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Abstract

Aiming at poor reliability and small applicable range of the traditional rotor initial position detec-
tion method for permanent magnet synchronous motor, a rotor position detection method using
high frequency signal injection is improved. The high frequency signal is injected in the
three-phase permanent magnet synchronous motor. The salient effect based on the current con-
taining rotor position information is obtained and filtered, where a band-pass filter based on
proportional resonance controller is designed, which simplifies the structure of the filter and is
easy to realize digitally. Then, the position information is extracted by a heterodyne method and
the position is accurately estimated by the rotor position observer. The simulation results show
that the presented method can accurately estimate the rotor position and the average error of po-
sition detection is within 0.1°.
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Figure 1. Quasi-PR controller block diagram
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Figure 5. Corresponding current response system diagram in the motor

[ 5. ERALAR ST R B R AR R AR G AE ]

DOI: 10.12677/jee.2018.62020 178 M LR


https://doi.org/10.12677/jee.2018.62020

REF %

34. BEFNUEMTHTIM A

RERAG S PP A L N TR AL B AE S, By R 25 (BPF) A [F] 2D il 2 e i U 7% (SFF)
3 TR AL HL JAT A PR I LA S IR UL PWIML ST U8 AL 5 T A i 000 F YA e S 58 0 SR A S
F[16]. L PEPACI G, TP SIS S PR BT R, W AR ORI e T AT ER B, HUR R
Sk

j[—w,-,, 1+29,+§)

(18)

AR FI A, Jy 7 AR P vt S AL 3 o i P SR B A BLAS S, W T i N AN 2, A2k
VRO IEAE SR B B T RORERY, &1 P ST 8 1) SR A R ) 2 3o 2 T T A0 8 1 B0 970K e fe 3 R 3
B, DRI SR EMARZBOE L 70 BEREARZES S [17] [18]. IRZEM FHIREXLIT:

ldqhs_n = Icne

E=1 cos[267r -, t+ g)—idhsn sin(Zér -, t+ gj

qhs_n

(19)
=1, sin (20) - 29))

Hﬂwmﬁﬁié%gmﬁ5gqu%ﬂw%,ﬁi%%%%%w%mLMﬁ&%w%ﬁﬁﬁ
A L AL I B 23 S IR, T & PLL A B AR E YEAI ST o0, R B A LU AR S Rt i) PLL PRER
TR P A BWIES . T PLL IS EUERA BIRERZEE S ¢ MERWTREFBEILT 0, XFEH
TALEAGTHE 0 K ST AL B SEBRME 0, T3 1% 707 B — N RONHER IS THE . # P E
LI R BRAE B a0 1] 6 BTl
4. WREESERSH

PRI 6 B (1 e i s A AR 53 N 9 = AH K G [R) 20 B LT a6 4 B A I ) SR, 456 K 5 o
Y EEUBTL S 0 82 722 A P L S I ) R EAE T, ] MATLAB/Simulink 442 2 G 05 B, & 7 fros. 46
=S U SIS B ;e 7 @ s I 2 S VIR N T 7 R A W 1 NSO o P i = N M |
MATLAB/Simulink # [ —AH PMSM 1j B8, HHLEAREE S WL 1 Fos.

A

- £ | A
> Pl 1/s >
gl > Jwint ld‘”’: Filter ) + | | |
< :II e II |
| sin(20".+1/2) cos(28",+1/2) | | |
R N SRR

Figure 6. Rotor position detection schematic

6. T E N RIEE

DOI: 10.12677/jee.2018.62020 179 M LR


https://doi.org/10.12677/jee.2018.62020

BT %

{\/ | Ualfa

Cos
pulse
/\/ P Ubeta i

Sin wm-> Nr1
SVPWM
g P E
+ wm
. Ale alA J
Vdc N m »m The K- » I:l
T &l als
Continuous S Galm
L SE— iabe n b
o] o]
powergui . n
Universal Bridge Permanent Magnet Measure THE Gain
Synchronous Machine ]
labc
lalphai [« ialphai lalphai [« lziuTrnb)_ <
n(s)
I— Alpha
|:I | The Error (4 Error Transfer Fen1 ABC |-
Beta
the Ibatai f4—| ibetai Ibetai mume e —
s ar
obsever Transfer Fcn2
Heterodyne SFF
Scope

