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Abstract

In recent years, with the continuous development of intelligent control theory,
microprocessor technology, power electronics devices and motor speed regulation
control theory, the induction motor speed regulation control system is moving in the
direction of high- performance and intelligent, of which the speed regulation control
system of induction motor speed sensor-less DTC (Direct Torque Control, referred to
as DTC) has grown into the most promising high-performance speed regulation
control system.

DTC is a high-performance control method of induction motor speed regulation
after FOC, with its novel control thought, simple system structure, direct torque
control means, the speed observer improving the system redundancy effectively,
robustness, dynamic performance and good properties, receives widespread attention
and has become a hot topic of induction motor speed regulation control research areas.
There are still some key technologies to be resolved in induction motor speed
sensor-less DTC system, such as identification of the motor stator flux and torque
ripple increase at low speed, the motor parameters affected by environmental change.
Therefore, this dissertation has finished the experimental and theoretic research on the
control strategy of torque and flux of speed sensor-less DTC for induction motor and
the identification method of stator flux, stator resistance, motor speed etc.

But the open-loop identification does not have the adaptive ability to eliminate
errors, by introducing a mean compensation algorithm into stator flux parameter
closed-loop identifier, this dissertation put forward a new closed-loop stator flux
estimator based on PI correction. Simulation and experimental results show that this
closed-loop stator flux identification method not only preserves the advantages of the
mean integrator compensation algorithm solving the problem of the accumulated error
of integrator, but also the closed-loop stator flux estimator has a certain degree of
correction ability to uncertain disturbance, improving the accuracy of the stator flux
parameter identification.

Identification of stator resistance parameter in the DTC, since the identification
of the main parameters, such as the stator flux, speed and torque and so on, relies on
the motor stator resistance of the control object model, When stator resistance of the

DTC system influenced by environmental temperature changes, it will make the
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control performance of induction motor DTC falling, especially at low speed. In order
to solve this problem effectively, this dissertation uses fuzzy logic theory to study the
relationship between the change of stator resistance and the error of stator current
amplitude, and proposed a fuzzy logic stator resistance parameter identifier based on
the error of stator current amplitude. Simulation results show that this new parameter
identification of stator resistance not only has the advantages of simple algorithm,
good real-time control, robustness etc , but also improve the identification accuracy of
the motor stator flux and speed etc, and improve the control performance of the speed -
and torque of DTC system both dynamic and static states.

Speed sensor-less DTC speed regulation system of induction motor has become
the hot research topic of high-performance speed regulation system. However, speed
observer has the problems of complex algorithm, low-speed accuracy seriously
affected by the change of stator resistance. In recent years, in the study of realizing
the speed sensor-less DTC system running of high performance induction motor,
people use MRAS theory widely to solve motor control problems with characteristics
of nonlinear time-varied. In the DTC research of speed parameter observed, this
dissertation analyses a kind of speed observation method, and presents a DTC
interactive MRAS speed based on the MRAS theory. This interactive MRAS method
of speed identification using motor voltage model as reference model and motor
current mode as an adjustable model constructing MRAS speed observer exchanges
adjustable model reference model and the method in real-time exchange, and in line
adjusts the speed and the stator resistance parameters. Simulation and experimental
results show that interactive new method of MRAS speed observer using the stability
theory obtain a stable, high-speed identification and improves low-speed induction
motor DTC system dynamic and static performance ,and the elimination of the stator
resistance changes.

Conventional induction motor DTC system uses flux and torque hysterics control
method, only six basic voltage space vectors in 360° space are used in the motor flux
and torque direct control, so many problems exists such as inherent torque, flux,
current ripple and switching frequency is not fixed and so on. On account of
traditional control method existing problems of not fixed switching frequency and so
on, this dissertation studies on a twelve voltage space vector subdivision DTC-SVM
control method, the control scheme increases stator voltage space vector from six to
twelve, and synthesis of any size and direction of the control voltage vector in SVM,

so it has more sophisticated voltage space vector and reduce the induction motor
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torque ripple at low speed effectively. To improve flux and torque control
characteristics of DTC system, fuzzy PI self-tuning control is used in flux and torque
control of DTC system. This fuzzy PI self-tuning controller uses flux and torque error
and error change rate as input, PI controller parameters is in real-time online adjusted
by fuzzy logic rules, so good flux and torque control performance are obtained.
Simulation and experiment show this DTC-SVM control method based on flux and
torque fuzzy PI self-tuning control not only improve the system robustness and
adaptability of different control objects, but also ensure the DTC system has good
flux and torque tracking control dynamic quality and cause torque pulse and
electromagnetic noise suppressed better.

Based on establishing the traditional induction motor DTC system simulation
model and the improved induction motor speed sensor-less DTC system simulation
model in Matlab7.8/Simulink simulation programming environment, this dissertation
simulates the two models and simulation results show that the proposed DTC method
of parameter identification and method of flux and torque control are correct. Speed
sensor-less DTC induction motor system test platform is constructed by using
dsPIC30F6010A produced by Microchip Corporation in USA and PM50CLA120
produced by Mitsubishi Corporation in Japan and many experiments is done in this
test platform. In software design, DSP control software successfully is developed by
using mixed C and assembly language programming method, and achieves high
performance control of induction motor. A large number of experimental results show
that the proposed method of parameter identification of DTC induction motor speed
sensor-less and fuzzy PI self-tuning control method based on flux and torque are

effective and correct.
Key Words: induction motor; intelligent control; speed sensor-less; direct torque

control; parameter identification; model reference adaptive system;

fuzzy PI self-tuning control
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HRUMETHAERRE, ANEREPNET EFHMEY L, XX 7 2
HEIEFE 2. SCRRII17)FI R Bl e S B R 4 S R B A R iR 3, 87
RTS8 F W R AE AR AL 6 B R 22, TR ERAR TEFRE T B e R
IERR, PARIRERRK, SCHR[T18]BF 5T T — b A2 1058 6 % 28 5 F Wbk 0
ERMMAORZEME L, REHEREATRARR. SRR (1191 F B 7 45 72 4% T
AIEBRE SR EHET R FRSBEARENZ N, BEMT REM 52
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RN R T 14 TR 8 B HE A B MO S B TR A BT

W, MTHREERMBAKESHRA, XM120] FERERRNBRREE
IR, REFIENEAHE . FAEAED T EEERES AR E K
HREZRBEERFEEOFEYG, IHE—ERELERRT Z#H N6,
Edgm T RANTTH, XHEAEESTERITFAFHRTIE. AMIET PR
FEMER L, FFOATTI EE BLE T AR IR HHA T U B E I R
BERE I B E R AR RS R R, SCRR[121] R
TEMRERMERZENEE, FRRVRA B E MR E T B 5 2R
FHEEREHEN LT RFOAMEREE . SCER(122] BN B &N E T RS R
%, THRETHENRARILATHRGERENETAMKESHR, AR
kg, kntkz. ' : -
AXHT R EEHFENRRE, &3 b ERE B E 7 H e R R 5
WA E, BAEMETREEEBMENTRETHERNETHA, 27X
MHEEAEETHERBENMMLRENERER, FRET -MSEMENT T
WAy, X—FHEAAEPERREROBNERRERRRE, ER/ET
BB AR AR, EXHARPRETHENTE EARETRESE
AT, $EHRREER. AXMET XFRRRBIERRNE PSRN RE
HAT TN, WNEIMPFFABRETMETEEERER, SANRE. hit, &
A EIELESIA PLRREE FRIGE A A BN, RUET —HHFMET PIKIE
058 F WL BE PR I8

