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Abstract

This paper proposes a new drive train for the electric vehicle which has an ADTRM (Anti Directional Twin
Rotary Motor), and a new algorithm of the speed sensorless control of ADTRM, and an optimum circuit redesign
of the resonant inverter to drive ADTRM for popularization of the electric vehicle and the improvement of its
performance. Thus this paper discusses all over the drive systems which consists of the drive train, motor control
and the inverter circuit in the electric vehicle.

In chapter 2, the new four wheels drive train with ADTRM is proposed. This drive train is compared with
the other drive train and it is cleared that the proposed drive train satisfies the prerequisites for popularization

of the electric vehicle. In addition the proposed drive train is verified by the experiments which uses the actual

vehicle was made by hands, and it is cleared that this drive train can easily turn the tight corner because the
ADTRM has the function of the differential gear. Thus this chapter is concluded that the popularization of the
electric vehicle is expected if the proposed drive train is made practicable.

In chapter 3, the speed sensorless control of induction motor is described to solve the problem that ADTRM
needs two speed sensors. In the speed sensorless control, the estimation errors of the motor parameters generate
the speed estimation error. Thus the effects of the parameter variations to the speed estimation is theoretically
cleared and the new algorithms of the parameter identification are proposed. The proposed algorithm of the
rotor resistance estimation uses only the stator current and rotor resistance is estimated in the transient state
of the motor speed. This algorithm is very effective for the electric vehicle because this algorithm does not need
the additional signal to avoid the torque oscillation.

In addition the parameter identifications in the very low speed region are verified by the experiments which
uses the ideal voltage source to avoid the output voltage errors of the inverter. By these experiments, it is
cleared that the identified rotor resistance is effected by the leakage inductance variation and the new algorithm
of the rotor resistance estimation which compensates for the leakage inductance variation in the very low speed
is proposed. In these experiments the zero speed control under the 10% ~ 40% load condition without signal
injection was achieved by not only ADTRM but general induction motor and the effectiveness of the proposed
algorithms are verified.

The proposed algorithms are very effective to apply the speed sensorless control in the electric vehicle, and
if this control is applied in the electric vehicle the miniaturization of the size and the reduction in the cost are
expected.

In chapter 4, the resonant inverter is used for the inverter circuit to reduce the switching loss because the loss
reduction in the inverter leads to improve the one charge distance of the electric vehicle. The all loss is analyzed
in the active clamped resonant inverter and this loss is expressed by a function of the resonant inductance.
Thus an algorithm of the optimum design for loss minimization is proposed and this algorithm was verified
by the experiments and the high efficiency 98.2% in the resonant link circuit was obtained. If this inverter is
applied for the electric vehicle, the percentage of the inverter loss in the total drive loss can be reduced, and the
improvement of the one charge distance is expected.

This paper concludes that the proposed drive train and proposed speed sensorless algorithms and proposed



design method of the inverter influence to the technical advance and the possibility in the popularization of the
electric vehicle. Thus this paper can help to solve the problem in the air pollution and the exhaust problem in

the petroleum resources.
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%, o T, FOMELTO—FDO LI IEELL 2D, FAAEKREZAFNOAEMICE o TRES NS, 72
HROBEEFARET 55, BHRRAYy 7Y v 72@ LTSNS, MT—5 D bL 7 A% L, BER#EE

outer rotor glip ring

A TR

resolver resolver

21 BEXESHHEAERKE-S

FEMCL o THREESND L W) FiX, BHHEICBY A7 77 LYy ¥ 7 EBERE) 0%HICE LY, o
T, HIRE— & EHVZRERE LTiE, 2.2 (3R L ZiR5RED & WREREI 0 — @ b O5kE A0 Ex 61 b,
THREREH ARG 2] THRICIRESIA TV 230 TH 505, MU— 5 OEEHE 22 58 CREFTILEL

ADTR-2WD ADTR-4WD

B 2.2: K E— & % 7o H5EE) R



o REXTHRE

o HIRE—9DEV5—F 77 LY v VFTORBEL S

o BEOWUGHBH AL ZOZ IHALL TV

KE. #7777 LY x VETHLETHS I L2, BED T T Oy 2 BHEALEII 2 AR A D B B,
NS RMNEFHEFAOMBETH), HRKE—¥ frk ., 45l B E R TICES IS
K[EBHECBITERIEH IR TH), 75 V) CEBEERETRETH LM EH
ABE, BB EaR PRBEIL LW

22 E-2EEAXCLIFHAADOHE

RELTAHRE- BB AL EDL L, -5 OWBEHERE— Y EIC L > THA LB HRAPFEZ 5N 5,
FHTRE—VBRERBHECLZ2BHHRNOTEEIT)o

1 motor

é‘WD
X 2.3: £— 7@k 2BH AR D58

KEPICHET 2 ERELAMHRE- BB AL ED, UTOR 2.2, 23174 5K 6 &4 TITHBT
LENHKL,

o 1 E— 7 EREH AKX
BEOH V) VELEAMOEEY AT ATHY), BERRSNW T2 EXETHEILIZIZI NS ORER T #
BLTwh, BREBEIERH LHAORSE L TR, BEDO 7Ty b7+ —L % 2D EHATESL S
CHbe B, T4 77y x VETHLET, EEHERA V) YEOBEB L&V,

o 2 E—FEREIAR

— 2 SERE)EE
2 WERB DB EIZELD P v 7 RUEER (& Uﬁ@)#am:&kféam I B A VIR D VE v
BRUEZL, b7V s ), B ABS'HPEBTE 5, 8. O ARd GM # Impact(EV1
131 E— %) NISSAN #® FEV(FEV2id 1 €— %), BEFOL S 4 — I (4 ¥4 —LE— %) IXIRA
e

