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Abstract—This paper deals with Fault Detection Identification system component, hence we solve the problem of residual
and Isolation (FDII) in actuators and system (component) applied generation. Simulation results are reported throughout. Finally
to a Semi Continuous Stirred Tank Reactor(SCSTR). some remarks are given.

The proposed FDII is based on high gain observers, for detecting
faults of actuators and system component. This algorithm has the
advantage of detecting multiple faults simultaneously. The ob-
server is constructed from a sub-model, the number of observers
is related by number of actuator or/and system component how
we want estimate. The signals used in our study derived from a
real system. N L )

Index Terms—: Actuator and system fault detection, fault In the reactor shown in Fig.1, the esterification reaction of

identification and isolation, high gain observer, chemical reactor. the fatty acids presents in the olive oil waste is formulated by

equation (1).

Il. SYSTEM DESCRIPTION

I. INTRODUCTION

This paper present Fault Detection ldentification and Iso- RCOsH + C3HsOH = RCO5CsHs + HsO (1)
lation (FDII) in actuators and system component applied to
a (SCSTR). The study of FDI for nonlinear systems is ver ] ] ]
important in practical applications, because many industriﬁ1e model obtained from the material and energy balances is

processes are nonlinear nature and consequently have a f§ed on the following assumptions:

linear mathematical model. « the reaction mixture is assumed to be perfectly stirred,
Among the different methods of FDI, there are two ap- , the thermodynamic equilibrium at the liquid-vapor inter-
proaches: face is reached and is described by the Raoult law,

« based data analysis: neural networks, fuzzy logic (quali-. saturation vapor pressure of the different compounds are
tative methods) and expert system (quantitative method) described by Antoine equation,
etc ..

o model-based : for example the fault tree (quantita-
tive method)[10], [17] or else Analytical Redundancy
Relations (ARR), filtering and Observers (qualitative < |
methods)[16].

The observer-based FDI is the most extensively studied

technique [18], [5], [15], [12], [9], [3], [6], [19], [11] and [7]. ¥

Indeed, with this technique, not only the fault can be detected 1

and isolated but also it can be identified. S ®) T,

C.V.T,

This paper is organized as follows; in section Il, we describe I
the model of the reactor. In section lll, a high gain observer

is constructed for estimating the evolution of actuators and/or

Fig. 1. Schema of the chemical reactor
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lv

lv
The system model is given by [4] : —5-(CF = 2-Cy) + uir
Fl'u lv
e (O %“c,-) - Bl - %c,-) +ur, i=1.4 with f(z) = Pl AR b
T p \gcv pC + VpC (T T>
AV _ Fept _ FUp — 2Ty — A (T, - T0)
dt p p ce 0° C
V V_p [ 0
dT, ee e AH, AH P_e 0
dt V{jﬂ (CT CpTy) — F %vc — 70, g(x) = P 0
+ VpCy (T; = T) vpc (C T - GpTy) F;
0 vj
dT; F; i
= (T~ T) - oY (T; - T,)

(2)
With Cy, O, C3 and C4 are respectively the concentrationl'he state variables are
of the fatty acids (oleic acid), ethanol, water and esté¥s, 1,2, x3 andz, : Concentrations of fatty acid, alcohol, ester
is the input flow rate F'* is the vaporization flow ratey is and water(mol/I),
the liquid phase volume in the reactdt, is the temperature x5 : Liquid volume in the reactofl),

of the reaction mixture and} is the jacket temperature. z¢ and z7 : Sensed output temperature of reaction mixture
The reaction rate is given by [8]: and Jacketk).

r = (a + bCeqt) exp C105 The control variables are

with @ and b are constants. u = F° : Feed flow rate(l/mn),

C..: the catalysor concentration, defined as;; * meq, 2= 1j - Coolant temperaturek).
With au is its activity and me is its mass, with With