3.2 BT RBIER SR EFHETNRIHRE

DTC R M Al EENEEHAENETENBHEE, ENRHRAREKBRT
FFUE. NETFHEEABHOFRE FRERARZTUAHEEEE,
SRS BEERBRREEBRRAARTR R E R EF o B BEE R EHR
BERESEE., FRMEEEERBRARSFYR-FEAORSREN
BTy k. T T 43 MK 3 8 O AR A A R
ETHENMERERDT
w3=£;;égi (3.1)
Jjo,
HBRERMERN B ERORY>ES, KAREEESRLBARLH
1, wF:

LR, (a2
JO; T,

§

KA oc HEBEEBOBEAER: o, ARFHE, Y5 APRKE T R
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18 LR

Z4RX (3.1). (3.2) g% AE.

w"= ZW’ 2jws(mc_jm:) (33)
0, +o, ;
&ée’.—e‘t: 2603 2 £¢
" e T (3.4)
T .1, 0
=—-—tan 1(_'_)

2 (4

AFHBUERRETRSHERR, EFH AT TFHESLHE TRE LR
EEFEV2LHAR, TMEML EEE o4 WHME, BEEESENEESS
RBEEN. HTHEENACRERMER, BIEHRNTERASHE, W&
EFRERBRD, ZREREEUF—ARLHF, WERHERERIFHER
ENER. RERVEBRERMEREEFRUEAREERASHE, EXLER
MAEMREERE, BTEELER, HHEAL/NTLRE, SHRANETH
BMAREESHETAY YK E FHE, XREEREIRE FR%S KT,
FERDHER X ETHEGERNALETE, BMCERESTAEERESH
RUSMIFE AR L. XA ARXTHTRAER:

VIR,
! N 0=
= (3.5
Vs ZV7 -1R, o # o,
s+,

THHM d-q RELFE LRI THETR. RCSHBLHEFHEN d
Mo E.
V=W ty,) (3.6)
0]

5

FEATRE q W2 E:

) '
qu = (.--'l,sd—a_)i +qu) . (3.7)

s

K (3.6) AR (3.7) SGHTHRE FRENIMEAR, 2 FIEEBEREH
BEHETHETAHAZERDE 3.1 R, B flag b5iE “=17 MU EEH
%, BUEERE FREME.
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7 LML T A T R L AR S R S R T BT

v \ v"
+c Q

B30 EFREBERBENENETFREFAWRBED
3.3 ETFHEMEMEMNE FHEFRIHRTE

MTHREERETHRERREEFEARS KT, EHRNE TFHRET TR
THRREREMEMZE. S0 —MEERESIETE BRERTER
HE, BHERTEBERNEMRE, REYENBTERBERLHEUTH, ™
H R ERARA R Z LRI . W T RBFENX—E, EXHR
THEE FRERARYBREENYEMESE.

3.3.1 EFHEMENE FHREFTRIHIHR

BEFHES N —MFEEZBEN—AERRERERRS, HFEEREK
BAESNEAPRBGTEHEN 0, BRBREBIESNRBNKHEN A BRIR
£, MEEREEANESBRAHTRERTBIEHOE FHEHRE. ETU
EEE, DTy EMEE R -PHES.

WHES—AYPEFUEERREERNRE, RYERALAENTER f,
MIERIHN T=1/f, BHREHHEAMEA T, DTC BHRAYH Ts. BHLR B
$fEa, BHIEMRERXA:

E,, =E,,sin(0)+ E
{E-fﬁ =E:m Sin(wt"900)+Eﬁdc (3-8)

s+,

R B WHEHLR BB HIEE; Ewes Bpc b o BHENERRE; 88—

AT RIS H A -
| \II\Isa = o cos(wT) +E,T
. ® (3.9)
Yy = L cos(a)T ~ 90°)+ EyT
0]

B —ANARANE FHRERFYEMRREMEA:
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(3.10)

AH, kR T/T BB, 8% 7 UG E A k R

RERHEFHEMEY:
\I"Sa=\ilsa"2/sa : ’
. E :
=-—= cos(wf}+EadcT—E,,,,'cT . (311
Esm
_—';-COS((OT)

\Psﬂ = \,I\lxﬂ_ Wsﬂ

; .
=—fcos(a)T—90°)+EMT—Eﬁdf (3.12)

E”" —
=-—= cos((uT 900)

MU LRSS, BEMET ERE RN E BB WIE TR S B

DSPitE e FREEE— A 1
ABRKEE

B32 EFHEMEMETFHET RSN BER

B 3.2, SchMERBIRS: W R—ANASKEBIREMIM, ¥ R

E-%%%Xﬁﬁ%ﬂﬁ%%%?ﬁ%ﬁ;%%E*%%%E%K$ﬁ§ﬂﬁ%
i % F W B4
ﬁ?ﬁ%ﬁkﬁ%%%ﬁ@,ﬂE@32¢%ﬁA%@M-¢%E%W%%
ﬁ,%%Aﬁmﬁﬁﬁﬁﬁkﬁyﬁk%%kﬁﬁﬁﬁﬁ%ﬂﬁﬁﬁﬁ%ﬁ%,
#%ﬁk%ﬁAE%ﬁEﬁ%E%A*ﬁf,Eﬁﬁﬂﬁ%ﬂ%ﬁﬁ%%%AE
ﬁﬁﬁﬁ%ﬂ%¢,ﬁﬁ?ﬁﬁ%%%f%ﬁﬁﬁﬂkﬁ@ﬂ,£$E%ﬁm7
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TR HLTE T R % R AR 2 R S R AT AL

DSP 0% i 15 % SL 35 4 B AL 2
3.32 (FEWHR

EHE_ERIM DTC (EME MM LB TETHHEMZ N E T HETR
PR EBEINE 33 fir. HEABNSHESERABNSE—H.

Integer Delay

S
L

ia —-l
g aiChe]
m Product Weighted -
s —
—

Rs ample Time
( E } - Math | .
va

B33 EFHEMEMEFHEFRARGAER
HTAWERREN & FHENZW, 2RIXARS RN ETHRERRTE
MEFHEMYEFUBERRTERTHE. EONRBEHBHEN—TEHR
A8 0.8 FTE 0.5 EE LA M KM, %%%ﬂﬁ%%ﬁﬁ%ﬁ%?ﬁﬁ%%
MRS E e FRAML WA 3.4 18 3.5 fir.