'Anti lock

Break System



2.3. EHESHHROLE

— 4 BEREE

2E— Y DFDFREL LTid, BIEDO LI NT Y AZHHICELTES 48

DG EISRIEREEEEL S 615 2 (0:100 ~ 100:0) AT FETH Y, 1 €T—F D 4WD (Tt~ L
THARRR O CBEHN L REIERV, Z O5KE i TOYOTA D/ 1 7)) v FE HV-M42( /A

Sdl7c,
o 4 E— FERFHAHR

=Y H3OLEIRZ S L, WEERE) L G E A FERICHED L) ISR D, MREISIATTY 2 THR
Riinsb. BREPHOREH TRH L P IR Mk LOMBIZS . OB R IZA[1] IHRA S 7,

o MK E— 7 ERE A

L E — & OIS EEEEFE RO E— 5 DIEDH, [F—H 1D Direct Drive(DD) £— ¥ & l#§ 5 L #3
GO AXERY, SRS TEETH 5,
- 2 BERE) B
RIEF TR~/ & 5 2, ZHRESAR TR TS —0—F L 4y —u—FiEHRICEEY 28, K
FTHLEILL S,
— 4 HERE)E

HRE— 2 2 ICEE L HERUGES AL 2 ), REFTRTELFFERT 70LEE LS (&
VEI—TITRAE), iz, —BHBELLBEIHLT, 770y IBEPULEE RS, HIRO PV Y
BL 531 0:100,100:0,50:50 D 3 @ H) AU FETH 5,

2.3 HEFE/AXDLEE
2.3.1 T I RUFX7HO

DEDZEBEREREFTH, 77 ETHRETALR21DL )%,

S 2 4 il
SEE X WD [ 4WD 4WD [ 2WD
T o T 0
REXTE | 0 0 0 0 1
Total 10 [ 2 o] 2 1
F21: BT IRBEOLEFTH

CDERED4E—F 2E—F7 WD ARET7HO LD LW eFhb, ThED, 77, FTICL 28K
BILBVDIR4E—F, 2E— 5 2WD ARELE R %,

2.3.2 ETREM (FlEE) OFE@

BEBREBHHEICBVTIR, BEIARNICL ) RS2 EmaE 2 L LISiT4 ) S L HRD. BT <&Ml
Hthiz ABS R U TRC®. 4WD., AYC*, ATS®, LSDe&{R%E L7ce £ 2.2 (CE— ¥ HICT & B T N5 DHilHATTRE

21999 £HFE—F — 2 3 7iTH
3Traction Control E: N A
4Active Yaw Control
3 Active Torque Split 815
SLimited Slip Diff

Bl

7 758
7 DESHE
7S




23. ZHEHHROLE

PEIDERT.

UL 1 ABS,TRC | 4WD | AYC | ATS | LSD

1M 2~ X X X X

2M2WD O X O 3 @

2M4WD (@] O X O

4M O @) O O (@

K 4WD A © X X X

K 2WD ol X X X @)
O:5E, X:AUTRE, Aidb HFEELUIHE

& 2.2: £— & T X B ESTHIE

ABS. TRCIZ2oWTRE—F L HEOKRENS R TENUE, FRRELTE— SN2 IV PO —VTELD
T, RHLITARETHI0AD L DL B OER (8) 725723 bO—b§5Z EAHFELV, T/, LSD i3k
BILE—SZBELTWEWVWERTRETH S5, HHKE— 7 DBAEEELHEHVE % 513 Mmﬁ FE 7% % il
TAENURETH S, F72, 4WD A5AFE (2MAWD 4M, HK 4WD) % & I Z1& p B THERER 2 — F 1) ¥ VtkgEd*
mEl, ETEEEREEL %5,

2.3.3 /BRI FIF—/BHI XILX —THEINTOFHME

EROEEREHRICOVT, —FHE (40km/h) TETLAHEO—FEAEITHM, REEE, 0-400m HosE:/H
R L 75, 283 UEHINT A= ﬁy’l":t‘ﬁ%%:’%j—o LB, AV — S-S REREIIL, £

A=Y oREE =gk Lz, Fi FEHWT o HEFTHREITIHELRLERE L, /
7 Ak 24kwh TH 5, —AEETHESEILAN (2.1) T ;*rtaben%a

E U,

A i L
R Tum+I1—un)

x 3600[km)] (2.1)
ZZT, RiZAHHY EZFIEADOH (N). ua: 77 HE. unT—IHE, upd ¥/5—55% (@), :€— 5% ().
LA 75— 5% (). E/Sy 7 DZAIVF— (kwh) TH b,

£24 L0, FHEOBVIEIC2 E—% 2WD, 4 €— %, R 2WD, 1 €—%, L 4WD, 2€—% 4WD &t 7
TWAI NN B, 2E—% 2WD AR, 4 TE— 5 ARRBT 7 BEBEVGLZFHEEI L L, AFTHE, 1 £—
S EHR2WD 2 E— 2 OBEESTETHRE— Y DAHVERL toTWAE, 2E—% 4WD Mﬁ& 4WD 2BV Tk,
AUN—F, E—FEEOEVVHNIEZZOND, B, AN IBTBEERIMAIRELLHE 2 ) DE
LB ROND, EBEIE2WD & 4WD Tid ¥ 1 Y OZ G2 BFANIED LA ST T DT, AN NIEHLE
kT2, Lo THEICEHETA2%51Z, 2WD & 4WD OBE T A0 BB HEZILEEERETH b,

2.3.4 ZTLMOFHE

BEOHMTIRIEMIEID R WAL, [ =y OREL &2 L ) E— & AT
v, LTFTIRE— 2B LBEOEEOBHE%2TRT,

F25XN2F—% 4E—FIIRERII#HEN DS, ERNISSAN#HO FEV, RUGM #D A »2327 b LUaT
32— HFRERALTVAY, HER1E-—F LT3,

MEIETA2ZELHNHBLEVDITT




2.3.

