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Abstract; This paper proposes two identifiers. One 15 used to identify stator flux, by which the electromagnetic torque
can be calculated. The other discusses dynamical idenrification of rotor speed under the conditions that the parameters of induc-
tom motor are unchanged or panizlly changed. Then simwlation results are given.
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1 Introduction

Compared with vector control, induction motor direct
torque control system has some distinctive features, such
as simple control algorithm, quick torque response., only
one motor parameter requirement and so ont!! . But one
of its drawbacks 1s imprecise stator flux estimation due to
time-varying stator resistance, which results in low con-
trol performance!?!. An approach to solve this problem
is to estimate stator resistance and then stator flux‘*’.
As an indirect estimation method, it can’t identify stator
flux adaptively. Moreover, Lunbeger observer and intel-
ligent identifier are employed to get stator flux™! | When
highly precise rotor speed based on direct torque conirol
is not needed!®, cost will increase if speed sensor is
used, so the research on dynamic speed identification
snould be done. Two identifiers proposed in this paper
can use obtainable information fully, which leads to
quick convergence of the identifiers.
2 Model reference adaptive identifica-

tion of stator flux
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2.1 Reference model
Considering the following reference model(*!;

X:AX+BU,
{ (1)
Y = DX,
where
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where i, igt, @als Qa1 Uat » gy denote the components
of stator cument, stator fhx and stator voltage aligned wi-
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th o, # axis of stationary co-ordinates. I, and L, are sta-
tor and rotor self inductance respectively. L, is nutual
inductance between stator and rotor, « is rotor angular
speed, R, R, are stator and rotor resistance respectively.
2.2 Stator flux adaptive identification
Adaptive identification model is chosen as:
X= Ax, + BU + 6(¥ - 1),
{7 @)

Y = Dx,
where state X = (1,1, in, a1, pg )7 are estimated val-
ues of i,1, b a4 @, 00, X; = (fahfmsﬁ;’ala&’m),
[gn £ & Su]T

g2 B2z 8xn g
tng parameters Ky, K3, for time-invariant &, K. w in

matnx A, we cangetmatrixﬁ. Hence, error mode) sat-
isfies the following form:

G = . Substituting time-vary-

é = Se + b,
(3)
e = Ee,
where
- R -
g1t L oL, a
o7} ﬁ
S =81 &= a oL, |
g = 0 0
Lgs g2 0 0,
i _ Q _ Lli'al + Aul éﬂ _ i -I
a al, L g A
w = - a - G’L-r + O'Lr - a + tai ,
— ig 0 0
L - in 0 0 i

¢ = [241 - izl’r;il - iﬁ1-5?’a1 - ﬁ?’nl-g’ﬁl - ?’BIJT‘
$ = (R - Ry,R; - Ry, - w)]T.
b, E are 4 x 4 identity matrix.
Conclusion 1  If matrix G satisfies ST + § < Oand

adaptive Jaw is % = — R~'5747e, error model will con-
verge.

Procf  Let a candidate for the Lyapunov function to
be given by

v = e'e+ RS, (4)

where R is a symmetric positive-definite matrix. Taking
time derivative of » along trajectory Eq. (3) and rear-
manging, we can get

0= eT(ST+ S)e + 28TRS + 2eThod.

When adaptive law is chosen as = - R~'5"87¢ and
matrix G can make (ST + 5) < 0, then # < 0. By the
stability theorem of Lyapunov, this error model is stable
asymptotically. So we can draw two conclusions:

1) e e, $,0 € Ly

2) e,e1 € L, 4 € Lo
Considering the corollary of Barbalet theorem and the
actual case of induction motor, there exist ¢ — 0 and ¢
— 0 when frequency component of & is full enough and ¢
— @, We know that (ST + S) is 4 x 4 symmetric ma-
trix, according to the definition of negative definite ma-
trix, the valve range of matrix & is:

1) gy < 0;

2) gn < 0;

3) -2/ gugn < g+ &u < 24 gugn;

4) _ &_ queﬁﬂ _ﬂ_{a-eﬂ".
531-_61‘?-- O'Lr -33:,—0_- a i

5) gi41» 42 CAD be any real value.

