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REDUCING AN INFLUENCE OF QUANTIZATION ERROR AND A CHARACTERISTIC VARIATION DUE TO
MANUFACTURING VARIABILITIESS FOR DRIVING A HIGH PRECISION MULTI-COIL-MOTOR

/NS
Haruka MATSUO
fREHE THE

ffﬂlﬁ%ﬁ%rmfil%ﬁ ﬂ' 5

F LR E LR

For the high precision driving, a multi-coil-motor (MCM) driven by digital-direct-drive-technology has

been proposed. However, it is not suitable for driving MCM, since this digital-direct-drive-technology aims

driving of speaker. This paper proposes two methods for a high precision driving. First method is a

honeycomb-structured space vector delta-sigma modulation which can realize a multilevel quantization on a

rotating coordinate system. Second method is a full-search dynamic three-phase multi-coil-motor matching

which can reduce the influence of variations of a manufacturing of stator coils.

Key Words : Realization of high precision motor, Reduction of torque ripple, Reduction of quantization

error, Reduce the influence of element variations, Multi-Coil-Motor, Space vector modulation
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(3) Noise-Shaping Dynamic Element Matching (NSDEM)
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(4) Dynamic Three—phase Multi—coi|-motor Matching

(DTMM)
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Point_U! Point_U} Point_UJ/| [12-10 12-11 12-97 [2 1 3 (6)
Point_U! Point_U; Point_Uj | |12-5 12-4 12-5| |7 8 7
Point_V?  Point ¥y Point V7 | |12-8 12-6 12-7| (4 6 5
Point_V" Point_V; Point_Vy | [12-10 12-11 12-12| |2 1 0
Point_W} Point_W} Point_Wy| |12-5 12-4 12-5| 7 8 7
Point_W," Point_W," Point_w; | |12-9 12-10 12-8| |3 2 4

COXIITHRKELEEEEDZ LT, HHRKDD R
WaA O RITE < 225, B 21T HSVDSM 22 b i S
TAEEMR V30 &5, (), (2), 3), (6) kY
V30 _1={+V1,-W1,-W2,-W3} (7
=Point_V\” + Point_W," + Point_W," + Point_W,'
=4+3+2+4=13
V30_2={+UL+U2+V 1,4V 2,4V 3 - W1} (8)
= Point_U/! + Point_U! + Point_V,” + Point_V} + Point_V} + Point_W,"
=2+14+4+6+5+3=17
V30_3={-UL+U2+V1,-W1-W2,-W3} (9)
= Point_U/" + Point_UY + Point_V,” + Point_W" + Point_W," + Point_W;'
=T7+1+4+3+2+4=21

Z D, K9 D V303D mBIR—Fm < IR D . JRED
ENEWD Z &, EAEROD R a A v a2% EH

LTWB LHITE D7D V3030 a4 VOAHEhE

FULAU2,4V1L,-W1,-W2,- W3} & BB T D E 52 T 5.

Z DX 51 FDTMM |Z HSVDSM TR S - Vx 2 BT 5

MAEDLEE LTHERBRO DI a A L ER S Z Ll
ALTWaAAEDLEEZ, 2 TOMAELEOFH NS
KL, HHTLZLTRERINTYXFOREL I ED
5T 5. HSVDSM & FDTMM 2l EbE 52 & T
ek D 3B TMAL LIz~ /L F UL A SZAEFHEE L NSDEM
DOAEDLEIK L TEHEEAEZ RS FE T Y
XFORBLER L, L0 ERERET—ZBEIOERMN
AREL TR D,

4. al—v3y

RETFETH 5 HSVDSM & FDTMM % MATLAB[9] b C3H
L, MCM EF/V[10]ZFHVWTY I 2 b—va v &179.
VIialb—varEHEREITE2 X1 217 LT
BT MERT HFE T OEITETEY O NCM 2> 5HE L
oo ¥Ial—va rCEEBIIRT o’ BT DOENLE
FALRAZE DRI A 2 P R THER L, MCM E7 /L
DRERET 2 b7 ZHARESmr L 252 & Th
7 bR AHERT 5.

F2 vIal—iar (FERN) &4

Drive voltage 6[Vv]
Moment of inertia 0.0000087 [kg*m"2]
Viscous friction 0.0005!
Number of pole pairs 5

Ru1=886 [mQ] Rv1=839 [mQ] Rw1=876 [mQ]
Ru2=801 [mQ] Rv2=804 [mQ] Rw2=828 [m Q]
Ru3=760 [mQ] Rv3=747 [mQ] Rw3=734 [mQ]

]

]

]

Lul=216 [ uH] Lv1=213 [ u H] Lwl=234 [ H]
Lu2=220 [ 1 H] Lv2=230 [ u H] Lw2=242 [ H]
Lu3=231 [ H] Lv3=231 [ uH] Lw3=222 [ u H]

H
H

Mu12=212 [ H] Mv12=216 [ u H] Mw12=231 [ £ H]
Mu13=211 [z H] Mv13=210 [ u H] Mw13=215 [ £ H]
Mu23=220 [ uH] Mv23=225 [ 1 H] Mw23=226 [ 11 H]

Sin table

HSVDSM |}
"
FDTMM [

K12 Yzalb—I3arvl

2

=y

y<ycy

FAHIMNL U7 A SEFARE AV AHERTIE L, #ET
1% HSVDSM Dv—7"7 4 )V Z O )% 2 Wk P o B
W L7z, Zo/REEZX 1 3I1TRT.