EREBHADLE

BEAESE (/S 7 ) &1):1350ke,Cd fE:0.19, AIEZEI

HE (kg) | 7% (%)/f8

E£—% (20kW) 16 95
DD £— % (20kW) 80 95
DD £—# (10kWx2) 100 95
DD £ — ¥ (6.8kWx4) 132 95
ADTR-DD £—#% (20kW) 50 94
42— % 1@ 28 90
4N —% 21§ 50 90
48— 4f8 88 90
FLTP VYA VET 18

WHEF 7 (¥ 7 5.0) 10

# 2.3 BHEICAWRNT 2 — % (HEMH)[1]

E—F M 2M oM aM | MR | R
2WD | 4WD 2WD | 4WD

—FEEBELT
BEsE A(km) | 398.0 | 435.9 | 384.3 | 412.9 | 401.1 | 396.8

—FEBEST
P8 B(km) | 339.2 | 371.4 | 327.3 | 351.4 | 342.0 | 338.3
¢ (km/h) | 173.0 | 177.6 | 175.9 | 178.9 | 173.1 | 173.0
0-400m(s) 19.55 | 18.37 | 19.55 | 16.70 | 19.35 | 19.48

A:Z A0 FE0.01,B:Z 5740 2% 0.012

IM USt2T D.D A, §OFRME L, 4M & 27.2kW

# 2.4 —REEITHSE &S

HEE, INAEMERERTEAE R

ER@) | 1M M M 4M MR | K
TR 2WD | 4WD 2WD | 4WD
HKie | @ik | AKY | gy | AEY | £ | £k

5: E— ¥ HMELE LSS E D%




24, HEET— 2 HRULEHEOEEEH 17

2.3.5 moEFEIR

PEZzRemiCFML, SEEHRLFMTLLX26DL) TR 5,

IM [ 2M | 2M | 4M | #K | K
FF | 4WD 2WD | 4WD
EfTgEE | X | O O © X A
#l#EzAr | O | & A % @) @)
#HhE A | O X QO @) A
HmIzAbr | O | & A % © ©
etk O | x A X O @)
# 2.6: MREFFH
26 ICBVT, EFTEMR L IR HEEmHIE M h. HEME IS Y= EEDIT— YD

ARERLTWVS,
#26 L W EUMTIRDHAFRENDOE— 5 THELHE, 13IZROL ) RERLE ZEMNHRKS,

o {EMHEARE (FV ) YED 1300,1600cc 7 T R) (212 1 E— & AR, HK 2WD AR Al
o EMEREGIEEL (F ) Y ED 3000cc 7 T AEARE) (21X 2 € — ¥ 2WD F R ARl
o A 4WD H (RV) (ZIFAHK 4WD HR A 5d

2E—% 2WD AR, 4 €— 7 HNdmteE, BHETRHH5, 4 E- 7 HFRFI A RUKBOBHES, 2 E—
5 oWD AREZEN, GREECE,S, POTBYULELES 2G4, BBREROSZT»6RA L, 41
2E— ¥ HROREWHRL . HRKE— 5 4WD HROEM IR (AT OBRE)IELS) 2R TH %,

2.4 HERE-2EHMGREFEBEOREHMN

RE T, RELZHKE— 2 aWD BB HROERETHELRE T 5. EHORUECHoo Tk, H24 D
V) CEHBEETEEL Loy - b EfTok, E— SR 25D L ) PM ﬂ#ﬂﬁ—f—y&zvxﬁw) b R
T BB LCHIEFIC I LA EELTERL, 2B, 20BEELMZHIZ 25 CBEMOT7 7L
YYRNFETERESETHERYV ST 2fTo72, ERLAPMEMHRKE— ¥ OMMEER 2.7 ILRT. %8B, TELR
EOFMIFFICE T,

T/, B2.61I0— Ny = THRERT. ©— % #l#id TI# DSP(C32 50MHz) * f\», > 7Y ¥ 7 #EE 100
ps CHEAL TVwa, EEL Y HFRLVYL/SZHVTWE, R/Dzws‘— FRAVWTICLY VAR 20E F
A/D a7 R— 5 iKY AATDSPATE-SNELXFHELTWE, >T, A/DIVN—FDANIR, E-FE
BFER Ly, Ln VY VASBRERE B AL VST Vg, ’rb«ha,m, P ZIESEDR 8 AN TH S, &
B, DSP oDy — rhE A 1= 5 EAIBOMIZEr — 7V EZHOTHEEL TH 5,

E— FHEEIRREOBEERER (d-q BER) KBV Td@BEFIESEL2FICTAIE T, PLoElEEiToT
VWh, BEEIEE PIHEEEY, SREHOETHHEZToTw 5, RI2.7 CHE 7Oy 7REZIRT, ZBH
KE— 2 DS, XRXD L) IHE XN 2 EHE w, EHU— 5 OHFEHEEETS 5,




® 2.4: BEBELE

JATIV

Vra Vb

IPM B R E— ¥

11 kW

29.2 N'm

3600 r min~!

50 A
BARHETD 15 kW
BEERER A bV 2 39.8 N'm

i 69 A

BB AR T

4000 r min~!