Figure 7. Three-phase PMSM initial position detection simulation of rotating high-frequency voltage signal injection

& 7. eSS EEES NN = PMSM #IIA A ERNAE

Table 1. Simulation PMSM parameter table
= 1. HERXMELSBENSHE

SR RIS ZHUH
FrEh% P BW
HE S 1, 50 Hz
RIE e 1k N, 3000 t/min
LR L, 52 mH
A2 Bl P JE L, 17.4 mH
& HLBH R, 1Q
Xt B n, 4
iR J 0.008 kg -m’
Tk v, 0.646 Wb

P SEI AT E N WA ERM LU, =311V, SVPWM KIFF AR E N 5 kHz. Hik#%
EAR R IIMRAE V, =5V, % f, =400 Hz , 78k 45 K 2L T Lol R w2 ok, BRI Jy 400
Hz.

VB K R0 HLHIAR FA T 30°, SBAT 01 K, S5 RAnl&l 8 s o H A FnAE (] Bz AT 1] 0.6 )5,
T SR TROE .

DOI: 10.12677/jee.2018.62020 180 M LR


https://doi.org/10.12677/jee.2018.62020

REF %

TR P AL R 22, ATAE THR ZE K] O PR o F AT 0 R e AR E Ja S R THR ZEAE 0.04° LAY .
JERSANFAIGG A BEREAT Z2 R THIRAE, A THR ZBAEHIE 0.1° AN . 584l 2 it 23K

BEAT K BE AL AL T A BRI, H B RE T IO B, DR SR R R e E %
PRl e B, B i TR BUR BRI it A 1 B A7 B AN REAEAS I A S A v 2 W P i A%
(SO NG 3£ o VA o1 9P O 7 P € A o e v o R T A <9 eV = S T S P < R VA
KRR PR BN A B e . AN O WISt A B IO TR IR EA R R A — N EE MME, R4
ML AR AW, REMEBARIFE 0.04° LA . BT B THRZ RS, MRAE 10 P FIA
B A LR, (B0 B R IE RS CRAFAE 0.04° LA, AT DUE AL g e 1R X i #2 th AR R A2 9
wHEE, B ER .

50

AR AL E A A THE (B
T

0 1 1 1 1 1 1 1 1 1

i (B

Figure 8. Simulation result of PMSM at 30° initial position
[ 8. PMSM #J3R AL B 7 30°FHA B R

-0.03

T
oY
,IMA’MMWVWNMAVNWW‘WMMWWWNWMWWW’ 'W”V‘"’Wm/lﬁwwﬂﬁwmmmmwmmww
wmwmﬂwwwﬂ\wmwwﬂwvwmuw
(g

AL E AR ZE ()
-

-0.09 1 1 | 1

wE (B

Figure 9. Position error at a PMSM initial angle of 30°
& 9. PMSM #4500 30°RTROLEIRE

DOI: 10.12677/jee.2018.62020 181 M LR


https://doi.org/10.12677/jee.2018.62020

BT %

30,06

Mﬂ 1
oo [

W\W |

3002

vt R b e T SLPREEEN G L ()

i ()

Figure 10. PMSM rotor position offset during inspection
10. ¥MFFEH PMSM #HFA B R IER

5. &t

ARSI T — P R ISR S NE K R RS T 3 ST ae A A Ui, SR
T ARG T 0 LS B R B ZRBIME IS SRR AF ORI . 3R 0 T 2T LR 1 4% (4 e
IR A B, R T AR, 5T RGBS, RSB RERY], ERIER T AKRE
B R EEEN RIS T, 25 VE S 10 KA IR0 LS o B RGN, RS ) fie KR ZE AZ I E 0.1° LN
T4 R K R FEBTL R Bl R A a6 7 B4 S E R TR A K

SE

[1]  BEHP, BUad B, B T @ 30id N2 MK A 20 W s WL % 700 46 A7 B A L T (0], o AL DR 24, 2007,
27(15): 15-20.

[2] ZRUg, WAL RE, XUE, . PIFhEAUE SIE LN AL KA BT[] P AL TR AR, 2005, 25(5):
116-121.

3] F&H, B, Wk, 3T 45 A 3h 3 Jo il B L E AL BAL SR B 0], B LHEOR 244, 2010, 25(7):
38-44.

