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Simulation of variable-speed-invariable-frequency generator based on vector control technology
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Abstract: Based on the mathematical model of the wound-rotor asynchronous machine, a system of wound-rotor asynchronous
machine has been founded by Matlab/Simulink. Vector control technology is adopted for decoupling, so that the speed of priming
mover could shake off the frequency limit of power grid. SVPWM is adopted for feeding the wound-rotor. The reasonability and

validity are testified by the simulation results.

This projectis supported by National Natural Science Foundation of China(No.0728027).

Key words: vector control; slip frequency; VVVF;

hESHKS. TM76;, TM74 CERARIRIS: A

0 3§

fEgsik X R b LRI H F LB H 55
B e BELAHZE T o 2R F FE PR, BRI B LS BN
FREME R — MW EN . HTHEIETFHARY
RKEE, HILTRBHRARERETE 7, @i
SRR AR AR el R A RIS A I,
HEEANEEES, SN BERFREEEE.
A b, R T XU 720 U BB UK
Mz TR, HEAREREERE 7540 Wil AR
HEE LR WRERMAAM TR ER, R
SE TR R ARSI L S R0 AR S R R Y P A — B
1 RL/FE
1.1 TREMR BN RELHRE

REEGIEARRLT R LS RA LI FH
BOBAR. B2 N TFAEES L AN, & LS
VLR Z [RIRIFE 9 fRA, [ RBIMLE AT R BN

BEWMB: JoEMAFALFHFRE (4244 0728027)

SPWM;

XEHT:

SVPWM
1003-4897(2008)04-0027-04

HH B R P AT Y BR A1, [ B A r LAY L R TR O AR
WEE. AR BAZE RGN BN, &
FRRRIRIEA R AR R .
ERXMFTRR LA ZRANGL AR
SHNEETRE, AADEERATR.

qit

A
SE Tl (k)

B1 ZaxEXRARER

Fig.1 Relationship of space vector
BoqME5ETREGAREU, ER, WAER

BEEGIAREMR:
U, =0, u,=U, n


http://www.cqvip.com

_28 -

.0 00 http://www.cquip.com|

HeR

Ky, heFHERE. T4LEBIERLDES

HMATHREEWE 1 Pm.
HETFRHNERMERER—EN, TLKE

FHAERSERd . qHFERRAN:

=1 sing
i, =1, cosp

@

o HEFHEELA, 1, hEFHIARME, K
B4
I, =F /(1.5U cos @) 3)
KR K E FRIHIIE,
BRI B . BB TR LR (D). )34
AETFH 0 BIAIRBEFd . qBHERAHEER
RS ETRRN IR S E R

i, =, +wLlI sing+rl cosg)/(wL,) @
i =(@LI, cosp~r1 sinp)(@L,)
=iy + 0 (L~ Liy) -
u; = rrl;f + a); (Lrl;r - Lmi;s)

BRI AN, e EARE e hf, U
HREMAET RN TR EE THERRNEME T
W TR R R, TR R R E R
T LA i B 71 A A0 5 1 R 7 R AR AL O (B AT AH
A7, AT IR T s AL B DR A D) R K

MBS, RARY

B EXMRG)FATREMRFATTUGRHE T HE
IS HITER:
Uy =y + @y Lo Al + 1Al —@y LA+
(l‘ml:s - Lrl;r)Aa)Z
Uy, = Uy, — @ L Ay + @, L Ay + 1AL +
(Lrl;: - Lmi;s )Aa)Z
G LTk, AEAREEMK R RAREESIRED
ELBRY.

(6)

X =AX + BU ¢
A X = (lggipgriyriy @)

U=0U,,uy,u,,-T,)
[(-L, 0 L, 0 O]
0 -L 0 L 0
B-L -L, 0 L 0 0
Ao -L 0 L O
0 0 0 0 b

(rL, —-a, rL, a, 0]
a, rl, —a, rL, O
A= _L rl, -a, rL a O
A a, rL, -a, rL O
agi, —asi;, 0 0 0

a=LL (w-w,), ay=LL (0 -w,)>

a,=o’ —w,LL, a,=1.5pL_ b,

PG A& I T
25,

= y L, (0)=1,sing,,
3U,, cos@, ¢ 031G

s0

i (0)=1,cos¢,,
i (0)= Uy+w,LI,sing, +rl,cose, ’
@,L,

iq,(o) _aLl, coswlsz—mrslso sing, |

Wit LS, B TEREMKEIAER
HIRBCEER, ESChRN AP, HEEXAESRER
BT AME SPWM AR BRI 7R (RIEHE F i
R (@) Bth, ACRE T —FFHPITE, KATM
KB PWM (SVPWM) JiAs 38 ita, ‘
1.2 ZE 58 PWM (SVPWM) 5T 38 R IR

Z A& PWM (SVPWM) RT3k — N
S . KA SVPWM Wit AR 2%, ALK
FRBIEREL FHARTFHENEI.