FRADHFOMAMRER L WEIE RO TH Y, #H
LD DOMNETTRITB N TO 2 ROFEF O HFE
Tho. BodOHT 2 EITEFRREDRENRKE
KBBFE, REOMPGEENTE L R D72 4D
EIC X 5> THER SN D HOR/INER & B IEROENK
<. K1 3 X0 FmEEERICK LTI &b
MNTE 2D HSVDSM D FF A4 S35 F A3 IR E O I
BL72y, BERREDRENBD SN TND Z &M
WTE5.



" 1 [—Three A £ modulators

B —axis

o —axis

K13 2RXRDIL—TITqLZ2HAE (a”, B”)

WIZ MM BTV DR ST b vy O BT %
T9. Z’BZOMMET VIR 2R LEL I IC2A L
DEFNRTIFEEBLTHD. < /LF LD PWME

., AXAEFHE, A X ZFHE -+ NSDEM, HSVDSM,
HSVDSM+FDTMM @ 5 -> O BREL 5 X% bblic L7=. PWM 231X

BLAIHEIENT-RROTVZLPIMTHD. X v
)7ﬂﬁﬁ%4&mﬂﬂ,nw2%ium“ﬂfkb

X 757825, NSDEM, HSVDSM, FDTMM @ 2 & - 7 J& %
mo&m“ﬂj;ﬁﬁmwmwi%ﬁﬁf%%&m[ml
&L, [RIESHEEE T 120 [rpm] THIE Z 22T I F#<H
RS, BREEZX1 4, ZOHKKEX 1 5107,

Frequency characteristic of the torque

| A I modulato

5 S0 N I R -5 | HSVDSM + FDTMM
10' 10 10° 10* 10°
Frequency [Hz]

X14 brroBEEERET (Iab—ay)

F:PW % A XZFEZE /K HSVDSM

IR0 A XZEFHESHNSDEM sk : HSVDSMA+FDTMM
100 Frequency characteristic of the torque
-105
-110

2115

=

L]

(@]

10°

Frequency [Hz]
K15 K140 KRE (10 [kHz] ~ 100 [kHz])
IR A XZEFHEE+HNSDEM &k - HSVDSM+FDTMM

MV IXERK T D& THDZ ENLEE L. B
DU DJEEEHNAFET DAY VT ABKREL 2D
ZE, MMIBOLMKRELRoTLEY. BT YF
WxF L CRPR &M LTy PO 53R, A S35
HSVDSM 13RI ICB N T aA LV DRETF T Y XD
MH /) ARXTaTRNERLTND I ERERTES. 2

AU LT A S Z55% +NSDEM & HSVDSM-+FDTMM {3 BXE)
aAfNETVYy vy 77 LERBRO DN a A Va2 E
SR RT A ZE TaA VDBEFATYXITH LT/
AR 2= T DT TVS. 2O >0 % ik
T B ERETFIETH D HSVDSMAFDTMM DS K 1 5 LY
ERIZH 6 [dB] A7 T ABEH I TV D Z &N
W TED., ZIUFREFIEORY MVEIZE - T
BERREORENMUBN SN Z LN KRERERTHD.

5. XA

R F1ETH S HSYDSM & FDTMM % FPGA R — K ¢34k
L, EYONM 28 Eh+ 5. AESRFIFII=L— 3
VERBETRZ2ZOBEY THDH. ERREREERX1 612
R~

Torque detector
Multi-Coil-Motor

Driver @cuit

FPGA board

FPGA bord Voo

Sin table +

a HSVDSM F
>
FDTMM ¥
Ld Driven |- Torque
Pwmzzgg 3| || Cireult @ detector
/\/ A TS . \ chlmg
NSDEM [{
E _

=

Multi coil motor

By

¥<v_y

K16 FHAEE L. BEE T: 45X+
VI ab—v a2 LRERIC PWM AT, A XA, A
Eﬁﬁ+mmMHWMMmem$mwwso®ﬁ@

FRICOWTHEZEITH. M7 A—=Z 5 MM O kv

7 ZME L, FFT 42 2 & CRIMEEED ik 21T
9. VT A= ORIE FTBE7R BB BMR N T2

A E OJIE T PWM AFREIES v U 7 A EE 1 Hz2] &
L, "OVAIEZ 1 0% & Lz, A XZiH4s, NSDEM,

HSVDSM, FDTMM 0> 27 &~ 7 Jal 0% 10 [Hz IZERE L7z,

T— X OFRENER ST 0.1 [Hz] & L, [RIEEEE 1.2

[rpm] &5 54LBE, & — % OEHRO M 7 & IR

B CORE L o=, T—F ORIRMEE CREE T



O, "I A—FORAMWERKIZL, iZzEELThL
7 OPEEIT- Tz, MREXK1 7ITR7.

