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(A New Method for Estimating the Initial Position
of a PM Synchronous Motor with an Incremental
Encoder)
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Abstract

In this paper, we propose a new method which estimates the initial position of a PM Synchronous
motor(PMSM) using an incremental encoder. Incremental encoders are widely used in detecting rotor
position since they are inexpensive. At starting procedure, however, the incremental encoders cannot
give the information of the absolute rotor position. Hence, additional absolute encoder, which has 60
resolution electrically, and signal lines called U,V,W, have been used in practical systems for starting
procedure. The proposed method estimates the initial position based on the small oscillation due to the
injection of a high frequency test current. It does not require any additional information such as U,V,W
signals for starting procedure and allows for cheap and simple implementation. Experimental results
show that the proposed method can estimate the initial rotor position with higher accuracy than the
conventional method using U,V,W signals
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Fig. 1. Flowchart of the proposed algorithm.

ol Ho B2 A% Ash ARARY FAS w2
AR Bale] dolwzl zokelr 2] 93 FH A
2122 AR FE A7 B2 o] 2F AE-E A

B 5t

@ 4 lolol Wk HEvFER A AF A%
¢ e BHL SR AA0)T (12000 SJaf AT
Zx]ojo} Yk,

it

2

max [¢;1 < ¢ max (19)
0 A
max el = T Gad + B

4 (190 ch83 o] Bl 2 4 ek
A mwcmm (20)

A%t oz A0 Jslel Aga TR e, A
A Azdel leid ] sk B 2 Axd slieler gk
& A3ks) ] of2ie T olek o] 7% PMSM
o Ao FolAt Jo} BE) Haghe @ & Qlew
2 olF olgsied AVl slel Aste,E A
Fe1 ek AR T AFAP A Hs)
oA ES4E Forl A £ 24% TAeAE 2
% slek

m AsAn

Akt vpol %S wolr) $isle] AL Ay
< asigcl Agldl A8t Flmsiele] J1eH BE
& 28 2 9} A}

3 phase
AC 170V

......................................................

Curreat Coatroller

Voltaga Modulator

3% 2. shEdel Axd ¥5E
Fig. 2. Block diagram of hardware systems.

Adlel A8 A= BAFEIA(E)] PMSMZE
M-#l2}==2]l USAMED-03MAIK o]tk

Age FRsle) A9l 2| Hee]aE A3l
W AA Y3l Agel disted 7 dsEided
Alglellx] AR A 2% AE 2 AF AF T
£ ¢ ma= 0.1 rad ol whsted 21(20)e) we} Jo} BE
A3l H3le] z22F A=05 Nm, ., = 250 Hz A3

(1206)



19965 7TH BFIEEHLEH #33B % BR £7%

3t

PMSM3#} Ap7] Bio]las: fd #E3o2 «dAsis

3 2] B#e|aiE MEGTROLAR] 4637BE AM4-3)

ek gl AR A7) meolze] ¥al B4 A
Sojedoll i 571 A WAl Br} 2 A%
2 F% olae] delelie Yoz Qe ¥shaA
s49e 2 4 At

-]
B
T

Ady

~1.2° 4

5.7°

1

-5.7" 5

| LT

0.2 sec/div.

3. FAAF - Frae At
3. Performance of estimation - no load.

i
Fig.

1
1

I
1.2¢ o LI

Tr

Al

'_J>*‘\"‘ —t

-1.2° >

et

=

——

O8 4. 4 AHe - AFRsle A%
Fig. 4. Performance of estimation - rated load.

0.2 sec/div.

a8 3, 23 40 gle|E AM=lglk 5 ol 244 3
Az A5Ea g dehldel. Herix] g,
¥} & o o) Az} A F7ellA
A7)zt e g oF 02 rad (11.5° ) We] FAeAE 7}
g 4 glsked 97 AhdAAY 2% s -
0.75 rad?l 7-$-=F AlAsidct

aelxm 2y 59 28 Gelle 43 2] 9AE A
3to] AE71E 300 pmoE 71EAAY EAS
ehfigicl. 271 93 4 daelge] salshe il
A Ez w3y F, ey } A2 AHERE A7)
zholl A& qF AF W A A e epdo)

