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The Parameter Estimation of the Three-phase DC Brushless Motor

Student : Tien-Wei Kao Advisor : Dr. Shir-Kuan Lin
Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

There are eleven pins connecting to the motor driver in three-phase direct current
brushless motor(DCBM). The proposed method in pin identification categorizes these
eleven pins into three groups. The first group contains three pins of the three-phase
coil . The second group contains two pins of the three-phase hall sensor source. The
third group contains six pins of the*three-phase hall gensor signal. A testing voltage
can be supply to any one of the elevenpins. Because of the difference in the connection
relationship of eleven pins, the eleven ping will-berdivided into two sets, three-phase coil
and three-phase hall sensor. Next, any two of the€ight pins of three-phase hall sensor
are connecting to two testing voltages. The measured voltage signals of other pins
are different according to distinctive testing condition, so two pins of the three-phase
hall sensor source can be verified. Finally, the outputs of three-phase hall sensors can
be verified from the signals of three-phase back electromotive forces when the DCBM

rotates by manual.

The torsion constant(or called the reaction EMF constant) in DCBM relates to
value of the torque, rotational speed that can be operated, and the performance of the
motor. Therefore, the motor designer or user concern about this constant very much. If
this constant can be measured in advance, the motor designer can take it as reference
when designing motors. The proposed method in measuring torsion constant uses
driver IC(BA6849) and AD/DA card to measure the constant. By the characteristic of
DCBM rotating in single-phase mode, the torsion constant can be measured correctly

and efficiently.
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As the respect of manufacturing DCBM, measuring the values of resistance and
inductance of three-phase coil is also an important test. After winding the coils on
the iron of DCBM, the impedance of three-phase coil should match with each other.
Hence, the linearity and controllability of DCBM will be better. The proposed method
in measuring the impedance of three-phase coil use LCR METER to finish the test.
Supplying a DC bias to the measuring AC current to the three-phase coil, then DCBM
will be locked in the same position. As a result, measuring the impedance of three-

phase coil can be more accurate.
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FH[E 3.3 W] %1 PINS (&% PING) i PIN7 ( & PINS mk PIN9 & PIN10) . [
PHEFHSE (Rs—r) = JRBEIASIAIAH Y 28 6 R s SRR 2 A - W B fe il & eI i) o
BH 145 55 Rs_7°

& 3.6: PINS Bl PIN7 .2 [ & FH &

6 (D) AErh > DUPINA 8t PINT 2 [ A BEL A5 01 » vl 5 2 7 P R A i 41 15
B 3.7 - I 3.7 AT LAFFEEH > PINA B PINLL 2 RSB H Ry = 3R, -

11

& 3.7: PIN4 Hi PIN11 7 [ FH &=
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S W S CE R ARG 7 2V NI GN D By TR BEGASR - ARER AL /\ 5228 6 22 Y
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AN TR B R R R > R DU W =2 R i 1 I M e R = R A -

LR RS B PR B AR R B A o BT AR RE A G s R
BB B Tk -

3.2 JEREMIAL H Bk E R T

15 3.1 Hi A8 Ad i - AR SR RS — SR DL =
(A) = AH R el o6 IR 2 Al = 1 A
(B) P AR I s 1 (38 7R VIR I 1 i At
(C) = HH7E 6 JOH a5 1Y 11 &2 GR e e Ml IR 7S P

A SC Y H B AT FOR i J R ARG T (e e I PR IR - 2 5 fi I A R
AT A A SO PTIET A2 BRI e ERIEIY [/ & - #8 TS S E R E
’&QTXH%&M&’EW&WZﬁ%mL%%’M&%@@ﬁ%@%
FAE > MCR B E R E A FATE - N RS ERZR > &G T AR 22
B R o IR O R B R/ NBR 4R o ANz @ T m%%L%W%%m
E R GRAH ] - W mT &S F A 65 > 5 P A a2 P B At 16 2 2 iy R ) -
AT SCHE H Y B B R R 5D B R
() RF A i Pl P DB e i Bt L /5 7 e D e 3 Bl 2K
() R 7 o I 2 B 16 5T 2 T
(=) A AT L B 28 50 1