22.2 mV /r min~! /48

55.3 kg (U — FREELD)

/la Vib

: BREHBEABARE— 4

— YR

o
(=)

[

i




s}

()
o
e

KEBACBVWTEES Im BE
PECAEL TVEEEZRL TV, &
EEEZZRRLTVWE T LEER

KXY Twa,

| 2 7 DI%E 4V, Bk
. mm%sidéi%—ﬁ DEAL bA—F—TV—FVTRRIPHERE—

20
front
rear =
15 i 1
3
== 0] | P o e e
(] . %% x
o e Snnx
aQ
= win
5 [ ]
O L i 1
0 2 8 10
time(s)

B 2.8: FERERESREHBEOETREAER

25 &

FECRHERAERETHE 5@1/“5&&’ *#Bw—~9zmu>f PUERERE) R 2 HRE L7z, PR L7 BREh A it
@A e BT A LN v ADE N **3*‘ HBESEBHBEICELTWS LMK LS, T/, EHE

FRUEL ZOMREARIEL 720 DTR1ELLT ’f‘EHﬁ!oﬁ%Tég[ﬁb»‘:ﬂ iR THH, BEaX b 005

VI ERRLTWS, E5ICETHERIC pwfsﬁﬁ%wyﬁ?7?vy>*w#7w&ﬂ Ry L TlE
EBEEMEDIA P T —F Y VRHREP CEERL, 2OEHMRELEFETE 2,

TOWD L 4WD OREHE H H 2 EE




E£38% MRE—s2ZHVEEREtLCH L XFHE

ARRL7X IS, BEDE—2IIBIT3 FHRE— 2B AU — ¥ O
BEBE LI PV IHIEEAT ) BHEICIEEE ((E) BRIV EL 2 ) VEEY »
RE—SERICBY BAELR EOFEREZ LV, S5 ICEREBEOHmT A Mm MCDLA ) REE 8B
AKETRERE—7DOFEEL VLV AL HE ’,iﬁ-"‘t/*}‘b/\%UHy:’)L\ DIFEEIT) o

3.1 EXEHHICSUZIERELY L IFFEOER
3.1.1 EEE YL REMBELEE—2

BfE, Hi4 f;—E*5’7'J§&lz7.§:fﬂﬁ":1;iif1§‘iﬂfb*éﬁf BREBHEHE—Y L LTERHE, R LE—2
RHEEBLEPRTH L, AR FEROSHEIHBL T LD LR3I DL ) IThb, —#me LT,

GRS F B
BRIE (%) 95~97 94 ~ 95
10% B ATREIE (%) 90~92 79 ~ 85
BKEEHK (min~?) 4,000~10,000 9,000~15, 000
B/ T ($/kW) 10 ~15 8 ~12
HIELEE 2 2 b 2.5 3.5
BRA =4 &R
BEY B 352
# [ %5 2R D §5 0 FBETHE
= 7 w2 1 E—%IZD& 12 | #HEE— & [FEH{E T

% 3.1 FER, FMBORELE

FUBIIRE, EfiThH)., AHBRHEETHERICHES, T2, £3.1 CRFEPBROBAREENS L LL S L
HHN, METEEAMBORECLNFORBEOTREL o7

L UH VROV TIE, BEBEEEL T LA, FABRMEL L AFTETH S, MEL ICUTI
RS 2R TV 5,

- NIRA—FEBFILL
- EEREFERREC
o [AHE

IFBBOBSIINs PLHBLERTAE




32. FEELYHLANS b LHEE o1

- FilhEOREEE S HE

- AERCBTsEREETIR#EE

BEXAHBECBVTLIINZELHVS? HHH0, MELHLRBELLI2DDPFHEHETDH S, Ko
T, EYF VAOMBERIIBVT Y ¥ EREFRONZV, X BERRIATVU2BAEHHD

KETRFEBRSERTHD, Emﬁimw%ﬁi%m;ﬁ:\ucinrkowmt~9%ﬁf\w/w ﬁ
LPhb, LEL, ZADENTHA2EREHEOL R, ﬁ{’th BRI BVABAIR, LhEfl, BET

HEFEBPBEL TS L) ICEDND, o T, AFETIIFHBOAEE ‘/"f,LL/A{L.’:’)b\'fli}f'ﬂi"rég

3.1.2 EJ[EDEICHTIFERLD ML EIE

%ﬁﬁ@hw?ﬂﬁ%ﬂ%bfu‘ﬁ%@Vﬁﬁff DA —#ICBVWTHWVW O N T E 7248, V/f AR
EBICHEITS P IRR (CRERORPICLS) R Lo L T 284 LMEES 2,

BREBELCBVTRERE?»SOR MV I IEEFLECRLEH. V/E ﬁmm;mw]m‘f Xt ciENT
ZEDHIRE V. TR LAY MVHITEIRFEE Vo, HEEGIEH R, SEEHIHE FHUEBVWTHV/IEE
X% LO2HEEE D (1], FET &, V/EAXSEEF R, &uﬁﬁiﬁﬁ’r”. TYLEL EOEHRA NS
DITH LT, X7 MVHIEIEER V2 HLQMEULw%ﬁum ZWizd, —HEERTHEMOM LT
&b, EbHII, BRESER T KB Lo RARRGE [12] % t%’ﬁL@[Léﬂ&T%@a

EoIl, BERUVEELYF2EBTAILICL), T—50/EIL, EaZAME XYTFFRATY —REDF
Hgon, FEBOAY v bR L DB RETIENER, BEREBHEOEI A MEATERIH L TKRE(SHF
5523 LA HKS,