- -
N o & & b koo
o 11 L

E34 BM—ERSE 0.8 AR BHHAME T HEMHE

(A
NN

o 0.2 o.4 o.e o.a E] 1.2 1.4 1.6 1.8 =2

3.5 BM—TERS B 08 HETHEMEWANE Tk
CRAHR D 0.25/4, BTN 0.5wb/k)

|
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R U

ME3AMBE IS ATUEH, LYEBHRBHAIEM— ERSE 0.8 8,
BRSPS TRERRREI A, TEFHEMEGRREY S MO E
RABRHEMEFREELE, ARENAENESH, ROYENEELE
MW EERREGEM. |

34 BT X+ REEBHEBMEFH SIS L

/R 8 1815 %% & i1 R.E.Kalman 7E 20 it 42 60 ERMBEM—FBRPIFLEX
LHRBRRBMME S T, FEEHTFEERAEB RASHT, % FREZ &
BEAHBELEMBNANELHER, FEXH Y EREBES (EKF.
Extended Kalman Filter) #4175 $/4. X RRBIEHBNEAES RIS
WA AT L R, BEHFRBEEBNBEREENRATERTEY
ftivt. ,

FEEF#ILa BRIFED, RN LU JE AR S R RS AR R %

X(t) = fTx(0),u(t),£]+ G(t)W(2)
V() =HO)x(t) + W(t) = Cx(t) + W(¢) (3.13)

REBIET M iser iep METRE Vo YV URETFEE0NRESTE,

X =330, % X T = [l gV, W55 0] (3.14)

A ot)= REVEAEERERE; v)= T 0% 246 1
BHRE:

u(t) = [u4,1,5,0,0,0] (3.15)
J" X AR IR B 38 (EKF) S ST i 4 55 B 4 20
(1) REFR:

X' (k+1)=X (k) + Tf[)?(t[tk),u(t),t]dt (3.16)
Y (k+1D)=CX"(k+1) (3.17)
€2) WHEWHFEHEE P(k+1):
P(k+1)=¢(k+1)P(k)¢" (k+1)+Q, (k) (3.18)
¢(k +1)=exp(F(k)T,) (3.19)
Ts=X # i} a]
0, = [9(t,,1,0G@)QT @ (1,1, 7)dr (3.20)

F(k)= Maw

e |kt (3.21)
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(3) WHEFR/REELEFER:

K(k+1)= Pk +)HT (k +D[H(k +1)P(k + DH" (k +1)+ R(k +1)]” (32
.  OH[x(f),t
K Hk+1)= [’;i M
10000
Jrooe G
(4) BEFREMHTEES:
Pl +1)=[I - k(k +DH(k+1]P" (k +1) ' (3.24)
(5) HHREXE: | '
Xk+)=X"(k+)+ Kk +D{yk +1)- y" (k+1)} (3.25)

FFYEREEHRBEKDEER —FHERANELUDERE LM BRERN
WA HE. € EKFFSIATHEMBENRERGS, XRETREM 0K
Wtt, EXHEEOTERER, HRUETEHMER. ATERSXFRER
WREKPHEFEER, THERABHOEE, Ak, AXHATH#OET PIKE
i AR TR PR T

3.5 BT PI#ZER R BH| DTC E F 5 ik AR 2%

DTC fEFREGEMHIR— B R A B EHE, mEEYHERRTHERSH
¥, SUWHEBRERERRERE, TRESD, BLBARTHENIIAGR
WA, MTIREE FRAEERESELSRYE, HEFHERTHMEEKEM,
FRALH B E  A SO EAMER I PUR IE R F AR MR RE, B
RT—Fds T PURIE & T RIS A PR, AR0ME TR ERE A
TR,

3.5.1 PI ¥ IE B9 E FREHE IR iR [R 12

WEMEEET A RN RERRENRS BRRE, EHEMZEERRE
R—AFRPRTE. hTECETHRPRYE, AXEYEMEEIETIAZ PI
REMETHEARHHNES, HRAT-HFHET PIKIERTHEEARHN
%, # PIRIFE THISMAHHREN DTC RERBERWE 3.6 Fix
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18 B4

=

n

zg‘ B#
3.6 BF PIKEEFHEARHIAN DIC REREER
RRF BB PYAY I 5 B 5% PR R 3R 28 10 45 4 AE 8 A0 D 3.7 .

%-———————&Qﬁ_»{mﬁ%%ﬁ&Liﬂ&&— > Yo

. - -

EY, + Esp Wep

llM-‘-
im +

BfaaMes — Vi

Up L)
o —Ea

E37 &EF PI & IE M E F 8 86 D FR 840

EE3TH, ETFUEY, o, BHERHEH Y.

Vo =¥ + ¥, sin( of - 90°)
V=Y -Y,, sin ot

4

(3.26)

ﬂ¢,wm%%%@ﬁ,wm\wm%a~B%LFEWE%%EO
WEMY, REMARN:
E oY =E ¥, +E,¥,
=B ¥y + Eg o)+
(l(‘:smz‘wiﬁ Ew;’ sm;dsci)nwf (3.27)
+(Epe Yy + E,, Wy, ) sint - 90) .
%E?&%%%¢$ﬂ§ﬁﬁ§ﬁyﬁ(lﬂ)*%?i%%?@ﬁﬂﬁﬁ
FIREMZ RS & HHEIN PLEIE L5

k
kﬁ=kp+j-

EY_ cosy (3.28)

h,hﬁﬁﬂﬁﬁ#ﬁLY%EJNGW%ﬁo%H%ﬁﬁﬁ%%ﬁ%%%
EMV, ARMERSEE LT, 8.
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TR ML A T 8 ELIR A A S MR S Ry TA IR

Epe¥o + Egy ¥p =0 (3.29)
MEBR o HETHENERKEST (k,¥Y,) HMEESRIETLN o
MW EERMENE FHEZM, B

E
\Ptﬂc =£ +(kPl\Pm)dc
(3.30)
""‘+k0‘1’ -+—k‘P (B, +E,,,)

‘odc “sm " “sm

KF: ko A PLHIHIER T B . |
REHABRAERE, MAR (3.29) %X (3.30) #THE, TLKB:
oo = KEpiey ¥ pse = ~KE o (331
AEBAHEFHENEARERES EFRENBMER W EREEMKE
. BTGRP IE M4 7 F B HERIRE

3.52 (HEWR

7 Matlab/Simulink ﬁEﬁ%TZKJUi_LT Pl R IEE FRIEE PR B E
A, mE 3.8 i,

B 3.8 PI R EMEFHEAFHIARHEER
ATHRPIRIEE FHEARE BRI ENRES, EHEN, A—
BEHL R Bk R R EFHEEM0.5Rs B 1.5Rs 343, P11 88 19 5 # kp=0.1,k=20.
B 3.9 F1IE 3.10 4 5145 i T BEHLIE B B 52 T Ml I 75 0 6 5 4 2%
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X Axis

@ 3.9 BEHLEE RS PI K IE 0 T F 5 65 B 7 50 i
(HERH 0.5wb/ig, HAITH 0.5wb/Ag)

-2000 ofz oft 0:0 ofs ; 1:2 1:4 1:0 1:9 2
@ 3.10 B At PI 8 IE B9 i3 & i 57 gh 2%
(BRAIRH 0.25/88, HAHFH 200rpm/ig )

3.9 &, FEREHLILF AT, PLEZIE ISR HH IR & FRESE DS 2385 R 1,
T THEER A IR E, RN E 3.10 & DTC & FE WA 2% % 2 B b
B 3 66 5% o T o 0 s 22

AT BB AL B R 00 TR, EETE 0.5 i %I A
300rpm BEEK 2| 1000rpm, & 3.11 & 3.12 G5 H T P DA R IS4 e AR 4 B R 19
ETHEMET PIREAF PR E FRERY.
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TR UL TR R A T 08 B AR B BRI T

L 1.7,
[

kY L . L n n " " L "
0 02 04 06 O8 1 12 14 16 18 2

.11 EERKAEGARSBHIANBERS
(BEFRA 0.25/88, RLHRH 0.5wb/4%)