T3] -t ANk A 25 2 Al
A= AAAR 3u) A= A3 4] Hog AFot
san Gt mdei F8s8le] A9 7o 02

z].8.
a2

Ppry

Ty

(1207)

187
2, A W3l A= Y A 582 B 4 9
c}.
300 rpm ~ [ A...‘f 1.
1
wm 0 rpm —+
- L g
1
I I
EE=sE=s==
. o o o
t A/div ; % {ﬂ P
EEE=SmsE
0.2 sec/div. L ¥
a3 5. 7] 715 B4 - 7y Ay
Fig. 5. Starting characteristics - no load.
300 rpm —+ T 1
[ 0 rpm -+ ]% T 3
B e e
O I T O I
e a I T !
i J‘%ﬁL R
1 A/div i ! _ 4
T
SEEEEE=E=S
0.2 sec/div # S
a7 6. 271 71% 54 - AANSe A%
Fig. 6. Starting characteristics— rated load.

V. &2 §

AGe Bl HefF nlal o] AlQrRt ol
UV,W A58 Aok 718e] gane 239 2}
Aomz ARKE WA ASsh Hadgh AujsiA
A1E AHgskn MEe] shedle] flo] 7] 71 EA
2ag el AYRT 7 5 ook Feh 3
FA FNRENE o187 quAaden 2] )

AREE SEshe Aol wol o189 & g 7]
oh & dmelae ahz Agsi] ofele mygst 2
ol sefolash gitebh i Azl gl de

9714 e Al ik

g d

[1] L] Ha, C.I Kang, “Explicit Characterization
of All Feedback Linearizing Controller for a
General-Type Brushless DC Motors,”
IEEE Trans. on Auto. Contr. vol. 39, No. 3,



188

(31

4]

[5]

AFAH ENHEY 21914

pp. 673-677, March 1994.

J.S. Kim, S.K. Su}, “New Stand-still Posi-
tion Detection Strategy For PMSM Drive
Without Rotational Tranceducers,” APEC
‘94 Annual Conference, pp. 363-369, 1994.

K. lizuka, H. Uzuhashi, M. Kano, T. Endo,
and K. Mohri “Microcomputer Control for
Sensorless Brushless Motor,” IEEE Trans.
on Ind Appl., vol. IA-21, No. 4, pp. 595-601,
May/June 1985.

N. Matsui, M. Shigyo, “Brushless dc Motor
Control without Position and Speed Sen-
sors,” IEEE Trans. on Ind. Appl, vol. 28,
No. 1, pp. 120-127, Jan./Feb. 1992.

R. Wy, G. R. Slemon, “A Permanent Magnet

88 ) BROE&A)

19691 149 30448, 19914 A&
o Z AAS} 253, 1993
Folstl AAST ZY(AIAD,
A S AeAAZE b}
sy

Al - BGEER)

1951 39 109448, 19733 A%
o Fd) Aapgstal 241 19854
9= Univ. of Michigan 2<%
(FFPAD, A A 3o A

H s

71EE A4

S PN S|

(1208)

FAse A2d W

6]

(71

(8]

SRR St

Mortor Drive Without a Shaft Sensor,”
IEEFE Trans. on Ind. Appl., vol. 27, No. 5,
pp. 1005-1011, Sept./Oct. 1991.

S. Ogasawara, H. Akagi, “An Approach to
Position Sensorless Drive for Brushless dc
Motors,” IEEE Trans. on Ind Appl., vol.
1A-21, No. 4, pp. 595-601, May/June 1985.
DI Kim, JJW. Lee, S. Kim, “Control of
Permanent Magnet AC Servo Motors
without Absolute Position Tranceducers,”
Proc. of IPES(C’91, pp. 578-585, 1991.

D.I Kim, JW. Lee, S. Kim, “Control of
Permanent Magnet AC Servo Motors Via
Fuzzy Reasoning,” Proc. of IPESC’92, pp.
482-489, 1992.

B R B(E®R)

19724 39 5941 19949 A2l
2 AAAST} £, 1996 5o
9 AAAST FY(AAD. WA
AR A1) A AR AT