Frequency characteristic of the torque

—PWM

—— A ¥ modulator
HSVDSM

-40 ~— A ¥ modulator + NSDEM

—HSVDSM + FDTMM

-20

Gain [dB]

W

HWWMWW

il 1 |

Frequency [Hz]

K17 bILYORERSER ()
FHPWM % A XZSEHSE /K HSVDSM
Ao A SEFTHELHNSDEM  fF - HSVDSM—+FDTMM

A ETE L CWAmor—ZRnaEEEdd, hrsNE
MTIHRLIRR E LTEND. ZOOEEEEHRTH
% 0.1 [Hz) S EERRER D b L7 & LTRARY b T AITH
NTW5., Flerzay Z7EEE 10 H2iIZxf LT/ A4 X
Y — BV TR R TTE . 2 OEREHSVDSM O 508 A
S BRI ARCTEAEEDORENRR I TN DT
O, AR 2= TOEAMEEL TS, I
L—3 g ERBRIC A ZAFRZR & HSVDSM 1337 Y 0
BB K o TEEEN A 0.1 (Hz 1 MHED /) A X7 1 7 /3
FH L TWB A%, NSDEM <2 FDTMM %+ % = & THTF
RIYXFOEBMEB SN, /A X707 bIEEL T
D2 EDHERRTE D, P ERL b2 &, hoBEE )7
KO/ A X707 B ERLTWAD. KR TE L
HEToCE—FEHE L2, 24 VOERT Y &
AREIC XV HAEERENRBN TV DB LR
Z. PWM ZFH1% PWM A L COBRANLT b T ARH
AT DHAEREIXEIR T OHICHNS. LLA
SEREBED ) A X = — B TR & b S BALERIC
BOTIEANNY R T ARERL TEHEBENDL D, T
LETOMELERENENVFRTHALTHDIDEEE 2
HILd. M T A—2 THIE % T 5 72 15 75 W % (K
T TV D72, RIS OBREHFT N b EHE
ruayl CEETAZENEINTWS., ZDHFE
BT RERFEIRZNEEZOND. B1 7LD, b
DT b DM IRNEREE 2T — & ZRHI T 5 121E, [HER
et ~3 0.1 [HzJ B LIS DB 13 e n 2 & &
RYMENHD. T TEEEREE 0.1 [Hz]icx LT3
W, bk, TR, 9, 11K, 1B ROEMEERELAED
7o THD Frth & i35, fRER3ITFT. K3 XV
A X 25375 & NSDEM % #H A oW 7= i3k J5 =N D THD etk
W2 LT RRFETH B HSVDSM & FDTMM & M4 ot
7o THD FFER R ESHEIN TV OENHER TE 5.

# 3 THD Rt ik

THD
PWM 0.2179
AT ZERE 0.0736
A 3 ZERES+NSDEM 0.0078
HSVDSM 0.0836
HSVDSM+FDTMM 0.0046
6. fEiR

AL TIEER L EBERIIZ BN e L, &tz
A9 % HSVDSM &, BEEFRZEIC K 2R F T Y F D
BEARM S5 FDIM 248 L. Zhbad v Ial—
vay, BXOEMNDL 7 Te b DR ED LT
BT &R Lo, 2T HSVDSM 2363k A S8R &
g UC bV IR T D 2 Roe AR SRS )T LT
FICEFAENTETCWEZDTHD. ERRETETE
CHREDT 4= Ry I EFEHWTE LT, TV
IDRRAOHBETHZOWETELZEHRERAY »
FCHD. INOLORERND, REETIEERBEBESOHE
RKENDMTHE e IS T 52 & T, mamER-ED
RIENFRE L 72D

SBITER SN D ZITE L C A Vo AEEkE
HWRT 52 L CRESIROMN 2 B L2V,

BE AIEEITORCDTZY, Z<OTHEELHEE L
TEW-ZHEER, HRREOMRERLITo T
S o HHHEEE, MIE~OFEx 727 R 2% 1L TL
72 & o - TaREREE, RBFZEE OBRRICE K@V Z L E
T, E, ZoHREBBEY LELTERRLBAETHEN
TR R EAT IR LR 2N (JST) 4%, MiaHA Y =21
T HERICE LR L LT ET.
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