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Abstract

Wound-rotor induction motors are used in a large amount of
cranes in our country, and are controlled in discrete steps and open
loop. These equipments are not suitable in some areas nowadays.
So their reforming has become quite urgent. In some cases, rotor
resistance chopper control scheme is economic and efficient. The
thyristor- chopper control scheme has already been investigated
thoroughly. This paper probes into the rotor resistance IGBT
chopper control system for the induction motor to follow the
development of modern power electronics. The IGBT-controlled
chopper circuit can be greatly simplified as the smoothing inductor
and commutation circuit of the thyristor-controlled chopper circuit
are no more required. In this paper a novel chopper circuit consisting
only four elements: one IGBT, one diode, one resistor and one
electrolytic capacitor is presented. Experiments and simulation have
shown that the circuit can not only adjust the resistance in the rotor
circuit efficiently, but also absorb the spikes across IGBT when the
switch is turned off, and the turn-off track of IGBT can be improved
a lot. The equivalent circuit of the motor with this circuit has been
analyzed in detail, and the nonlinear mapping between the
equivalent resistance and the duty cycle is deduced. The value of the
resistor and capacitor can be determined according to the design
method given in the paper so that the specified speed ratio can be

m
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achieved and the power spikes across IGBT when it is turned-off can

be weakened or avoided. In our system, the stator voltage control is
also applied as a secondary strategy, so that the motor can also run at
low speeds with light load. The practical calculation method of the
stator voltage has also been introduced.

In order to simulate the above system with old version of
PSPICE, we have investigated the identification of model
parameters of IGBT composite model in this software, and BP
neural network has been applied. With the help of neural network,
the steady-state behavior related parameters of IGBT can be
acquired quite easily.

During the training of the BP network in this application, we
have observed that there exist a large amount of local minimal points.
We have developed an improved adaptive  variable step gradient
(IAVSG) algorithm, so that the net can jump out of the local
minimums more efficiently, and the convergence speed can be
greatly increased.

Key words asynchronous motor drive, rotor resistance chopper control,

composite model, neural network

v



ZeR AT B T BRI R AR

L1 SRS FHBOAEAEN Y AT R - 1
1.2 Gk APV THTBORBE AR K &

}ﬁf*ﬂpj&;{k .......................................... 3
1.3 BAHEFREGERTTEIGE oooevereemenmreneee 6
1.4 js:jcaljj:ﬂg ............................................. 8
S [GBT RURBRITEIRERL - oovvveeer e 10
2.1 HL A HE TSR BT ELARTL  eeeeeeenneeeeneeen 10
2.2 IGBT f B o MY FRARTY <o overmenneneeneeeennennns 12
2.3 IGBT [RIZWIAETE covvvrverersemensnnnneneeiaesannans 23
2.4 2‘;%4\% ................................................ 25
$=% PSPICE F IGBT AAEEEHSHESH - 27
3.1 PSPICE A1 IGBT HYASHEBISHEL -----oocevevveeees 27
32 MIT IGBT H & HEFSR IS BHHA
H‘J BP Mgﬁ ............................................. 33
3.3 BP WA —FIUCHE I EE 2 S B ooeeee oo 44
3.4 7‘;%,]\% ................................................ 48
#snE SSHEIFVET IGBT kAR BEENES
ASBIEFRERY et 50
4.1 LRRASH RGBS TSRO o 50
42 HLLEE TR VR R BB A R e 54



2001 4 b KA B A8 3

43 HRHMHEMESHRE S ELRILE oo 67

44 BETHRAM R RGP oo 78

4.5 21;%4\% ................................................ 88
FHE RBHBEIYET IGBT HiKAREERS

B(]-&ﬁ- ................................................... 89

5.1 FEE SR TR 7k e 89

52 FFHREMERSE FRERERRS oo 99

53 RGBSR RIEATBGEIE ceeeeereeeeeneeenennns 103

5.4 ZF%’J\% ................................................ 114

%7\(%‘- ,E‘EEEE ................................................ 115

%%iﬁ ............................................................... 118

ﬁ 15-.}- ..................................................................... 127

VI



LR R 5 WHLHE T IGBT $r R R RN B

B—E &%

1.1 S&XBSNEFHRFARRENEATSR

REVELT M. BO. SF. BRTHEHT A
BHLZH, HEEDRERAMTREMEY, 2247
AR E S EER A ERE, HATCHREEILNHED)
LRGSR R RS HBIL, — BRI TFERE G A E £ HAHF R
1) B ¢ < B v EL VR 7 7%

i B e OEL PR S 6 = A T P R 23 ) R TRV RN
MIHLBE R, B8 R, BBV AT SO LI BE , X R GeE LB
RIS R T 22— HUBAS AR R AR %
FrUBE T, PUBRA A BRAR S By (RS S AR,
BN B R B0 T RS, AR MR IE AT B AR T RE
B R, I3EATIASEK. B, E—ERREEET, ALAREA
AR BT

o T3 o R 2 7 VR T DAFE AR B L O SR R AR B
WRFEBESEISE, WHTERE, HTEH, TIHERED,
BRIt 32 7 P T R R ALK R A T BRI S 3 R R R )
BRI AU, SRS T RS Bh R I X R AR T

