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Research on Speed-sensorless Vector Control System

Based on MRAS for Asynchronous Motor

Abstract

The research on AC motor speed control system includes the knowledge of
many other subjects, such as the power electronic technology, the computer
control engineering and the induction motor theory etc. Since the AC motor is a
multi-variables and close coupling body, the realization of high performance
induction control system becomes a hard work. Vector control theory provides a
basic assurance for the high performance induction control. Due to the
disadvantages of speed-sensor in vector control, speed-sensorless vector control
comes to instead of speed-sensor in case of high precision and high performance.
Speed-sensorless vector control system of induction motor is not only an
important aspect but also a hotspot of investigation in modern AC drive.

In this dissertation, based on analysis the theory of speed-sensorless vector
control system, the methods to estimate speed without sensor are discussed, the
vector control system using model reference adaptive is simulated. To realize the
designed system, necessary hardware and software are also schemed.

Firstly, progress of control strategies of alternating current motor and
speed-sensorless vector control technology in recent years is summarized, and the
advantages and disadvantages of different strategies are enumerated and
compared. Then the principles of vector control, coordinate conversion and space
vector pulse modulation (SVPWM) are expounded. Mathematical models of
asynchronous motor in different coordinates are described. Then speed-sensorless
vector control system based on model reference adaptive system (MRAS) is
discussed. Based on these, the simulations of speed-sensorless vector control
system with model reference adaptive system is realized in MATLAB/Simulink,
and the simulation results are discussed. Finally, the software and hardware based
on TMS320F2810 to realize speed-sensorless vector control system for

|
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asynchronous motor are schemed.

The results of the simulation show that the speed-sensorless vector control
system for asynchronous motor has a satisfactory identification accuracy and
dynamic performance.

Keywords asynchronous motor, speed-sensorless, vector control, MRAS
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RPN AR R AR BB N X R S . Bt L8 2
N,i, = N,i, + N,iy c0s120° + N,i. cos(—120°)
{Nziﬂ =0+ N,i, sin120°+ N,i. sin(—120°)
RKF, N+ N RAZATESHN R BRSIHLE TR FHE%HEE L.
RIE LA

(2-2)

2-3
i 2-3)
2

AR TRRA
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i,] N1 -12 12
is| N[0 V3/2 -43/2

SIN—=AMITF i, i, NRE I FRBIEERRTE, HREHTHBER,
ZHBEINEETa. S8, HESRa. . 0HMKRR. EX
Nyig = KN,i, + KN, + KN, 2-5)

Ly

2-4)

Ig
Ic

XH: KAFERH.
Ak, RE-HTLURTFH

Bl [t 12 2T,
ig|==2{0 3/2 -43/2)i, (2-6)
i, 'k K K i,

WRIERARKZRHRF N, o] AR = ABFF 1L AP R BB AR B LA A

A (B Clarke ZE#)R 4
i, _\/Zl 12 -112
is | V3[0 v3/2 -43/2

2. MEABILLRIFRE S RELFENTRQ2r Tik) B 2-4 XRH
FAIRR, a-fAPMHEBIEAER. M. TSE4HAETR I EERE. WEL
M. TRRUAEE o, K, FrEN i Sa-SRRRER. M. THa. B
MBI o R—ANRE, EARRKNZE AR ME.

iy
' @2-7)

Ig
Ic

Y

2-4 EFHMRBE Oup BERA MT B R EHRE

Fig.2-4 Projection of stator current vector in Oaf and MT coordinates
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WIEE 2-4, TLUBE, . i, 5i,. i, FXEN

{l:a = l:M CT)S A —fT sin (A (2-8)
iy =iy sing, +i, cos g,
HIEFEXRA
l:la] _ licf)s o, -sinqosj”:i{u] 2.9)
lﬂ Sul¢k cosq% lT
Bt CAPS AH R 1L AR AR 2R B P AR I S AL AR R IV R (B Park & #0) A
=g e
1y —sme, Cosg, lﬁ .

