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ABSTRACT

Generally, PM BLDC drive system is necessary that the three Hall-ICs evenly be distributed around the
stator circumference and encoder installed in case of the 3 phase motor. The Hall-ICs are set up in this motor
to detect the main flux from the rotor. So the output signal from Hall-ICs is used to drive a power transistor
to control the stator winding current. Instead of using three Hall-ICs and encoder, this paper uses only two
Hall-ICs for the permanent magnet rotor position and for the speed feedback signals, and uses a micro
controller of 16-bit type(80C196KC) with the 3 phase PM BLDC whose six stator and two rotor designed. Two
Hall-IC Hc and Hp are placed on the endplate at 120 degree phase difference. With these elements, we estimate
information of the other phase in sequence through a rotating rotor.
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Fig. 1 Closed-loop control for PM BLDC motor

a3 2% AA dadHEAL AF Aold AHEE 3§
25 Yehyz ik

AF  AMCDERE HAEd A4 AFO
80C196KCAA Axtd AHAFTe)Ao)e] 247} OP
Amp 9HdTze] 9@ o2 JsiA e, OP Ampel &9
& Agoz E9 Holx nubd @xle] Yoz &
o7} slaElPAla MES FASHA Ho) o FA A
AF, AojF Arole]l Qabzgky} WME=uje] 7)Fgkate] ]
FE & M= Yoo 4 AFI FAHEE A
OJE ANE7} £-0 T2 BRI LEE FAHo it}

|_real «
Lref K
K

a® 2 s|AHEIAA ME Ao
Fig. 2 Hysteresis current controller

R

Vi =—2—(+7,
ur Rl +R2 ( sat)
R
Vip ==l (¥,
LT RI +R2 ( sat) (1)

3| ~H g AlA M Z& A3 Upper-Threshold,
Lower-Threshold A2 2 ()7 2& At WA
Aoz TGS

o7)A} Bl aHE AL A Vye 2 (29 2t

Vi =V =Vys 2)



2Hall-ICs &

Aoi71e FHE 943 OP Ampe A7toldAME a1
4o]m 53] High Slew RateZ 7Hd TLOR4E A}-83}
Ak

do| gomz Y
oh WET} ol 2A = 2914

e &40l S,

)
O
&
N
&
B
~
H
©
X
&

2.2 M 2hE Hal-IC M &
a1y 3% 2 % 4 Hall-ICs 41
paAsy

altﬂr. oA Zi o2 PM BLDC 5714 Ehy
= z

Moo &5 o

21211112

Ha signal

A
Bg ”

He signal

A4

Ho signall
estimation | —»
circuit

PM BLDCM

I L

=
Fig. 3

HokEl Hall-1C(H) &8 E8E
The proposed estimation signal of the -
Hal I-1C{He)

gy # =24ME F e Hal-ICE ©]&3te]
U el As5g FA4E F e J=2E AAS
= e Agdetsit

AE F2e Foedd Wi BH Fur) 2u)
7b & mrit o852 128 S4& A3 gler,
AEAR0 delMs Gl thete] 9009 Ado] A
£ o] dEe FY EE A4dE BEe A
FoF gelule] S8 F4 2 wiEd AMe 2¥HE
A W9 ez W= IR Fol Bol €8

=
i stk

Rl

i,

<

7Y 4 U 4R

. -
AEslege dEdT o4
=
=

0|43 A 7138 PM Brushless DC Motor $% o] 313

C
74
N
—
R, ‘s
V, —"\\V \

a2 4 xME 32
Fig. 4 The practical integrator circuit(Hc)

