Sliding M ode Observer for a system of pumping
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Abstract-- The sensors can be very expensive and their
integration very complex in certain industrial processes. The
greatnesses not measured estimated by means of observers
are going to allow us to reduce the production cost by
avoiding us placing sensors. In the nonlinear case the used
observers can be nonlinear sliding mode observers, as the
nonlinear diding mode triangular observer used in our
application to reconstruct the state of a system of pumping.
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1. INTRODUCTION

The implementation of the laws of command based
the nonlinear model of the system requires the kedge
of the complete state vector of the system at eiestant.
But, in most of the cases, the only accessibletgesaes
of the system are the input and output variabless i
necessary that from this informations to reconstthe

state of the model chosen to elaborate the command. input

Therefore, the idea bases on the use of an obddiver

An observer is a dynamic system which we can tall i
computer sensor, because it is often implanted
computer to reconstitute or estimate in real tirhe t
current state of a system, from the measures gmatsn
available of the system and knowledge in prioritlod
model. He allows us then to follow the evolutiontbé
state as information about the system [1].

The possibility of reconstituting internal infornat on
the system by means of the available external gesats
can be useful for several levels [5]:
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the output of a system, it is necessary to knovpriari, if
the variables of state are observable or not.

Generally, for reasons of technical realizationstco
etc., the dimension of the vector of the outputoiser
than that of the state. For this reason, at thergimoment
t, the state x (t) cannot be algebraically deduftech the
output y(t) at this moment [4]. On the other handder
conditions of observability this state can be deeldiédrom
the knowledge of inputs and outputs on a pastvatesf
the time.

The purpose of an observer is to supply with a

8Uaranteed precision the current valuation of ttaes
according to inputs and past outputs.

The principal plan of an observer [5] is given het
scheme mentioned in figure 1:
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Fig.1.Bloc scheme of an observer.

3. SLIDING MODE OBSERVER

In most part of the problems of command, the coteple

state is used in the law of command. However in the
is not completely

majority of the cases the state
measurable.

To resolve this problem we use an observer to estim
the complete state of the system.

_ The command of the process, which requires very

often the knowledge of his internal state.

__ The surveillance of the process, through the g
between the behavior of the observer and that ef
process.

For the nonlinear systems, observer synthesisllisust
opened problem. One of the classes the most known
the robust observers is the sliding mode observers.

2. OBSERVABILITY AND OBSERVER

The Observability of a process is a very important,

concept in automatic. Indeed, to reconstruct théesand

The synthesis of a sliding mode observer conststs t
force, by means of discontinuous functions, theaghyics
he errors of estimation of a nonlinear systdrarder n
aving p outputs to converge on a variety of ofger p)
said surface of sliding[2].

The attractiveness and the invariance of the sarédc
gliding are assured by conditions called conditiais
sliding [6].

For a nonlinear system, of the shape:

x=f(x,u)

y = hx) @



y

{ %= f(&,w) + Asign(y — 9)

A structure of observer by sliding mode writ{gh 3.2. STUDY OF THE CONVERGENCE OF THE OBSERVER

Let us consider the dynamic of the error of obs@na

(Z)e: X — % and let us proceed step by step [3]-[5].

= h(%®)

It is a copy of the model, to which we add a cdivec ~ FOrer = x1 — %, we have

term, which assures the convergencexoftox . The e, =e, — A;sign(e;) (8)

Ssu

sx)=y—-9 (3)

rface of sliding in that case is given by:
W'th. 62 = X2 - fz

If 1 > leslmax foOrt < t; then, the surface of sliding
The used term of correction is proportional to thg = ¢ s attractive and it is reached after finished time

discontinuous function sign applied to the errooafput \yhat makes that, = 0.
wheresign(x) is defined by:

sign(x) =40 si x=0

There is a continuous function notedn, defined
1 si x>0 by: e, — A;signeq(e;) =0 implying x,=x, on the surface
(4)01‘ sliding.