75 A JiE 5 AL AR R B P AE A% L AR AR R AU AR B (B Park ¥ H) A K (2-9).
o 2.1.2 R BBHFEEE
HOEHE R AT RAH S B R AXRAR GO E Rk

ﬂlk
L
s @, Y,
T AN M
Ir | u
O
0 i a

B 2-5 MT fe¥ A br RV RESZ E |
Fig.2-5 Field oriented at MT coordinates

K. BUBHFEBEHNTARKEHRE, TRESIEZAERXRDER
KAV BT A FER . BN R BCE R R RR N AL E 3R .
EFLAXT Clarke 2 # Park AT 247 T E B/ B A K E R BIR BHUE
B, HoEEH =P RN BT E AR R AR R T BB
i
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2.1.2.1 BIERIRER Ocf REPHIFERE RER S BRIEZ ML LK
WA, TTLUHE AR R IE AR R Oaf F OB 2 R,
IBILERGERBERER

HTFAXCKANR=ZAREAR S BN, ENETRERK, FHLEHE
TFHEU,,=U, =0, MEBEHFEAURTA

U, R +Ls 0 L,s 0 i,

U 0 R +Ls 0 ‘L.s i
a| s T m A (2-11)
0 Ls oL, R +Ls oL Ly
0 -0 L, L.s -o L R +Ls ||ig

RQIDF: gy g~ iy i THREHE. BFHRAN M. sHSE,;
Ups Uy BRIRBHETFEE N all. SMTE: R ROFIERBHIHEHE
FHME; L. L. LARABENKNETFER,. 7R LR o ZHEH

HTHE.
2HEFER
R HBINHMBELTRAIRRA
Va L 0 L, 0 |l iy
Yo |_ 0o L o0 L 1.',91 2-12)
VYar | |Lw O L 0 |[[ip
Vs 0o L, 0 L || i
RF: Yo Ups Voo V8. BTFREEH. SHINS R,
3EEFER
7E Oaf M bn R WY BB AR JE
T, = pL, Gpigy ~igai) (2-13)

Rf: p REVRXTH.
2122 FHEBELFEREMT REPHBEER

LEEAER

ERDIELIRREMT RETEETFHRERENE, U, =U, =0, T
HAHEFTBARRN

U, R+Ls -ol L,s -o,L, ||i,
U. oL +1L L L 1
T = e’s Rs ss we ‘m ms lT (2_]4)
0 L,s 0 R +Ls 0 i
0 oL, 0 oL R+Ls ||
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KB iy ips i, iAHAE. BTHBEEM. THHNSE: o, AEER
BE; U, U5 ACFHREEM. THRSE: o ARSREAEE.
2HBEHFER
EXRAETHSER)E, BFTHEy, AM5 M #—3, kEUFE
v, =y, BLHEETER
(w,, = Li, +Li_
yr=Li,+Li
SW, =L,i, +Lix (2-15)
O0=Li.+Lji
W =Va
£y, s v, A EFHEE M. T HSE, v, IETFHEE M
HWMaR, y A FHIE.
BERQ-14) R (2-15)7] B

i
V:=Vn =Lm1+1‘;-vs (2'16)

E*:z%%%ﬁ@ﬁﬁ,ﬂ=%,

Ly REAZHUE
v, =y, =Lji, 2-17)
3EESFER

ERTHGERN MT 2FHRP, BIBREERENTENR(E2-18)
Bi7so

L .
T, =p—L“—'Wr (2-18)

AR, BB O R B T S T A T A B B X,
B, ZERUBIEE O T DA, ST LA T

4ERFTER
_1i
‘T, (2-19)
O, =0, — 0,
2.2 SVPWM =l K g4 2 A 7 7

RETAREEFNENAEL R, BEEIRERERTHE TV
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MR T KFEFAF A1

Yo GEHTERERREAIRFRNAERAT BEARAE, XtFHHLE
HEEENKERBRRELBRRRETH, TEAREEEHIEZMFMIT
XRE, HERFHERS, BERBEANAESFMRA, 557 Byl G SR
BEZNA.
B2-6 B—MREKBELPWMERR, FENZMZHBERE u, 7]
PAZR R H R (2-20) BT =127,
u, = %(u L +ue?™ v u et (2-20)
Xt 2-6, AT EX: B—BRERLK LB FFE THE MK
REHX 1, RZ LGB KB T B FERRELD 0. WA BB \#FXRHAE.