TCIERREMECBY T, BE - BELYH LAY bVEBE OB WHEEEZAE LTS, HLHA
YR—F b LA ABREHECLAARENHNDH S (18], L LIEHEEIC BV TIE, t—yn7x~yww
B, RUA Y- WHEEL 7€y b EOFEEM»S, #E#EIrRNETH L, BAEHBENDILHEZZ R DY
A BERCHETOEALZR L2 TNEL ST EEE L EUERAERICB VL THERVHEFLETH S, £
7o, BEREHESTETHLHE, PV avN—sHFRBELVIFIELEETN, ¥1L I P FTAT7HAbHE
Y, WRAROBIRICOEMKTE 2,

BENS, RFETIENS PVHIH LBV BEBOFREL ECERERERVHIHL B T 5,

3.2 EEtLHLANT MNLEIHEE
3.2.1 EEHEZE#]

RUDICEKRALTHVAEERYEHT S, FEBONS MUHBEIICBWTHATARERIIEICTO3IDT
b,

o a— B REER (BLEEREET EICEHLE)
o d—q R (EEREEREHEARKE v THE)
o y— 0 BEEER (MHEREER AL B O AR wys THE)

B EEER TR — KRB R U KA. &L"'@E"?ﬂ&ﬁﬁé: R
rREERDEEEER TH ), ME “E R NTEI R
OEEEZEHRIER (3.1) T, #ERIIK (3.2) TEHS NS,

]

%, COBFRERCDoH2
o FEIEEEEERA & BIHRAEER A




—sinf cosf

>

e

Rot(—8)

sinf  cosf

Rot(6) A { co.s*ﬂ sin # ] (3.1)

cosfl —sinf }

o e
ADFEFICIX

FDEFITIHRR

<

. [E4 (d — q) B
BAT, 2HVE, T,

B, KX TIZ#IE "4_
FHEBO—RBDEFIC
DET B, 2T

BE~NY v
P, BIEMERIZBIT A KRR S b
iha - - BEREEEER IS BT 5 — KRB d BES

DEHCERTOIDET B,

3.2.2 [EIRERAFER & EMEEE
BART: vy — BERICBITARIBARERZ MR PVTETEARDEI D 225,

Viys _ (Ry +pLi)T + wys Ly J PLnI + wysLonJ L1465 (3.3)
0 PLnI + (wys — wr)Lind  (Ra+pLa)I + (wys — w2)Lind | | 4246 )
SeT
1 0 0 -1
T = J= (3.4)
0 1 1 0
d .
B = o0 (3.5)

THY, w BEAETFPOACEAETFOBHEE, RFED 12 RZATHREZFLEETF*H5DT,

TR (33) Rwy=00& & a— 3 EEROEBARRICED, wy =w DL & d— q BEROOK AR
%bo

Bl 3.1 ICHEBD o — g BERSMER (REER LA D) 27T, — Al L ZREIOERE 2 @Y ITERT
LD, ZREOENA VT2 5 AR 0IZTE S, /;f:L:z‘u ﬂ%f i TH ), HEEE LD,

3.2.3 rILT
FEBORE MV REEFERICE DAL 2 0EFHACREMRE ZNICEX T 20ETEROKTH N, #R
L LTRATEENS,

I
5

i




3.2. EEXYHLAXRS MLFIEE

I
X1

B 3.1: a — 3 BEEER S5l Bl

3.2.4 TN REBHAT MILEIE
BEROT) HEEAY bHEL -5 TE) %
—EIRE, TREERT HARICEREHHE T2
BERDERS TR %51,
L

ITVIVIOEROEBILTH b, 2F Y REEDHH %
kD bV EHIHTES, 4. P2 RN (3.6) 2 d—g

T, e . . -
’\/_f = (®2di1q — Pagira) (3.7)
N, 2

DEICHY, g WREZ 0, dHRERE—ZICHET2%251F, Mok q@ERICHATS, LoTTRNE
By b VEIEE &

o BEOHFEEEOTHL, —EIED (0 #ICEE)

o BRiZZTNEERT A0 (¢ ) ISA TS

D2HEDPOD, CORDOFHANILLTD 3 2TH 5, ZBIRFE" 34 MHELET,

- L Ly %

e = 7%t P {3:8)

. T s

o= L—,Eé;d (3.9)
LRy 1,

Wy = W—wp=————— A

i q>5d (3.10)

Z I TR (3.8) ~ (3.10) THIEHA ZHER T, AHIMEICL 53 g WSHZRE O, 120107 ) ZRBEHIZ d #(1C
BEEshb, sEAZHFERICEE T,

foT, FNEERTA qBIE-RHERLHEET MV s 2 WMBERCHLL THETE 2, LT, 207260
S Z2HBET S, 2B, 312X MHEBEOFHEER L L CdiL ¢@iIc M@ L2 D% 3.2, 3.3 ISR T,
B, (PO EERETH), ZOHER

,%f (3.11)
ThA,
K (3.8) REFRESELCBREFHELRET AR TH 5,

@24 = Lmiod




32. EEELVHLAXS b LHEE 24

3.2 d #E{HE [ 3.3: q i @] B

&0 Byg T XDIEFE 05, (S LciFUE

: o
tog = L_?i (3.13)

EFTHIUT LV (g BI—. D2g=0 &£ D\ i2¢=0$*5 dga = i1a)o
KK (3.10) ZHHET 5. K (3.10) 2 dgy % 0 (LR O-DDEHTH 5, @WﬁoihmunP LA
TRIEHM TR, CDEEDEETHOAFEELZR 3.3 »55HH 5 L AR
(720 Raitg = (0= om)(22
H (3.14) 133X (3.10) TARAFT T 0T Y iy FEEATO DIZ) (ZRIEHH) 2N L) LT 58, iy, 130T
HY KT 5,

