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Comparative study of the induction motor load models with
and without considering frequency characteristics
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Engineering, Hohai University, Nanjing 210098, China)

Abstract: Previous studies mostly focused the voltage characteristics of load rather than the frequency characteristics. The frequency
may vary obviously in the small or weak power grid, so the frequency characteristics should be studied. The fifth-order induction
motor load model and the new third-order practical induction motor load model are given. A method for load parameter estimation is
proposed, i.e. estimating the key load parameters through ant colony optimization (ACO). In a simulation case, the identification
results of two load models are compared with and without considering frequency characteristics. Finally, the measured data under a
disturbance in Xinjiang Power Grid are used to validate the necessity of considering frequency characteristics. It is indicated that the
load parameter estimation and simulation results with considering frequency characteristics are better than that without considering
frequency characteristics, and the fifth-order induction motor load model is better than the new third-order practical induction motor
load model.

This work is supported by National Natural Science Foundation of China (No. 51137002 and No. 51190102), National High
Technology Research and Development Program of China (863 Program) (No. 2011AA05A103), and State Grid Corporation of
China, Major Projects on Planning and Operation Control of Large Scale Grid (No. SGCC-MPLGO001 (001-031)-2012).

Key words: power system; frequency characteristics; electric load model; induction motor; Park load model; practical load model;
parameter estimation
PSS TMT71 SCERARUUG: A XFEH T 1674-3415(2014)09-0132-07

RGL A WTEH R AR, TR

0 3% FEATI A SMBOPE. BINLYERIZ ERESSRs i, 4k

KR IFE T RIS 25 I, o) St
B, VRO WL R G FAT SR BB A B o), X
WO ARG S &, R SEAnE

ELWE: BRAXMFELTE (51137002, 51190102) ;

B R SIHAFRALE R (863 %) (2011AA054103) ;
K5 Kd W E X+ FH8H 3 B 3R (SCCC-MPLGO01
(001-031)-2012)

SERERRR) H D SRR AT € AIXERE RN, FTEASE B
P ELRGE (1) SRR LA 5 SEE o 1Ay PR T A o

AR, B A5 B L g S @A (R T
FURATF T ANk Jig , SCHR[6- 13 D0 L HEAT T 141
e, Horb, CRG AR AR TR R 7T
Z N o

FESCBR BRI AL R GE ok k. UK
BeBNBR, MR BN AR /N EL A R] LIS AN



5 SRR R ) TN B Ay B R ) LR - 133 -

P %%
BRI AAE () ) Srfr AR B, — AN R A
i AR, R & . ARTITBEAS PI FFAE

REUAR LI R RN, LR e 2 S it
o Behbh, AR L L B I o R
R D) BE RIS, ARG
AW RERENI A, BTEL, 5 B MR I 11 G Ao
IR IR ARAT L LN

ASCEAL 5 EEAB, 6 B A PR A CRITTL
B LS AR AT AL RHT — i S H FRL B WL A A A28 )
FEPIFIIGOL (RO RS AR R PEAIAN TS SRS
NS SR i LS T L R R S sl e
BEAT T S Bn N A o

1 EEMEREFEREGRS AGRE

SEA AT E i 2 B fr REEN, FEL S ATL 67 ] I
A R, Horh B LB AT LICR TR 1) Park A5 7R
ol TR IR Sz AR

SN FREHLAG Park B84 Ty, s Iy R A
e ish R e,

% =—Rig+OY  +u

d("i’:s =—Ri -0y, +u,

% =—Ri, +(0-0)y, .
d(l’i’t‘“ =—Ri, ~(@-0)V,

ﬁ?:%@—a>

Wy =L +L, (G +i,)
W =Li +L, (iqs +iqr)
v, =Li, +L, (i, +i,)
v, =Li,+L, (iqs +iqr)
Horbre Waen Wos 7004 58 1 1A T Ao e PN AT S
P War 73 I -1 B 2 e R A Pl e
Fy—J7 M, SERBAE TRE SR Z N .
AL SE IS FL AT Y SIZBR b 2008 1 A 1) 5 4
W, M= As w2z Ak, SCHER[16]3EH T —Fht
) = By S LS AR . I, i SE FH AR &
7E XN

2)

