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The study on Low-cost Position Sensor by a Single
Opto-coupler for BLDC Drive
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Abstract: Energy consumption rapidly increases with industrial development. therefore an interest in the
efficiency of various power converters is increasing. Especially, the field of high-efficiency small motors
widely distributed for industrial and family use is considered a very important field in terms of efficient
energy usage, and accordingly, in the field of small electric equipment, the use of BLDC that allows
high-efficiency drive in an inductor gradually increases. However, for the BLDC drive, information on the
position of the rotor is essential. Both methods using a magnetic encoder and an optical encoder to detect
the information on the position of the rotor obtain the information by three position sensitive devices, and
if any one of these position sensitive devices fails to function, no positional information can be obtained,
so there is a limitation in implementing a position sensor with high reliability. In the paper, proposes a
new type of encoder that can obtain the positional information on the position of the rotor using a single
position sensor in order to overcome the issues that it has to use numerous signal flows and that the
reliability is reduced for the acquisition of positional information generated by using multiple position
detectors. The encoder in the proposed method replaced the function of generating positional information
from multiple sensors with the shape of the encoder plate and the capture function of MICOM. In order
to verify the validity of the position detection technique by the proposed encoder, a prototype was
produced, and an experiment using the capture function of DSP was conducted through this.

Key Words : Encorder, BLDC drive, Position sensor, Opto-coupler

1.M = HERL Uk olHF AFLuske] FH CO
WYY AE T WE /)T Gob o] F Fa
A2 A% ALaRgAe] Teol g3 B

—1 O
o] Az it 53] 44 B 78l FH

[Ny

A EEE At Ay|A ARGl FF
o, o2 A7 AF2d3r A7 A

o o> X

ot NJFHRAAAY) ¢ AT S F8E =+t Young-Su Kim(corresponding author) : Department of Lift

E-mail : klc1208@klc.ackr, Tel : 055-949-2287 Engineering, Korea Lift College.
- s E-mail : klc1208@klc.ac.kr, Tel : 055-949-2287
A - BANTR 7N AR E TS >
A RARR N AZS A *Soon-Jae Kwon : Department of Mechanical & Automatic
Engineering, Pukyong National University.

22 v=FHI SRR H203 H3=, 2016 6



BLDC®| A&
Aoz F7kskal vk 2y BLDC}
T HAdlAe A AR FZH o]
o A AR BRE HE37] A= AV
2] ol FrTj(Magnetic encoder)®} FE2] dFH
(Optical encoder)®] AF&o] Uwtzolth &
2 274 diEves @
274 o

o] ]

vl A o

U=

=]
=

w I

YL §E T

>
Lo oo
i
o
fru
B
112
ox
ol
rir
Ho
R
oxl
fz
i)
A
flo
Ho

AR B A Ate

Abgste] 3]

ooy
= 2y
o
9#
N
R

o o lo |
ox
£ N e X

e

ot

el Z2E EYe AFsta,
DSP®] Capture 7]5& ARE3ste] 2
=3t A T

2. BN

o|Est A3

ro

2.1 7|1& A=3H
Fig. 1 120° %% BLDC A" YeH
%231, Fig. 2& BLDC9| $#X|o m& 7]
EAAY A5 E YEt itk BLDC 7%
AsiAe A A% 5719 AF/FE A
7] e olE|(Stater)o] U7}stAof gtttk ol &
3 Y AF el A7ZF 1200 AE = 3
o] 2AVHAEVE AASIAL 30 A7|AAQL &
A 3xzke] Ao mE} Fig 2914 He
ul9} 2o Ha, Hb, He A1 & AT 2k 2%
v "4 BE biel Zo] 120° A4AE Zhe
T2 7+ e 60° tA vtk vtAA "ok 7
A A o] Wb A AF7] @35k a,

d ot o WE R

[e)

AFE

I, e A7kekE 7k e 9/ HET dRel F
e 4 Fe| Bzt o] AEANE WA
At

| Transistor;\ ‘m]

v
[, E/’_/—
o \’»’?r,

.\'{

T

|Magnetic SensorJ

e { Stator ‘

Hiy

| Yoke ‘

Logic |2

Fig. 1 BLDC driver system by Hall Sensor

w2l o A Hadl A&+ 97|34 ¥ Ea’l ¥
FE2oA B EE 7AHoE A3
stefok e, 379 FAAE 1200 H4A
ZIAA 2 AHes] FHFstoqok Fr.

&
H
il
Y
N
X
okl
1%

FlX| M203 M3%, 2016 63 23



BLDC #&= ®l&t e S &E 720l 2gh MIte x| MAof 2tsh oA+

B | - o
] : : ;
Ie 1 3 3 i !—‘:
| - | : :
Ha \ ] ] i ' i
wo [ | | ; i |
Sl | ’ [ T |
30°  00°  150° 210°  270°  330°

Fig. 2 Time chart BLDC driver by Hall Sensor

B2 dFET ] &3 FHAAE E(grove)
olv} T (aperture) 5ol F71H 02 wjdEo] I
o fdolvt RFo F71HQ WHEE oA
st B et o] e IEAAE B
(transmitting type)Z} WAL (reflecting type) &2 &
FE o 903, FAY AAs dider ER O
22 7]% (holographic method)= ©]-&3}e] A Z+=]
H, SIALY L 3| AALE FEH o2 HHT f