% \Wo

A5 L L L . 1 L n I A1 L
0o 02 04 o086 08 1 12 14 168 18 2

3.12 HEM BN PIKIERME F %
GELED 0.25/48, PEIREH 0.5wb/HE)

WE 311 FE 312 R UEH: EEMRN, SRSEHALNETHE
BWHEIs HERENRE, METPIRENETFHERVELLRFT EX,
B— P T 8T PURIE (58 T 1 5 VA SR H IR 28 B 805 9 BB PY 8

3.53 LWBWFR

HTREAYHANE FHEHFRTENESHYE, EE_FEINET
dsPIC30F6010A /% s ML TG 1% J& 15 i 8% DTC B FUBHRETFEHT T LR
N, LRPREMBHEZLESH: DTC XBF/EAAL A 80us ; DSP KIS A
#1% 29.4912MHZ; DTC XM £ X 10KHZ. _

B3135E 315 AHERER. B3134HT o, BHME FTHEEE,;
B304 B THESBETFREHRBNETUHEERT, B35S AHTE
F PR IE & FRESE A PRS0 E FREIEERTE
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ME 3.13 AT
BEFHRHEM ELE,

%&,&ﬁ%i?%%%ﬁﬁ&%aﬁﬂ%%%%@%%%%
ﬁﬂﬁ@&mﬂ@&w%ﬁﬂﬂ:E&M*%W&ﬁ—%
%ﬁﬁ%ﬁ&%@ﬁi,m@aw*%?wq&EmW%%¥m%%m%%§m
ﬁﬁﬁk&ﬁﬂ&ﬁ%ﬁﬁﬁ,%ET&%%E?%%%%%%%&%%
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R UL T R T 3 B B 8 PR i A T T

3.6 ARG

KBS T BN ANE FRETF RGP TEMET PI K EME TR A
BRHENEARE. HTRREBERBERRIBIENLL, FEHAT
—HEF MBI FRERATE, TEFARBANEENERY R
MREFERBTRENRR. HTH—SREBNAIETHENFIAREE,
B ETFHATARARERAIHE FRENNAL, XERIGEMZTES
ANET PIRIEME FHISE AIFPHRE, RET—MBENET PIRIENE T
BATHRR. BANET PLRENE FHRAEAFRHREGINLEHRA, HE
s REW: AR B OFHE PR ENE THEARIRBANHZUHE X
TERREARHETRREE, WHARDEREHERE. HFRARERERA,
B T DTC 7 40 b 8 i 1 14 A DA e B th 4 2 Bk 3 o
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18 L4

F4E AT ETRNRENEHIEEETRMEINIS L

4.15|F

B # AL DTC RAMBITHRR A 2 oL TR L R AL i
SHMEW, XESHHPRREE B R TF i, 1T %€ F H BE 52 48 B 35 40 1
CE—BTARERHEN 0.75 3 1.75 52, " 75 B AL 32 I 52 T e B A 2
WX BN AL DTC RER BB S EHE k.

AT RBET HHEMZWAE DTC Bt RS HE, Af4% DTC R4
ETRESEMERRTET BT XBHH, RERETEMHETFHESH
BERDT RPN, o, SOiR[123) R B B BL B A A A4 T—HEFFEE
REWW SR (EKF) BT T e 5 500 ) 52, REBLOTSHH RN W ER, B
EKF HER R SR E R k. XHER[124-1261Z FI N T HZ W& 4 547 T 2 F
R ABHRTIR, SC#k[124] MATHENEBMAIHENE LS E—RN S
THEAMNE RA=ZEHENEH N TFaESY, XHR[125] RARBAN$
WML HRETFHE, WEERGEEAR, NER[126)F R T & F
ANN FISE(E F BT, KA TMS32006711 B EESABRBFT L 50 B
RN WBTRIFOPRREE, KPS R PRE R K, DSP
BUSEE £ O AR LIE FREME. 71258 MRAS BT & F R
RAME, X#R[127]%F MRAS BRRAADDRNES LA AT AR
DTC R4 5E F B B9 3R, HEBRARPE ST RAERIFHBEE MR EHE, X
MR[128] # T XX DSP 54 F 4B R T MRAS & F i1 fE 80 5 1, SRRERES
BT 1000HZ T, FHKBT BITFHEEZ T, {8 1% 77 VA T I R R e s
HRI B, EEH MRAS Bt/ & F o BRI, XHR[129] B FHRm
R T#EEME T H R, RHFEERENEETE UK B Hke
TBAFHMR, ERBEEEN R SR I8 ) % 5, XHER[130] BETF
RAAET RN BURER MNEHB BN, &2 MNTERERHT M
BPS IR IR T R (X 2 T o L A 7 8 P i, HERNEZERETEHNA.
XHR[131-132] MEF & F i PI X IE B %€ F o BEL WL 0 77 S 4T T 45 ELRRE Y, 4
RERRY: RAPIREMHRBAGEHMA, BANBIEEE, B & H
TEMERNALE, XHR[133-13513 BB FHMBEE AW R TR BEEE Fh
BRAF IR . CER[133] RAEF R, FL WL B IV IZ AT B V) 4 4 03B 4 45
S|EO=ZAMAE, BB BRI E TR, %765 T, BEFE
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TR AL TCTE 1 T 2 R A R S A M BT AT

EESHSE5HR, BMAEZERE; XM[134] FENREHFNETKRE
EHBCEORAHHREAEHEEETFRERASNAN, REFESTR,
BB I B LW RIMREUR RBEHHESTHSEURN: CAK[135] 3
FREFRMRENE T REFRATERT THR, HAGREACTRARES
EFHEEWEFE—ENEEUEXR, ERTURAREFRRRERKNET
WLPE, RN EIER T BORB T M RN T PLRRIE T & . BAT B MAEHIE B
HRABFEENEEAND, HRABERSE, GAHRIRARNHTHESE DTC
R Y%, 9 LA S A5 40 DTC [ 9 PR 43 51 0 IE 7 30 Jo R B 1 42 40 07 33 SR O 3

KB KRRFRARNE EFE— R,

ATRBUEFERARR, &K AR5 P1EH|H DTC-SVM i #K
W K B4 DTC B3, FEABEMEBERR, EXMOSIMEM”E, @Y
MU ZEAN, BRET—HETFEFRERZENENZEETHESHEHR
8, ESTRFFRIERAFRBEHEEEFRERTENEUMEME
Btk

42 B BHETFEBE—-RIHALE

421 BEF PIKERE FHRMEHDE

#F PI (Proportional-Integral: B %) RIEREFHREHRBZRUETF
AR BNREEENETHEBRBMMA. PLETHEBASHERERXN:

AR, = K AL + K, 2 (4.1)
S

KA Ky KRR PLEFHEHFRBOWHRENRIRE. EUAET
MEFSIA—MRE, EMREFARATEHSORE. BRHAKERHETRE
BT R E «

AK, =C(AR" - AR)AI, (4.2)

AK, =C(AR' —AR)IAIsdt (4.3)

He CREH, Kp» KAWMABEICNMEEZS. REGESER, £
PIE FHIFA IR A E TR A RERN L REE IS L, XME T Rms
HEEHES, M THEHGRERARRBENANENRETURAXMGE.
ETPIRFMETHEFNBLEMERME 4.1 Fir.
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prc [ FEES guan | X
Ra) 1 rm -
! X
T AR 4,

