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Development of a Sensorless Drive for Brushless DC Motor

H.G. Yeo*.
*Dept. of Elec. Engr. Korsa Univ..

Abstract - This paper describes a indirect
sensing method for the rotor flux position
of interior permanent magnet (IPM)
brushless DC motors. The phase inductance
of an IPM motor varies appreciably
according to the vrotor position. The
waveform characteristics of the terminal
voltage of IPM brushless DC motors is
analysed and a simple and practical
method for indirect sensing of the rotor
position is proposed. A compact sensorless
drive is implemented and tested using a
87¢196me  16-bit  microcomputer, The
experimental results show the validity of
the proposed method and the drive works
well from 500 to 7,200 rpm..

1.4 B

BAglx AF FE71BLDC motor)E HE &
= ¥l dislgd =& £&S FA8IL Aol &
ol 718E& £d-o] RFHE £4€ Mid AFH
o BEV2 APen o gwAe 2 BLDC A
218 FEsteid sz dAd By nAs
AFE Urtsier dtnz $iA 4M7F 278, o
Hy HANMY R BEY) Bme Frst A
HAEY olug S0 A ME AyEL A
FA7E F aflez FHgEn Yok ol wme
2= BLDC HE7]|E AA4M glo] AF7e
dAdely AHF EAL o fEd Yoz 3
B2 HHE HEde AMeElz =dolH Jlgo)
A F5%zn o HAAA ALy dMga =
ZgelBe Fdsd FFAME (SMPM : Surface
Mount Permanent Magnet) X 571¢] W@ Zol o
BRolg, a8y Yo AdsEE dEreE d
¥ A 720 Auslyg 14 ™| stsd o
TN o HIPM : Interior PM) AEr]olcl
IPM A%71e 833 x4 o2 139 99

K.W. Lee®, J.B. Park®., T.H. Kim*, Jian Huang®*, Ji-Yoon Yoo"
**Dept. of Sci. & Engr., YanBian Univ.

27b A 957 g 718 A A
el AHgo] Tk & AT7eAE IPM
BLDC A%719 Az 328 2R 38 A9

o I

Wa B4 $ASD PM AEsld 48 s
HHAY HET ddela Sdolug Agsna
@,

2. MK} Pzt DHX A

rx

HEES

x4 48 2R A4 d€E: #Agd 2
#g v o] 9L MBIV dAAY #¥
dedn. @A gz tE 3
g ZasHe 4R gdd nE 49
gg WA ;steol g adle o
g 7HA gele HEa g94e 24 22 9o 2
Bl SMPM HHA2ZA AF7Y FE T3
o] g 2x 27t FLH=E A FA AH
B2zt Za ARG A6 BALC) 43 &
2 zZecd 2dle G- 2e PM dFvie
Aol A Y FZot WRol widHA fleiA
NARes AYdd & Ao Jhesrl HEd
2dd Agse dFEd FI7lE IPM FE2
A=z Qo 23y IPM A%71E SMPM A%
Ziske @9 FE TFol dAA 47 HEd HA
Zbop A7 Aol met 2PA A AP 20
2A ¥sgck 2Y 28 PM AE7]9 24 9
Aol g dgedze U3 e E BT gl

gitgez IPM dE719 2R 44 d9d2
e Faate) Ao met dstahe ¥ & (L,/L)e
2 oldoltt WA JdHEaE FTAHY AHd
weh Z717b aA daA Jvehted, 2918 b)
g (€ stadE Y r4E £o)71 Ao
F7A4e & HaE bed @ gA dAHEE
Qge 29 A7) SMPMO Hldld ot & A=
olth, we (s & FEE FAEFTFe| JAH
FFAM A4 FA wF B P2 UH
g2zt of g 2v ¥geE g 3932 2¥1Y

to
g

~2085-



(e} @

ag 1. ¥R P=E

Emf, Inductance
§
J'

Ec
30 20 150 210 270 330

rotor position [deg]
a3 2. A Yxjoll e AT «
olysiA Thy

150
T 120
E
s 90 tangentially
oriented 1PM rotor
60 |
2 L
30 | radially oriented
[ ——— PMrolor |
0
0 90 180

Rotor Position [deg]

g 3. AdHEA &Y o

©)% ¥4 AE79 9928 2HG 4
HAFn gloh 29¥3dAM BE upe ge] a9l
(A9 HAAE E¥ela Eayt 34 JehtAn
291 (b (o)) Yy Az F2e nAQ@z A
A AdEd2e] A7} oty YHA Eae 7
Ag

3. oX Het den AN x| AS

Aviel g BAA 2 AFr1e FriE2E 294
g o] EEE o, dgdx WHE nAY 2A
e o Zo] TEEY.

v = Ri + L1L(6)i + Ay )

d714 v A RS JAAY, i A4

R L
R L.
TRk T T A R

Val_1a {]
Vaé Vb R _Areeny

i ’ ’
R W 4sl} Te o R b

9% 4. BRAEA NE HET|S Silalz

A%, Le adda, §,& SA4 943, 1,2 9§
2A40] 48 AH AEE, ex TR @
9rAdeltt. AFr/lY EAE sadE Ea3s)
JdEE s Wste) o U2 E37} Sl @
QatA "t

