Design of Improved Discrete Variable Structure Controller for Induction motor

Position control
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ABSTRACT - In this paper. the discrete variable structure
controller (DVSC) is proposed for vector controlled
induction molor position control. The variable structure
control {VSC) which guarantees accuracy and robustncss
in nonlincar control svsiem is developed in discrete time
domain for applying to real servo system. Furthermore. ihc
load torque observer is imtroduced to reduce chattering
problem. The computer simulation results are presenied to

verify the proposed control scheme,

1. INTRODUCTION

The VSC is a very superior modern control theory and
used widely because of its robustness. invariance and order
reduction cffect against perturbance of plant and external
disturbances|1}. However. becanse of a discontinuous
control input with [inite sampling time. a chattering is a
unique problem in VSC. This problem resulis in sysicm
output error likc current harmonics. speed oscillation. So 1t
15 considered the shding mode load torque observer
(SMLTO) which estimates imposed load and it makes
chatiering bound in quasi- sliding mode (QSM). Recently.
thc most control systems tend (o be implemented with
digital processor that has relatively a fast sampling period.
it is necessary that a conventional VSC be designed to
discrete version,

In this paper, After improving the definitions about QSM
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that was mentioned in [4]. we design the proposed DVSC
and 1t 1s applied to position coniroller for vector controlled
induction motor. The proposed DVSC position controller
guarantees fast dynamic response without overshoot in
transicnt state. accuracy and robustness against parameter
variation and external disiurbance in steady state. Finally.
the computer simulation results validate that the proposed

position control scheme has good performance.

2. DESIGN of IMPROVED DVSC

It 1s difficull to control induction motor because it has
multi-varjable and nonlincar properties. However the torque
characteristics of vector controlled induction molor are
similar {0 d¢ motor.

The mechanical dynamic equation of induction motor can

be described as

d
ey Bw,, =K,i,, (1
where J.B.w,.i' and K, arc the moment of inertia.

e A
viscous [riction. rotor mechanical speed. g-axis stator current
and torque constant respectively. Let the differcnce between

the position reference and real position value defines state x,

and the derivative of x, defines state x, as follow
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4 x(k +1) = Ax(k) + AAX(K) +bi ), (k) +£ (k) )

QEMB
where

AT
Steady state A=ercs

S . 7,
& _ S AT
b= {J’O e dl’}bc

L

Reaghing
ol T, = sampling period of DVSC
4= 0 - p . ' .
e g Mode If the matching conditions are satisfied
Fig. 1 Quasi-sliding mode AAX(K) = bA
v, =6-8" f(k)=hf

o (2)

XL, =X

we can rewrite (4) as

Considering real applications implemented with digital _
X(k+1) = Ax(k) +b[i}, +d (k)] (5)
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system. which has frequency limitation. it is desirable lo
develop the conventional VSC in discrete time domain. In

the DVSC theory of [4]. the attributes arc too strict to where  d(k) = AAx(K)+ /(K). Let d(k)=chd(k) 1o

reduce calculations and the upper band of disturbance is

implement with real systcms. Therefore, considering o
limited as follow

chattering problem for application, the attribute A2 in [4]

must be improved as follow A -O=dihysD, =012 )

b 4" When the disturbance exists within a where D denotes the tolerative band of disturbance

- . L3
specified band. the state trajectory should mentionedin 4.
cross the swiiching plane in cvery sampling We can definc the switching function as

period.
s(k) = ex(k) = cxy (k) +x, (k) €]
By substituting (1) into (2). we can obtain (3)
There were many control schemes that have been

X = Y Yy il
YEAXFAA XD, + ) proposed to obtain the control law iu the past, we adopt a
where reaching law approachf4] which satisfies the reaching

X, A 0 1 condition naturaily. The (8) is an incremental ferm of the
= - < = . . . - R -

X O ~-B/J switching function and it makes the sliding mode exist.

0 2 2o,
hc = B R f\:’ :i_]:_)._]_”i.jd_) )
N, 1T 22 L, stk+1)—s(k)=—gT, (k)- €T, sgn[s(k)] (%)

AA _x and f_ are the parameter variation and external where £>0,4>0 and 1-gT, > 0.

disturbance including some noises respectively. By substituting (8) into (7)

The (3) can be described in discrete system as
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sk +1) = s(k)
= CAX(K) +cbli;, (k) +d (k)] —ex(k) (9)
==qT, s(k) = &T, sgnfs(h)]

To obtain the control input. we can rearrange (9)

iy, (k) ==(cb) {cAx(k) - (1 - 4T, )s(k) (0
+e7, sgnls(h)]}
Thus. the increment of switching function is obtained by

substituting (10) into (9)

sk+1)—s(b) 1
=—qT, (k)— &7l sgn[s(k)| +chd (k) tb

To satisfv the attribute 4 . the sign of s(k) must be

changed in every sampling period

sgnfs(k +2)] = —sgn[s(k + 1] = sgn[s(k)] (12)
By substituting (10) and (11) into (12)
stk 2) =senlsHA-q7,)" |sh) | +qT,eT 3 o)
+(1—qT)d (k) +d(k +1)
Then. we can solve (13) for D using (6) as follow
p<2sfl, (14)