It can be scen from #= — R'%75Te that adaptive
law of stator resistance is dependent on state error of sta-
tor flux, which can not be known directly. From the
adaptive law and Eq.(3), we have:

1. 1. : i
éR. = _F"al &, ‘-?Imeiﬂ_ a1 fp, ~ 4 e'P#l - )
eﬂn = gneiu - eRl ial' (6)
épﬁ = gﬂeim - eRII:B]. (?)

Then emror of stator flux can be reconstructed in Fig. 1.
Fig.2 presents adaptive identification principle of stator
flux .
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Fig. 1 Reconstruction of stator flux
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Fig.2 Adaptive identification structure of stator flux
3 Electromagnetic torque estimation
Torgue can not be known by measurement but estima-
tion. By the above adaptive identification, stator flux
converges to its tue value guickly when torque is not
known. Hence, torque estimation is
te = 1.5n,( @i - @aria). (8)
4 Rotor speed model reference adaptive
identification
In Section 2, rotor speed is identified as an unknown
parameter. Now, we discuss another identification ap-
proach of rotor speed, which is of fast convergence.
4.1 Stator current reference model
Stator current and flux models are given in Egs. (9)
and (10)11.
Ry, oll LR L,

L,,|‘-‘--_ |+__!- 1+ _y I,2+ wz + ual,
oL, ®7 ol, " (9)
im=—ﬂlﬂ£ Rl: +L’“wz ol +lu
al, al A 2 ok, 24 (N
Cal = Lia + LmlaZ! (10)
Pa = .L_,Ilﬁ'] + Lm!,m,

where i, ig are rotor current components with respect
10 stationary frame o,f. Substitoting Eq. (10) into
Eq.{9), Eq.{9) can be rearanged as

11
{Y=EX, (1)
where
L L
—G'(R1+Tz) — @
A=
73] _‘(R1+m)
1
110 T, w
B:; 1 s
01 -w ?2
1 0
E=[O 1],X=[ia1,ip1]T-
L,
]"'r'-'. s s Pal s T,T=_.
(ualum?lipm) 2 R,

4.2 The parameters of induction motor are con-
stant

Assuming that motor parameters are constant, stator
flux can be estimated by ¢=I(U-R1i1)dz. To use mea-
surable signal fully, estimation model can be chosen as
{i’:&i’+(ﬁ—€)X+§U+K(f’—Y), (12)

Y = EX,
where & = [ 1, £ )7, & is the estimated rotor speed, U
and other variables have the same meaning as before.

L —-%(R|+§,{':) - |
@ -%(R1+‘%)
lelﬂ 711; ca,Kz[kn kl:]'
lot co L Tl ke
; —%(R|+,%) )]
) 0 -%(R1+iTL~;)'

Hence, error model can be described as

é = C K —!
{ (C+K)e + b (13)
e = EE,

where ¢ = (Eal - ialiim - iﬂl)Tsﬁ =W - @, =

. 1 .17

[%Pm -l T Pa t iﬂ] b=

Conclusion 2 When matrix X satisfies (€ + K) +
(C+ K < 0and ¢,(s) =~ —il_-aTKTbTe(n), error
mode] will converge asymptotically.

Proof (C + K) + (C + K)"is 2 x 2 symmetrical ma-
trix, by definition of negative definite matrix, we can get

1

ku < ';(R1 +%)I

L

1
kﬂ< 0(R1+T)'

{kn+ky < [~ (R1+ )+2-‘F11][-

Lyapunoy ﬁmcnonlsdeﬁmdas
v = e (t)Pe(t) + BT(e)d(s),
where r > 0, the time derivative of v is

0= -eT(£)Qe(2)+e™(t) P+ b Pe(s)+219.
(14)

When e ()Pt o + wT$TETPe(t) + 2:15'.-: 0, then ¢
=~ e"(+)Qe(2) < 0. It means that error model is sta-

