Journal of the Korean Institute of llluminating and Electrical Installation Engineers Vol. 12, No.3, pp. 99~ 103 August 1998

(R AH) A &t

o BIMA ME FHIE U=

7= MSI19 U[2ZHd A of

{Decoupling Control of an Induction Motor with Recursive
Adaptation of Rotor Resistance)

Al
(Gyu-Sik Kim)

Q o

2 =EdMe $E9 P AES A2 A7 dnEel Bol ARHE REAFIIE 14%
o2 Ao & Y HLE Aor|E AP o] MY AoPrlE MEV] TS AP BEE "L
3tk aFe] Az AFE WE7] 2= oeb A W £3, o] vy Aojrldl AL & U= A
EE (ANAEE 3 A 4 duSs Adsla B gz A84E T Slste H¥E
SHE AA R

Abstract

We propose a nonlinear feedback controller that can control the induction motors which have been
applied to many electrical facilities with high dynamic performance by means of decoupling of motor speed
and rotor flux. The nonlinear feedback controller needs the information on some motor parameters. Among
them, rotor resistance varies greatly with machine temperature. A new recursive adaptation algorithm for
rotor resistance which can be applied to our nonlinear feedback controller is also presented in this paper.

To demonstrate the practical significance of our results, we present some experimental results.

I. INTRODUCTION

In this paper, we propose a nonlinear feedback
controller that can control the induction motors
with high dynamic performance by means of
decoupling of motor speed and rotor flux. Our
nonlinear feedback controller needs the information
on some motor parameters. Among them, rotor
resistance varies greatly with machine temperature.
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Some efficient identification algorithms for rotor
resistance can be found in [1~6]. We present a
new recursive adaptation algorithm for rotor

“resistance, which seems to have some advantages

over the previous methods. For instance, our
algorithm does not request voltage sensors. It does
not depend on stator resistance and stator
inductance. It is computationally simple and has
small identification errors.
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II. DECOUPLING CONTROL
OF MOTOR SPEED AND
ROTOR FLUX

In this section, we describe our approach to
control of induction motors whose dynamic
equations are described, in the d-q synchronously
rotating frame as

= —Qrigt Ol Qyba, T Pasw,d,+ agva
fos= — Qyigs™ Wylast Qrbor— D30, Bay+ AoV4s
iy = —aybast (0;— pw,) gy + asias (1)
b= — a1 Do — (W5 — pw,)bar T+ Gslys

w,= — Qs w,+ a7KT( ¢driqs_ ¢qrids) - a7TL

See the Nomenclature in [2], [6] for the symbols
and notations that appear frequently in our

development. The angular speed of rotor flux w;

in eq. (1) is chosen as

W= pw,+ Gs5ie/ $ar @)

from which it folows that the dip speed @ becomes
/a\siqs/g\dr- i 21\5(5 MR\,/Z\,) is

equal to as and @ is equal to Py, then the

g-axis rotor flux ¢, will approach to zero. As

the result, the dynamic equations in (1) and (2)
can be approximated to

lgs= —Qigt+ Wiy T ady + QU
iqs = T A1l — wsids — pay wr¢dr+ ap s
Sor= — Q4 Pa T Asig

100 (360)

a).,= — Qg w,+ a7KT¢drias——a7TL )

To obtain the information on rotor flux, we adopt
the following well-known rotor flux simulator.

P P —~ —~ .
¢dr = T a4 ¢dr + as 1y @

If the output to be controlled is chosen as

2

ys[yl] - ¢dr] ©)
¥ W,

then one can find a nonlinear feedback controller

that decouples the reduced system consisting of (3)
and (5).

U= Vas| = [—— (wsias+ a\Eiz.ds2/ ‘z;r )/ZZ\()
Vgs p w,(ix+ asda)/ag

+ ul d, ®)

where % = [_u_l ZE]T is the new input.

Now, we will show that the input-output
dynamic characteristics of the system given by (3)

- (6) can be linear. Let the new state variable 2
be defined as

T T T
z=1[z) "2z, 1" =2 21229 23]
. 2 . T
= [¢drlds ¢dr ¢drlqs a)r] (7)

f ag=ay, az=as, as;— as, and

5\.1, = ¢z, then system given by (3) - (6)

can be represented in the new state space as

2= 2:1 = Az ibz
29 A222‘+‘bu2+LTL

yi = ¢2z;, i =1, 2, ®
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where
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L= T @ T ay 0
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b=1[ay 01", c=[0 1],

L=[0 —a]' 9

Note that the responses of motor speed and
rotor flux are dynamically decoupled and linear.
For successful set-point tracking of motor speed

and rotor flux, the new inputs Z and 73 are

chosen as follows :