AR () JRF = A it el R e A Bt At /S e I e o i 2K

B R SR TR Y A R ] A B L )\ S R T 0 B
Ao BRI 3E — S FE R B2 il £ A g 2 R R A R e AR AR R A B L S
TR TR 1A R BT IR RE B B AR > I — SR S SR A5 2V
7R R SRR - SRR FRIFT AT T — SZ 3 WA 7B R SRR > F S = AFF o B 22 Jjll B T
B\ S R R B S Y SR R R 1 R AR W IR
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(a) =22y R ERSE 2V
(b)) JNSZ#2 Jl ey 36 MR GH AR O 2V

FUFH 3E R A [RIYSIR D > e RE R = SR > Lo IR /N B LAl /57 2
T Ery B R R/ INANTR] o DAL AT — A i Pl R A B I i i > JHEE R T B O R I 1A
R HRF = AT i el R B Al L P e 2 > SR SR AR R R R 2 M e > BUS
(N S0 v SR
B () B 28 B TR i B £ JEE A R 7 Jl

T AR IR R 2 1 0 BT A 2 B R RO A B (I R
JBR B2 A0 TAT R 1 B R RN s B (3 T U A {60 7 R R e 1 A Y B
> JECH T G ) I i A7 1L - DAT L PR Bk — A ik P o R e T — S TR -
FLER J\ 27 o B2 AT A S22 B 2V FI GND > B 37 (i R R R R Bl A+
BN S G BE R SR BSE - AR 95 E B RO RIS KNS ] o BT DLIE Y £ HH
P T A O O M TR VR 2 T - ASTR] B ll B SZ B FEIR Iy - 50 7 R S A Y AR
5% 22 A B 0 R AR B B o [ 1 R PR AN R ) i R > T UG S B
A S g PR AR A AT KN A [ e

BB /NSZEE I F3 5 A A1 aE F Rl e 2R o K IR 3.1 B Rt W DL R I 3.3 By
AN AREREL 2V R GN D A B W S22 AN [A] - fsIE /S R Y B R > mT L
/\%Tﬂlﬂl@?ﬁwﬂ DL 2 TR i 1 (0 A R 2 D

(A) 2V e GND 25172 8 ol 28 1) (L EZE ﬁ&ﬂaﬂéﬁi = T O 2 1 BRI
LA PIN4 F1 PIN5 £341 > 2 0] 43 13 W FE 1

(1) 2V R E WM At ERE IR (PIN4) - GND £ %% i /&
sy aHaR Rl (PIN5) -
T 3.4 > 5 PINA £ | 2V 5 PINS $ - GND » o] A5 K %188 Jak
R/NERAR -

Vi=2V>Ve=Ve=Vo=Vio> Vi1 >V >V; =GND (3.4)

R IE B T AR BERE £ 2V I GND 33 WSS BRI LA L BRI A S 4
WD) B R A IR B0 S A Ve > Ve = (2R) /(R + 25
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BERFREEREASR RS 2V (Vy) BYREIA (PIN4) 555 — 52 78 B I &% 1y B 5l
PRI MR LR SRR I e s N R (V) R BT
H o — 57 i RO A 1 B E R R R Al (PINTL) -

(2) GND £ 5% /B #8 rY (it FERR IR HZ W (PIN4) - 2V £ 51 28 i )&
W AR 2 (PING) -
FIFH e 3.4 6 PINA £ | GND ; PINS £ | 2V « 0] LUA5 A1 %1 78 K
K/NER

Vi=2V>Vy> V> Ve=Va=Vo=Vig>Vi=GND (3.5

PRI ok T 6 W FFLE 5 2V I GND 55 T S B LS o L BREG A 3
WA R 89 /N B SR 4 Vi Ve = (B )y + 2R -

B P B SASEES GND (V) (I (PINA) 5 — 7 7 i R0 1
BB T LA SR TR (Viy) B B
e 7 1 ) R R U (PTN11) -

T 4 AT 7 0 5 ) PRI, » 58 i 72 4 4 i 0 45 -

(B) [F]—&H 28 o B 2 i Sk REIE &
2V M1 GND #2 2|[5] — A Y 28 1 B 25 19 SRR 22 [ - DL PING 1 PING £3
% - PIN5 F1 PIN6 — 4% 2V » — S GND -
FIFE 3.5 0 1 PINS $2 [ 2V 5 PING $2 = GND « n] DU AT N 518 R A /)N
RAR

Vs =2V >Vi=Vi= Vo= Vo= Vi = Viy > Vg = GND (3.6)