7 L]

Sa Sb Sc
A z
+ B z
UDC —F:— C Z

L i3
O
B 2-6 = A8 e B B 22 L B

Fig.2-6 Circuit diagram of voltage source inverter

BS,v 8+ S AHAREK A, B, C ZERIFEZHHFE IF X BRI B £

HEMABETRRA:
U 1 -1 07[S,
|:UBC]=UDC{O 1 -1|8, @2-21)
U, -1 0 1]|8
U, 2 -1 -1[s,
[UB ==Up|-1 2 -1} Sbjl (2-22)
U, -1 -1 2|8,

BAC22)RABKE2-200F, K/ M EXREZRRE. RE\EILITX

RAEMHGLZAV(S,S,S.), HFi=0~7. AR EERME 2-7 FixR.
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V(010) g
V/(000)
0
V(011) V(100) ¢
5
V(101)

B 2-7 ExBEFRKE

Fig.2-7 Diagram of basic voltage space vector

K21 FRRESHEEERHETH LLIER 0ap 157 BHIXT X R
Table 2-1 The relationship between switch state and phase voltage

Sa Sb Sc U, uﬁ X‘fﬁﬂﬁﬁ*»%i

0 0 0 0 0 V(000)
2

1 0 0 EUDC 0 V(100)
1 1

1 1 0 EUD" EU"C V(110)
1 1

0 1 0 - gUnc EU"C V(010)
2

0 1 1 - EU"C 0 Vv(011)
2 1

(] 0 1 - EUDC - EUDC V(001)
1 1

1 0 1 - EUDC - EUDC V(101)

1 1 1 0 0 Vv(111)

W 2-7 B, B—NEBSSFS NG, B—hnEHR— % E g
ERBX, EESwERR. B MBAECHHBEF, R AKERE
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u IR (u I KERAKRTERRENKE), FREXEUAREE o, 557 2
¥, o, VEVHMRZEE. BAu TUHERMIBHREWR, XHER
TZEREERBARIKA. ERT=0E LRI FRAETILLRRHE TR
J&, ZFREERBEHHTILLIER Oaf SHXRENHXNNXRME 2-1
FoRes,

27T A THERARE, WTEESENHEETEEE, °TLUEL
ERSENEERFRREBNNITEBERENAE, BEE—FY
WEEZRXE, HFESEENBEZRARENE. BALHETERRTE
3ANERE: 1) HAMEEZREERERENRKX; 2) HHEBEXHEXBER
BHIERRE); 3) B iA kR EREREFE.

1. HlEH ST R B EREREMNBEE 2-7PEHTHEX S ME, X
RRUHETREERBEuMERBEAHASHENREN 0t fTEH, HEEE
BIREBEuLFHELMEBX . MAXPHBEEZERERZUERERH L
MARFR Oaf AR T u, v u, KRG MK, EARHEE uTEER R X §77 Ew
Te

a=ug,
B
b=—u,-—u 2-23
2 ¢ 27 .
V3ol
C=——uU,~~l
2 2
K22N5 uiEBE XN X R
Table 2-2 Relationship between N and sector
N 1 2 3 4 5 6
B KX 1 5 0 3 2 4

- RELEAPIANEREQ. bR cHIESRBEHERXE 3 A3 455
A. B f1C K1E:

WMRa>0, 4 A=1, TN A=0;
mEH>0, M4 B=1, FN| B=0;
mBce>0, M4 C=1, FN C=0;
BHREIANAZHGEMNRES A, BACHETET#EHBEXES N H1{E:
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N=4C+2B+4 (2-24)
N5 upTERXPIRAWE 2-2 FiR.