K+K/s

=
. +
» X J¢

B4l BT PIKEMEFRABLREMIER

4.2.2 BT /NEHZ M %K E T i pE 02

NEFHZ ML (Wavelet Neutron Network) SEFHEEHIREET /N2
%Et’éﬂﬁ—ﬁ%ﬁﬂﬁﬁﬁ#%lﬂ%%ﬁﬂﬁ&,ﬁi&%T BP A MK LRI IHE H
ﬁﬁ%%ﬂl%ﬁt%ﬂlﬁéﬂ%ﬁﬁtkl‘ﬂ@,kkfé’]%ﬁﬂlé}i,ﬂﬁﬁ*}iﬁ@%%ﬁt%ﬂﬁEjﬁﬂi’E
REART BN R. #E?E/J\ﬁ?dﬂéﬁﬂ%%ﬁ]fﬁﬂﬁiﬂﬁi)\ﬁﬁﬁtﬂJFZT%‘!E&
B, /J\%H*é’éM%%f@*ﬁﬁﬂ@%—}%frﬂ%:%%ﬁ%% BEZERBLE, AT
ERBEMEENTHE, WMETERETFHREMTIE. ETPMEMBREN
SE T HLBH N 38 45 M HE /R 0L 1R 4.2,

T() T(k) T(k)
, R

AT()

]
SRE

AR |tk | AR
WNN 5 >

AT (k) N AT'(k) N

Ba2 BFNEWERENTFHEMASEHER
ﬁ@ﬂﬁﬁﬁi%%ﬁﬁ&&&cﬁnWﬂ%&ﬂE%ﬁ%%%aﬂﬂa
fmin, FEEAN 0 2) 25 QAR 4k o /)i 28 0 45 5 F o BEL SR AR 7Y 1) B A 5 80
TORMAT(). Bt MEMEME, FTF BB MARAEIR. /D B2
?@m%%%KﬁﬂMﬁ&%?%m%wm#ﬁﬁﬁﬁﬁﬁ,ma%&Tﬁ%ﬁ
BRI WAEMNE, FREMESRKE,

423 ETHRMMAMENEFRMBMHIE

BT RMZHMNEE. EMFERRIEERRTFANSR, HIRKKE
WHE, UHEMBHNE. MHSNELEET. 0L, K. FHAT B EM S
IESF AT BUSRAMERI B B IR R o MM 42 P 4% FNN (Fuzzy Neutron Network) £
TN LB R B S R BRI TR R, X R 1 b B2 T 35 5 A58 3
MABRBRY, SHEAMMEBEE YT E—#, FNN AT LAE A [ RS 5 R B I BT 45
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542 BT RBHFEEEE MRAS FEME -
ELVHEME, EFERSEEN, RRNANRMNB . B BT

H: ,
€= (Lu/L)py 4
eg =(Ly/L)pyy (5.29)
FHiEH o, BARN. by =Y/ Iy
- ing =Yg/ Ly (5.30)

FARANETHEFER (1.9) AEAFER (1.10), 74,

ea =llsa-(R, +Lap)l:sa (5.31 )
ep =uyg — (R + L, p)ig
b = Gia /Ty =g | T, =y )2, /
{_ /T, o)l /Ly (5.32)
€ = (isﬂ IT; ~img /T, +a3rima)L'2“ /L,
P’:ma =fsa /n—fma/n—wffmﬂ (5.33)
Pl =g /T, g /T 011

MU LA LUE Y. SHETH A ERRBNARN T FREMGR,
U (5.31) MREERWBHSHEER, R (532) AR (5.33) WRTH
B, XRMUERFIRE BB, R (532) SERBNPREEL RS
W, F AU EBATR R RS —E G EE . FIH MRAS i 4255
S P BEN R HETRAEE RN E, BSEEN P EEHE BHER, b
MRBRERLR, WRMARARLFCERMESLEE, B5E B EEER
WA, BETXF MRAS 3 & 90 0 5835 7 o5 7 48,

ETHTREREN MRAS MM AET R b5 #48  MRAS % & 01
WHERERETHMMGE AR EERINZW, REFEEE—BRE, A3
Eurﬁ%&%%gmr,%?nmAsﬂ%H%T—ﬁ@M%MJﬁc%%?%
PELHF IR 2T B & MRAS 12 & 9 1) 52 ,

5.5 BEEALDTC R E MRAS /& I %

5.5.1 X HE3 MRAS & & 0 0 & 18

F MRAS B3t BN L DTC R4 B8 M0 5 B2 T 5 46 0 F1 7 R4
HiEal, RENNBERARNELHESE, 5FLR, CEAREN TR,
HENSHMRLEE—CHEHL.

AR RARHHEE MRAS SEBE M :oh MR B W, 5 KW
MBOBAEE, RO BEHEM L, 7 X~ FEE Dm BEMNE b,
T:

69



R LG A TR S L AR S O S B T ST

D, = eﬁpisa _eapisﬁ = (usﬁpisa _usapisﬂ)_

Plsa ~allup * (5.34)
Rs('sﬂ Pisq _’sap'sﬁ)
bm = éﬂ Pisq _éapisﬂ
2
by e , , . .
"Z'I'IT(lsﬁplsa —lq Pl f'maplsﬂ _lmﬂp'sa)+
T (5.35)

2
char (ima p_iw +i ma pisp )

B (5.34) ERSEER, &K (5.33) AKX (5.35) EATRER, XHEH
B~/ i MRAS B FE. BEMB ARG S ARARAANRE, BhBES
HEMARGASBETERS, REAEN G BN ERARG R HEE T,

R (534) FRESETRE, EETRAEHEL, BERLFEES
T FMEE, HUERENXHEEER, PERWT REREN .
AXHR (535) EHBEMA, R (5.34) N TREEMRETHERs A
TR ARG, 75 R A AR R, e R X T R BT B AR
PR, FIRR SRR, RRERHH A BENEERLTETREMA,
Bt W SN AR E T I R, 4B T R B A T R
{90 o L 7 LM 9T S A 6 RO TR 7 o X P MR S 4 4 S T
BRE FRERN, EMHZALER MRAS S, B G DTC R4ET
- RHERX MRAS HESEFHHEMWMEER WA 5.4 iR,

RS
Usq /[ |
T: e T Y R, B & 5%
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O——
inx Iy \ - y
ip R H AR o) B 5E N
AN @ |

B 54 BFTEX MRAS BEEMEFRAMMNBZLEDIER

B, T EERLLE FRAMEFHEZERS, 28— MHRAMA,
AN ERREREN: MieTRBRARMERETR, ERUNRERE RAEER
SN HRANATASETFREURAEN. ARIEREHHERE, £
# Popov BR EHEWMT W B EN A, BRILHARY BERE, 7TURH
EEFRARME T HEHRAR.
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552 FEWR

U ERXE X MRAS BHHRFE R T DTC 4 RS 57 B AL TC 8 5 e
DTC %%, £ Matlab7.8/Simulink i EFEFTRTETFAER MRAS BRS¢ F
FEL BEL R0 36 1 L B4 3% DTC (L B AT 5 L L il B M 5
SRENSH—B, SEETHEY,=1Wb, BFEHTHEEY s0us. B 5.5
%t AHLIE BE Y 1250rpm BERTEE S5 E TR M AN AL R, E 56 Amm
VU B 60rpm KEMEE 5% FRMMIRMHEE R, BRAIET TR 2
TREEGEZRER RN 12.28 Q14 410.28 QBT #Z I1E 5.50 FE 5.6a
PR TERXE F A R HHRIN B 5.5b R 5.6b A% T &3k (1250rpm) F1& %

