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Abstract: Based on the machine saliency, the rotor position information could be obtained by injecting fluctuating
high-frequency carrier signal into the machine and analyzing the current response, so the sensorless control of perma-
nent magnet synchronous machines could be realized. In this paper, the method of sensorless control of permanent
magnet synchronous machines is elaborated based on fluctuating high-frequency carrier signal injection. Then the ways
of rotor polarity recognition are compared, the measurement of machine saliency property is introduced, and the means
to increase the control accuracy is discussed. Finally, the prospects of development of sensorless control based on fluc-
tuating high-frequency carrier signal injection are presented.

Keywords: Permanent Magnet Synchronous Motors; Sensorless Control; Fluctuating High-Frequency Signal Injection

BT kiR S 5E S I ENER K HEE] S
T B AR ARSI TR

LEA, Tke?
VTR TR, B

BB WA= IS AR A 4 7 N [
Email: wangchg48@]163.com, msy0208@sina.com

R EY: 201347 A 12 H: EEHEY: 201347 A 19H; FAHEY: 201347 24 H
W OE: AT IR, Wy ANBKYR S AE S I 0 moiin B F g T LA B IO BAE S, SEIK
@Hu%ﬂ%%ﬂﬁ%m%&ﬂjI¢@ﬁT%?%%mﬁ%ﬁ&k&%ﬂ%ﬁw%M%ME%@%hﬂﬁ@,

ELie T JURh S MR L, AT LA R I &, 0T T iR E s R B, Bn R T KR m A
EEENER R B

KR KWAFEDE N o AR RS BIRSAUE SIEA

il

L 5l BT AEG S, (AU RGN IR, A
FEFKWETRLD BN P e ARl o, SRAS e A B S, AR 2R A T T A R L. DRIk, VR
FME S b B, W FI L B AR R & BAR W] LURS R 3R FIT IR Fi A BAL A HIBOR . BIH AT VIE, K

6 Open Access



FeF R IR RS SR AR KA R R LG A B AR A2 I FU 2R i

R R) 25 FBRILI) T s B AR ks 72 i VA E A IR
— R RN HE, T LG Y R B B
W FIOALE . B2 T7 a4 S i 34l SR,
B oS ¥ S e AP SN S Py vai- g o B R i
EWSE, XRTEE SR, TS ZMHAT R &
HI e EAERIRE., FHIZTH, BTEIKX
HSRANEENE, X RTTIRARMEA Rl v 7
B AL, XETFEXN B SEARBUR, 5K
SUENVE, N LR AR,
AR N v AR5 il A5 5 S 00 v A0 PR A 5 0 82 SR A
T IR B AR B X KT VAR TE LG
T HIBAT AT R TR AL E, i HX LS HR
AU

PR 5 N S0 e e U 5 TE N E K
RIS S ENEDT e S SN TR RG4S
RN 2%, 1 70 B A SARBUS AR 1 VAR
HAG NSV RER IR, LR A B = Ak
FAEIINER AT TOBKIR SIS SIE AN TR RGN
Ao, BRERRBE S, BRASFIZIASVERRE L, Rl
B TR RN T KRR A HLLE

K I e A 5 3 NV BT AT BN %
o, ASCE Je 8 1T Bk e A5 5 7 R 1K
FGTR 20 AL TC A B A S e i B, AR A e i
PRI L FELATL TR R A 00 A R T P 4 v &
TS I AT A A, a7 VA
KRR R HEAT R

2. BT BRSNS S IENZN
FKHE DR AL Te i 15 R AR I R IR

Jik AR v A 5 NI AR AE A T I 5% 1 I [ D i
¥ d-g AR R d BEN — NS IR LR S
SR SR AR R PR NIRRT . %07
EEZMTAGE. ZHKS A, LN EIISAR R
m%ﬁ$ﬁﬁfﬁfo%u,@ﬁﬁﬁ?%ﬁ%@
GALIRT ST

& R A

Van | L,, quh "

th}_{quh Lq’lp{i‘ih} M
Ko, p=%%ﬁ@£&ﬁi¥, BRBANER: v,
vn T i iy S B TR RIS RS dg FRE d
iy q SHEREAM IR S B Lo Ly 205l d
BRI g SRR, Lo Loo SWCBHL d B g B
HIAE XAz,  — F U AR SE .