—_— ~ P t ~ P
U = kpl( U — ¢dyld$) + k;] j{;( U — ¢a’rlds)dt
10
R ~ — t —~ o~ .
Uy = k,)z( Uy— ¢d,lqs) + kQ j{;( Uy — ¢drlqs)dt
where

—_~ - ! -
U= —ky ¢,1,2+kz3f0(¢ — #L)dt

~ 14
Uy=—ky w,+k,-4f0(a),'—w,)a’t (1

lll. RECURSIVE ADAPTATION
OF ROTOR RESISTANCE

In what follows, we assume that M =M, L,
=Ly, ad L, =L, If the rotor resistance is
estimated accurately Ge. R, = R,), ¢, wil
approach its real value ¢,. If &, is identical
with ¢, in the steady state, some interesting
equations can be derived as follows. From the first
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and second equations of (1) with the control input
(6), we obtain

" . —_— —~ .2 T _——

las= —Qyigt a; g — asig/ b+ ayuy/ du
(12)

Z.qs:— a iqs—— aBidsiqs/ ¢dr+ Qg Uy ¢a’r (13)

Because i;s and l';,s are zero in the steady-state,

o~
—~

. . a —

s 0§ 55 __ s s 0 S

Ydslgs ™ lgsles™ — Qg ¢drlqs+ = (u2lds
dr

~u'i *) =0 (14)
In the steady-state, the eq. (4) becomes
b0’ = Miy’ (15)
The parameter a4, can be written as
ay = ayMR,|L,* = g, MR,/ L% 6
From (14) - (16), we have

.[/:2 uzs uls

s -5
W ¢dr s bgs Las

) (17

Now, we describe our recursive adaptation
algorithm for R,.

Step 1) Calculate R, using (17) and update

ay and a5 in (2), (4), and ).

Step 20 Wait until all the state variables reach
the steady state.
Step 3) Go to step 1.

The proposed algorithm does not request voltage

sensors. It does not depend on stator resistance
and stator inductance. In addition, it is
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computationally simple and has small estimation
€erTorS.

IV. SIMULATION AND
EXPERIMENTAL RESULTS

For simulation and experimental work, we have
chosen a two pole squirrel cage induction motor
whose motor data are listed in Table 1.

Table 1. Data of the induction motor used for
simulations and experiments

Nameplate Data Nominal Parameters
220V 50 Hz R, 109 £
3 phase, 2 poles R, 114 2
Rated power 600 W L(Ly 100 mH
Rated speed 3000 rpm L.(Ly,) 77 mH
Rated rotor flux 03 Wb M 23 mH

First, the value of ﬁ\, was initially assumed
to be 1425%. This comresponds to a 25%
estimation error in R, In this simulation, we

assumed that R, = R, M = M, and the
R

time(sec)
o time(sec)
0 4 L] a a
Fig 1. Rofor resistance adaptation with short

iteration period and restriction in

variation rate.
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Fig. 2. Configuration of the microcompuier-based
control system for experimental study.
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Fig 3. Experimental result of rotor resistance

adaptation and motor speed

time(sec)

Fig 4. Experimental result of motor
speed (700rpm/div), u and v
phase stator currents
(10A/div), and rotor  flux
{0.05 Wb /div.)
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induction motor was driven with rated rotor flux
and rated load torque at 30 »pm. The recursive
adaptation algorithm in (17) was updated every
05msec and the rate of variation of R, was

restricted within 0.2 £/sec. As can be seen in Fig.
1, the rpple in the motor speed response can be
neglected and the estimation time took about
1.5sec.

Second, our control algorithm was implemented
on a DSP chip TMS320C25. The
microcomputer-based control system designed for
the induction motor is shown in Fig. 2. The
expenmental result for this case is shown in Fig.
3. We can see from Fig. 3 that the ripple in the
motor speed response was negligible. We can see

that the slow change in R\, minimize the

influence on the motor speed response. As can be
seen from Fig. 1 and Fig. 3, the experimental
results agree well with the simulation results.
Finally, we will show that our controller with
adaptation of rotor resistance can guarantee almost
exact decoupling of motor speed and rotor flux.
Fig. 4 shows the experimental results for the case
of step change in motor speed and the rotor flux.
However, the motor speed response is not affected
by the abrupt change in the rotor flux because of
decoupling of motor speed and rotor flux.

V. CONCLUSION

In this paper, a decoupling controller with the
adaptation of rotor resistance has been proposed.
The adaptation algorithm is computationally simple
and has small identification errors. However, it
was designed to be applied to our decoupling
controller. So, further work is anticipated to extend
its application to the general vector control
scheme.
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