(60rpm) FiFERL TIEER MM L. RALER MRAS F 4T 2 F b b
R, B 5.5c M S.6c 41 T EE (1250mpm) AIEE (60rpm) B E T H#%
B MRAS 3 & W00 28 (0 B MM 4 R .
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i 7 -1 ' n
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0 12 3 0 1t 2 3
A Cs) HiEt(s)
(b) RMEFREMDSEERMELR (b) kM EFRAHLNEENNS T
EEMMLELLE (FiEr) EER ML LS (EER) -
A n
0 1 2 3 U 3
B t(s) HiEt(s)

) RAXERX MRAS #ITEFRBHAG () RATER MRAS #HTEFRBHMINE
OR[N 55 K PR U 0 o LA R AR ) R A M S SR R A 4 LB (IR
ESSERMRERASERBENGEET B S.6 RN RN S TR E 005 LR

MERERTUBY, KHRETFHE R, HTFSERAKERME TR
B2, FREENMNE RS LREEEZ MGRELR A, EEENRE
BET 16%ER, RERAERENEEEKR, 4N 25%, i H 7 BE % 3 b K,
RAAEFHOEERMERETRE, FEBIEBERERH RSN,
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i F R R RAAH RMATH G, NESTUES, &EEROWN S
B+ABIE LGRS, RENNRERENA 2%, FHEBTREFHAMNAR
HERREE THESEAPEETRB, EHRCENZHRRNERTRELT.

553 LEHR

HRIFET MRASBERMRXEREES EFHRERMUFTERIERE, XAX&E
E_ERBMMATFELETTERHAR. AERAENEEHEREREN
o =6rpm, EFHUHBEAEHENY =0Wb, GEEENT, =TNM, RN EHE

B AR A g 2 i B 5.7 BiR, HEME MM EEARgmE 5.8 fix.
10 - - v
8 """""" :! """"""" é'j ------- é """""""
o ; s P
E}' © 1 ‘ .
IR USRS AU SUSUSRRUR IR
2 ............ dasnoennsancna ; ............ losscssoanenm
DO 5 1:: 1€ 20
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B 57 EERMMETLHBL
10 v " i
) SRR SRR SRR
2 NGO e A
Z
g’ . S B T L L LT R R TP
o O R S e
Do 5 1:3 1§ 20

B 5.7 ME 5.8 kg RERN, 544K DTC Mk, DTC & H X MRAS
RS TR BE R B RN TR B S K B AR R T RS B
BEEE AN KRR EMNENE FRRENER R 5.9 Fix,

B 5.8 #HEMITET ML
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CA 3 P SME B T, A0 :rpm ; BOb 52 F o 0 B0 00 {8 S 0, B 42D
LB HRAMB MM LR, EEWNEE HAEE. SRERHE—5
RY, BT MRAS B b3 T 2 5 52 7 o POl 64 % ot 4L 76 328 5 4 7% 58 DTC
AGEERBENNDSEHEBT —eRENRE.

5.6 FENE

AESNT M BB MRS EE RN SR A R, EMTERROER L,
& MRAS HiR R TN LT 7 B f5 3% DTC REAMEE WM, SHTET
MRAS Bie M ZMEERM T %, BREFREERUEEZLESHNL MR
2 E,

ATHHEUEEERM S %, KEE DTC R4+ RiFMA MRAS i, 12
T — PN EHL DTC # & FHMEAAMR LR MRAS HEMNH k. %5k
AUHBR T R4 FE F R B9 0, 7 o i 0 2 5% 40 70000 W] 0 70 11 L 96k,
LHX e F R A EEF O RN PR A ERLRERE Y, BT MRAS
BEMERRHRTEREEWES, BEST. BFLHRMMA. B FaEm
RIZCE 3 MRAS I8 B W0 28 HO BB LKL DTC R 45 L4 & M 1 07 R0 4R K [0 42 4
MERER ST, BESCIEE RSN, 5% DTC ShE S E kg
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T ML TR A 38 R 2 PR Y I R BT T

$6E ETHESHERMPIBRIEES A DTC 24

6.1 515

54 DTC REMEFHRESHERALIBHATRUERSRERTIREN
FiE, MR RESESEEZHRENKAD, FEREHERIRIFHRRT AN
R MEEMRKS RS ERFXAERECENE. HEERRETHTHE
MESEERENBREZNRERAEANEE 6 WERAEZRXBENHEANF
K, BOMKE R E S ) & BB 3R S R E R KR BEh M,

BRABERSOEBEFEE: (1) RAKMBREZARERENTFXRREL
ek 191 (2) R SVPWM BHI SRR R ERERMM, XA M
EZEKXEHBFAREROWRST, M40 T HELEKS, RET —H
ETHEMSENETEHE, ZFEERENERBRERAENERT, Bl
MELHEMBET EEERE, BT HEKE: CER[142]R HEH B Z 5
BETHAXRRER. ZHESERFRN=TAANRHEERE AY. HHEIRE AT
MEFHER O, HEAKEETRHEZRAXE Us, KBERAH AT ABK, B
AW BEN U IRE AY FRERE AT #TEHL, NTREERAKIT
RRER: XH[I4B)RE TESMEE AR hHANHZAN MR & EJ+ =
ABERBBHBE A BER BRI M0 DTC BEIE, AR EMMNT RES
BRE, RBTERHANTRRER, BRETHERS . U EXLHTERE
BiciErks), BERMBEZSRAREREULAMESRENRTUER BT, &
SVPWM H#I%me s, REEBREMNMBESHEN KA PIRY, 415
BHEREMEN B EFRRE, Bl SVPWM 18§38 & 5 i E 25 8 i 6 K 8
RN ENIRE. U144 R A S %5 PLIRW BRI ZE DTC R4
AR HI %, TR T —F R IR S 5 PLIR Y 8% d B A2 6 2 T A M AE
BETHELSHKER DTC-SVPWM BHI k. ZHEEE FHERE dg 815
T, A e R BSHERNEE PLAY R A MFAN SR ERHAE T#LE
of Al AR 0 S F LI 2 I R B SR SVPWM A ) 77 A i 33 AR 48t ARG
MTFENBESHEN PLAY, BRFMEETHESEENEHRE, BETH
VLS Bk S . SCER[145)F 58 7 S0 9 SVPWM %I 7, BdABRZERENAX
REMERRRAMBFE, ST HAXMEEE U RBREERKS . CH[146-147]
WP T — & F o AR 5110 DTC-SVM F . %5 B8 —A K A K
BHARATRECEABEMNETFRERHRE, EXNEEFXRMEMNRNEE
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T DIC REMBIF SR, DLJLA SVPWM H R, SCHR[144]00 55 10 2 B
#, HHUREFEAMBBBREREAN.,

FEERAN T DTC RAMMBSHER S HE, K TH% DIC &
RERKEE, AT REREKSAE, M4 H ROEH FE
TETHESHEEN P AR ERHRA A+ — dF 25 & & 1 DTC-SVM 4|
KM BHRUEZHEHEBNARRAAI W+ A RES KB K
DTC-SVM %% 5 5 B BE M 15 5 R FIAEHI PL A IE S 462, 508 50 380 o ol J 55 ) 45
HIREHEEREN Bl DTC BB 5 55 4 318 TR 41 1 15 0 A2 22
IREFIEH, RETRMEN DTC B4 HENIZLHEES.