2EBRENH
Fig.2 Space vector distribution

B2 i hZRRESAE. BEHEREY
T EF A E, RARSITRARA T, Wi
HUE R E AR EITERX B PSR EY, (R
WA R D FIV, GEEEHEMRED 2 H1EH


http://www.cqvip.com

E 000 http://www.cqvip.com]

MEEE, & REEER YR RIEGIRE TR -29-

T\ A T, B[R IR

HETENZ, N ) /A (5) AHETH
A EREHRE N SET AR LIRR LR,
MK 2 P FEREERET TETURREAN, Kb
HEEFETETEEZERR (O 5 ThEE
TR v

B R 1 A B A T
G M. W& B X a] LUE S @)

Irefl = IBref

1

Iref2 = 5 (\/gluref - IBref ) (8)
1

1ref3 = _2_(_\/§1uref - IBref )

#1,>0, W A=1, HW A=0; #71,>0, W
B=1, &N B=0; # I >0, Wl C=1, &M C=0. Kl
XS04 A+2B+4C. BEBEEMNLZ, FXHREG)
R TS, TE d-q B AR E o-Bai AR,
FEGLE ARG 1/2 , XA BRER @) LB X
ST R I RRAL . X AESCRRI3 AP B RAE, AT
B IFE TiX—RE 2 4k

R SORA

X =Bl T 1Vie

3 V3
(5 Iuref + 7 IBref JT /VDC (9)

(ﬁ

Y

z

3
TIDref - 5 Iuref JT /VDC

WX, £Y. +Z 75 REE st 0] LU A 2% R H
MERBLTFEER X LA INREE FRE
IR . T 1 T KEERIB IR 1 TR,

Fz1 7. LIRER

Tab.1 Set value

=153 I i 1 v \% VI
T z Y -z X X Y
T, Y 5'¢ X z Y z

A ERRFRHR, W T Bk T+ To>T &R,
wEH WA K EN: T=NTT\+Ty) ; T»=
LTI(T\+Ty). HE—RER T, T+T<T, X HY
MEBEHELRE (0000 F (11D, fFE—A
BRI RREN D, HEREMENWE 4
iR, B8R 000—100—110-111 £&S5HE BF L)
TER BB DI F RAETT5,

H T EHEMEHERREHEY AR IR B
HREE, AR FE, EARU=

P PWM IR EE, FRBERAGTE. M
& 4 FiostE R AE, & TO BFTLRE (000) (111)
FIERRT R, T A T 20 5 % e X P R B 1 B
w, X T, ToM T ABAERAR SR, WA
(1) X B 1) = A A

To+T\+T,=T

T AT \+T,<T

Ty-T.=T,

TC-Tb:Tz
(2) X FELE S R IR = A

To+T\+To=T

T+T+T<T

Ty-T=T\/2

T.-Ty=T>/2

WiE LR KRHE T Tos Tos

P 3 hy e 4 B el =X A 2 e N e Y2
~ERE. NEFETLE S, REWRSES 4100)1EH R
W4 2x(Ty-T,) =Ty, K& 6(110)1E F i [ 4
2X(T-Ty)=T2» BEREHIENLLREIH

T

»

»
T,
T

T,

» 1

PWM1 > ¢
PWM3 > ¢
PWMS o oo 108111 Y 11181108 To0s0004 > ¢

3 BFXRESHRESETEER

Fig.3 Distribution of each switch state

MR Bh FH 5 IR W) AT LUH 52 76 7 22 3G/ 15 5K
B, BANTRBXA T, T T. 0% 2.
F2 FrRBESER
Tab.2 Switch level distribution
BX | 1| IV V| VI
T, |Ta | Tw | Two | Tao | T3o | T;
To [Tw) T | T | Toy } Tio | T3
T. | T2 | Ty | Tza { Tyo | To1 | Tho
%EP: T]():(T-T]-Tz)/4; T21=T10+T1/2; T32:T21+T2/2

2 {FEERRIEIL
ZEERERWAE 4 frr. BEREFRENR
Gk iTERe, BHER (6) i FHEEs AE

18, @it PARK BB 13 21 HALE T AN
HIH=HIMEAE s SVPWM BT IESIE. kR



http://www.cqvip.com

-30-

£ 000 http://www.cqvip.com|

e d

SR (7) BIER.

