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An Electromotive-force Constant Estimation for a Permanent Magnet

Synchronous Motor

Student : Meng-Hsun Hsieh Advisor : Dr. Shir-Kuan Lin
Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

Since the motor is invented, through people’s constant improvement and innova-
tion, the motor becomes a kind of indispensable important component in the industry
now. We can nearly all see the existence of the motor in the products inside all offices,
it is like a printer, CD-ROM drive, scanner ,etc.. So, how to control the motor becomes

an important knowledge.

There is a reaction EMF constant (or called the torsion constant)(the EMF con-
stant under the metric system is Equal to the torsion constant) in the magnetic pa-
rameter of the permanent-magnet synchronous motor. It relates to value of the torque,
rotational speed that can be operated, and the performance of the motor. So motor
designer or user all take notice of it very much . If we can estimate it in advance, can
be as a reference of designing the motor controller or selecting the permanent-magnet

synchronous motor .

This thesis utilize one new method which is using the characteristic of the motor
when let motor rotate in single-phase mode, to calculate the reaction EMF constant
fast. This experiment use driver IC(BA6849 ) and an ADDA(Analog to Digital and
Digital to Analog) card to verify the feasibility of this method, and apply this method to
the products actually. Hope that can accelerate the time of motor factory’s measuring
the reaction EMF constant. And then motor factory can make the measuring reaction
EMF constant to the list of all products should be measure . In order to improve the

quality of the products.
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2.4 WTERIF DAQ-2501 ADDA IS 11 [15]

A8 g Pt 5 T Y DAQ-2501( ] 2.19) J2 H 2 T RHR B O3 A7 IR 22 =] [15] Fir HY
FEHJ ADDA R > B — BRI o meK > PCT Al #Y 2 e B L R e
H 2 it Visual C++- B VB HY & 2 Ji A A & ey -

§ .
6L AT e

2.19: DAQ-2501

T A AT 7 % DAQ-2501 M ([l 2.20) » 1 DAQ-2501 R YA SR A2 - DL
{1 AP B By 5 1

HERS AT
— ML
L. Al 2 L o
2. Iz e FY ST AR AT DLE 3 IMS /s
3. i M RE 12bits;
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2.20: DAQ-2501 f& £ 4

4. gy R B /] LA -10V 10V > 0V 10V >t \] DLE 5T H BB R B R BR -
5. B Y FH DT 0.1 BB ;
U HERER A
1.\ A 3 3 L A
2. f e Y SR AR ] DLE 3 400KS /s
3. T EE 14bits;
4. gy A HE W] LA -10V 10V > 0V 10V «
5. Wi AFHPL :1G B ;
6. = 7 fily 2% 52 =

= BT i A g
1. 24 {ff ] 72 20 B 5 1Y 8T iy A By HH B
VU . GFERS

L R TT T MO R
2. P HEE 1r9 5 HE AT 10MHZ
3. ShH5 05 5 1T LW A e R (10MHZ -
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hoc FHEL %
1. fENT RS -8bits;
2. 5 e P28 ) O e T 2
3. BFET :400khz:
4. BT 40K BB}
N RAIE S S
L. wJ [ K5 281 % 5k ADDA K -

2. 201573 8 1 i A {18 A2 B RH e ] > 58 5t I D] 8 A1 v DU A0 ] 2 ¢ 3
A 22 A9 ZhBEMI AL -

DAQ-2501 £2 {111 25 {8 1] By g =X 5 B P & w] DU L33 28 g 3 25 sk A 3L
RO R S - T E e i 2 0 75 R D2KDASK.H 5& flal £ 0 21 F2 204
I > A0 L BE S DAQ-2501 FiT 42 {5 1 B 20 » A IE o #d — S BEACHS T 21
H e o DL FT o A B B AR 2 2 it Visual CH+ 5
— HERARES
D2K_Register_Card():

i R A B s e B e e ) A AL > I B U R AR FT AT HE B L AT B
D2K_Release_Card():