24T,

When (14) is satisfied. the sigh of s(k) is changed in

every sampling. If the disturbance exists within tolerative

band, the size of (k) can be restricted as

78
LSk < A = ——
1-¢T

A

(15)

and Quasi-Sliding Mode Band(QSMB) is 2A . The size of
the switching function of nominal system in steady state

can be obtained as follow

(16)

3. SMLTO DESIGN

The load torque is compensated (ced-forwardly using a
sliding mode load torque observer. The disturbance by
reason of parameter variation should be limited within
toleratc band. but the observation error can be existed out
of the band. To observe the imposed load. the sliding mode

load observer is designed as

: 5. 1 - K, . ‘
o, = —70),,, —711 +—‘7—1w + &y sgn(s, ) a7
T, = K, sgn(s,)
The sliding line is chosen as follow
S, =, -, (18)

The sufficient condition for existing the sliding mode is

described as follow

§i5, <0 (19)
and the constant A must be

- 1 7

K, = —7(TL ~Tpy+w (20

The stator current reference that estimated by load

torque observer is described as follow

ig =T /K, V3
Therefore, the total control input is sum of 122 and I;‘:‘
as
| 4
Iq.s' - lq‘s lqs (22)
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Expansion of sliding line

So far, it has been explained DVSC system. which make
the state trajectory reach to the sliding line. However it is

defined as x, = w,, in (2) and if the state vector reaches to

sliding linc for desired position, the motor speed cannot be
infinite and a speed limitation (e, ) should be designed

max

to restrict the motor speed. For Example. when the initial
condition of ¢ and w,, is zero, position error x, =&

and the state vector has two different trajectories depend on
the position reference as shown in Fig. 2. In case A, the
state (rajectory meets the sliding line under the speed
limitation and the state trajectory is over the speed
limitation i case B. In this case. we regard the speed
limitation as expanded sliding line and make the state
trajectory follow expanded sliding line like case C. Thus.

the proposed DVSC can be applied to all position reference.

N 4# X2
E AN

0 max

X1

 J

-8 ) 0
Fig. 2 Expansion of sliding line

The block diagram of the proposed DVSC for vector

controlled induction motor is shown in Fig. 3.

4. SIMULATION
To wverify the proposed controller. the computer
simulation is carried out. The sampling period of inner
vector control foop. DVSC position controller, and SMLTO
are 100]ps). 5[ms] and 100]us) respectively. Additionally.
a voltage source inverter and space voltage vector PWM
applied for

(pulse-width modulation) method are

considering real systems. Let ¢7, and &7, of position
controller are 0.5 and 0.1 respectively and X, of the

observer arc 200. The parameters and ratings of three-
phase squirrel-cage induction motor used in simulation are

shown in Table 1.

Table 1. The parameters and ratings of IM

Rated voltage 250[V] Rated current 8.4[A)
Rated speed  1420[rpm] Poles 4
Rated output 2.2[kW) Rated load 14[Nmi]
Rs =1.45[Q] R, =0.925 Q]

Ly =100.8 [mH] L, =1002 [mH]

Ly =96.7 [mH] J = 0.0245[ Nms * / rad]
B =0.0035[Nms? / rad]
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Fig. 3 The block diagram of overall sysiem
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Fig. 3 The response waveforms and state trajectorv with
parameter variation (J =./, *1.3)

When J and 5 have the nominal value, the response
wavcforms with position reference 2277 [rad] are shown in
Fig. 4. Although K, becomes a constant by the vector
control loop. it is not ideal constant practically. Thus. the
variation of K, occurs in the disturbance. The position
response curve tracks reference value with maximum
torque ouiput and the sign of s(4) is changed in every
sampling time. Particularly, the position error in steady
state 15 not cxceeding the QSMB.

Firstly. when practical J is changed to 150% of

nominal value at about f=1.18[sec]. the response
waveforms are shown in Fig. 5. An gbservation error is

occutred in transient state and the switching function s(k)

goes outside from the QSMB for a while, but the observer
returns quickly in steady state and shows good switching
operation. Secondly. when load (10[Nm]) is imposed at
t=14[sec|. the s(k) goes away from QSMB. but 1t is
shown that the position response recovers the reference
value with estimating load torque and s(k) also comes
back quickly within the QSMB. Thercfore, it is verified
that the proposed controller has robusiness against

parameter variation and external load.

5. CONCLUSIONS

In this study. ithe VSC is improved in discrete version for
applving to servo digital system in the direction of
reducing chattering problem. The SMLTO is used to
observe the extcrnal load and the sliding line is expanded
to guarantee the proposed DVSC. As this control scheme is
applied to position controller for vector controlled
induction motor. there are good performances which are
fast dvnamic response without overshool. robustness and
invariance against cxternal disturbance and  internal
parameter variation. The computer simulation results verify

that the proposed DVSC agrees with the theory.
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