2. itEEHESEEABEXENIERANG

ATEFHMZEERREBANTSEE TERERENSER, BRigEHT
BPF AP HENREIPWM B . X ¥ BT PWM B3R, REELEPWM
BRI RS, et Rt 8 —3 81t A B EREH A K 64258
o) R . EB PR S [A] R B 4 A 1 B ) 4 B 2 4K 9 AR B T 4 TR 0 5 ) B FE B TR
w, Bp

uwT1+uvT2+lImT0+uv7T7 = UanT
(2-25)

T1+T24To+T7=T

KbPui. wwBEBEAEHEZTRAREw WHNMHSHIERERE,
wo w BREBBERE, Ti. Tav Tov Tr+ T 50505 B 25 8) % B uvi
uy~ wvo~ uv T uao 752 B HH A B 4E R 1)

> AL

T ouvo Truv

Bl 2-8 HESERKBHIKMES#

Fig.2-8 Linear decomposition diagram of voltage vector
CHRXEIZTIERERERS i, j. WE2-8 Fix, WEENI/ES
ERENMNRRA:

(uvi = z Udcejgl
3
2 J(8+%)
Sy = EUdce 3 (2-26)
wo=u1=0
|
LENBEZRRERRH
Uav = Uz’ €9 2-27)
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TR, BR2205Q2NRARQ2)PHE—MBEEHE, HE
HEKMEATF?EHBE.

%UdeTﬁ%Ud&””T::%UM”T (2-28) .
K Q-28)FAM L. B FAHERAT LR E THEBREREERRE
T'f1T2:
)
T = ‘EU‘"Tsin(f—e)
Ui 3
T, = ‘/EU‘"Tsine (2-29)
T-Ti-T:
ty =—-—
2
HTFEEAXPRAETHEZRREEHILARRETHHANSTE, B
Uav = USa + jUsp (2-30)
R|EREQ-29)T KRB =R B ERENERRBEITIRT,:
T = V3T (tsa SN0 + =) — usp cos(8i +2))
Ui 3

(2-31)
3T .

T, = ——(~usasin i +uspcos 0i)
Ulc

3. MEERABEXREBEAMFEEZANRETERNZTEERE, B
KREEAFERNFE, BHAXRRESEAZEILA, PEEBRE- 1
HIFRRE, REEHRAN 1 KHFXRRESASE, BREIFN 1 -4 1 WEE
BERE, IHSEREZRREBHZLNFFRERN KSR D, TURBAE
FMF & 2-3 Frsil,

F 2-3 HERKEMERIRF
Table 2-3 Sequence of voltage space vector work
BX I K = A FRLF
V(000)>V(100)>V(110)>V(111D)->V(110)=>V(100)—>V(000)
V(000)=>V(010)> V(110)> V(11 1)=2>VI10)->V(010)>V(000)
V(000> V(010)>V(011)>V(111)>> V(011> V(010)=>V(000)
V(000)-> V(001)=> V(011)>V(111)=>V(011)—=>V(001)=>V(000)
V(000)> V(001)~>V(101)> V(111)>V(101)=>V(001)=>V(000)
V(000)=> V(100)=>V(101)=>V(111)=> V(101)>V(100)—>V(000)

W e W N = O
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23 FENG

FEEENBTRIBIKEES, #STLIFRHRER, EHERE
BT R ENFAETIEAA R RS LR THOREER. RENE
T SVPWM HHIFI B RHE, f5H T BAACIE R RAHR &, 5 Hit
ITTHERIIER.
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F3F ET MRAS TRERRABIEGSNERZGER

EH T 2R R A% JRR R AT T PR T ok T rRLATL 428 4 2R 00 SR R 85R AA L R
I, Tt R AR ML B T 8 B AR E BRI Z K, €18 T8 B 15 1% B8
REAT —NEENAAT R, 2aEEENEFHNXBRANE. L4458
KEBEZHEERRAR N TEEEEBRSEHRENTAR. HPEERSL

