ﬁ}l: g‘ﬁ ;:F ﬁ ﬁ # & ﬂ % 2019 55 4 # (2019-07-10)
ELECTRIC DRIVE FOR LOCOMOTIVES Ne4, 2019(July 10, 2019)
CEHS: 1000-128X(2019)04-0052-04

ET=fRTRNEINHFERER
Eéﬁéj*ﬁ&%)ﬂ,\?i‘zkﬁﬂ

, BEE. W B
(P EKRERDEFNFLPSHRNG, TF K& 116052)

W OE: AT REONESTHEROARE TGS, MUY TN TR A2 — 2 SRS
FHL, AMERRZER DS ET BILARBF A, =405 B AT B [ R IREARRATT
R IR FER, RBEIBER G FEIX, BB THTFEMEGEXNIRT &, RIELHAER
HEREHBE, FTEREBETEEOBRFEAREAX, EXREKBIRF, DT FTALETE FH#£T
W EA WA AR AMEAFI R EE RGOS, BAEHRKBETRRM, KEEREW, ZH5ETAH
B ELIRET R, ML, HAHES, FEIRERAEE,

EEEE: AT RO R HOPER HFa; ELHR

hESHE: U264.13 XHEFRIRED : A

doi: 10.13890/j.issn.1000-128x.2019.04.012

Study of Online Parameter Identification Technology Based on Mathematical
Model of Three-phase Asynchronous Induction Motor

WANG Xuedi, DAI Bijun, YANG Yang

( CRRC Dalian R & D Co., Ltd., Dalian, Liaoning 116052, China )

Abstract: The key of vector control of three-phase asynchronous induction motor is magnetic field orientation and one of
the important factors affecting field orientation is the rotor resistance of motor parameters. In order to solve the problem that the
dynamic performance of vector control depends on rotor resistance, the on-line identification technology of rotor resistance of three-
phase asynchronous induction motor was studied. The mathematical model of induction motor was established. According to the
mathematical expression of the motor model, an on-line identification method of rotor resistance was proposed. According to the
equivalent circuit diagram of the motor model, the mathematical expression for solving the rotor resistance iteratively was derived.
In the process of iteration, the parallel relationship between the voltage and current of the rotor resistance in the space vector diagram
of the motor variable was used as the sign to judge the end of calculation. The rotor resistance could be calculated accurately. The
experimental results showed that this method could effectively identify the rotor resistance on-line. It is simple to calculate and has
high identification accuracy, which meets the needs of engineering applications.

Keywords: three-phase asynchronous induction motor; mathematical model; rotor resistance; online identification

0 al= LRI PETR ST H R RN, T S RO AR e
5 s TR, A5
R HUE SO SR AR R e T s TR Il AP LRI, X

A o e L T e
S LB B R S, S e R R e DO AR AR, DR T A9 A AR

T, AR 7 N . Fil N 23, ﬁﬂ&nf\ BETRRLNE . A AR BE 55 1 A2 Ak
Z ks 2 ) ?j‘g 2‘ o . ?&‘ Be A
BATHET. BIMGRREMSERIERIEOH 0 s i Sk 2t

KA E I 2018-04-27; 51 8 H: 2018-12-27 DLSEI B, RS ST K R . T AR




55 4 1) EEH, WEE, B % T SRR R BRI TR S BRI EOR BT

[ AR AR ZU A 250 R, S B0 B (1 5 42 o 8 4 P
(B2 2 R G A TERREAL, = 2y Lk Ak
R TELRSEOIR T RH 45 e BILVE o 5 S5
FERIIF R i — A 51

SR LIS E B, T, BT
BEL. % BB B et 1 e, 20 sl sh A
S T SR R ) R, B S LSRR AT DG B
B, P LSO AR 2 R A T T R B B8
BT, Hobh, BIEERE . MRS IS [ IS
B (MRAS) ™, HAl SR HEAER . TSRy, (i
V7 908 RS R L v s el X i, 3 R AR AR
Wi, (EBUEASEAET | RGMRTF IR | o Ta
PIELASE IR B, TR AR IR G . RSB