WL BR 1 #E BEEASE 5 2V R GN D 3 Wi <2 e fll LLAL > LRI 78 52 82 T
AT I AE A — YRR (1V) > BLHFPEEREEBEGRIR R 2V K GND s
Wi SR > E R R AIR S 2V K GN D [ e S B I 5 [A] - AH Y 28 R U
T FORHGRE B > AN 158 o R e O (O B RV B D > IR B Ll Wi S B
S FL R 1Y B I P MO - R A o e 1 R R A 1 G RE R W B I
B AR T R RO A AR R I o R N YR SRR - IR
PR R i O 16 e R B A
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(C) I [FIAH 2 & B 28 1y AR B2 Tl I &
2V M GN D £2 5| A~ [] £H 1 78 #8200 25 1 G % 22 | > LA PING RO PINT £
%1 » PINS F1 PIN7 — 3242 2V » — 3L GND -
FIA E 3.6 » #F PINS £ 1 2V : PIN7 2 [ GND = v LIS H1 R 518 R A /)N
AR -

Vs=2V>Ve>Vi=Vy=Vig=Viy > Vg > Vs = GND (3.7)

e £ PR AEGIRTE I S B A ] o R AN B AR

EEER L - ATE 3.8 © Ra Rl Rp A58 HTE > Bl Ra # Ry # Ry > W1
AN 0 e /N ETE > S

Vs=2V>Veg>Vi>Vo=Vig>V1 >Veg>Ve=GND I, >0 (3.8)

Vs=2V>Ve>V 1 >Vig=Vo> Vi WW>V:=GND I, <0 (3.9)

7 (GND)

3.8: PIN5 Eil PIN7 £ I+ 2V F¢ GN D % 55 30 8 1 [

A ERE S > SO R R EASR 15 2V Je GND WY R SZ#2 T EAAE - FLER S
SCREAE TR N R R PR RIS R A 1 R YR T
(PIN4> I; <0 8 PIN11 > [; >0)
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ﬂﬁWHJa%E’H#E SR e & o PEIRE A R R G 2R R
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[F] > PRt o R R % il B0 e A 5 2 R R 1 G e R R A -

(2) 2V 8| e N LR —Z (PIN5 B[ PINIOfEE—3Z)
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AR EE R B I Tl A T S O s I T

EEILJEEI’J (A) (B) (C) (D) HIn]pd 7 7 R I 5 Y £ e o 5 1 Tl ol

B o FENE P o/ N 55 P HROR 4 1Y B HE B R IE AR (PIN4) o IE 5 B oK
EI/J% ¢ RO 2R FEFR R Bk (PIN1L) - BRIES TE B B ik B HH )

FEW RN E R R S - WAL — M - BT E#E - B PIN4
B2 12V > PIN11 £2 . GND %% » {ii o] {1 28 6 ISl 25 1E % B 1F -
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MR e R TR b W S e R SR e Y I M AR YRR BUAG T E 2 o IRE A
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(B —Hg) > H AR = 28 i i 1 A B A6 35 A0 BORE BT #2193 T2 88 34 02
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PN AT RE A AR Y 2 o o Ry T ST RS R v AL — A Y A B
Ky o A s G e 2 DB A Y 5 U fie i > DL o R b WA E AT AR ¢ AH 5 B
EGIRTE R A - BRE) a8 £ IRE Tos ~ Tha ~ Tos > T PLPUAE DR IC A F BE BE 1Y B
{5 > 1M Ty B T — [ELEAEDH B IR 8 HL SR B 5 A Bl e AHBEAH AR - A0lEl 3.10 -

AVP
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AVP
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> 1
\r, .|z,
M
S
T U i
\ \
]:«2 Tr4 7:”6
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] 3.10: R 3 A B AT g f A T Bl s ) 5 1 22 ok [l
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_vas_ -RO O-_z’- _Lp M —M-_ @ _ _ cos 0,
Ve [=| o0 Rk of|=i|*|-m L, —u||2 zw;Ke cos(6, — 2T
(V| |00 R||0| |-M -M L || 0 | _cos(er+%ﬂ)_
(3.10)
=0 (0 3.10) ATRAHERS 2 s
VaZVasﬂLVSZRZ'+LP%+M%+2C‘)}5K€COSQT+VL
Vi=Viet Vo= —Ri— L% apdi 4 20 Ke 59, 2m) 4y (3.11)
Vo= Veo + Vi = 20

2 cos (0, 2%) + V.