78 DAQ-2501 1245 # 7 A A IRF 4 > mT I G 18 oG - s 380 WR0RE 30 S 2 L L FY
Ao Rt A 5 A

OELLER A

D2K_AI CH_Config():

b i A s i A B i ALY A fE ] 0 DA B P AR S PR T AL BT E 5
% °

D2K_AI Config():

I B 2 R DR T A L i A B il 28 AR o M AR g ARG L SR ThRE - R
TR R Ly ARy - 023 B0 E A BE B 2

D2K_AI_ContScanChannels():

BEB X — BT 2 1% SR E R IR T e R e R X o R B M E B 2 B L i A
YRR IR > ok DR AG BT T2 LU A RO B 1 B0 £ oo > B B2 B4 1k

Iy
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Pin Assignment
Connector CN1 Pin Assignment

a0 o [1 [85]acnD
a0 1|2 [36]|aGND
a0 2 |3 |87 | acND
A0 3|4 [38]|AcND
ADEXTREF A/al 06 [38]acND
Al 1[8 |40 | AGND
EXTTRIG/AL 2 [7 |41 ]| AGND
ADEXTREF B/al 3 [8 [42]|AGND
AD 4l 4 |8 [43] acnD
AD 5ia1 5 [10 44| acND
AD Bl G [11 [45] acMD
A0 _7inl 7 [12]46]| acnD

AD TRIG OUT A [13[47 | EXTWFTRG_A

AD TRIG OUT B (14 [48| EXTWFTRG B
GPTC1 _SRC [15 [49| Voo
GPTCO SRC [16 [50] DeMD
GPTCO GATE (17 [51| GPTC1 GATE
GPTCO oUT AE[E2] cPTe1 _ouTt
SPTCO_UPDOWM [18 (83 aPTC1 _UPDOWN
RESERVED [20 |54 | DGMD
aFl1 [21 [55] aFi0
PET 2256 | PES
PES [23 |57 | PB4
PE3 [24 |58 | PB2
PE1 |25 |59 | PEO
Pcy [26]60] PoE
Pes [27 61 Po4
DMGD (28 [62 | DeMD
Pca [Z8 (63| Poz
Pc [20]64] Poo
Pa7 [31 |65 | Pas
Pas [32 |66 | Pag
Pas [33 BT | Paz
Fad |34 68| Pao
*Pin 9-12 are &l<4. 7= for DAQ-2501 ;
Aled T for D&D-2502

* The extarnal references inputs and the extamal
analog trigger share the analog input ping 5, 7, and &

2.21: DAQ-2501 5 i 15 I B [15]

FEEL W A ERSR » &gl

D2K_AI_ContVScale():

L 8 2 rT AR R L iy AL A7 0 (7 a3 17 (L FR 16 8 (7 8 2 RE AR 1Y A
D2K_AI ContScanChannelsToFile():

L8 2] DURF T £ 45 W E A7 2 FE M R R A 7 > 55 7 o o 2P By > PR R LG Wi
ATIEAE A7 ETRERE A - ATETAE cpu 1Y g LI ] -

D2K_AI ContBufferSetup():
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I B 2 UE A s B 22 ] GRS L AR E a] DU A - DU SIS L
g A B DIHE ¢ WA SE P EERT (7 s B R o o R ZHUE S R A (A B A s e
D2K_AI ContBufferReset():

B 5% 1 D2K_AI ContBufferSetup() fit & 5 FY {728 °

D2K_AI AsyncDblBufferMode():

A TE ST 1 P A R By DI BE

D2K AI AsyncDblBufferHalfReady():

T A BT A s A RSP IR O PE  E AH RA B A -
D2K_AO_CH_Config():

I B 2] DR o 2 B L A PE RR B ] - w] DLEe E F A1 Al ar A JBR R e B
W ADDA -R¥HREE 5 00 70 SEAE P A P i o BB 2 58 8 o
D2K_AO_Config():

L i R DU v 2 LD i ) g o8 AR o i AR i RS L SR IhRE PR
(RECE ko Nam fant i SRIVYE B iT= Al SR

D2K_AO_Group_VUpdate():