P p n T—
a = 1.15 m3/mol/s, b = 0.579 m?3/mol/s x (1/megqH™), reR", state vectow —[01“4, vV, T]
Geat = 3.2 aNdMeqr = 10 g. ueR™, control vectoru”=[F©, 17

The concentration of the different components in the liquid€®?» output vectory™=[C1, V, T, T;]
film are calculated from the following relations by:

o A. Actuator fault detection and fault estimation

Ci =y — ;
o yiM; The table below present possible faults that can be brought
‘ about in the process.
with The fault has to be modeled properly and then included in the
. PTG . 5, model equations.
Yi=7p SNC; n (P 7'))_0”_Tr+~yi Fault Group
i fri Actuator fault
and fre Actuator fault
P yi ML fce | Component fault
DO L fr, | Component fauli
' fo Sensor fault
The coefficientsa;, 3; and~; used from [14]. fv Sensor fault
fr, Sensor fault
The parameterF'* plays an important role in the plant I Sensor fault

behavior since it is present in the chemical and thermodynamic
aspect, for more details of the parameter synthesis and the
experimental validation see [4] and [1]. This work is dedicated to actuator and system (component)
fault detection and identification and their isolation.
We present a study of two cases, the first case we will
[1l. HIGH-GAIN OBSERVER FOR NONLINEAR SYSTEMS  consider only the actuators faults, in the second case we will
FAULT DETECTION AND DIAGNOSIS INSCSTR present an actuator fault and system fault.

TABLE I: possible faults in the process

The esterification plant can now be described by the fol-

: L Considering the new system (4); two new states were added
lowing equations:

over the original system, these states ate = F°¢ and
i = f(z) + g(z)u x9 = T}, increasing the model with two actuators, in order
(3) to estimate the variations and fluctuations of the control and
y = h(zx) to detect fault.
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With £3 ande4 nearly to zero.

. plvo Pl e p° Ul P
&y = ——(a] — 5a) tvir + (af — Sa) ok, i=1.4 - ; i
. ;i?ul()m pe’) ) ( o i) The first sub-model is presented by»; (10) and his
s =——p— + 5w . observer presented by, (11).
. _UA wp’ AH, AH
T = 2Cozs (CC? - l‘(y) - F %—prs -T 2C T _ et (CeTe _CT ) _ Fl'uﬂl_v AH, TATH
Ml p° cere — C r VpCyp p=r p-r p VCp pCp
+pC, s ( prr Px6)u1 S. UA
L FP UA Fj 21 +—VpCp (T] — Tf)
b1 = =y = v (@~ ) + yue e =0
rg = €1 (]_0)
Tg =€ & ve 7 v p'” AH, AH
9= €2 @ T, = v (CyT = CpTy) = F %—VCP e
i - .
With &, ande, nearly to zero. Sauq v (T = 1) + Gy, * (T = 17)
o Fe = Gag,, * (T, ~ T,)
The advantage of using diagnosis based observer that (11)

the fault will be detected and identified at the same time.  The second sub-model is presented $y (12) and his
A bank ofi high gain observers will be designed for the faulbbserver presented bs, (13).

detection and identification. The high gain observer's number . Fy o UA
is equal to the number of the system actuators2ién our 522{ Ty =9 (17 =T)) = v 00,1 = T7) (12)
exampleF¢ = u; and T; = us. F; =0
The first sub-model is presented By, (5) and his observer . P . .
presented by51; (6). S { Ty = v (T} =15) = v 500, (15 = Tr) + Gy, * (15 = 1)
Ty = $8(CoTy = CpTy) — FIV Ll — 8l Fy = Gag x (1 = 1)
S A (7T ’ ? . . (13)
1 e +0VpCp( J r wheref,,,,, > 0 is the tuning parameter of the observer:
)
) = 5ﬂg (CyTy - c,T,) — Fl%ﬁ_gf —ragl Ge,,,, = { g;‘jm ] = { 2993::;” ] , forn,m=1.2
S11 o (T = 1)) + G, + (T, = T) o