A
— 1
R
B
Th#EA e - u, |PA
s s ) % byl L svewm kR
mw%v’_H e [ § 13@25 RHAL
HESE o 4
ey —|
Lok %1
K4 RENEER
Fig.4 System simulation
SVPWM 835 B FR 1R 2.2 WWorir s, H
i EERWE S s,
bhelln » ﬂﬁn ™ ] \n-b(%)
T;:Br:au iaeems -rcl—{Tc v"-@
TmeCa2 VotCat.
‘Secior Cioase
5 SVPWM (FE1ER
Fig.5 SVPWM simulation
3 (RE&ZR
SR RRSBEBINSH N r=374Q,
r.=3184 Q , L =03042 H, L =03107H,

L, =0292 H, HiEHBK 220V, FEHZE 1500 W,
TEHERE 0.05, FEME 50 Hz, FUEINEFE
0.9, WX¥h 2, #ERE0.025 kgem®. HEN
K. OF 02 s HRGH T IHEE R 1300 W,
0.6 s BTN 1700 W; @ 0.2 s BEERER
0.1, 0.6 s KR A 0.05,

HEERWNE 6.7 Fim, FiASRYEMT T
LEAHE

B 6T EEREN, BAEFRHIRLBE
EEATRE AT 10%, B h s R BRIz I
ABE, HEFETHREEHERENT 0.1s, T
WP, XL EBEUMA T REES N
By, WEEMNATTEPEEATHERMS, W
B R AN Z R ERE R RN, AR
EHK.

e

S D 0O - N O N

——

i

]

|

B

t/s
B 6 HithiThEM 1500W~1300W~1700W 5250 fE it 72
Fig.6 Dynamic response of output power from
1500W~1300W~1700W

0.5
5 OW”_
= ~0‘5 1 I L 1 )
0.4
= ML\QMW
0
1
O.SE: T Yo VVNNVVVVVVU\NN“UU "o NN
0 1 1 1 1 i1
2 N i e
5 Q
5 . . ‘ , .
3
- ?£ ‘;\_ A
5%‘»
. 0 T
‘5 1
0.95 /..__.m
0‘90{: e e
0.85 I
5r
[ 0
SL i 1 4. 1 ]
0 0.2 0.4 0.6 0.8 1

B 7 42N 0.05~0. 1~0. 05 BYBh7AS ML i3 48
Fig.7 Dynamic response of slip from 0.05~0.1~0.05

B 7 SRR, EE AR B N
IR R K, SR TMREESIRSERK, X
RAEK . HRGRE R AR B AR a2
Wi SERAS A AL RS AL AR, KRBT
KRB HITHBSE I T LR AR A R .

4 it

ALAENHT T RBRR 5720 AL KR AR BRI
RELHFEREM L, 3t TR ERR BHRE
EHIRSE, KA SVPWM WRBMEILR. 1
HERBAE T BIRTR ERTTATH, 860 EREE
PR BHR B RE R B AR AHE R

(F4% 36 W continued on page 36 )


http://www.cqvip.com

-36 -

E 000 http://www.cqvip.com|

e

21(2):18-23.

WEN Fu-shuan, HAN Zhen-xiang. A New Approach to

Alarm Processing in Power Systems Based Upon the Set

and Tabu Search Method[J].
Electric Systems,

Covering Theory
Automation of
1997,21(2):18-23.

[2] Fukui C, Kawakami J. An Expert System for Fault
Section Estimation Using Information from Protective
Relays and Circuit Breakers[J]. IEEE Trans on
PWRD,1986,1(4): 83-90.

Power

[3] Tanaka H, Matsuda S, Izui Y, et al. Design and Evalua-

tion of Neural Network for Fault Diagnosis[A]. In:
Proceedings of Second Symposium on Expert System
Application to Power Systems (ESAP'89)[C]. Seattle:
1989.378-384.