6.2 o4 DTC RGERIHEHE 555 58 1251 75 5%
ER—HH 1.4 £ DIC REMGWIER S, & FHESBENBHTET
WX LR, UTAFHEARAE,

6.2.1 154 DTC R MR SEIE S5

8% DTC RAIRAWAXETHERY, EFHENZHELY eyr FTF"
S SE T HERE B0 TF KM 00 Feo LR T WA 0 00 5F 20 90 4 52 00 4 4 I8 o

6.1 Fi7R.
[ A +
. —
- R T F K
¥

H61 EFHEEESAABHRYENER

A Ye*-Yooey, W Fy=1 , RAREM K BHLE FRE: £ WP, <-er, W Fg=0 ,

RN BRANEHE FRGE. 54 DTC REMB ST, RIEE FREMST a4

BEFRRERTERGENREFXEHEE, BERARTTHEYS Y 6
MR, B S, (g=1-6) RFHK, S-S A UERRB1EL 6 BK.

6.2.2 {54 DTC BRG SRS 53

A DTC RARALEZ AW R B, THNL -, T, H M,
e AHERHRE, SERFXRYROER DR 6.2 5w,
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TR R L HUTE R 1 K 3 B AR S R P DTA TR

1
e* +

T -er 0 _T
- s ——— -
/ :L_AT Ty
Te

B 62 BESRRABBOEIED
RABEMAR BN, DHBEEZE-BX A6, ZEIEEN, &
T -Teer, W Tx=1 , RREMKEHEE, TMREXE V, (110) 5 V; (010)
HAT A E-er <Te -Te<ter, W Tx=0 , RRER/PEIEE, TMERERE
Vo (000) B V; (111) BT 4]: & T -Te<-er, U Tx=-1, RRERER/NBH
B, TTMBEERE Vs (001) B Ve (101) TR,
HETH—S O DIC HHINE, XBERBEIEEFHES L of BIFRT
M€ FRS S S EHNBOHNTREIH A

Voo = [(te = R (6.1)
v, = [(u, - Ri, it (62)
| SRR | (6.3)
6, = a;ctan[Zi] | (6.4)
Ve
T, =-;-pn(‘*’m » -‘Kpim) (6.5)

ETHERBSERBRAEREERFRETS,. S,v S ZHHXFRN:

u, =U;'6C(2sa _5,-5.) (66
u, =‘%C(s,, -5.) 6.7

G AL DTC RER AR (6.1) - R (6.7)PHAE T e A H M MK B3
fH, EHARATREETFURERERHERENEFHETER, FEUBMNE
RWTRAEFRE R MBEERALXATRAUTRE T RBE S S, ERE
BRI BERE Vo BIMH DTC BHAXRRERWME 6.1 iR,
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1% LFAR X

#6.1 EXDICHLEEE

S; S, S3 Sq Ss Ss

¥, T,

Tk=l  Vy(110)  Vs(010) Vi(011) Vs011) Ve(101)  V,(100)
Fi=1 Tx=0 Va(111)  Vo(000) V(11 1) Vg(000) Vy(111) V(000)

Tx=-1 Ve(101) Vi(100)  Vy(110) V3(010)  V,(011) V5(011)

Txk=I  Vi010)  Vi11) Vs011) V(101) Vy(100)  Vy(110)
Fe=0 Tk=0  Vo(000)  Vi(I11)  Vo(000) Vy(111) Ve(000) Vy(111)

Tg=-1 Vs(011)  V4(101) Vi(100)  Vy(110) V3(010)  V,(011)

MEEﬂﬁ%%§ﬁ¢%E§E%E%ﬁEFMWHQ&EE%&%ﬁﬁm
. # Tk=1, MEREERMABEZARBEREEZ RO A BOHHE
5%?@%%5@%ﬁﬁ—ﬁ:%TFJ.M§ﬁ§ﬁ¢%ﬁ,ﬁ%%E%m%
%E?W%Eﬁﬁﬁﬁﬁ%m—¢ﬁﬁﬁﬁﬁE%ﬁ?W%%EEﬁﬁWW&;
%hﬂ,Wﬁ%%%ﬁ%?@%ﬁﬁ,&Wﬁgﬁm%%ﬁﬁmﬁiﬁﬁﬁiﬁ_
M- BT AESEFREBERMNGF 1—B: £ Fe0, WERERD
ETHEEE BIREEMNEEZXBREERIRG - Y BN S E
HETHBRERDWOF H—B: & =07 Te=0, WEEBRE V,. V,. B
ZRRE V) P E R A% T X RE R R R K (100), Hh B —fRRigR
w UMARERS: FMURTELR VHAFLERS; BSRERETR W
ﬁﬂ%%ﬁﬁ;ﬁ@ﬁk””%iﬁﬁ%%%t%@ﬁ:ﬁﬂﬁﬁ“WﬂHﬁQ
HXENTERE; Wi, BETHEE Vi(l0ORR UM L EREN VHTE
PEUAWHTERE. HEHEFHEREV, « Vs« Vo Vsu VU BEER
Vo V7RI E X,

63 ETXREBN+-HEZTHXREN DTC 550

MEF IS0, 1645 DTC RETR MR EZ MK EREEALR A
THABEZHNREMHNERE, RSN L REA R 5170 E 2
REVH, BHEHFRERMERENEZ TN, NTSERENBEY, b
REHNFERERINEERE . H T XH4% DTC RAMBNSL, AXHAT
HUHEZRHEAS D+ ABEUARBES AR EAS T4 B ES &R ,
B DTC %8, HAMRES MARRHAROKE, TRAELDTC 4
RLSE R R BRI B M R o — AR A o T 28 7 58 1 B 0 /B o 2 i)
BARNERE, FRAASHBNMESMEBECNNATIENTHERT
MEEZRRE SHRAHTETHNEE 30+ P EETREE, A L
- FAEZERBREARM T MEZALERNE 6.3 Fix.
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R e LT 1 T R LR A AR S R S B TR BT T

V<

Vs 1 4 Vs

63 AMBFAETHREREAAMN T _RETARER
B 63 Vi-VeRELE 60" ANEAREZREAE, HHBHRANTRESK
MR gsmafRaEZRREAFOEEZMRE, NEmE+ =48k
K&, T-HEFRRBEREMEN T AR REENE 6.4 Fiw.

6.4 t—BEZTHXERAMEMNT - BRTER

B 6.3 FE 6.4 F, BAMMEHBEEZAREZRKHXEERTHE S(q
=1-12), EHRBH+ABEATFABEZARE. EdENREZARE
HRAELEXBEHARMKRER, MERENNTEIINE, FEEMBEREER
FHRETHHRE, FTUHRTRENRE. B 64 P, AMFHREZEXEH
HASREFRREEM: Voo M Vo IHANFRE: V, HHEZREXE V, A
Vi& i ViHBESRIRE Vi M Vs Al Ve HREZREER Vs RV, &R
Vs A EFRKE VoA Vo & il Ve HBREZRRE Vol Vi &M Vil
EZEKE VR Vi AR T VL Vs Vs, Vo Vo Vi AN EZ R RERERE
AN EFREFRARE. EFREQASN T _BEZRREL %, FREFNA
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R 0873

NMEERES BB+ A, IR+ A oL 2 [ 4% B b AR AR A LR 25 ) K
BRGHAERTR. CREENEFREZNKE, WTFEELHBNEESHE
ES 50BN, RETHERE, WA TEERS.