. . n present the case and present the sub-model.
F¢ = Gag,, * (T — 1)) .
(6) C. Residual generator
The second sub-model is presentedshy (7) and his observer  Fault detection is based on generating a residual comparing
presented bys1, (8). the measurements of physical system variables with their
estimation provided by the observer, in the first case :

f Fj (i UA
5, L= 1) = v (1 =T @ )
Ti=0 Ry = ‘F _ e (14)
P Eipi UA (7 ;
1o { Ty = g (I} = 1)) = v (1 = Tr) + Goy, + (T; — T R = |7t _ 5)
Tj = Gag,, = (T; — T}) r
(8) In the second case we present :
B. Actuator and system fault detection and fault estimation Ry — ‘ e _ fe (16)
We apply the same technique presented above, considering
the new system (9); two new states were added over thed )
original system, these states are = F¢ and 29 = F;, Ry = |F; — F (17)

increasing the model with one actuator and one componenbnce the residual

system, in order to estimate their variations and to detect fault is generated and evaluated, it be
y ’ cOompared with the limit value called the threshold. If the

residual deviates from the threshold, a fault is declared as

ii=—E (a7 — ’)LTU%) +vpr+ (f — L)%, i = 1. 4letectedR > Th else it is a normal behavior.

T = —F—h;,ﬁ + %Eln

. UA lvp'” AH, AH

My 6 = ﬂiﬁ(we_ 3:6) G TG, We are interested only for a fixed threshold and not to

RayTeRrs (CpTY = Cpxg)u an adaptive threshold because the faults are assumed to be

o %(ug —x7) — %(m — x¢) deterministic. Assuming that the noise has a zero mean, the

ig = €3 residual has a time varying mean contributed entirely by the

X9 = &4 faults. As the noise is assumed to be stochastic and the faults

(9) not, the variance of the residual is due to the failure [13].
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IV. RESULT AND DISCUSSION x107

This detection method will be applied to a SCSTR, two ca: Jal —_ si |
will be presented: ' co- Th

1) 1%t case :: Actuators defaults 2f
Two scenarios possible is presented in this case [2], in the fi
introducing only one actuator fault, while in the second w
introduce two faults that affects both actuators simultaneous

The first scenario:
In Fig.2 we present a simple actuator fault that affec

) A i . ) . 0 50 100 150
T} = uy, which presents the identification of the actuator i t(mn)
the fault exists, in the case of Fig.2b, even in cases where (a) ResidualR; : normal behavior
there is no fault (Fig.2a). .
5
40
35 r— RZ
420 T T [ === ThZ
30
400
25
380
il 17
360 .' 15| ]
— T
340 .‘l': : T]_r: or
— b e el e o2 ]
3207:: : T]
:: : T % 50 100 150
30001y ' t(mn)
1
2801 T, oo 0 (b) ResidualR;:fault detection

eft(mn) . . .
I ) Fig. 3: Residuals evaluation
(a) Identification of1** aduator F¢ without fault

x10°

25

been considered with initial conditions given by,: = 294 K,
Fe=01/mn, T, =284 K and F’®* = 0 [/mn, also for the
systemS;, and the observeﬁu, we poseTl; = 294.7 K,
Ti =290 K, T; = 294.7 K andT} = 290 K.