I 5 AR T B o B S e B RE Tk, RE

« 1



2001 ¢ iR 2EA0 3L

PUAT LB 4TFEIE I B 8l . I 1) Hi B ABIAL I B 3h 4 =7 TAE
RE. E—RERT, ERAVMBBNSIES, GHT
VEfEIE M B BIRAS. EBhAT, ShHeri P& M AR ToRAT,
DA BR ] i LI 2 3 B MO KR B 0, LIS L8 R T
ShE R BB R IR, SERGESIERE. B RAHEMRNRITH
R BOURAR BB 1 B v AL AR A A 3l v R B/ N 3l P A R
SEM. G, FAINLE VR 14 ph F AR 3 0 s b
FAh L PR S B

1E B, TARERYNRE, RARRNEETTE.
BRI, AERREEROD, BT LS SRR
BEPRGEAE, R IET RN T EEIRALIE, JUA, FLfE LT AR
ESE =R RA R M SR, DS RE T 4 TR
WER, HULAM ARIRIER, 725 700K e kR LE1T
TESVUSIR, BRI FRE, 8 I TS s pHLAY K
/NEASE ] T AR R R

H T X R A B 7 R AR AR AL R PR AR, (KA PR i 22
R, FMEREEEERZE TRE. B, EREIERX
A RIBER], LA R RAE, SRS A b,
FIETAE 5 SR MAYIIRSD . BEEFE; AL H RN
LSRR, RE—SEREFREMNG S, K THEEA%R
AEJLFEMER. mME, EEVABEES). Fi1E, #HX
T A 5 R E B, ORGSR, KRHEM T 4E9 TAE
B OFEW, fE—k, WER A AR TTE MR E VLS TS
&, BRI —FMIBYINTE.

AW HEALREETT ERBOT LA A=K K. O ETE
THFERL, WREVRE, #TREEEES ORENFREIRE,

e 2 .



SRR WL T IGBT SRR IR R AR

MEBRIAE; OFEMRALR, WANEES. EEHME
N FEERBRAR, X7 EREE TIRAHR R
5. W TREVEERANKE, MIZAETFLHNAEL
K, A, AR FHH AR EETT . XMITIERE T
SRR TR, R, XEEMR T AR, "L
R AERER, (B AR IR R OT IS, T ELIE R AR A
AR — S E, WA, S5 FHTRAEREMLL, HE
FHL PRI TE B AR AR/, % HE T

1.2 GERARSNHTFHRBABRERENZRAE
FNELLR 218!

Lotk A5 WL -5 (B VA REL VR 77 T R AE 1 HP L BV
AL B R B, 20 titaghit, BEERIENLPEHFHN
L, JRSE T I K e v LA T LAE I = MR
PR AS BT, TR T A B R 7 TR — 2. 1
L1 45 T X AP 7 PR S

gk ag Z R il BRI R, STarAt
T @ BRAN, X, Y FRMEBEER FTE. LTS
RF Wi BB, RTETINPEME R, . EEMETIFRIFK
ERWT, FEFAAYS, —BRETEFRSLT @ B K
AEEATF B B, & B8 BANLEL, BIREEK
AR TE| R, WA AEH R X, NS EXATHT
A BEL i 4 LT fish s R ARAL, TR R —FRBKSE IS (PWM) 1
BHIITR. A Z MRENER T, KETETE N Ty, UHTHA
MIT, =Ty +Tg , SZHa=T,/T, . B HAE T8 W

e 3 .



2001 £ LR AALR L

K FERWIHIE R, B 1.2 T PWM # J7 R SRR
HLETE.

Z
FllEves,

T
2l

B 1-1 %7 i 4 LD B P B 12 B RiisE

20 tH4S 60 FEACH R, MBEE K THERX R E L
e f Al REBT BRI R, B T EAHER, gkl g
JEE IR B POV [ Rl A L AN 5 /N K o R R A
T WRARIBGT, REHRA 80 FARFF4h BRI I8 % Fft v
7M. ARE TS e LB S e L AL 5 R A A
R AT RS B T 45 A T B R BEL v I T e R AL A A e s 5
#, MR S TR T RoR S, AN H A T A2 5l
BB IR BT AR A 68 ARG T AHEAT IR ER S ], M IFE R %
I T BB WD R] . FEIR T &G0 B LR 4
PERCHII AR I RS, (£ R MBS SRR B T BB AR,
e ATTE AR 3 K T % R VB R e AR S v B A PR B 5T,