WIEEAE N I TTELSEF R HRAS AR NE.
—ETIR S A LSRRI R

P E S A AL S RS HIVERE R LR A
B EA ST S A B LB R B T E R S RO
WEORBEEERL,  E I 5 7 i AR AR AR AR
fifd A, e iR IE I EE IR

1 ET=MHARILRNBIBFEENELS
Hynl

SRTE T — A 2 W L HILTE dg ARAR R R AR R
#ixA

— . dl//sd
usd - Rslsd + dl _wmwsq
dy
— sq
usq - Rslsq + dt +a)ml//sd
d
urd = Rrird +% ((om _Cos )ll/;q - 0
t

(1)
U, =Ri, +%+(wm -0y, =0
vy =Li,—L,i,
V= LsiSq —Lmirq
ve=Li,—L,i,
Vo =Li,—L,i

m°sq

K e Tl ugg PETFHIE; i, isg B dra, iy 7390 HE T
B wa F wy NEFRERE; v B we, 205 H 5
THERE; R R AMBINET . ¥ Lo F L, 535
RS TR Lo WERTHE 0. HIREHE;
oy P

¥ ik 8 MR REAE R 4 MR EFRRR

A e di )
U =R I+—+jo
S s7s dt ] lnlI/S
U, =R f+d—"'7f+j(w —0,)§, =0
T T T d[ m S r (2)
l//}S:LS AS_Lmir
l/,)f:Lrir_Lnl AS

K U U 0ET . B 1ML 35000
SET L FeT WL e My BIE T TR

B PINERIE S e €SS WL E G
R BRI AT 1 R

3 L, L, Rof@;o,)
_:'_NYY\ YY)
—_—— —_—
I I
U, L"‘ l 1 m UWI

L T Lo HET T IR U JERG TGRS Lo DRE R -
1 A AP H AL A2 HL % ]

MR L,

KaFrerRika, g J,
B AN 2 i . X,

X (1) 8 M Ar RI
¥ 1 WL Z B R, R, L, L. FI U, & X1
Lo BEE MR, TEA 44, 7,
A A, %8 U E— i i
Usay Usgy O HTEHIFRTFITIA LS i

E, WAANREHE, o,
T3 e AL AR A A
THITRRILSE (AR, o~
R, Wt—HE 2 1~ A%E N

AR B FIE, MR T
FERL A, ie, iy 185 HAE
A AR AR A, T
LI, #he b, Rk c Ml L, L.,

/b L
Xog Fl Xoo WAE T ¥ T
BUs o FEREE
2 AR AL

. . 221 ELg
Lm) Usd, usqa Wm,y Lsdy lsq *n s, EI ilﬂ%%lﬂ

SERFHAE Ry Al Ry
2 ZHRILRNBENSHT T B EERER
A1)

(R RV Nitoge] B S IR = W

3R | U,; 1
L= o, |:a)52 (Rr/a)r)2+Lfg:| (3)
K woFon-o;.

R RIEN LA E e A0/, R (o L.)/R,
IR ZE, TR AL R R R T Bl

U2
Te=3x_<"2’&:3 12&
R

S T T

(4)

2.1 TR ER

RN AL TAEFE R RESE v i), =l (4) w]%,
BT R BHLIEIN Ko 135 , DU REE JE0RE AR 1S BARR 1) 1/K o 5 o
WH, EoIHPLEZEH N 200 9, IRTHRIE A 200 K.
MR E R 40 CRY, AT (5) TR E FHEL
AR AR EL Ko 2970 1,735 7l BHIR S 8 5 = TE T
FE LI B, 5 - L B A AR AU A8 Ko 200 20 PTLL, 24
HLHLIREE 40 CTFZE 240 Cidferp, 24 FHifHA L



ke va

2019 4

RN, R T REARE] 12 544 .
Ry, 235+240
“" R, 235+40

2.2 FETFHEMETITE#IEFERS

et (4) v, BB S E FHRLTITTE. 5
A, ARSI 1 AT UEH, & FHBH R B, K
T R R R R, HSE RIS O, S H LR
FE BRI, T R B A A H R R R A KT
FHBH = A R, PRI, 224 H LA 3 3 91 s
1 30% B, R B it ek 25 7 A T v 10 2 R A s g ]
PLZBEASTT .
2.3 EFiREFNGE Filme B e B R0