— R [l Fy B oA DY {16 C o s ) i (LA

DY SV e At

D2K DIO_PortConfig():

ax 2E B port & H B A o

D2K_DI ReadLine():

— KA AT E -

D2K_DI_ReadPort():

— REEH—#H port FUfH -

D2K DO_WriteLine():

— KEA—ALCHIAE -

D2K_DO_WritePort():

— R &5 A —#H port HY{E -

. R

D2K_GCTR_Setup():

PERIGT R 28 A E AR E RO S -
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D2K_GCTR_Control():

A AT IRF A R BITANT AR5 il 58 oo a9 - 52 Ba BER th A0 i A 2l
WS A ... SFIDRE > AEE M U E

D2K _GCTR_Reset():

TE BRI dr A AE -

FIFH B AR B o0 M a] DLH CBER Visual CH+ YRR - DA
ADDA R B H M AT T AV L BE -
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!
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3.2: = MK 2 By E 7 Bl i T JR B B 6, = 0

D

F ] 3. 20 A A - AP ] DAE = A 7 i F 522 1Y 7B S B R DL R A 5 A 5

AN AR
R
Vas R 0 0 lg Ly —-M —-M
Vis | =10 R 0 iy | T | -M Ly —M
V;S 0 0 R /l:c _M _M LS

R = AHKMERS A A BHAE -

L & = RH7K 8 B 2 1 P9 A

Pt = AR KR e AR B

M = FH 7K s R 322 7 - FAJ I AR e

0, @ 45 BlE AN Y A E ([ 3.2F70R 60, = 0°)
wy t ZAH KOG R A R

1

e

2w7‘ Kema:c

cos(0,)

cos(f, — &)

cos(f, + 27)

(3.1)
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T ik 15 78

A 2 2B
T, = Ki((ia — 2 — %) cos(0,) + \/73(@'1, — i) sin(6,)) = Fjw}, + =5t T (32)

T+ = AH KB F6 5 iy i L HHEAE. -

J o - & (moment inertia) °

Byt = AHK S 3 PR T2 3 (damping ratio) e
Ty + —AHOK GRS E I B

11 = A 7k g 1 52 B gl )y o o B2 vk A el 3.3 0 Bl ) B 2 0 =8 R AE Legy
Legy ~ Legs ATAH Y - HEEA A WE D oM - AJLUEES#E - MOSFET -
IGBT &% Jy&E 7-Jolf -

ke
Leg |Leg 5 Leg 3 J( a
Ta Tz Tis |
I par]
0
b ¢ T
T}Q Tr4 Tr6 T %
T GMD

3.3: = Ik ff s 53 B I B 8 45 1 2 1
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32

V
O P
Legl Legz Leg?:
Trl Tr3 Tr5
TrZ Tr4 Tr6
- —GND
P

Leg, \Leg, |Leg,

Trl T”3 Ti”5

"~ =GND

3.4: =M A fd G 5% B I Bl B R BLAH B2 R R B T
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a7 EAE S - BMPAtAHEE A X o R AR RE S 2 2 DL AH Y
7 A fe Tﬁéz/\ﬁ ab Wi AHE A B 0 BIERE &5 £ Tos ~ Try > Ths
Ty IE VUAE L) 3 50 048 A 11 Bl B B B 45 > 1 Ty B2 Ty *ﬁﬁmfﬁ'ﬂﬂﬁﬂk > 4l
3.4 MLy - AT DA £ iy = —ip =i > i = 0 » AL - FATHTLURE (3.1) 2
BT K

r‘u[l

cos(0, — —) (3.4)

Ves = Ve Vo= (=M)— = M—, 2 (0r + =) (3.5)
M1 (3.3)(3.4)(3.5) AT HEHS V,, Z B ES (3.6)
Vo + W =2V QwTKemax 27
Vi = —3 5 cos(6, + ?) (3.6)
PR w, = B R (3.6) AT
2Kemax 27
Vpdt = 2 cos(6, + ?))dﬁr (3.7)

N

K (3.7) A\ EEE R ]G v

i
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t 2Kema:v 2
U= / V,dt = sin(0, + ) + 0, (3.8)
. P 3