R S
R, R, 3
HEs 2o A} V,v 2 @A Bzl 24
A Col A, o] C= §FY wdHrE Hol@
2 B)lA & g dRe] FHFd FgE e ¢
F e
V, -V, =V, = [id
4" Vo=~ U—E‘J-O’f ¢
T ¢,
=E'[ol‘dt
1 ‘
=— [ var
CR, 7o
o=~ ! ’V.'dt @
CR,
1 1
X = [Q]
wC 27rfC 5)
RS
A A ——
C
] LAY
R, !
H  o—ANN
e >_:l>—°ﬂc
RZ
a2 5 HeHE Hall-IC (Hy) 3 32%
Fig. 5 The proposed estimation circuit of the
Hal I-1C(Hc)
a9 5= HAE84E3Ze JFd Asd=zg xS
2 =79 Hal-ICFA 3128 Yedz 9ok 48 F



314 WUWIHR i Vs A 20044 8]

4 FHoixl Azutel o d(ground) &
ujaste] dojde] oA d2rt BAYEE 4
o

Iy 62 oz A8E  Hal- IC<HA)*15L9}
bipolarA1 7l Ha 12)31, 4 HeAlEE Yepfa
th

Hi

1 1 1
Ha'|
e

¢
- <~
Ho ,

a2 6 HCHE Hall-IC (H) 32 ZH5 =
Fig. 6 The proposed estimation circuit signal of
the Hal I-1C(Hc)

a8 78 Hal-ICsY 2352 /A1 £25 adEd
S Qe FuEL TEsY YwHos &g
2457 e dady gEH e 2L £5 A
g Agsjolwt Ak Tel} B w=RAME 94 B
& AAS HalICel A58 A 248 ol
g £ Qe FudEs Agtslt
: 1cycle |
Ha T
vl | | &5
ALy Ly g | eeus
B | . cireuit)
Homm l—| [ T o
C
estimation I L
greiit | 1 1 L ] 1 1
f |
6 pulse

a8 7 E IS &5 HA
Fig. 7 Hall-IC signals and speed pulse

T~

Hall-IC= 12029 $4aH8 7HA AL
& A2 Q0EH wABA Hojglek
oj¢f 22 Wyo= EPLDUWAIA 60% nitt Hx7b
LA HEF IRE T, dAHdAN TAHE A

g BYe Bask 2 98 Y 5 YRS UrE

LA, 244

AN A A B dzng FAsR
a9 88 EPLDUH-9l 6 pulse &30 FA AR
A g 2248 Yelha gl

FAY Hall-IC A&9} 18 59 328 3 =4
# A g o] Hall-ICHo)AZE fgos ol
sto oA 2Ast BYEH 59 olede 4% 9
Hol 7|Fe] HE 6 puseE TASE UXE FI2E
vreRRaL 9l

\Vele] vCo
« PN o DPHNC‘
CLEN CLEAN
Y s 7 >
i
LERNT P HN
CLAN CLEN Y
T —_—
CLOCK
[Vele} el vee
oFP AN o OFRNA] A orRN gL 8
= —— b
CLAN CLAN. CLAN
L= —
jo e o] SRR | H
NGO \Viels] H
A XOR l d‘HN d"l’(NQ H
B ]
CLAN LEN
T 6 pulse
\%:; VES
of BN NG
GLB CLAN
CLOTK

a2 8 6 pulse 22
Fig. 8 The circuit of 6 pulse

3. AlE2dold 2

B oA Aldtd d3elEe PSIM AZE S
o] g3t AEH )AL T3 1 HIAEES HF
sttt

2% 95 PM BLDC #A%E7] 5 A|AE] A A
Bl EEEE vehla ok HA 74L& PM
BLDC A&7, QAWE], Al°|E Zgtoln] 293 =4,
6 pusle 22 &5 9 AF Ao BELZ FHIH
i 6 pulse 23 FE2 PSIMWY DLLE o]&3hd]
CE Aok