FE IR BE R T REGE ) —5B 5, AN PR,
{GE SR E . I, & 1O 52 6 Fgg i A
M, TEHRMLETTIE, SRR AR, [FRE, FF
T AR A4S, FrlL, & e, 5% 7w 8o
L G5 A TLF-To e .
2.4 EFETFERIEEEEHERS

FE TR B Ly i3 PG . AB RS FR0
PG, FREESE BRI B, 25 5 2R A2 . Rk,
Lo Bl EREEE w, AR TS o L S0TY Y A5 Ak il 28 4
F 3 ATz (R R AL bR A Fn A AR AR E XS bR 4 AE)
Lo b Z A8 BR 1Y 2.60 284k 2 5 /N 1.95 BF, X H
T 5 R ) 2 T 2 AN A 208 1, B SIE B g FH R B DA

(5)

FE,

3.0
mwos
«
g - \
1 1.5
N
#£1.0
M
05

0 02 04 06 08 10 12
Wit bR A

B3 TR IS R R IR OC R 2k

3 RANEEHEETEENELYHR

AR ARy S AL L. 1Al 2
IRV SIS = I S| P o e N WA RS R o )
B E AT, RETRBU 0, AT RUHC R AR %
SERBRIR 5, SRR B e T T R
Los FUEE TR Lo CHIE N HEL, Lo A8 A2 E
e BT AN 4 B, € T HUBEIR (BN 0,
VSBESARY S 4 O I B N 1 /A= W S i B DA
Us. ETRGLL FPAEE o, D EEHEEERE o, 7]
RAGF TR, A TR . 4 H R
M O NF i/ NRVFR2E Qo, WISSHGEACITSY, ATt
— LRI T R BN, AT — UGk,
HEW L 0/MF o

i=0, R,=0, U,~0, U,=| U] >

fs:Issin¢(l75, fs)+jlscos¢(l7s, fs)

Uy~Usel,l-RJ, sl

i=it+1

a . U i |7 ~ Rsz+ +:(Rsi_RSI— )/2
V=i a;”, |1 |=/(41) D

s

l

i :is_l:m’ 'i)n:v;lz_l'mj;i

T

V4 ISR BRI HUBLES T BELE SR S
4 XIETEIIE

EIRF T BAELHHRT M, 7E 1 600 kW AZHH
feah B pnls & bty Tt galE LS g
E

BE T 1 640 kW
HUE HLE 2942V
e LT 382 A
RIE B 1911 r/min
B R 8 170 N'm
&3 6
LN B

Sk FE 4 I s o A o VPR L ) RN A
il 2 A, kR F ML R A RS T 40 )k
e, el R, i XL B
VAN ki PR 0 B ) W N B2 R = ok I i i s WAL
o o P [ A8 R e R i S A R
4.1 ATHIBSHEIHRIAIE

A I FEMLAZ A RS, i ARG A3 0 H AL
FETH B e SURE (LM 2 ) o K R
T B E AL HE 2 000 r/min, B H LI
370 kW 45, M2 000 r/min [ R IG5, 2 000
r/min ZE5F 1 min J5; ZWFEILEEZE 1 500 r/min, 4k
5 1 min; 4REEFEREEH S 1 000 t/min, ZE4F 1 min;
TS AR R 500 /min, ZE4% 1 min, 52 AR
B, RIS R HE 6 min. SIS B B HLFE 1H
i FEE S 21.55 C.