[4] B5H, L, kI8, 5. ook i G 2K R R 22 L T aa A B A [J]. LS dE ] A4, 2009, 13(2):
203-207.

[S1 Kim, H., Huh, K.K., Lorenz, R.D., ef al. (2004) A Novel Method for Initial Rotor Position Estimation for IPM Syn-
chronous Machine Drives. IEEE Transactions on Industry Applications, 40, 1369-1378.
https://doi.org/10.1109/TTA.2004.834091

(6] ERNME, FRPAL. He T B A BRER B K R 2D s LG 0 B BRI DT VA)]. B T EOR AR, 2001, 16(2):
14-17.

[71 Jang, G.H., Sul, SK. and Ha, J.I. (2003) Sensorless Drive of Surface-Mounted Permanent-Magnet Motor by

High-Frequency Signal Injection Based on Magnetic Saliency. /EEE Transactions on Industry Applications, 39,
1031-1038. https://doi.org/10.1109/T1IA.2003.813734

[8] Raca, D., Harke, M.C. and Lorenz, R.D. (2008) Robust Magnet Polarity Estimation for Initialization of PM Synchron-
ous Machines with Near-Zero Saliency. I[EEE Transactions on Industry Applications, 44, 1199-1209.
https://doi.org/10.1109/TTA.2008.926195

(9] Ewmitk, Bpokig, Tk, % W E KB FED R 7000 00 B AT 77E]. LS ] 22k, 2010, 14(6):
56-60.

[10] XU, KRR MUK IR S SN TE A BAR AR BORWETT[D]: [ LA 0085, Mat: M AIR R,

DOI: 10.12677/jee.2018.62020 182 M LR


https://doi.org/10.12677/jee.2018.62020
https://doi.org/10.1109/TIA.2004.834091
https://doi.org/10.1109/TIA.2003.813734
https://doi.org/10.1109/TIA.2008.926195

REF %

2012.
[11] EHIE, IR, K FES B FRIE A BRI 74 ()], AL S 36223, 2012, 16(1): 62-66.

[12] 3=, HUKEn, 2w, 5. BIAUKRELFEDD Byl JFE 3 & MATLAB i B [M]. JbaT: dEatWi s ik K ik,
2015: 166-175.

[13] Jean-Paul Louis, #LEEHE. [FPHALEHIM]. 650 MU T H AR AL, 2016: 303-308.

[14] KT, VRESE, J7fE, & BT IEIRECZ I8 B3 0 B 0K [R5 s LR A6 Rk sh ) D7k 0], E L TRE S
%, 2018, 38(4): 1222-1231+1299.

[15] H btk mti NiE KL RS b 76 BAS I T7 0 78 [D]: (W22 00850, Brrd: AR, 2010.

[16] S, MRELIE, misk, 55 SEAEN BTG R AL 7 A IL[T]. AL TR R, 2014, 34(9):
1376-1383.

[17] BRI, R0, ZE, & KEEFD AR RS T AL E MR 7L [0]. ST 510, 2015, 14(4): 25-29.
[18] &KWk, XIschk, PN, KBEIFD AU FRIA AL BRI A [T]. B TEOR %, 2015, 30(7): 105-111.

Hans ;X
KRR R KBRS

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFRAEESE: [ISSN], FAHIT) ISSN: 2333-5394, BIATEif]
2. FTHHIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

WhaiE A . http://www.hanspub.org/Submission.aspx

HATIMEFE: jee@hanspub.org

DOI: 10.12677/jee.2018.62020 183 M LR


https://doi.org/10.12677/jee.2018.62020
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:jee@hanspub.org

	Rotor Initial Position Detection of Permanent Magnet Synchronous Motor
	Abstract
	Keywords
	永磁同步电机的转子初始位置检测
	摘  要
	关键词
	1. 引言
	2. 高频激励下三相永磁同步电机的数学模型
	3. 基于高频信号注入法的转子位置估计
	3.1. 高频电压信号的选择
	3.2. 基于比例谐振控制器的带通滤波器设计
	3.2.1. 比例谐振控制原理
	3.2.2. 比例谐振带通滤波器设计方法

	3.3. 旋转高频电压激励下永磁同步电机的电流响应
	3.4. 转子位置估计的实现方法

	4. 仿真建模与结果分析
	5. 结论
	参考文献