R ERE A
~380V
B

+
o+ Ipyer+ Vieh V arer -
__"L®——> PI —>®—-> PI > PARK >

o} A 7% Sl
] BV G
Lrref™ VMref pref

» PI > >
A
i ; . itA
77 PARK [#—a— CLARKE ip
M A | g X e i
6 - P
HEER 1< U, Sl
)4 3
T W U
1) . Ue

B3-1 EEE BB RELHREREE
Fig.3-1 Block diagram of speed-sensorless vector control system
A KAER B E HIEN RS (MRAS)X & B #1715 E #8 n E 3-1 57
. BENEHRAZES THBREHMRIIN REFERER. TTRBHZH R
ZEETHBRREMHNERERHRENBENREFE T, KESET
ENREMNZTER, BEBRRMBENEE, BELHERTHAY,
RREFPEEE BN REIZHEARAREEBIEENRBEE. T
AR, MERHES R AERRA. BETRESE GENRREEE AT
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BB P B 558 RO B AR S A3
31 BESERENRRRITHEERRY

MRS 8 E N RS HE 1 (Model Reference Adaptive System)E T #i 5 1
R AR B, R1EIE B SR LLENY ZMMSISFHENRUL LB RE
EXREE, REEN. FEHEHELUNMNERHRZERTFHRERS, B
SEFHIBF BRI TR EHONA. EES % 5ENEH 25 F A M
B, ELFHENEHTNARSHEFBRUBENSEGENRSE, EF
&5 ¥ I 3-2 B R

> SERH

ol

i ge—;
C— BENHLE e—

B 3-2 MRAS EX4H
Fig.3-2 Basic structure of MRAS

MNEFTTUESR, HEMEEUSERGENREHSHEER, TTRERN

R EENHAHER. KPS HERMTFER AR — R R —A
AARFYEENHTE, REHRTURENERE, 23 8ENILWH
. AWERNRFERERERTHAER, RATENTAKEGEE, NTEHLS
HREYHEREIHSPIRERL. SEERMHEERERMORUAL: 3
ERMFRPASERHTHNSEEYEE, TRAREFETEHHMATHN
SHEYEEPYY, SERUEETERELA:

Xm = AmXm+ Bmtt 5 xm(0) = Xmo 3-1
XHF, vImEPNPARE, xw InERERE, 4B 3R ImEMEE
AR, XESHEBEAREREN SR EARR, &7 ARG 3347 908 3
RE T . WTARMEETERERA:

xs = As(e,t)xs+ Bs(e,t)u

xs(0) = x50, As(0) = Aso, Bs(0) = Aso

(3-2)
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K, xAndREBE, Ase,r) 7 B(e,r) 2 B I 8) 254k TG 25 4L 1 % 046
Br. B L RBANMNEELEBENMERHITREY, ERVTIEPHBNA
€= Xm—Xs (3-3)

EEASEQAENEETRER T —MINK BENME, F85 R
# e REB IR I — & WML R A S BUEBE As(e,r) Fl Bi(e,r) » R BRIX/NHIEH
WHRAHET NiREZFBETE. BENIMMNRTRELSERIRNE
SRR ESE, URIEREWKS, EESPNEECZ8MHRER,
BIf RSB UKL ZIB et), BEERTEHe(n)FXR, <828,
Hit, WTFEUSEBENRETHSEIERE (e,r) F B(e,)) FTLLHH(3-4)
R (3-5)8 2.

As(e,t) = [ Fi(v,e 0)dr + F2(v,1) (3-4)
Bs(e,t) - j‘: Gi(v,z, )T + G2, 1) (3-5)
X, v=De, DAHLMIMES, FRARRIBREMNBEN.