-1 si x<0 Because signeg = Signmey then:

3.1. SLIDING MODE TRIANGULAR OBSERVER &y = Xy — (Ro+A1Signe (¥, — %1)) = x, — X,=0 (9)

for systems which we can put it under the followshgpe
called triangular shape of observation [3]:

The sliding mode triangular observer was developed .
g g P Once x, known, we pass to the dynamic ef,.We

have after, , x,=x, what implies that:

91(x1,%2) — g2 (1, %) = 0 (10)
i x; + g, (xq,u) Thene, = e; — A,sign(e,), and according to the
/ x, \ / X3 + g, (xy, %2, 1) \ same rea_sc_)ning iIZ_ > |es|max fOrt < t,, we shall have
| | ) after a finished time the convergence to the serfac
) = ) 5) e; = e, =0 and é, = 0 then:x; = X; because:
. ) €y = x3 — (R3+A;8igneq(x; — X3)) = x3 — ¥3=0 (11)
Xn—1 X+ g,y (o1, X e, Xpq, 1)
X fo(0) +g,(xw) By repeating 1f —1) time this process, we have after a
Yy =X time t,—1 the convergence of all the error of observation
the surface e, =e,=--=¢, 4 =0and

functions,x = [x; x, ...x, ]T € R" the state of the system

ue

Whereg; andf, fori=1, 2, ...nare an analy‘ucal consequentlyr = x, at a finished tlmen , all the state is

. ; '’known and the error of observation is equal to 0.
R™ is the vector of input angre R the output. g

4. PRINCIPLE OF THE SYSTEM OF PUMPING

The structure of the proposed observer is thevatig one [3]:

(5
I
i

X;

filtered by a low pass filter, the functiarign;(.)is put in
zero if it existsj € {1,..., i-1} such asx;—%; # 0 (by [5]

The system of pumping studied is composed of a

2?‘1; f(;(l";:‘)u;“ ji‘g;;fz"& z‘f‘;‘)z) \ converter type "Buck", of a motor and a centrifugaimp,
| . | where the input and the output of the system are
- , I (6) respectively, the tension of command and the angula
ne 1) \xn+{n—1(x£i2'---'in—1fl)+{n—15i.‘]"n—1.(§n—1r/fnj\1)) Speed [5]
X, S (X1, %2, 0, %) + Gu(X1, %ps oo, Xy W) + A Sign, (X — X)
=% The converter Buck is a supply with cutting which

Where the variableg, are given by [3]; converts a continuous tension in another continuous
5 9 y 1ok tension of lower value [5].
= Xt AicaSignmoy -1 (Fiey = i) @ The motor will be fed by the output tension of the
converter. We consider a motor with direct curresith
constant magnetic flux and we neglect the magnetic

reaction of the armature and the phenomenon othbinij

With  signp,, ;- indicating the functionsign;_,

definition %, = x,), if not sign;(.) is taken equal to the

classic functlomgn() For this we impose that the The used pump serves to transmit the kinetic enefgy
corrective term is "active” only if the conditian—%; = 0 the motor to the fluid [5].

forj=1, 2, ..., i-1 is verified.

There is a choice of; Such as the state of the observer

X converges at a finished time to the statdf the system

(3]



4.1. SYSTEM MODEL IN THE STATE SPACE Finally, the mathematical model of the system is th
following one:

an

If we rewrite this system so as to make appear the
The motor vector of state, we obtain the shape given by theagon
(16) where we pose, = w as an output of the system.

The converter

Fig.2. System model of pumping

561 = X2
The electric equations of the converter are: Xy = X3
di X3 =Xy (18)
L -
La=-V+uk (12) Xq = f (1, %3, %3, %4) + gu
And With:
c¥—i_ i (13) [y, %2, %3,64) = —(ayx; + ax; + azxs + aux,
dt +ag1%,2 + Appxy? + QppX1 X,
With u designs the cyclic report of the converter which + A13%1 X3 + 14X X4 + Ay3X5X3)
can takes values between 0 and 1. And g = bE
The electric equation of the motor is: The coefficients jpare deduced and calculated from the
. di i i :
V=R,i,+ me+ K,w (14) following equations:
With: a = jCL—Lm(KEKm + Rm Bm) (19)
K,w : Mains the counter-electromotive force of the p ,1 1 R
a, = _m<_ _) _—m (20)
motor. 27 ¢ \Ly, L) CLLy
w : Designs the rotation speed of the motor in rad/s. 1 1,1 1
) ag =_—(Kel(m+RmBm)+—(—+—) 21D
K,: Designs the constant of the counter-electromotive JLm C\Lp L
force in V/rad/s. B,  Rnm
ay = — + L_ (22)
L.,: Designs the inductance of the armature. J m
. . Ry K,
R,, : Designs the resistance of the armature. a5 =},C'Z—LT (23)
m
The centrifugal pgmp sets against the motor atiegis ~ ZKT( 1 N 1) y
couple of the shape: w2 =\t (24)
C, = K.w? (15) = 2R, K, @5)
With: K, Designs the Coefficient of proportionality in BT jlm
N.m/(rad /) 2K, 26)
. . . A4 = — 26
The dynamic equation of the electric system motor- J
ump is: 2R K,
P s A2 = jzn . 27)
j = = —Byw + Kpiym — K,w? (16) m
dat 6K, (28)
" a3 = —
With: BT
j: Designs the inertia constant of the group motor-  Kp
bh=—"— (29)
pump expressed ikg.n’ JCLL,
B,,: Designs the coefficient of rubbing expressed in
(N.m/ rd).
K,,: Designs the constant of the electric couple in
(N.m/A).