_ ._d 2_d
T, = I_da, Ay + 1 46, L(4,) (2)

E d7dMe g9d2 g3Vt of e ad
19l (b) EE (0)9 ¥HE Ze A¥7l I3
of nAsrlz ot o Af VsVl AL H
E3 Y g9 Zo| s € 7 Ao

= Ri + L(a,)% + e @)

T, = i-ﬁ:au (4)
g 239 A7t FolA AAYG ¢ ER
o] ez ©vt sl Lo/L.8 ®lg&e 44
3 3A dou o] B LS BA AY Y &
&2 uXAdct 8 Eo AR 210° <A
270° Atolel AL W(a, by A, A A A
el Aol dxpAg w3 E MR 1§49
T*, ¢ T, 7} ONH9| itz 7HE 3. 23 10
M e.<0 T+ ( 210° <4, { 240" )M E
Lb7]' LYt 3ng
L(6)% < Lo 2% @
olt}, A(1)=2E aA® bAe A JAE o
27 2e dg + Ao
Ri+L,,(e,)%§—e,, <‘e,,+L,,(e,)-Z—;'+1ei )
& oluje 2 wAAe g #o,

V,=Ri+ Ly o,)% ep—e,t+ La-(e,)—Z—f+Ri ®)
©zve 244 ¢ V,& Zusd og 23
g ¢4 d.

V, = Ri+ L,,(G,)%—e,, < —sz‘i @

e, <0 9 T (240" < B, < 270" )M E ol
Aste w2 Lob Lpd ad med Qe
$EHHE B=d g ANE 92 4 Aok

: v
V,= Ri + L,,(G,)—Z—; >t ®

-2096 -



=% =0 Y W, & 6,=240° 4 W L,=L, ol
22 V,=00] ®t. olgel ANE o|&HA wa
AL V. =V, +e & 7887 g 2o

) < V42 (210 £8,<20° )
V. = V.2 (8,=240" ) &)
> V42 (240° <8,L270° )

6) 210" <4,<270° AN @AAY V.7 &
Z F7he vehdn. "ol driddg e 37)
7 AR Sxof uldste] Wizt 7)Aol
OolEl= YA (ZCP : Zero Crossing Point)e &%
of #Agle]l A A ALY Ao &x
A}tg FAs drldge] QoldE RE HEE
W ade] HAx f4XE & & gt & 236
#o] PWMe] ONY "o} Hsrg &8t 2 At
o] Vo2t & W& Fohlld AR HXE &
F d

Zar-Crossing Points
. ~ .
Torminal =
Va2

3% 5. oA Mot mtEn X dE Uy

Rectifier inverter

AC 110V

:3 _lMotor,

P | -
i
b

over curr?ent
& limiter | E:a!e Drive

le-4 Terminai

[;- B4 80c196me ] Vomuae
: je-i Sensing

f o=l <

—_—

O% 6. MAzla =2jojEe H/W FASE

| Forced Alignment |

Open-loop
Acceleration

changing duty

Sensorless Mode
Speed Control

o8 7. 8/W 7Y

-2097 -

4. AM2lx =ejols JiYat A3 Ha}

agee 2 dAFolA Ed dAgs mgolr
9] FAxolth Edojxy: IGBT sy =&
87c19%mc HelE& ol &3 At 2YT7& vlolFd
WwaE dxMelx 4 S/We 2&xojt a1¢8e
At =eolB2 3443 IPM BLDC #HEJE
AR 2H05kW], 4200pm)lA A d9
gxrAgt 2 AAF syelct A AAYY 3
Az X PHPE el B ALHD ULE €
4 ok, Agd =dolBE 500 - 7,200 [rpmlY
ool HA ol4tglel FHFHAUSL

5.4 &

B d7d&E nAA dH Jd9€art 44
$ixlol weh Wkt 9T A4 Wy 2y
AF AE7E AA4AAM flol 7FE7] HAdkd T
F73E g ANE2 =doiRg NEgIuth
ol st AT A BE A AAM
o Jdgea EA4E ¥ASHT, BLDC AE71
e HAax 728 AU

(#g #)

{1) K.lizaka, et.al., "Microcomputer Control
for Sensorless Brushless DC Motor,”
IEEE Trans. on IA, vol. 1A-21, No. 4,
pp.595-601, May/JUN 1985

[2) S.Ogasawara and H.Akagi, "An Approach to
Position Sensorless Drive for Brushless DC
Motor,” Conf. Rec of 1994 IEEE IAS'S90, pp.
443-447, 1990

{3] J.C.Moreira, "Indirect Sensing for Rotor Flux
Position of Permanent Magnet AC Motors
Operating in a Wide Speed Range,” Conf Rec
of 1994 IEEE IAS'94, pp. 401-407, 1994

[4] R.CBecerra, TM.Jahns and M.Ehsani,
"Four-Quadrant Sensorless Brushless ECM
Drive,” IEEE APEC91, pp.202-209, 1991

} koo XV&/\uv

1

pomE . .o e EmlEAyY . 18.Dams

28 8. A BMAL oMY Y H4MF