FENAO=0-0° NETHR BT TRZEME,

WLE A T R % 38 [R] 20 e % d-q Habs R

IR Eeivicivd bl
o) st L2

qh

2

A, v v A i ARG TR TR R e
%dq$ﬁ§*dﬁiq%m%rﬂ%ﬁm@*ﬁ§
HQ)= =, B3 AKEA),

Horp:
L = th +th L = th _th
'sa 2 > Hsd 2

thth Lfiqh L L L Lfiqh ( 4)
\/ L + Lfiqh Lsa

0 = tan_l ﬁ

'sd
@HRF, Ln Lo AR THEHL dv g HiIGER

TR LA %m“a
2 XA T,
TEASTHFE PR R D BeRs d-g AAbs PR N S

0,, N X HIFF, FALHALK

IEsZHE G S
[v%h} _y {cos(a),.t + ¢)} 5)
Vo 0

LA, Viv o o SR RIENERIIEE. M5z

VIAEHAAL . 7520 B A N -

L+Lcos(2At9+ 6,)

|:ldh:| _| e n
fan Ll sin(2A6+6,,)

n

Open Access

Lisin(ZA9+ 6,)

, vy
L Lih} 3)
———cos(2A60+6, ) |

P n




FeF R IR RS SR AR KA R R LG A B AR A2 I FU 2R i

Vi +Lcos(2A0+ 6,)

|:l§h:| a)in a)iLn
il v, .
e —L—sin(2A60+6,,)

[2)

i~n

sin(a)l.t + go) (6)

H 6 IS, FEh TR 7[R P e d-g bR
B, d BN g b e N R I R (AT A
fETHRZEM A AR & BIESEXWAHA 0,, 25 AG=
0 I, g i AHIRIIRENT . KX g S
WS THAT AL, BDRTAS 3)E TR EAE B . AT
XF g AT IRAE A ), LAICIE NE R 28 (LPF) J5 73 2
(VAR RIEROE TPN R

szH%@xmmyyhlLﬂqu+@)

o ™

~ Vi AG=K, AO
w.L

in

2 AQ RN HBREAE SIS 6,15, AT LA AL
NN ing 5 AQ BRIELE . BT BUERE Y iy 2
[T, R T BATHE 0° T H e 6. X
O AR IRy, BIVPTSRAG MG T 5 7 f

BT IR UG 5 VA BRI R 28 LT fir
BEAL R H R G EE N 1 R

K1 T M= Al AR R B TR T
S ERE A AL bR R (K AR AR AR R, T(00) L
K, LPF A1 BPF 73 Bl A @A g e as, HpIf s
VR 2 AAR G2 K40 A B R LN 255 o

3. BEFRMEEIIHA

A8 JE T KR 3 A 5 N B K R R 8 LG
fr BARRREEH R, AT A E AT RS AL T
KPR AL EANZE n A, XRBNER T, HiET
TS, HBWEZRIERA G, , WAL BN THRZEM A6
FIREN 0, BATREDN 7o MR ORIXAN AR T i H AT
B =Fh.

S — PV S BRI Uk E A NVEN Y Uk
HL S A — A K HL S 5 0 T A T TR — B R
SETHORHIEATESE, BETDN o BIg R R 1
— AR S S RE T R KT TR S, RN E TR
MIMATRERZ, REMTRE K o S . X — S ik e
S ASE B e 4 G B PR R MR IR g T AR S, AR R Y
AR XA AR, i 2 Pos. BiRA L

for 2 ER BRI 6%

----------------------

Iyg !
T
.......................

Figure 1. A basic structure of sensorless PMSM drive system using
fluctuating high frequency injection scheme
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Figure 2. Magnetic polarity detection using dual voltage pulse
injection®
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Figure 3. The relationship between d-axis incremental
self-inductance and d-axis current™
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Figure 4. Machine saliency circle!™
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Figure 5. Sensorless Safety Operation Area®!
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