LI, A
B H A e DX 32 I A R IR FL AL A D A A
H, 4 7T HHART LR, e AL A e X1
I ) A S B I I ¢, 7% B2 XA BRE Bl i A
) - s P ARGES 2y 5 32 PRk B0 I 1)

t:zﬂﬁi@ 7
st TM _ TL

K, O A B X B T 1 IR AL S A



3122 SR B 27 NI S 4

2025 5 H

i IR HE W DLAR Y, B2 4T I8l 4 10 e K K
ST, N SCHUENLI R, BAR AR S R
ISR N 113 1 S 1= Rl N RS D) | P ) B SR R S
HH R ) i K 3 A R L A R Bl I R R RS I
FLATL A1 B2 oK S DL A A 1) A2 e AN HAE B IO W 3% 5€ 170, (H
RT3 T R B A TR 1 AR U K TR 8 LA
IR, WAL B A B DT O BE SR H | T AE
(IR IX A RE TR K 60° o BRI Ik Gl i ke &) i
FEI 2 2 11 L SR 52 0 H L B B JE IR RN, ik
111 5% W) AL PR 2 3

2 BGEMETERMEMEREHRMN K
HiR & B A E

T A% 25 1 35 T IR A7 1 A J s 1) 2 s =X i i [
LR TR, T B LR R A R, R
DL PR S Bl 7 3k ik T IR AL TR R e XA
W H BRI H AL TG 3 7k, e T e
H R HE,  wE ARG € 1m) #2810 500k ki, A
71 J DR A AR AR R AARR AR 4 2 25 A1 15, AT AL
T B DX ] P SR A K T B e
21 AKEHMAE

J1 W B 7 R 2 AT AR I W sl ok B R 1K
W E R, AR N, R 2N E R
TG R B AL S LBl 38 T~ T LB/, 2Rk
T IE D WL, HLBE IR AL I3 1) s X D) s M 5 7 D
A REPEARLL, DRI BGRB8 T A AL T IR AL AL
SRS IR 7K 1) 2 B IR e 8 SRz AT Pt R 2
M

P 120° J5 Wk 8 7 ik R, A v il R — X Ak
AL, = AHEE R AR RS 4 R B 120° [R]BE 7 0%
&, IF I T e I AN (] DX IR 8 JR A 5 S a7 2
Bl 1R

— 1

FEIRUM

01%)

| |

| |

| |

I l
IRV I ; ! .
030 90! 150! 210! 270! 330

| I

l I

| |

| |

30 0I(°)

HI/RWHH

|
| | | o)
| | | | |

Simged V.U WU [W, V| U, V_|UW_| V,W_|

B ol i R S K R AR S B
Fig.1 The Hall signal and corresponding conduction

phase diagram of the square wave start-up method
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Fig.4 The assumed rotor position curve of the Hall sector

median angle start-up method in the Sector [V
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Tab.4 Performance comparison of startup times when

parameters mismatch in the proposed method
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A Quick Start-Up Method for Surface-Mounted Permanent Magnet
Synchronous Motor Based on Hall Position Sensor
Gao Huida'?  Shi Tingna'* Cao Yanfei'* Wang Jian®  Yan Yan'?
(1. College of Electrical Engineering Zhejiang University Hangzhou 310027 China
2. Zhejiang University Advanced Electrical Equipment Innovation Center Hangzhou 311107 China)

Abstract As the power source of the robotic manipulators, the motors inside the joint servo systems
generally start with a load directly and cannot execute position calibration due to the operating conditions.
Therefore, the commonly used position acquisition scheme is the Hall position sensor during motor start-up.
However, this scheme cannot start the motor with the maximum starting torque, as the Hall position sensor only
provides the present sector of the motor rather than the precise angle. The traditional processing method utilizes a
square-wave voltage to start up or take the middle value of the Hall sector as the angle input to the motor drive
algorithm, thereby obtaining a large torque across the entire angle range of the Hall sector. These methods are
simple but lose some torque in the event of a significant deviation in the position estimation.

This paper proposes a quick-startup method for surface-mounted permanent magnet synchronous motors
(SPMSMs) based on a Hall position sensor. Firstly, the start-up process of different curves of random initial
angles is analyzed. The deviation between the actual rotor position and the imprecise estimated position decreases the
starting torque, as the Hall sector spans an angle range of 60°. Under these conditions, combined with the
field-oriented control (FOC) algorithm and the maximum torque per ampere (MTPA) strategy, the quick start-up method
is proposed, and the critical start-up curve parameters are numerically calculated. Although the initial and precise angles
during the start-up process are not available, the proposed curve can be close to the average locus to a great extent.

The simulation and an experiment are conducted using an actual servo motor under different initial angles.
The results show that when the initial rotor position is close to the minimum angle of the Hall sector, the
proposed method exhibits a pronounced acceleration effect. Due to the short stroke, although the position
tracking of the proposed method is slightly behind the traditional method, the time difference is negligible when
the initial position approaches the maximum angle. Combined with the average start-up time of the entire initial
angle in the Hall sector, the proposed method can effectively reduce the average start-up time.

A quick start-up method for SPMSM based on a Hall position sensor is proposed. In the conventional control
method, the maximum starting torque and the minimum statistical value of the start-up time cannot be achieved
over the entire range of initial angles. Therefore, the novel position curve is designed to improve the start-up time
for small initial angles in each Hall sector while considering the start-up process at other angles. Statistical
analysis has demonstrated a significant reduction in the start-up time expectation of the entire initial rotor
positions. The method optimizes the torque reduction problem during the start-up process, which is caused by
imprecise positioning in the first Hall sector. Moreover, the ease of transplantation allows the method to be
applied to various motor drive algorithms.

Keywords: Joint servo system, Hall position sensor, surface-mounted permanent magnet synchronous motor,
start-up method
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