T ar Ve BT e
L 2
L=L+L, L'=L+L, ——= 3)
L+L,
QZQ+%
Rr

B G =Pr s HL B ARAT L, B e S
AR PG IR, sh SRR LR
Ao MR AR HE TR BB =B AR, Frbs)
AITREN

dE, 1
—4 =——[E/+(L-L"i_ ]+swE!
& n[d( )i ] .
dEC,l 1 ! AN ’
?:—F[Eq —(L—L )lds]—SCOEd (4)
0
dwr:liﬂ—ZJ
dt T,
W TR N

{uds =R, —oL'i + ok, 5)

. ! ’
Uy = Ri, +olli, + 0k,

e L NHE TR LV TSR, s
NIEZE: o N¥E; T WBENE & Ed A E
WSS B NSRS TV RAES
IFTR) R T Ay HIRERE A T AHURELRE . o 2
WIS, R AKX PR RIS EER N TR L
{EL, T A RS LA B bR L AR AHAEHY
Bl o =f,
S T RN

o e85
U, /i

0 0

o (u)Y" (fy=1)
e g )

Ferbe pu AT qu 730 0 A S BRI AR O G DL
FAEREG L AT Loy 50900 A7 DI AIE SR AR
ISR RELG fo ABUEIR

2 FEMBFHEE AETREMNSEIER

ST H BNl Park B IZEA M B K S 4L
H: WKL, € THM R #FHEKL. T
HBH Rov VEREHLIER Ly IRATPERT [R5 2L T 70 2%
TR HEL Ty« BILR AR Ky WU R R EL A4
B C, BN HBIHLIT S I L] Prpe X T FEAIR
FEEER S A G NS EL W pe qur Lips
Lo JTEL, 3E5 16 MetfiE s, Hppinr
B 144 HRINBEATHAR, — iRk,
Ty I M SRR, R R
B S SR,

TEARRIPLBN T LR S A B S50 R s R
JERAT /AT, a5 RRN: TP Res RIS )
BT 8 T HLBG L AL 7B L, IR R R34

(6)



-134- & & AEY D EH

Ko AEARHE SCHR[ 1S4 H ) 2500 — 1T 3 L4 43 505
VI, 5 7 BRI e IR R AR B 11,
AT M3 T B B R Bk, AR R 500
RN, REPHN. BTN, B B A .
THUEE Lo TSNS o IR S B 5 s
W56 A IR I L B L A8 P IR 5B K, 7 |
ARG AE BRI Loy I Lego PRI, DEHETE MRS 90
$h: Pups Lo Kis Ly Ligo
IR SEIEE, WS SHGEATHHN. BT 5 P
PR R L MR, T DA RCR F ICRE S AT 0001 02 03 04 G 06 07 08 03 10
PN, {32 H bR R M, S SR O st
[17], XH AR,
3 {HEEBHIN
3.1 FEEHRS 2
7E Matlab/Simulink V- & _F# &0 H R4, WK i

1. FRARGREH G RD UYL —GRP N

RN AL L, SO A A BELT 5 R #
I PRSI AT T RLE S, TA) H R[] 4 i R i ik
it A 52 0 o WSS 10 15 20 25 30 35

/s
(c) 35 sHiiH h £k

B2 FEFSNE ik
Fig. 2 Voltage and frequency curves

Z e
E%%%ﬂ_— / __{EEQ 3.2 I shil SafariRBUAY X tE

Static load Wy s . o s
fatieoa oy Cra BT IO S H e IR 1. RPESE

WEGE, AL A LR E S S5 £ 25
H T L F S L A A R R A 2 R R S R P R Bl
FHISEFERGE R, o iR X A S S 1 s. 28
7E0.02 s I, —[RlZRE b aAb kA = Ak XS EE, BRI R BGRR S 1 sy 3 sy S5's, HEIHL
B, MORRRRSEIITE N 0.1s, HA AR aE R ZET L.
2, HAE 2(a). K 2(b)EETEA 1 sv B 2(c)fi
TLIE)R 35 so EHPEI AT DL, A AE s s 4] 4 I 0
N, SRIGZAE I . DAVERRSRAS B 45 AR

1 HERGTEE
Fig. 1 Simulation system

F1 HERASHIRER
Table 1 Default parameters of composite load model
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Table 4 Estimated parameters of the new third-order practical

load model
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Fig. 5 Active power curves with the new third-order practical

load model
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Table 6 Estimated parameters of Beijing Substation of

Xinjiang Power Grid
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Fig. 8 Active power curves in Xinjiang Power Grid
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