Then, first observer has been tuned wiih = 3, the second

1.5

0.5

o

L T - - The §econd scenario: _

t(mn) In this case we present a simultaneous faults. Indeed, we
(b) Identification of2°? aduator 7} with fault and its comparisonW',II present two actuators faults™ = u; the flow rate and
without fault T} = uy coolant temperature, the second fault is the same
as the first scenario, the first fault is added, it is a flow rate
fault, which is total for one minute (total closing of the valve)

. L and a loss of efficiency that reach&¥%, Fig.4 presents fault
In Fig.3, the fault detection is presented, here we Chosed@tection.

partial abrupt fault, varies betweel9% and15% and which | jaeq fromtge; = 66 min, the two residues leave zero and

presents in particular the loss of efficienc;y O,f the actuator, &eeeds the fixed threshold, in Fig.5 the estimation of two
tacy = 66 min the fault can be detected in Fig.3b. ;,1ts using the high gain observer is presented.
By implementing the bank of observers, it is possible to

cr;lculate_dthe different residual sefts. 4 simu v i Ve Present in Fig.6 some fault effect on different states.
The residues generation is performed simultaneously Wiltyeeq the actuators faults can touch the temperature of the
the fault identification. It suffices to calculate the residual; tion mixturer. and the jacket temperatuf®. Thus the

A , :
R = |u; — . rge of reaction, so the consumption of the fatty acigd

In fact th? residue is not zero,. and it excegd; the thresh g.6b) and of course the production time of the ester (Fig.6c).
value set in advance and the failure actuator is isolated. While

Ry is almost zero presents a normal behavior (Fig.3a).
For the simulations, the systeff}; and the observe$,;, has

Fig. 2: Identification for actuators (single fault)
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Fig. 4: Identification for actuators faults (Simultaneous fault:
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Fig. 5: Residuals evaluation
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(b) Evolution of fatty acid concentration without and with fault

x10°
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151

0.5

(c) Reaction rate affected by the fault

Fig. 6: Faults effects

2) 2°¢ case :: Actuator and component system default
In this part we present a simultaneous faults, we will present
one actuator faul¥'© = u; the flow rate and one component
system faultF; heat transfer fluid flow.
From tgey = 52 min until t4.; = 105 min we detect a
simultaneous abrupt fault, the first is a flow rate fault, which
is total for one minute (total closing of the valve) and a loss
of efficiency that reached0%, Fig.7a. The second it is a
fault from the pump for heat transfer fluid, a closure and a
complete opening presented in Fig.7b.
Indeed the two residues leave zero and exceeds the fixed
threshold, in Fig.8 the residuals evaluation is presented.
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__For the simulations, the systerf;; ard the observer o016
S21 has been considered with inAitiaI conditions givel sonal =
by : T, = 294 K, F¢ = 0 l/mn, T, = 289.5 K and ' . Th
0.012 - hlf
For the systents; and the observes,,, we posel; =294 K, oot
Fi =16.6 l/mn, T; =289.5 K and FV = 15.5 [ /mn. 00081
Then, the first observer has been tuned with = 5, the 0.006 —
second withfy, = 27. 0.004|
3 00 50 160 * 150
x 10 t(mn)
] (a) ResidualR; : fault detection
| = r —vl
—— I 14 ’1 --- Thy||
mmmmm F 12}
£ | 10
J il
o 50 t(mn) 100 150 A - _ S RN
(a) Identification of the actuatof™® with fault and its comparisor “ ‘ \\

without fault

20

15

10

(Ifmn)

Il

|

ﬁ —F -

""Eid

! u |

o 50

(b) Identification of the component syste; with fault and its

comparison without fault

100 150
t(mn)

Fig. 7: Identification for Simultaneous faults

t(mn)
(b) ResidualR; : fault detection

Fig. 8: Residuals evaluation

Finally we present in Fig.9 the fault effect on different
states of esterification, to show the necessity of diagnosis
for this process. Indeed, the actuator and component system
can touch the temperature of the reaction mixtie and
the jacket temperatur@;. Thus the rate of reaction, so the
consumption of the fatty acid’; and the production time of
the ester, Fig.9b and Fig.9c, like the first case, effects are
presented in two different ways.
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(c) Reaction rate affected by the fault

Fig. 9: Faults effects

V. CONCLUSION

150
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(18]
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(17]

A high gain observer designed for fault detection and®l

estimation has been proposed in this paper. The FDII sche

observer. Good results were obtained, at the detection and
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