ELHT cos 0, + cos(6, — Zg

) + cos(0+ 2%) =0 WOEFe— 2V, (t) BB AT R
L 3 Vo, (8) A= (3.12) T AR e

Vo + Vi = 2VEIT2w K,
V(t) = + LUk

2m
—3 3 cos(6, + ?) (3.12)
Hot Vs VALV, B S AR > LB v, = D AR (3.12) R
3.13) «
Vi (B)dt = 2 cos(0, + 2o, (3.13)
P 3
R (3.13) BT S w15 B R v

t 2K, s
U= [ V,dt ="Ssin(f, + =)+ 7T
/to D sin (0, + 3 )+ ¥

(3.14)

=G (3.14) 8L U 2 — {8 Rl 55 2K,/ P 19 1E 5Z R0 b — {18 1 3 ff K fiEd
Wo o DAL B S (6 I 5 A0 BRI RS 01 i - Sl i B A e e I — A 7R R 2 Jl
FAy i L JEE A > 5

==
PR VL) o FRE V() B 1R o BOHTRE 0 A4S R B A AR Y
Ml K/ > AESR DL P2 R v 15 2076 R 3 K. > A mukes N > FHHEH B
Kt = Ke °



o 35 Ml k5 N H ER A 41

3.4 5 AL SO T B B T ER

BTS2 5 - B 7RI E SR A K, AN SR S A BELAR B R B
B iy = —iy =26, =0) » PSR B 20 (26) WEB TR
(3.15) :

T. = V3Kjicos(0, + &) = %d(%r + 23%% 4T, (3.15)

o (3.05) WIFEHL - 70 G AR A B N e 42 DL
cos(0, + ) EARII TV > TAREE T, > 0 - 1 5 32 R 42 WA RE R el o 1
A G A B R B K BRI AN TR SR Y)
a7 [ 6 cos(6, + §) [FIFHELH] -

M C3.2) 30 > (56 2 R BATRE 0T e i o Y B 0 1 7 B 1Y
[FAH = IUEFU A H o RSE I B8 (5 B B w BH Be U #A B AR 38 - 501 B Bl
IC (BA6849) Y #AH H H s Fr RANR

3% 3.5: BA6GS49. 1Y #4 A EAEIRY > 2=

Output Table Input Table
ARRE | Ty | To | Tos | Toa | Trs | Te | Hf | Hy | Hf | Hy | HF | H
— | On | Off | On |Of|Off |On | H | M | M | M | L | M
. | On|Off | O |[On Ot | On | M | M | H | M | L | M
= | On |Off |Off |[On |On |(Off | L | M | H | M | M | M
i (Off |On |[Off |On [On |Off | L | M | M | M | H | M
i |Of | On |On |Off | On |Of | M | M | L | M | H | M
7N [Off {On | On |Off |Off {On| H | M | L | M | M| M
L =24V M =25V H =26V

M 3% 350G HY » 753 7 R E Al 3.10 By AR e q - B8 DL ab W AH A
> c A BRI RS BHIOIRRE - [RIRF DL HY F 1 PR U DR AR » #OAS G =L PR
EIRRE TRy FIRTE — o LLR THRTEY 5 2 pl B AR GE B N sE I Ay #A -
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FH A BA6849 1% — HA = fHEREH 1 1C > 15 1 B AR CGIREE— IR
AREEPY ) N e o MR 3.5 0 AREwm R - & H & Hy #&&5E Lk
WS R 26 T.8% » SIS HY H (2.6V) ~ L (24V) DR M (2.5V) HIEASE » 2351
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Hy
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L
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c

3.1 B fiE i O R R T

AN G S TG 2 3 w BAGS49 St DL — A fie g AR QP 46 e e - 8158 — g
R > ARG HY By AT BE BGR SR AG BA6849 1% - [AIIRFRF o A Bx el B iR
{00 e A B RS 0 B o L IR S G — A s R R - 0 DART Bt 1 15 2
Vi(t) » 1R Vi (t) B A3 20 U G et O o2 2 i sR R RO Sk Pl DL P/2 RS IS
2 SEAH Y o R R B K T K, = K e
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3.5 &3 B [H B w1 B G