K, i, : Designs the electric couple of the motor.



The nominal parameters of the model are the foho 4.4. SIMULATION RESULTS:

ones [5] The simulation under matl/ Simulink gave the

A motor of type: DC motor direct drive brushed t:  following results:
828500, of diameter 42mmna of power i

P = 42W,V, = 12V, i, = 4.254,w, = 324.47rad/s

0&F

Ly, = 0.0275H, R,,, = 0.841Q,E = 24V et
j=0.14.10"*(Kgm?), K, = 0.0275(V/rad/s), ’
K, = 2.541(N.m/A), B,, = 4.499.1075(N.m/rad). sl

Static converterl = 75mH, C = 70mF
Centrifugal pump: Py = 3.2KW, w, = 324.47rad/s

K, = 9.5113.107N. m/(rad/s)? Time (s)
4.2. CONSTRUCTION OF THE SLIDING MODE OBSERVER Fig.3.@bservation errce (t)
For the model of the system studied the sliding & 05
observer whichmakes the observed errors converge
zero at finished time can be written as follo' ety |
(%, =2, + A;sign, (x; — %;)
5‘;2 = 5‘;3 + Azségnz(%z - 55/:2) (30) 08¢
X3 = X4 + Azsigns (X3 — %3)
kf&l- = f(xl'fz'f3lf4) + gu + A4sign(f4 - J?4-) g 2 4 6 8 0 12 14 16 18 ™
Time (s)
Fig.3.l0bservation erroe, (t)
X =X+ Aim1SigNmoy (Xi—1 — %i_1) (31)
1
With: i = 2,3,4.
signm,y designsthe continuous apprimation of the & (1)

function sign as for example:

. = o 2, o
SigNmoy (Xi—y — %i-1) = arctyg [; (Xi—1 — xi—l)] (32)

4.3. THE OBSERVER CONVERGENCE

Thedynamic of the error of observation

(€1 = e, — Aysign(x; — £y) Time (s
é, = e3 — A,sign(x, — X,)
{ e‘j = ei - lzsign(xz - ,ez) (33) Fig.3.@bservation errae; (t)
€y = [y, %023, %4) — [y, X3, %3, %) — AuSign(Xy — £4) i
By the choice of A; > |e;lmax We obtain the b
convergence of, to zero after the timt,. e (t) o
After the timet,, the state reaches the surface sm}

sliding and on this surface we hawg:=¢é; =0 Then
we haver, = x,.

-1000

-1500 H

In the same way: il
By the choice of A, > |e3lme We obtain the B
convergence of, to zero after the timt,.
. . Ti
By the choice of A; > |eslmex We oObtain the ime (s)
convergence of; to zero after the time;. Fig.3.dDbservation errce,

By the choice of1, > 0 we obtain the convergence

: Fig.30bservation errors
e, to zero after the time,.



On the figure 3, we can visualize the greatnesktd®e
errors which converge all to zero.

The results of the simulation can inform us on
timest, = 0,t, = 2s,t; = 2.4s,t, = 2.8s from which
the observer converges. The maximum of these times
corresponds to the necessary time of convergendbeof
system.

These results obtained show also the efficiencythad
robustness of the sliding mode triangular obseapgptied
to the pumping system.

5. GENERAL CONCLUSION

In this work, we are interested to the realizataina
sliding mode triangular observer to determine tieatinic
of the errors of observation for a system of purgpin

The results of simulation show the efficiency ahd t
robustness of such observer.

We can add to these advantages the cost that we can
win for systems where the sensors are very expensiv
report to the integration of a sliding mode observe

The sliding mode observer is not applicable onlyten
triangular systems because we can apply it alsaher
other types of systems and that will make the dhjeof
our next works.
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