F(3.8) 3 > BRI W 2 — {8 R 1% 2K e/ P Y IEBZ BN L — i 1 3
(R IE Wo o AL - PUEE S W By 20 R B9 Il A/ > FFBREL 2/ P > AT LA
12 Kemar WIH ©

3.2 B e Jel L 4R 0

AT A $ 2 ZE A UK i RS 2 A BAT Y 5 Ui > e S 3.8 &
B 1 BA6849 B By 1C /2 = AHBE B 1C > £ T 2K R e BH A B8 AR - G
BA6849 % p — FE B ATy B B 1C -

3.2.1

o BT — N o AR A A KRGS B e B
iR ST e AR (L IR - B 1 Z TR A A A > SRR P HE e G — AT R RE AL
8 T AT KBRS S Y HE RS R BTG DL o 1T BATTER A LU A — ARG G
DLBR AR B U e q - 1 AN =5 g HL PR B R /N A e R el 30 B 30 B2 2 15 R A
Pt AERAM S22 RE Fig e — AT A i F6 5 Y R IR 11 - gl ] DU 5l — AFUK G S, 5
BB R e R U -

L HT Y B A S AT SR B M R E B HEE SR R R B K B
BT BRI R B B AR A K G = LU ab W AT o D] IR TR R RORY
Ko — Ky = Koy T1E 3.5) > DS Krap £ = AH 7RG RS 32 il 49 PR € 2 6K [ £
T PR B A o R R 1 AN ] DU e P e S — AH KRGS R RO i 7B A 2K
PE > BT AR A HBL 5 Koo WIE S BOE - sl DU A ALY IR = i >
FTGERAEAAIA Ok > S R e i o ((ATlE 3.6) -
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FoAM I8 = AH K R SE WY B AR LR A R TR -

T V3, _ 2] . 2B,
T. = Ki((ia — 9 5) cos(0,) + T(Zb —i.)sin(6,)) = pWr +—wr T, (3.9)

DA B = AH A i JG 2 SR EAE BRI U R > ML o = —ip =02 4. =0
A EZGES

%) cos(0,) + 73(% — ic) sin(6,))

— K (i — 3) cos(6,) + Y2 (~i) sin(6),))

= K, (% cos(6,) — %2 (i) sin(6),))

2

= K;\/3isin(0, — I))
(3.10)

[OEZ4 N a5 NS R/ I CINES 1= =/ =l = = WA TET oy R O b S 2
W Ky ?E‘ZJBE/%ﬁcﬁﬁﬂ’ﬂﬁqﬁaﬁiﬁéﬁﬁéﬁia@ﬁﬁmﬂ H, Fir 55 J A5 Y 1 558
SAINF ARG B 5 > DR G M7 ml DU it B W SOl & H, RO EE B - 5l R 3 M EH R
PRI BT #I5 [T G > 20T 3.7

ﬁi%ﬂ%ﬁﬂ@ﬂ%ﬁ%%ﬁ%%ﬂi‘_ A% 0 BT PERA SR o fE S BAGS49 i (1 Fk
(A8 220 BR IE WG 7 32 it BAG8A9 Al fig {1k 1YY 78 Ve T i Bl iy 1 5 JRR #4857 11 A Bl
ﬁ%%(@%&U’ﬁﬁﬂU?ﬁ"ﬁ%ﬁﬂﬂ‘%u%’ﬂu%BMM9
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LTS
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3.2.2  BADfe® R A NI A

AT lE 3.2F o o FE B ROAI &8 Ho > Hy ~ He 254 HAH B ERY i i - 73 31
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ROHM) & Bl 8y 75 $H — AH A Ri& B5 = - 38 B ) 2 2 LA 180° N4 7 38 2 e )y 3
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2.7 ' ‘ ' ' 1
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A
23 : ‘ . .
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27 : : . : .
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25
2 3 1 L L 1
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1 €1Freq
1 184.880 Hz

C1 Ampl
244mv

| C2Freq
1 184.730 Hz
1 Low signal
- amplitude
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