4
o

o] meE ATn)F v F& o e
oty Amds FRg B9, FRaA, 2ol
1= B4 Haae] e FAE glow, 3
A txagE 538 BUT SRaAe] F3l
goia HAAIW HAZe) weP B 2L
SESCh

Code DISK |

| Shaft
( 0

1 ormoreLED Qw--. & "*M‘{
Photo emitters fag---- "w
Digital outputsignals

Fig. 3 The structure of optical encoder

Phototransistor

Photodetector

= EII

24 PIASH7|IASELRA HM20H H3=Z, 2016 68

Fig. 3& IAHEE zhE= 352

2
fru
1z
ins
I e
>

2 Uehgz ok w3 8 %
4 txze) £9d 14 <9 Be| £UL F
Bt FRaelH BEAG. o

) 2~
Al EAstE Yol &8 BH3tHA I dGe
FEFE Hasketr] Sl Fig. 3049 2ol F 7
9 &£ E AMEtY e A" YFel o2
stubE SR Tl FAste] ARg-giT)

T Mo FFAA o3 AEE AEE gyt
HogZ A BYOoE BoHH, A, BY AEER
dzve EalsS HAT =olv] A3l 4A40] 3
ZE AE3l AAHES JHeH dgsA =
ot =T 9 A, B A5 e} 4An] 32| A=
Fig. 4 Yeh Ao
A

AW

B

TN

1:‘,

An}

Y

IPAC

e

Fig. 4 Phase signal of encoder and 4 divisions

Fig. 49141 Ay, Ar, By, By & A, B4 2139] 4
% 9 37} A EE YR, CLKE 7+ 9%
A

158 =ede) 45E JEiT Y CKE
AAE Yehiy) 9@ FheEe] 2HoR AgH

H, A%l W77 90° IFH 2 CLKO 3 F7]7}
Uelgez 44 3271 "o} ueid =3



rH
H>
=

3

AY F Aok 9 WAL Ho

wAe 52 & o, 3 e AAAR
S dAET T A= ARo] o, HelA AFT
A2 A= nvlste] wrtolw, 3749 4%

2.2 Hgte ME2F d3H

Fig. 5= Al¢kd A= dte] A3 728 4
Bl ok I A BE ukel 2ol 60° 7HE
o2 & s ZRlEte Zt d9s FEIA
th. Fig. 55 AW FxoA 2=} 0090 A9
TEIVEY WFEe FFRIL HEH o,
AT} AEER I A= ﬁ%, 134 71+

Fig. 6011/\1 He H}E} Zol EE?FEH =9 %
60° kA9 F715 zk= 6719 & HHEM LHE}
ur, 2 992 Ad meoll M ms7hA & 6782
reg 788 5 Ao 4 el dd SA4S

il

Fig. 5 The structure of disk proposed encoder

AE717F A3 A CW)sHE 4 3
Zte]l A, B, C, D, E, F, G, HE=S 2 A&, A
&717F d3Rccewyshs A5
°| H, G, F, E D, C, B, A2 % #&dt}

o] A% AE7]9 gl BAGle] A, B

[e} A ]
BT RSl AREA AU TAAA UK e ge ge 2en
fe) o] o 37 [e=Re:] TE o ’
oI5 TV H 0 T2 Lol 8 9 Z AHoz YYnE: F gol 0 A ®
oAl EAlstaL, UmA 2992 1 Fho] JgE=E ) ) i
» Sof MEe YehlE Qb A5 AL,
=
FREA e ) - Y AE olFe] AEFHE AT F AHA
of % o) Aol oja) A T 917 - oz
o . ) Al C9 D Ee F&F GAE H93- A G} F =
ARE BIAIT Fig. 72 Fig. 6914 myol A m; _ N } _ _
Co DS} CAEE Agste] A%s]e] 3Rt 3|A
V4 %S o
HA 2] s ol Ao] 92 wotgt), whd Qe s A E(Cap P
'y
60 6 ¢ & 67 e
X » m4 >4 m\_—}
o
13T, 4—131“5—}

2

-
-

360

Fig. 6 Signal output of photocoupler according to position

o

25745 =X| H203 H3%, 2016 6& 25

r



BLDC 7S£ ?Igt o & 7H&

Capy) ol F°l YHH= ALK9 F
Kl

Capdzt 7FHA3stE dAs719 AAWFS Capy7t
Cap4B T}t 22 A Yol & A9 9%
oz Fotght) X = Capy ot

=
Cap,9] HlE 2] (D2

y — CW CCW s
60°(Tm) 60°(T'm)
I — mz il m3 L
AB CD EF GH
> 0
120° 180° 240°

Fig. 7 Detail signal of disk proposed encoder

_ Cap
k= —Cap4 )
3 A2 Aol WE I ZEE Table 13 2th
AE719 EE(w)e ET7F FAAZKT 9
3 A = o, ke ol Zrh

n = Cap, + Cap, + Caps + Cap, (@)

L
, =10 7 [rpm] 3)

m

Table 1 k value according to rotor position

CwW CCW
position k position k
m0 9.0 m0 0.1
ml 5.67 ml 0.17
m2 4.0 m2 0.25
m3 3.0 m3 0.33
m4 23 m4 0.42
mS5 1.9 m5 0.54
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