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Analysis on the Analog Filter Design and the Effect of Load for
BLDCM Sensorless Drive
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Korea University * *Soonchunhyang University

ABSTRACT

The indirect rotor position detection method
using terminal voltage of brushiess DC motor
(BLDCM) requires simple control circuit, and has
wide speed range of sensorless operation.
However, because the substantial phase difference
exists between real back emf and terminal
voltage, the existing indirect detection method
using analog filter which 1is affected by
frequency, speed, and load sensitively cannot be
synchronized with current, in the end, it advances
or delays. This paper presents new analog filter
circuit design for rotor position estimation in
order to solve the problem, and proposes novel
sensorless operation method which is stable even
in high speed range and not influenced by
parameters with analysis on phase difference by
load and speed. Moreover, the appropriateness of
the proposed sensorless drive in this paper is
verified and analyzed by experimentation.

1.8 2

ByAg2 AF AF71(BLDC Moton)E =71
o et We $E WHd detd e LS
AR A7t golat! BEAYs AR AE
71e A9} FFA Ao HAA A §7)
dtod AE7Ie) FAFE WBAA} F2Z TAA
U dzdse e A% 94 A& AA7 "ast
o a3y fA AMe B dE0 hE G
¢ oty RAs 37k AAY Ad A4 2P
A% 59 Be EAE Fua ol ﬂ—xﬂ
2317 el Zeole 9A AAM glo] B4

= AR AFINE TEHE ANPE Ao @

.&E_l

AF7t BustA AAgn APV vaAgs 2
F A7) QEAQ ANzE Ao PyPoez:
Hlezk Ao ¢33 AFE ol gste ¥l A3nz
3 Ag AR ojgst: wyl drAge Hx
e P gz Ao yge o) gate whyPe
oz FRY F Ak o)F wx ALY FHe
olgste WHE HEH v AP ARy

Zo] = A ZH(zero crossing poing-ZCP)& o}
AAA A2V A9 B3 ¥ 58 o83ty 0%
2 & PNETE AAIAA AFAFE AAHSE B
Holoh olgdt WEL Ao F2J dAstn ¥
H HeE &= JdgoA AAMEx A7t sHesict
 AEE 7HAL oA dA JHF Bel AEHT
= 131‘4 "‘*ﬂ A71483 @x At Abold
A X7t EAstz, 71E opdEa
51%_'- 01%‘?} H e $4L #9449 é?—l?-_,
Fo 71H&EA] AH
233, Az HR]
B HZEA 27 AgEHE EA7 B, B
g AR 9A #HE
t 7] SEtulEe) 3
Hol = F3t WFo AA

f_‘m

fo & ot 2l AL 18 O i rff

2. BLDC MZ7le] MAalA 2o
BEAgx AF AF7d4E T F
Ao dAEH g Hx = Aud Aol
EAsHA o AE A qﬂ;ﬂe_a‘%
ol A a3 Aokl A A7t A] FAEA
2glA Hdig7tx Frsoh U’rﬂ'/ﬂ °]
A AR ¢l FA Fr)FZHo] Fo)
Z)(Zero Crossing Point, ZCP)Z AU A =
o2 AuE Freld 971428 AZse ZCPE

N o
Hrlrrf:,_uo%_
i 4o £ be L ok of

ﬂm—u

- 660 -



#e rlo ML
o

electr.cal angle
(degree)

270 330

Eb o

Ec. ke

actecron tme & 4 4 4 4 ¢ }

30

Com:::[:hoﬂ + * * * + *
a2l 1. olAEeol FRo Ky, zcp Y MBAIY
Fig. 1 Back-EMF, ZCP and commutation signals
in ideal case

3. M otst MAg|A Hof g
3.1 £33t #HEo e ilﬁﬂ Hxl 2t HE A
tei,tel 2 EEHE
W zde A4 5oz HuNT oA 2T

P,=Tw,=FEI (1)

(3)

£ &zsh wule s
45 s}b SAYE @ T A 2aes
e 7 el FAF Fksh

T=T,—T,=kl=k,(i,+i +i,) (4)

A7N ininie 2 A AR, ki EZ ATl
o}, wEtA §8 Ty Tu.Tp o] TulTulTrd
a7ng zetdn AAsE T Ty=Tu~TrE
Z7tge) W BEa T v 74 g ZE2e AR
40t 1] Hl 2410}04 FNhEE ¢ F U

a82E AFIL adld bR Z2W A
a’l M ¢ ‘Oi B e SFgEe) e 2ot

O

a8 2, BERMEe MREER
Fig. 2 Current path of freewheeling mode

oy 204 AF-AYG FAAL 29 2A%
37 golE=7t oAU AR 7HAEH, o E0
EEHUNE 9 A B e Aoz AFIEH
zt Aol oz HE Fd FriddEe AvlE T
I B39 wl(e,= —e,=E )ojt}t. F, H71HHY
o] 2718 E2 /M8t 292 (a9 AEAAS
=3k,
Ri 4158 +(e,~e)+L Do+ Ri =0
2Ri +2L%—f +2E =0
V,=Ri +de;+E =0, V,=0
diy _ 1 : (5)
— =+ (V,~Ri,~E)
olz, 1 2 (e At WAHE FEY,
di, .
Ri +L “+(e —e)+L 7 +Ri, =V,
2Ri ,+2L d;’,; HE=V,
V= Ri, + L +E—%, =
g1 _ (6)
2= (V,~Ri,~E)

g 94714, AG)ek 26)S A,

% =—}: VL= ~R i pooupect — E
where 1, = 1 poen S =<(1) mtzn—~o}_)fn) (7
A (MM B 87 7oA &7 AF A7)
L aaa man aRas e AL 2
A9e @ =tk A@6H GAHRAS B0 o
o Aern, +4€ aws AAse B8 2H
AFE olge RESE eI 2o

- 661 -



d. .
Z)t'" ='.—lf(T,_,—TL)=-} T=—§k,zﬁm,,g?, (8)
@A (& Astd 499 2t

Wy, _ Ry N LT
p7il V.(1-8 —-E~-L o (9)

AMAR(@E 28 857 AeoA 37 I= A
77 Fhgel Wty AFe 718717 Fagew
7t StEEE ARE ¢ A 9r1AELe 229
o BAE B 2o

E=Fk,w, (10)

HetA 2z ThEEd me Qr)d"e v)evle
th&3 2o
dE _, dv
“dt a (11)
2D A, AF9 7]‘g7] e ©E 2z &
=9 F7be 9714499 7€) ZUle BAS 9

O O A
£ ¢ 4 U

RO | acp nann
e 7

BE S
-z

jﬁL?z

TLO (b)) RSB QEAMM B0 XN WER

ag 3. 73 @Eo iE SFF A
g71Hg 9 w3l
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at freewheeling mode
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Table 1 Specification of utilized motor
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