ICH 3325 2 DOFHREBNHLHFITH TV ES Poy 2RO B &

)®2a (3.14)

L - -
Poyr= wm—mq’;:dllq (845}

Ll b, TABNT—ROTEERE w, THAEZ V2 225, SAHR (3.9) TH2,

BEX D, X0 BEERAS PV &R E DA SR fHE IS L 2 REHIETE 5, $7:5
KBTI LT 557 A— 5 OENEROMEE FRHE, ZOREREAIHENCRZATATORVE, b
WO BRI ORI ENS DB, B34S, TR BEEEAY b VEE 7Dy 2BERT,

Bl 3.4: #X) BEEEAY bvslE 7Oy 2| [14]

7, M34 CREREA N—F2HVTWEY, BEEAS Y- 705 L W AENTSH S, EoT, &Eit
HET*ED., THFTErERT 2L ROEERHFEEES [15).




32, EEXVHFUVAXZS bVH#EE 25

- _ L e .
T = I\pd(\l+m)\l‘d*11d)_-‘al411‘q (3.16)
vlg = Kp(1+ —qup)(iiq —iyq) + wliira (3.17)

[U‘_“} = Rot(-6) | "¢ (3.18)

Vi Viq
sCe

oL

Ty 1711 (3.19)

THY, p IESEETFTH 2, 2B, HBIF A ¥ Kpa, Kpg DREICDWVTIRIIH [16] 2 BF I &Mt

3.2.5 FEEtLHLANT MLEIH

REL L AHEOFEEE, -5 0—RUDEER T OSSP S _RBERZHE L, T RBF DS HE % H#
ETHIELETHb,

Y. BEOHRERLHET L, FAHEEERER (d—q BER) KB 5 EEAER (SHaEH) (X 1) 0% 2
fTOZERT b E J, EORFEE LD, TN AFBER w, TOWTHE, TRERNY b &y, KBRS
b Vi, TKIEHL Ry x ENTHHEEHE (FRF ) KEEMA 2L, ) HAEEHEM o, RUD — ¥ AR EHE
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—KIEHUIER (3.22) IC BV T ARBHIE O K IAEHT 2
BEFoTVWAEEET S,

—RAEHIL E AR
B gt s ER D
o A —RIEHUHEEME I3 L —KIKHLEAE

ARA DM

Ry =R, + AR, (3.30)
BEDZDIC, ZRBREE CRMRS A EAT 2 0L TRUE,

P(®2—$2) = 0@ b5)= AR, (331)

(é'_’s = q>25) = LJi}s (3.32)
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B 4 EERZEE 1 %
ADTR MOTOR DC Power
I_ - T T T T Supply
Outer Rotor |
| \DC Moo
I_—l
|
] a
| T
| Bipolar Power Amp
A Current Contro/
Mechanical Locked [ 1§ e
el el = o 3 ‘70
10y

B 5: HKE— & HlfEE

12 R—=aK—-F N

IWPE-INV2

PWM Z# =ZABLEHR
PWM * + ) 7 A &0
Fx ) 7TEME DAL Hh

7 — MEE{niE

HEH7 7 475 TOCP172

7— MEEHD RZHRE

€ Zz— ) TOTX118

F.9: 4 U= F— N




2. EEEE VY L AEBREE 9
A YN=FFE—FOERIHED, 1 N— S EEBRSEE L7, LS 75— & EEBIE MOS-FET 44
ThHb, RI0ICA V15— 5 DHAEZ T,

F754 & Fuji MOS-FET 2MI50F-050
Vds max 500 V
I Id max 50 A
BRI A —F MOS-FET M
MOS-FET F3 1 /3 SN75372
y—rEE 15V
77— N RACRER =% M57140-01

7+ b ATS 6N137
it 4 82A/4V 4 %
KRBTV 22— #¥ TORX173
DC-DC I ¥ /38— % 5V COSEL ZUS152405
DC-DC 2 »/¥—% +15V COSEL ZUW62415
AT B AC100V or DC24V

£ 10: BHEA V85— F4EH%

2.4 EEREES

K323 ISR LAY =77 v 7AW ERER IOV THET2, K6 CEMETRT, B 6 IE—HSTHY, [
CRIEA 3 DWFICHEBEENT VD, 28, IMI2 KRABEER I V7452 —HONRa 2 E LTHY, J{
BEROERRVIAZEESICL TS, F11 CEEFESOHBELY T T,

Bipolar Power Supply
GPOI10-10R
+  gnd

: =TT v 7EREE—H 5
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Main OP-amp National Semiconductor LM12CLK
OP-amp Analog Devices OP-07
SR E ## GPO110-10R 110V-10A 25V {#
i AL rrErH 77Tl y bu=2 X NNC-20CTA 4V/100A 10 %
ALY e Y ERE %7k PAB18-2.5DU 18V-2.5A 15V {#

| £ 11 V=77 Y TERBEB LR

2.5 AAFER. aFEE

FI4 R LB EBRUEFOFAERI2ITTT, 0B, MARZO-DICH—F I/ VEEEFAT Y
FEEAZECTHD, RBHR, T—F I/ VEBOFMET— 57— FA2BECS AV, TAKI4TRLE
A5y Y 2EGERR, #RARD S EHE A TR (. EEN, HHRBICA CRHET 5 S
JoaA4 ¥y APEMR (BE, BEROMHEEIOGHIE) *ZEL-bDTH5,

FEEBHE B =% SB-JR
EtE 0.75kW 4 #& 50Hz 200V 3.8A 1400rpm
BT E KB EH 100V-10A 750W
ATz Ril— ¥ 7V /1000r /min
=Cainitsa b %7k 32V-3A
B vy B = BWS40-15