(4] Dy Liacco T E, Kraynak T J. Processing by Logic
Programming of Circuit-Breaker and Protective-Relaying
Information[J]. IEEE Trans on PAS, 1969,
88(2):171-175.

[6] WEN Fu-shuan, HAN Zhen-xiang. Fault Section
Estimationin Power Systems Using a Genetic
Algorithm[J]. Journal of Electric Power Systems
Research, 1995,34(3): 165-172.

{6] WEN Fu-shuan, HAN Zhen-xiang. A Refined Genetic
Algorithm for Fault Section Estimationin Power Systems
Using the Time Sequence Information of Circuit
Breakers[J].Journal of Electric Machines and Power
Systems, 1996, 24(8): 801-815.

(7] WEN Fu-shuan, CHANG C S. A New Approach to Fault
Diagnosis in Electrical Distribution Networks Using a
Genetic Algorithm[J]. Journal of Artificial Intelligence in
Engineering, 1998, 12(1): 69-80.

(8] rAEte, MM, ETHRAREMBRENES

W R AT AR AL B TR — R 57T () (O (B

)RS HEEAE R, 1998, 10(3):1-18.
WEN Fu-shuan, HAN Zhen-xiang, et al. An Analytic

Model and Genetic Algorithm Based Method for Fault
Diagnosis in Power Systems(1)(2)(3)[J]. Proceedings of
the EPSA, 1998,10(3):1-18.

(9] ScHase BER90, sEmiee. KRR MTEE 2345 RS e )

RE ) m R Bk B IR %R, 1994,
11(2): 58-64.
WEN Fu-shuan, HAN Zhen-xiang, et al. A Refined
Genetic Algorithm for Fault Section Estimation Using
Information from Circuit Breakers[J]. Journal of Electric
Machines and Power Systems, 1994,11(2):58-64.

(10] MU BRI T, S0, BT RIS RHESA Tabu 8

RITENE S REMESHI)]. EHERFARARF
2HR),1999,39(3):56-60.
HAN Zhen-xiang, QIN Yuan-ping, WEN Fu-shuan. Tabu
Search Approach to Fault Diagnosis in Power Systems
Using Fuzzy Abductive Inference[J]. J Tsinghua Univ
(Sci&Tech), 1999,39(3):56-60.

[11] Glover F, Kelly J, Laguna M. Genetic Algorithms and
Tabu Search: Hybrids for Opimization[Z]. Boulder:
University of Colorado,1992.

(12] SCAE#E, BEAFE. oF ROBFRAE BB 18 s e s i

R[]0 ) R & H 301E,1999, 23(17):6-12.
WEN Fu-shuan, HAN Zhen-xiang. A New Fault
Diagnosis Model Capable of Dealing with the Temporal
Information of Alarm Messages[J]. Automation of
Electric Power Systems, 1999, 23(17): 6-12.

Wi B H: 2007-08-03; {2E HHEJ: 2007-08-26

1EEE N
£ A (1982-), B, MEHALAE, LEHATOHE

7 B 4 &5 17, E-mail:jiangweil 919@163.com’

BAEA (1973-), B, 344, 4aHRr@beh i
Yo BT B Fe R R BT

Ak (1982-), %, HMi+HAL, TEHLFTAOHE
N E g IRy,

(E#% 30 @ continued from page 30)

B

(1] Z|aA&Mk, LBaiRESIT (M), B FRET A%
HifiR#E, 1998

(2] BRI, o1 J7e T4 — B FREMERBA M. 4t
W EEHFHR, 2002

(3] #%AK, XK, ¥, DSP IS EE Kk HIFIE
BEHRIREDRA M]. Jbat: FEF R, 2003,

(4) HWIEIE, MH%F, HPR. BQETEEEKE RS
(SVPWM) AT LR AT (J). A RE R HE)

{248, 2004, (4): 68-71.

YW B H: 2007-08-16
1E&EE
FIEE (1978-), %, Mi+HREA, TE2HFRLFTEHY

7 B 4343 K; E-amil:isunguoxia0424 @sohu.com

FHE (1959-), %, 4, #&, LA 55, 18
HRFOZILHEET ISR, WHERESH 5S>
#, Rk TAEAFHF

FOLBA (1976-), F, #it, #H0F, AEFEaAhEh i
GAEH R AF.


http://www.cqvip.com