AUBH NREeRETHESEGENEHRZEBENIHWFTHE
ENEP, ATEHBENRAEMBENES, BRI EE . BHKK.
HRG-D~G-5ELBHEB/H LiREeH

e = Ame +{An- As(0)~ [ Fi(v,t,1)d7 + F2(v,0)xs
+{Bn- Bs(0) - [, G\(v,z 1)dT + G2(v,)u}

WERX(G-6), 2XEUEFET w, MAUARTEHOFEA, IFRAEK
MEEHENARENTREA

(3-6)

e=Ame+w (3-7
v=De (3-8)
w=-w=[ L Fi(v,7,0d7 + F2(v,1) + As(0) — An)xs
3-9)
+[ L G(v,7,)dz +G(v,1) + B{(0) - BnJu

WRFEFEG-7). G-3)HG-NEEBBIHENMERS, ZRAAHFEBITAR

Hk: —NEET AN REHD. BEIHERXENHIESL

HRERBRS, A CFAPiE(Landaw)F Kk FE B HERER ISR
¥ B 8 R R,

-
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3.2. EF MRAS FEE#H DAY

3.2.1 SERAMFRBENRKETE
HEZEREQ-11). RQ-12)ALESFHTEHE:

ay., _ '
R+L i Uy
| _LR+Ls 0 el L (3-10)
d‘//_'ﬂ Lm 0 Rs + Lss _lsﬂ Lm _uSﬂ
dt
W, ] ]
-1/T - i
dt — T a’r l//ra + £m. 'sa (3-1 1)
dy/rﬂ' o, -1 / I:' Wfﬂ N T:‘ lsﬂ J
dt

EXF: oy, p,, AR ARETHEy, o SHIDE: i\ i, D3R ETF
Rfiffa. BHNDE: u, . v, PHAERTFHREEa. SHKNSE: L
FRE®R, L=0L, H¥o=1-L /LL.

HAERAMENETFEEMERAERN, KG-10RTSEREE B
RETHHENEBEEDY, RRAREMRNAG-INATHEMTS o,
BAG-IDERTHEER, RPEitBo 28 . WEREFERE, Wik
Bt THE &, MEFFHE o, A —B AT AR BHEN Yy, 52 ERE S
MKy, — B, WEHNEE S SEFEEo, —8; B LARNHSERR
MEEANESTTRERGETEZ M RESEEERZ FE—EMEK
R, KRR AE 32 FRBENHME, KT ET RSN THE 6 fRiBiE
Lo, RREMATARESSEHMAIKNRERERE=E—NEE
B B A& R .

322 MMEBBENMNME

HRGIDAMGIHERT, WE

_l/T -0 Aroz isa
de | _(~HL 0 V] L\ (-12)
djy | | &, UL V] T lis]
dt i
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EXH: o AMBEBEREE O BHEEE: ¢, v, AETHESTHE
v, fEa. BHINAE.
RARG- 1) ERG-12), BEIE NiREe=y,-y,, TH

de, |
ar _I/T; -, € P l/;ra

= — (&, ~0)I|". 3-13
de, [ @, ‘I/TJLJ ( ) [W,p] 19
dt

Rt o, o, WETHBy, MRE AW ELIRMEa . SHNAR: I
ﬁﬁ%ﬁE,J=P *}

1 0
MBS R BRI, BASIR S A HLE TR R R0
b, = [ KWty VAT K, lig~V¥es)  (3-14)
Hrp: KP%JHZWJ?\%I: K AR R
WAL ERE R TR |
b, =1 +Ky)e, (3-15)

RP: g, Ay <y MREER, B, ¢, =y, |y, |sina,, Ke, =¢,,0,;-9 V.,
Hba By My RKABIRE.
BRI ] DAKS 18] 3-2 B k4l h B 3-3 MR,

u’

7, 7| mEsm -——1’
HEREE R
Y. Xy,
B A A
—
Kl
Koty

& 3-3 MRAS HE b RGHER
Fig.3-3 Block diagram of MRAS speed estimate system

mE 3-3 FFEANER TRESEAENEEAENERIR: A3
EFRPNTREEERADEEy KL, BEdHENBENRBIUERE
5Be,, e, ZEPIAVRETETERGES 6, REHHHEANTHER
TR E R, SHERETRERKE L g NS EEB A g, EH—,
LR MERE ¢, BBRHBIETE, NTEMGHEEE BELFEEo,.
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Fi A R(3-14) B 45 T 2 5% BOZE Simulink = SEHLE B HH RO MR R 3T
33XF NG