6.4 BETHISHERY Pl BREESIX#M DTC 4%

6.4.1 Uit RYRR B H] DTC-SVM 1241 & B&

e G RL HL DTC BERE 5545 56 R R M IR X o, BT D08 A8 58 FF % 4 8 2 oy
REHEEHEEURBEERENTE M Y8 ENE A LR BN,
BAMHEERNEKX, FHREREZENFKR. B—FE, £4 DIC Z4L
W SHERAREN D A RUSSBEREN TR, TR RS %E
IREMIR A, T IR B o PR 25 TR R B R 45 40, 4K L WLIE 4T N 1 82 4 Bk
B, BHEEN B,

AT % DTC RAMBEAIKE, AXHATETHESHELY Pl ARE
352 5 0 P I O G A O A G . 0 R R PRI B L S P S R E 4
RBRREHALEHE SHASHT A RBERFENBESAKLE, &
HFEEABRTANERBENSESARE, BRENEZUESHENRE, B
ERHE SRR, RARRNEESHINE. ETHESHELN PILARE
EHNERGEHERME 6.5 Fix:

qu ResEPI e R E [ U, U,
Ws~ b bR

R A 2 SVM

L@ HAEPIE K IE
T,- # )
wsh r T
‘i‘x s,| ARRS
eFus R U Ve[ amem
i 8 it

[—— i,

2/338 4

[— i,

Mes BTHMESHERMPIARKELNELAEHIER

B 6.5 B E FHIRE S HAED DI B AR B G50y, 5 T MGk 55 5 4 g Ay 2
M e PR R AR R e PRI R A E TRER BRSNS T
HERBHFH &, |

EBN AL DTC & FHAEIES dq RIRRT, EFREFENTF:

u,=Ri, +fi—‘|;l,t—s| (6.8)

U, =Ri, +oy,| (6.9)
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TR L 4 R B R S MR S I A TR

AP os REFHEREAER.
MNESTEARXN:
T.=1.5Py i, (6.10)
B (6.8) - & (6.10) AFE—FHFH.
2RT '
e =A (6.11
3P,,|WJ U, ||;/s|(o,. U, | 11)
d
ZJ=uMs&u=Amd (6.12)

KR (611 - (6.12) TR, ETHHENEEELAREEEIHNRZET
B 2 [ % B Auga I Augg 2530, T 56 T B 1 5 3 A R LWL JE KN B — A 2R
YR E, BT LE T R A8 Augg B Augg 451 02 5 T BERE B (A1 LWL 58 48
k. B 65 FARERRERBETHEZARENE U R Uy BHOH
IR RS B EE R KRS R Ul B Uy
i Y ot [ S
7 DTC-SVM KBl s, 1RIE Uy - Uy I 0, AR B RFXES. HE
BAERY, RFAESAREHLBERESARER S M+ ARG
7 —, BEHEMISHEAGES HARTUAREENETFOESHRE, @
6.6 4 th Ve AL 4T dq R A e T2 )b R D,

B 6.6 HEEIR dg RPRIBEZTEEHNXEE
£/ 6.6 1, KM DIC RARFBIFRER E T e dg IFFHRE TR
JERE U 1 Uy BHI)E F#b 1k of A5, ERGE T K (0 R B H w42
S8 Ul M Uy, BARAASHTASEZRRESRIFHBRESRREH}
SRS RE T FRAEES . B 67 SHTET T _REZAXESHNARR
EZRZEHRENTER.
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6.7 BF+-_REZHXBAMAEE BREZERHXENTER

B 67, MEZRAKE V) IANEABRESMREFN Vo M Vs &R,
ZEEERE Ve HESHH N BES AR V, 5 V, R B o E2 % B Voo

5V ERBEHR, TREWT.

v
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T
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L
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jziy T()Oy le Tz: T707¢%9€EV—;’:1
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ﬂ
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LY 4 V, - (6.14)
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N
.'~3|

Vor Vi MITEFIRIIEL; T RSRAEAM,;

?

=N

AT HE T To Tz:v Tz, ME 6.7‘1351'535'4%

V.yT.cosoc=VT +V T cosZ (6.15)
1 22 6
V,,T.sinc=VT sinZ (6.16)
2 2 6
VT, sin(% —o)
T = (6.17)
T
V sin—
6
VT si
T, == 500 (6.18)
.
V,sin—
6
r,=1,=%=0"% (6.19)

2

BTFES—NRENZ, £ TR S %EEH PI AR TR HSARTHN £

WYiRE, B, ETFHES%EEy
HEMUEH RS b 5 E, ©

PI EREHEHIM+ K8 DTC-SVPWM
K THIEE. BMMBENE FRIENKD.
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6.4.2 HHESEEEY Pl BRERE &

B P ARESHREEMEBEZHN PIATESEE, MAENER
BHIHT PIEHIRSRELAREXET PIEGRMEHINAE, RET DTC
RE S % E 0 aig 0L SUIR[144] P B S #ER A5 4 PLIZ IR
EHIFR, AXKHEEX—FR, RAH Pl AR ERHSEINMES HENEH,
RAAERFHHE. REERURRBROEEE, TRE RN RN S
SERE ], BT RARE AR ). M P B IE 42 il 2 LUAR M 42t 0 U 55 i 1R
W PLIEHIS 5, TR —F AN B R IE M), BRI R B 7E TR0 2 61 0 U
PI YA FHELRE. HH Pl AR EEHBHERRITRE K. Ki5e M
ec ZIAMBRHIX R, BERKMRN e A ec, MIBBIMEHIREX K, M Ki 347
SR, EHERRAERIFNE). BEEAR. ZEH PL AR ERSSNER
g 6.8 Bim.
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6.8 W PIAKEEFBHNELLHA

68, Xu RALAERET, XSeRALRMES, y £EH PI B RIEHH
BHBMHUES. EHPIARERHBEURE e MREZUE ec AN, LK, M
KifE A%t

m%m%%%ﬁﬁﬁplEﬁmﬁﬁ%m%m%$~ﬂ,ﬁiaﬂ%ﬁwpl
B ERSIRO—BETHEEHPIARERNBNRELEHEIEGSHTA
PIAEHIISHRAF B IR . RAEBMERETEN PIZHK,. KHTERE
E, UiHERFARREMRETUE e EHIBSHOIREK.
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WPl EHBELMBSHK,. KATRFxR, K,v KABBEHE.
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M PI &I il BAERAR, REBRA, WHER. X AR B el
Rlec|, 2K, KHBERENWT:

(1) B EEL S e EN, Edmﬂ%mﬂﬁﬁm&ﬁ%ﬂﬁﬁﬂﬁ%
Y UBBHBTEAEMEN, 5e(k) KK HGIERESEDEE.
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PSS 0 0 0 03 05 1.0 05 03 0
ZERO 0 0 03 05 1.0 05 03 0 0
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