% .12: VAR ERY 2 7 L5854

2.6 RELCHLANY MO bO—5

| B 324 \IRL7TT y FHICOWTERTHWZY A Y E5 K13 TR T, AKL OITHERES A~ 3REH
BEBICTERTANETHLY, 41—V 2 ERICHIELADI TEAEVDT, bR CTHENEERTH
RALZAEZFRL TV, SHELA TH— /NS EMTH ), 45 L b RPOMOEAFREIE b o TWA DI Tt
7V,

E—i HRE—% FLER

Bycl#E s 4 > d# (PI) | 7.0 (3000 rad/s), 1.0 | 14.22 (500 rad/s), 5 ms
EE s 1 > q & (PI) | 4.0 (2000 rad/s), 1.0 | 14.22 (500 rad/s), 5ms
BFIESME 0.12 Wb (Iy = 3.54) 0.221 Wb (I = 14)
HEERI A~ 0.43 0.08
EHAT—x 0.001 0.01
SLELA T H — 10 (rad/s) 1 (rad/s)

R AR I hR—=Z 5 A ¥
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3 E3EILH|TBRIERR
3.1 NY NVEIBIC S B g sk 0 DIIRE

R (B3)EBVTws;=wTh? d—qkE

FOEBARRBUTOLI %5,

vy | _ | (Br+pL))I+wlJ DL T + il i @
PLinI + wLnJ (Ra + pLo)T + ws Lo T

CORIEBVT, REERZ KB, & ZRRE &, 0BT, X (1) RAKXoREHFEXICHFEETEIH

KB
2 (‘TRL‘T_ RQ:'IL:M)I_*‘J 51 ol - vL‘IY*’J 4 0 1 Yi @)
D = : * —— 2
¢ 3, Lap,1 R; — (=) b, oL, | 0
=P,
&, = Lyiy + Lonis (3)
Dy = Lniy + Loty (4)
THbd, SbIT, F2TEHZWY B LERF BT L XX EHBS,
Dog —i W= wn 24 m i1d .
p = : Ry (5)
L2 —(w—wy) ey D24 i1g
EXE 1478 &K (3.8) LD
. Rs
P(P2a — 034) = ——Q(de—‘b a) +wsP2q (6)
Eb, o, B2 (3.10) EHWT
Ry Ly, .
pPy = *’—qu’zd—L—gq’zqﬁ-Eﬁzlw
R 9
= _Us‘pl’d_L_j@‘Zq“F@Qd*‘s
= -(@zrcb;d)wvﬁLj@g, (7)
%), UTows %% 5,
o B ] _ [ B, H%—@;d @)
[ Ly — 2 @2

R (8) & b, REERIIKE £ TORKPHT 2T LH P75 (Bid -2 +jw,<0)o DFH, 18T A—F
B FIUT, d EREREHEAMEIC L, ¢ WMBERIZ0 %5 GEHEDY ),

3.2 IR BEERHETEOSESN
K)o 272 T eRRICE 2,
0= pLnty 4+ wsLmd iy + (Ro + pLy )iy + ws Lo J 1y (9)
ERXog~s bk I8, LORHELD, BT B ERKITLR S,

ws(J82) I (Linty + Lain) =




Lty + Loy
? (J&,)" = ®,7 g7 (12)

| HHMBERATE L,

wy(B]ITI®;) = —R,®TJTi, — 8T JTpe, (13)
| L~'s||¢‘2”Z == _Hz‘?zrlJ?.i'.’*q"zTJT;)@g (14)
5 L,
aTJTb = —a’Jb
= b'Ja (15)

BAZBRAUNPRILTAOT, RRICHEEZHRIONL,
W,||®2||? = —Ryis T I By — p@,T TS, (16)

UEX K (3.20) EHETE B,
T, X (3.20) RFEBO L7 T PUTORTRENSFZEET UL, T ARFEEA V2 (T
BRI oTVE I ENEHBTH S,

T. = N,i/TJ8, (17)
= —Nyi,"J®, (18)

ZIT, N, BBMETH), T, DR SR d#2» S qMOHMMEH T2 MV % EE LT3 [43](HH#),

3.3  TRBARIETE DIEEA
B 3.5 &) ZARAHEMEARTHES NS,

s Ly 71 . L 1 .

®20 =7 (1+np(v‘ Bitn)=olig +m>z“) T Y
TAREREBEIEESFERL VAR TRDLZ LKL,

Ly . .

&2, = i((vl — By = D‘L”)lls) (20)
#oT, R (19) REARHFEMEAHVCTAATEZESN S,

= TP 1 .

= Dy, + ———— P 2
D7, T + Thwp = (21)
il
Dyt —— (a7 — 5, G
? +1+7111k - ) (22)

DEXS, BAKTREXE 2 HEIERHHRLIOT, “ARFHEEHEIEMEII 3T 5. X, BEKETL KK
BAEEEMEX—FRTUE, E2HIZ0 &4 ) HEMBIZEMIC—KT 5, /5 x—% St K (8) £ b
CABRESERBEMIC—ETAOT, —KO— SR 74V 2B 2RPEEBN SN2 GEHK),
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34 BEIHL R MLIHIEN = RIEFICO/NX b SRR

MV o SERIEFERN (3.9) & ) TR EEVE VY, —Hw CoWTRUFTOL ) CHHTE 2, EkEEs
FRT 5581

wlk] = wilk] + wm[k]

LdioTwilk] 45 Ry DEBEZN 270, w BBEE I3, Lo L, EXEL
BUTOLI %5,

ol = Ik + o (24)
Ouk] = wlk—1] — &y[k] (25)
dei
Wk = wlk— 14w - 2ulK) (26)