ARIBENBTHESEAENELHER, HFRETHEEPHHERR
MEFRERY, B EENREEL MRAS EEIRFIRE%.
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24T REECHESRBLHREHES R

B EHREHESR, RFENRITNEHALH#ITHETRR. F
BHIREN A ET AT AR OHARFEA, 58 N BT R 27 &A=/ e .
EEREEFITLUKRIBHREDFEERRE, HHAERG KB T3 H
HATEBNEY, BIARLNEBHREURBHAREEMNSE . XEREM
THRNARIMRIhZE, LhrE S sool kb8 sy 2 838 T 7 20t 7] PUE
BHRNAMERS . AMUntt, BF—SE4RARE, RN IR N
RA&EREHRTE, EZERARNZLSZI M. Bl HEAFRER
G EH AT LERRR MY, X TRETHREHTRESE M
Fn | ree,

MATLABY 3L, ABEIBHOLRBRETERNGETES.
LA20REWRHERE, HETHWMATLABD A RZFTRAA AT 8D Bk5 &1
IS, HEF. BR. mEDRNERM EBEISHRENBEEE.
EAOW AR @ #b L. ZEMATLABH 3 T fSimulink, ££# TMATLAB
PXHF. BROENRSE, FHEMEITRE, FEHREM TR
WRRGLE . IEMER. HERH.

41 ETRESERBENIZHBHERETREHE

ANEREESEME, NETEINSE 5ENTEE EKEBHEHE
MATLAB T2 THEER, FXHERETHN. FZARER P EHLE
FREANSHHIITRE, WERAINRESHEHHN., BXBHH
SimPowerSystems AR, FEHEM EMERSEINFHHER. BE
SYHEHRITNMNEN. AXKENMNRES RS BEENEREL T RS,
BN TFRAHITHE, HEENETFRAEEWRTENWEILIEHR
2 :

AREFHEFHRRDA A : SVPWM HHIER,. BB, B2 BELR,
MU R MRAS ¥ THER. RETRER K PI FHH#ER, HP
B LR R 0 ¥ AR B8 A K B SimPowerSystems #E B Hh fy 5 B,
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4.1.1 RETIRIELR

BEE _FEPHREQ-7), (2-9), (2-10)8 H Clarke 3 . Park Z#: ., Park
WA BRI E 4-1. 4-2, 4-3 }?ﬁm

@~ >
A
>—>+»@+@
B a
Gam Gainé
0
Ga|n1 _
% +
Gain7 + |> ?
L Gain2
Gain3

& 4-1 Clarke ¥ {f K H

Fig.4-1 Simulation model of Clarke transformation

© =
Productt D)
sin ; % > M
1 Product
cos -
® 2 ’ : » +
Gain Product2 > @
T
@ <fl o
B Product3 “~
4-2 Park A ) 07 AR AY

Fig.4-2 Simulation model of Park transformation
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D

T Product3

4-3 Park 25 # ) L RY

Fig.4-3 Simulation model of Park inverse transformation

4.1.2 SVPWM {FE &R

. BEXE u FTEXBRFE REE-—ZEMIHTH, SHMBEELRE
utta. PEIKIDYBu, . u,, BIHNQ2-23). K(2-24) KRRQ-2)FLABHH
EXRE u FTEMKXE . X8 A BSR40 BRI 4-4 Fios.

\

Constant

YVvY

L+ 10+ _=*]

Lﬁ \ A /
— ’

Gaind

°

Constant1 Switch2

4-4 B3R R & X [A) f 4 B
Fig.4-4 Simulation model of sector judge

2. BARERETERBMHEER HTHEHEERGEY, KX
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Table 4-1 Relationship between f,, ¢, andx, y, z at different sectors

BX 0 1 2 3 4
L -z z X -X -y y
t2 X y -y VA -Z -X
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Fig.4-8 Simulation model of vector transfer point calculation
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Fig.4-12 Simulation model of speed-sensorless vector control system based on MRAS
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