B B SHORRRR P A 10 s AT 1 BT
TR 3 o 5 A A 4 ms BT 1 OB E A%,
HER g B s fros, g 3 R B 7 e B S 4E N



54 TEill, #EE, . ET HSEEN B HECARE R TR S BN AR
31.835mQ. FRH, FIAZC (5) AR HEREE R 15097 €. &
2500 FIRHLS A E T 5 TR ARIF , IR S R
~2000 PR BB T LR IR 10 CAedy. LA, it
£ 1500 fe T BT % IR S 140,97 °C, X il
glooo- SR S 1 L LIS TR i PP B3R 142,05 °C O
¥ 500F S

0 50 100 150200 250 300 350
/s

0 50 100 150 200 250 300 350

s @ﬁﬁ%mmgg%%%am@w
4.2 PISHEHSHEPHRIRGE
B H L R SE 2 000 t/min, B HLHLIE 600
kW ZE47, NEAE 140 CIFIRHEMIIGSIRE . 50 2
SV AR, A6 R] e AL T e v P R N
142.05 C.,
BE T H BELEERZE R0 1E 6 Fros, I 1) T r

FHAE-S4{E N 47.895 mQ .,
2 500
2 000

0 50 100 150 200 250 300 330
TR/
80
S ok
270
= 60
E)
N
# 40
330 100 150 200 250 300 350

B Ta)/s
P 6 A I e L A T e B A
AL HLS S MR IS 45 SR LB T 0, % 7
BifL IR BE A b T R, AR AR BH A AR L LA, F
— L RE R, FLYS ARG RS TEE R 21,55 °C,
PR3 T X Bk 31.835 mQ, SIS 5 HER
WG TSI BH R 47.895 mQ . MRS A, AEH T

5 #5E

AL T BN AL R R 1 T L LR
RPN, S TR R, e R R,
ISR IER . AR, PR LA 5] L4l
JEE S T PN A e b B R A R BHL, AT T A DR R
1~ ] 8 BOAS THEAR - B0 B0 2w L 4 [n) A, AR SC
AR5 A HXp2D BRI HXp2F B LA F2E 40,
FH T2 e 5 T4 ] 1) e e 42 WA 0 s 2 ) 7 3R 5 A
KB AU T B, N ACR R, HRRK A S
AN T

SE WK :

[1] BOSE B K. BURH Jy i P2 538 L sl [M]. FR, B4, TR,
4, B AT HUBC A | 2006.

[21 EWoc, BNTE, Bk, % myIREEREAR (M) dba:
BB Tl A, 2006.

[3] 4, W TR STk 0N LR B 1 1 338 10T B
ZHER (7], TR 244, 2006, 21(1): 65-69.

[4] TELFORD D, DUNNIGAN M W, WILLIAMS B W. Online
identification of induction machine electrical parameters for vector
control loop tuning[J]. IEEE Transactions on Industrial Electronics,
2003, 50(2): 253-261.

[5] KONING R F F, CHOU C T, VERHAEGEN M H G, et al. A novel
approach on parameter identification for inverter driven induction
machines[J]. IEEE Transactions on Control Systems Technology,
2000, 8(6): 873-882.

[6] BARRERA P M, BOSSIO G R, SOLSONA J A, et al. On-line
iron loss resistance identification by a state observer for rotor-flux-
oriented control of induction motor[J]. Energy Conversion and
Management, 2008, 49(10): 2742-2747.

[71 WANG K, CHIASSON J, BODSON M, et al. A nonlinear least-
squares approach for identification of the induction motor
parameters[J]. IEEE Transactions on Automatic Control, 2005,
50(10): 1622-1628.

YEEA: EFmh (1983—) , F, Mt, HHLIFIF,
R Iy e T 5 diEs),

(E#&% 51 1)

S LAk -

(1] Zsudxk, FA%E, XIMeds, % PIHRE LT PR L ki 181 2 4
JF R [J]. BB FREIE, 2016(2): 23-26.

[2] Kf, flifE. CDD6A1 BUKEL L B NIANLE [J]. BREHLE T4,
2017, 37(5): 90-93.

[3] ZEHEM, ZWI, S2KAm . A TiAG S WAL ZE B AT B4 (7).
BOBENLZEZERT, 2013, 33(5): 44-48.

HHmA: kK (1977—) B, A, HIRAHAL
200, TRRFENE R TR,