(R1+ )+2kzz]


http://www.cqvip.com

910 CONTROL THEORY AND APPLICATIONS Vol. 18
ble asymptoticaily. Since e"(t)Pba = @ 6T Pe(i), so {e(:} =(C+ K)e(t) + b($a)7, (16)
e (1) = - :‘TbTPe(t). Hence we can conclude e(¢) e(e) = Eels),
€ Lo, € L, é(t) € Lo,o(t) € L. where

By using similar argument as in Section 2, it canbe ~ * = (em em @l
shown that e(+) — 0 and # — 0 when ¢ — @, 0 R , L L T
4.3 S are sl . . _ P! oL, al 0]-7%1 - ia a?’m

W =
It can be seen that both of Egs. (11) and (12) are 1= L

dependent on parameters of indoction motor. In fact,
these parameters ar¢ time-varying. Assuming that staor
flux is obtained with no relation to speed and resistance
(such as fuzzy neural network*! ) and converges quick-
ly, estimation model is chisen as:

{i’: C¥ s (A-8)X + BV + K(¥ - 1),
¥ = EX,

(15)
where
L,
N - Lk s 7 -a
¢ii ——G_I_(él-i-%itz)
1 0 & @
-l &
e 01 o 8—2 ’
—w Lr
*%(Rl-l'z%kz) 0
¢ = .
0 ——I“(fi +"I"£fi}
¢ 1 L,Z

Using Eq. (15) minus Eq. (11}, eror model can be de-
nved as:

ident:fied speed

=50
0 0.1 0.2 0.3 04 05

Fig. 3 Rotor speed for time-varying parameter
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Fig. 5 f phase flux
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Similar to Conclusion 2, the value range of matrix X can
be obtained, here, the proof procedure is omittad.

Conclusion 3 If K satisfies (€ + K)T + (€ + K)

<O0and ¢ =— " a’R, emor model converges.

Proof Lyapunov function is given as

v = eT(t}e(t)+¢R¢'T,

where R is a 3 x 3 symmetic positive definite matrix,
with the same argument as Conclusion 2 and the space
limitation, the adaptive law of parameters is omitted
here.
5 Simulation

Simulation test is done with dynamical simulation tool
Simulink 2.2. Provided that stator resistance and rotor
resistance varies in proportion to tGme, we can get dy-
namical identification of rotor speed in Fig.3, it can be
seen that speed converges quickly, Figs. 4,5 and 6
demonstrate the simulation result of stator flux and toque
under the same assumption. Using the actnal stator cur-
rent during the identification, stator fhx and torque con-
verge quickly. (Note: dash curve and real curve represent

identified and true value respectively in Figs.4 and 5).
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Fig. 4 « plase flux
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Fig. 6 Electromagnetic torque
(Continued on page 914)
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V= q(.ﬂl.li:.r2 + w4+ (pCp + qu)(xz S L
20}
where the ellipses denote infinitely small terms whose or-
ders are higher than the fourth.

So the particular solution in equation {3) is asymptot-
ically stable. This shows that the problem of passive sta-
bilization about oscillating of body § is solved by intro-
ducing supplementary degree of freedom which is deter-
mined by coodinate u {namely block s is defrozen) .

Remark We point out that if we use a geostation-
ary satellite to take a picture of a certain object on the
ground, it is very irmportant for the camera to take aim,
namely the motion of the satellite must be asymptotically
stable. Usually, the effect brought by a small pertuba-
tion 7s removed by the reaction of a jet stream, which is
prodoced by buming fuel, but the astronantic fuel is very
expensive (Fig.2, Fig.3 in the paper [2]). The result
obtained by us shows that the satellite can also be stabi-
lized by means of the relative motion of some piece of

the satellite moving in a nonideal fluid as an oscillator
with damping and this does not require additional
energy.
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{ Continued from page 910)
6 Conclusion

Two dynamical identification schernes of stator flux
and rotor speed proposed in this paper are based on spe-
cial model reference adaptive principle, both of them use
obtainable information fully. According to Lyapunov
stability theorem, adaptive laws of parameters are syn-
thesized to make state and parameters converge quickly
even the parameter variant laws are not sure. Simulation
shows their advance.
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