CZTwilk]s Wslk] EMEE SFELHEZT R, ORBZZT 5, o THIC
wlk] = wlk —1] (27)

PRILT 2%, BERAERw 2 R, ZHORELZT RV, SO L#EY Y L AHIEFAS KIENE#H S %
TR L T3 L &RT,

AR [44] T2 SRRSO NRA M CHD w CEEHE, PLIHIEE LTS, ZOBHIRMTO X
ITHB,

K(B) L) ZABEOERSICBIIHHY I 2 L—FRUTOL) Itk 5,

A R, - N
PP = —L—j‘i"zd + (w—@r) P2 + ’ER‘llld (28)
- R S L &
PPy = Ljézq (w~.ur)q>zd+L—Zszz]q (29)
TR FRBERKXCHET 5% 51K (20) SBNT &y =027 FHREA, 3 (28) I2KK &% 2,
Loz %y
e = (pdemeey (30
“ L, (I),d i
L (An)zf?zl d
_L__q>2d = L?—Rl (31)
2 P+

#oT, ZRREKE—KAOMFRE, K1) DE—T25XARNO w 25,

- e L ; ;
Qg = (Li— L’r)lld-i-z;q’zd (32)
o l'lq*(Pfjx**’Hl)itq (33)
D14

R @) LBV TEFRELZE TS L &y i2kRIC2 5,
$24 = Linita (34)

HoTR &Y. SHICENRN @) Dw b Ry 2EF RV ENGNE (ERCEZRABEREETZV),




3.5 ZREMEEXDEH
R (9) PEXT bV E &, EDOWHE & D, K (11) 2RATE LAR A2,
0=2,"p®; + Ry® 45 + w, 8,7 J®, (35)
ZZT, LROGLEIHO T ABREKROTI
$,7J%,=0 (36)
IhotnanT,
0=3,Tp®, + R, ®, 4y (37)

e, X (3.48) PHEHEENE,

3.6 —KIEHREEDIRA
—RIEFEEEOHN AFy ZRXTEHT S,

An 2R - R (38)
o T, —REHOHEETERE AR AKX E % B,
AR, = R —R,
= Ry -R; -4 (39)
Dk EDTREFEHEEMHER
2. = 1 :flp 7 él -:lTIpAHli“ * 1 +1m)q);5 (e

e, BETHERRE 25,

7ip( &2, — B2,) + B2, — B3, = TRy - B = Di)in, (41)
ZZT A RPIFEBORDTHE20., [HHORAZFEATAELT
Ay = %(ég _ %7074, (42)

L BTIER (40) 1

Tip(Das — Bos) Tirs + (Pas — @3,)  Jirs =0 (43)

ARy = 1 (—p(B2s — B25)T Ti1s) (44)
EERRETHE pAF =0, X7 PVORES—FELDT

—w (B2, — B2s) Ji1s =0 (45)
&y, — @2, =0 (46)
&, —®;,=0 (47)



K1) EBVTHEE 0, 0 BT, pdig@ENERIH L TRROEES

vig = Ryijg—wdy,
= Ryig—woLliy, (49)
Ly, 2 . : -
Vg = (R‘+(L i Rw>l!q+¢allzld (50)

K (49). (50) 25 R, ZHETH LR (51) M TS, Fhol, 2HET S LR (52) P#HTZ 5,

(Lm)'.’R _ l‘u,vim—l‘1dilq~w'UL1(i?d+ifq)
—) Ry = —
L, Y1dllg
(51)
L2 1 ; ; 2 2
(Lv‘) Ry, = E(l‘ldlld*'l‘lqhq*&(Hd‘*’tiq))
(52)

RGLEONA LT 75 VAL TRIBAICHT 2BEET IV CTH h R (52) & —KIKHT & ZKIEHICH + 2 B4
ETFNTHD,

CDETFNVEBEREIIBIL2ETFTVTHE00, NTIRA—SBEVHHEOBEMELRLETVTHS,
HoT, BIZIZNT A —sH#EElr I OBEETVEIC—FKEE5 L) 28 HViuZE S TEII—%T5
TREMASH 5 o

AN e S

H41RLAZ10E-FEFTYI2ab—2a Y 2#AT2, R4 ICHFEHLANTI A5 %R T, X I4THRL

HmEE M | 200 kg
Cdf Cy 0.1

Al HIXRER A | 20 m®

FANEEr 0.2 m

C, 0.75
Oy 1.0
Cs 40.0

d4: 10— FEFYI 2= 37 2-%

7285 A— & FHAVT, AXOEFHmOEG HFER, T 0EHHRERZMBLI LI, BHEIEOETEEET
&2,
e e For (53)
dt
dw .
J— = T.—Fr—Buw (54)
dt

F = ubdlg (55)
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wr—u
S = —] (56)
p = Culezp(—C,S)) — exp(—CiS))) (57)
CaAg
= 16 (28)
F. = Cv? (59)
T, = Fr (60)
187 ke
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F. : EfTHEH
v o BAREEE

w @ E—FEE
T e Rl
T, : E=%8fINVs
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BEI/MO—-FRRTICRLAIRERHERL LTW5, ZAFADOBERIIARTERD S, 2272 L, 1 ¥/3—
FHIIZEERSED 0% L REL TV D,

4 o= giate = (4 Z0—5 AnT=) — (€= AT =)

= [o7[li] = [vll] (61)
E—FIRK = ([ =HATIBT N (F—F AT =)
= |v||i| - T.wP (62)
EfTEE = (E—SHAHNT—) - (EMHENH/Y7—)
13 Tgw-Pf@ (63)
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X 7 EEHE 7Dy 7
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