AR F S DR AT A G SE PO MU J s+ DA S I S AR L
(R 52 0 FAE R A B AE SE E RER ( 25) R TR
(26) BT > BEME T, —0 LU HAZHH -

TEHE SR T ph R = o 1 1 S50 0 16 1 = (AR 63
A7 T B R DR LB U B S 1 T DL B R R - £ RS L
i o DRI G T LT 7 2 G B R 8 L G S 1 A T A A
FEM B A L (RN LA B A LI I T o S T
TR A B I BB + 3 PR FE S LIRS BB T R S B 2 - D
T3 S T 1 T DR P

ST LU R A TR 0+ B DL ab AR 8 o BT iy = —ip = i i = 0 7
4 S 1 T 56 2 B k7 TR e T L T

7 didy rrdi Z SR,
Vs = Ri+ L, 55+ M 57 4 ==E—< 080,

v dteh M gr TP (3.16)

Vis = —Ri— L, % Dpgdl 4 Zedele 59, 21
T. = V3Kiicos(6, + §) = 2 e 4 2Bu,, (3.17)

=t (3.16) ATHfEfS -
Vip = 2Ri+ 2L, % oy 40— 20Ke /3500 (g, — )

(3.18)

= Ry i+ L3l - 2%fe Bsin(, - )

LT R = 2R BIGZEARLAEI © Ly = 2L, + 2M [5G EAYFL R - Bk
T i = ipo +iacsinwt - HLIRY FE 2 087 e 42 & M BiAE — [SE A0 o itk
wp =0 1L (3.18) WEE ¢

Vo = Ry ipc + Ry iacsinwt + Ly t 40 w coswt (3.19)
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I B RS s 1 L B WA K B R o T Vi IR Al ROR BB EL IR
i JBE Ko 22 F sl AR I > R 5 -

Vap = Upe + vac sin(wt + ¢) = vpe + vac(sinwt) cos ¢ + vac(coswt)sing  (3.20)

L (3.19) 30 (3.20) w55 Z ¥R EEIH R & -

_ Yac

s = Z.ACCOSgZ) ; Ly = -YAC ging (3.21)

zAcw

1E22 % SCRK (8] i 2] > W B A — B A E TR IE R 5L B IR 0 HiE R
(i JBE P {6l F8, o 0 0 B3 i I A — ) IO - 01 I R 5 A P PH S A 5 I AT A
A (3.21) KA - REF G - ) DIRE 5 (R 0y Fe 0 k- -

3.6 & IHEE s ER A

e b > SRS RO ] R A (L B LCR METER 2 &5l FE 2 i BH PL > J6 5%
PR BEL 0 (R s £ i PEL B o o st - "R TR A

77

3.12: o PH B v R o

LCR METER # & & it £ 1Y) — HIEL BB R IH V = vac/6 > RfFHITTHR
FERHHPIAIE R Z = R+ jwL > R UGBS B T B2 V — @ AHA7 ¢ » 1]
BT =iacl(0—9) °
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WL REMM Z =V/1 > B[ EAS20E HE R = (vac/iac)cos¢ 5 I
il L = (vac/iacw) sin ¢ o AH & 5 57 W0 8 = AH 1 0 J Al 5 S 1p G 5 > IR IS
T DA K AN o R R A0 T Ry o e B A R IR FR R T
A HAEH - AN EWIE ] & 15 55 - 2R e A R B s o DU S
TIRF 21 2% EE B A 2 A S EE R BN o ol 5 R R A S £ B A R O B AR R
> DAEUR A LCR METER IRl M6 7 B i & 21 B 2 iy fHpL -

K LCR METER & & 5% $& ik — 55 [E0 U BR 1Y 5200 B8 B 4G 4 10 [ I
M T e AE b SRR EM R E T PAZC (3.21) K - £E
SIS SEZEEDTR - 5 W AE A R EREATR o NEE - KE o XWg R - &
S IR U (eddy current) S HE 2R 888 /0N o 11 5 BEL Sy DRI A g % HE (skin effect) [T
W AR OR o AN sk AT DA I RS S AR AN (R AR N IRy o BCPH DU AR e 2 -
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TR G R BURE R R b oo S ATTRRYE IR 2V B GND B DI IS B A 1Y
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WEE == a B > DAE AR S E R A - PIN1 ~ PIN3 £ = fH # vel & i
P2 > PIN4 Jz PIN11 552 w8 WOl g 1 L EBE Ut HY Jz H~ 5 PINS J¢ PING -
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