2Hall-ICs& of

2hall -> Zball

e
:’nunn b1ldeD3.dll Bpulag @'M‘ SJ'E)
’ e STED
@THHC SSHES )
] SE-EE )
++::\ ate awikeh
T2 9 PM BLDC motore| M| AlEdolM EER
Fig. 9 The overall block diagram of the developed model
for PM BLDC motor drive system
5y
ov ‘ =
5]
=

a8 10 Zb Ak Hall-IC A& (1v/div, ms/div)
Fig. 10 Each phase Hal I-IC signal

¥y 102 4argel PM BLDC AF719] A #d
Mz olg¥ = 3709 Hall-IC 2135 Vella 9l
u Z+z7re] Hall-IC A3+ 1209 948 714
zb el gigk 3o YA E Vel AL ook

a%¥ 112 Hal-IC § Ha A& °]8 HAlsE
FAs: duYEFsE ARSI vhEold Hc A= IS
Ep gtk Ha®l Hall-IC Al3& 7FA A E7]9
Hoz A&t E¥g 239 g H(ground)S H)
oz A8t dH(ground)@ WAFEHE A
35 WAA7IE Heell 3@+ Hall-1C
4% 4 At

s
o

_1

2 -

2
>

> B o
fof ~
=

—W‘

243 4714 PM Brushless DC Motor % Aol 315

—
| -

Eiipolar s,qu,are‘wave_ of the I'{A

) Generated tnangle wave lﬂ the lntegrator

! O | : [
L,,,,,, | Lo : 1 ,,,J : l,, !

“Estimation signal of the Hc

ggei;gT g.g.ﬁ gﬁfgg ‘euijk

a8 11 Hall-I1C(H) 2

ME A (ms/div)
Fig. 11 Estimation of the Hal

{-1C signal(H)

Hiiien: iyt

R
Gl e

Estlmatlon signal of the Hc

Silg) &
/<‘j'<s‘~ <
I

0 imi abik g
==

i
i

32 12 Hall-IC A&} £HE H AT
(1v/div, 1ms/div, 30000rpm)

Fig. 12 Hall-IC signals and estimated signal of
the He, 30000rpm

le 1Cycle
A I
21 | Il{ | ;

Estimail:ion”signérl of the He

[ENEENNENE R

6 Pulse A

N

T2 13 6 pulse 2t HalI-IC A&
(1/div, 1ms/div, 30000rpm)
Fig. 13 6 pulse and Hall-IC signals, 30000rpm

S92 el sl 24F Hall-I0HY) A%
2% 128 8l 7129 Hal IC(Ho) 459 Wlisiel
Aol7k 162 o 4 vk

Iy 132 &% AoE 93 2 719] Hall-IC413. Ha
25E HAlEE® #4893 2 A o Hall 1
NEoh 249 ATl U ASHEN ABRES 3



316 EBAETFEE RIGEE HOE H4R 20044 81

Folo] 60% vl WAZ WA o) LA
o ALEE o g3l 2B AT + Y= NIER
o= AHgse] A,

a9 14 2 3§ 8L el Qo

? { i i | f |
- 1 S I O I
Ia
3 - i i
- I ] I B \‘\ [
- S vt 65
Is
7 1 1
- ] | kS | I ]
| WS———— | RS R | | AASSAwAS(
-9 = _ T e i =l
C

38 14 2Zb Aol M akg(2A/div, Ims/div, 300001 pm)
Fig. 14 Each phase current waveform, 30000rpm

4. 44 23

B =Foxe A 7149 80CI96KC Ar=E
£330 AvEE L AHAE 2= IPMS

],
Faste] Alassict.

A
A

80C196KC

J8 15 PMBLDC ME7(2 75 Al2H
Fig. 15 PM BLDC Motor driving system

a9 155 2 Hall-ICsE °¢]43% PM BLDC #A%&7]
75 A2"9 AA E5S e
£ Alzde PM BLDC %71, IHH, AlE =g
olw], EPLD(Erasable Programmable Logic Device)
a8 PL Alo] Rez 5o ot

EPLDo &= 2=
A HAlE 4 dagige] 2438 5o 7339

oX
et
N
-
IB
=8
e
4 Oﬁ
o
e}
e
o)
=
&

o.
Ao} AHEE PM BLDC AF7]E 23, YA R
Aol glom Alke E13 Pt
E 1 PMBLDC ME7| 73 AlAH> ARk
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AR} A% 0.88
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44 49 A9 1KW
A2 29 Hg 0.9KW
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