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A CAD Algorithm for Calculation of Degrees
" of Importance of Components
in Fault-Tolerant Control Systems’
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Abstract; Failure of a component, such as a sensof of an actuator, may results in deterioration of
properties or even complete failure of a control system. Therefore, it is very important to determine ihe
degree of importance of a component in the design process of a fault-folerant control system. In thig
paper, both degrees of static and dynamic importance of a component are presented, which denote the
changed amplitude of static and dynamic properties respectively when a step change occurs in the out-
put of a component. After simulation of control systems and .computation of transfer mét,rix, a CAD
algorithm is presented , which can simultaneously compute degrees of static and dynamic importance of
r components. An example showing oomphtation of degrees of importance in a process conttrol system
is studied, and the theoretical results are vertified by experiment.
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1 Introduction ;

With the development in control theory, the improvement of control system reliability be-
comes more and more interested. The study mainly includes two categories[“ﬂ:’ 1) analysis of
the reliability of a control system; 2) design of a control system with high reliability. In a control
system, its reliability is highly related to property index. Failure of components will affect the
system perfbrmance, and may change the working state of the control system. From the view of
reliability analysis, by determining the degrees of affect of different components to behavior of
control system, it will be known what 'component is important, and the faliure of this componenf'
will have significant effect to properties of the control system. Therefore, determination of de-
grees of importance of components is important- for the design of fault-tolerant control systems
with high reliability.

Study of sensitivities of parameters has been discussed by many articles(*~1°. But, they aré
limited to small changes in parameters. For large parameter changes, the affect to properties of
control system still can not be explained. In this paper, degrees of static and dynamic importanc®
of a component are presented, and they denote the amplitude change of static and dynamic 1%
sponse respectively when a unit step input of a component is applied. In the following section ?

CAD algorithm is presented, which can compute degrees of static and dynamic importance of 7
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ponents sfmultaneously. In the third section, an example‘shows the computation of degrees of

[

[ ooporwnce of components in a process control system. The theoretical results are verified by ex-

o ﬁﬂ- t showing the effectiveness of this CAD algorithm.
ﬂmen

_For the sake of simplicity, in the later part of this paper, g; will be used to represent compo-
o q}(]__l,... .

Main Results
1 Definition: »
For a linear time-invariant controllable system
x(8) = A(g)x(t) + B(gpu, €Y
hete x»(t) ER*, uER™, AE R, BER**" with unit step input signals
m=1, E=1,-,m). ' (2)

The response of the control system is z;(¢) (¢=1, +--,n). Obviously, the unit step response of
z;(i) reflect the properties of the control system.
According to Taylor formula, when the change value of g; is 4g; ‘, then in a neighborhood of

g, there exists x®(¢), and can be formulated as

o5, (t) \dg; | Fu) 1
Azt = ( )—2 N ORI S 3
9g; I :
If ¢, denotes the time, at which the unit step response reaches its steady state, then
oz, (¢t : ;
() = const when ¢ >, €))
ag; :
, ®
and P =0 wheni> 002, 5
s :
therefore, in the notation of eq. (3), obviously
az;(t) \Ag;
Azi(t) = (——— ~)—J. (6)
an q} qj
" Th ax;(t,) . R . Aq . :
The value of qu is the changed static value of state variable z; when -q——1= 1. Obviously,
, J j
th 3.1:,-(6,) s s . T
M larger the value of _‘a?f"q" is, the more important g; is. Hence the definition of degree of
J

static importance of a component is given as follows.
Definition 1 For some componént g; in a control system, degree of static importance
' (DSI) of g¢; is defined as

DSI = (a’” (L) )/z.(t,)
ag;

S"mlal‘lly, the defination of degree of dynamic impotrtance (DDI) of a component can be given
0 the similar way.

Definition 2  For some component g; in a control system, degree of dynamic importance of
Gis defined as

3xz; (¢)

DDI = (JO = _Iq,do/( J:Wom
J
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Béfore discuss the computation of degrees of importance, one explanation must be Magy,

The degrees of importance are defined under the-supposition of unit step. input signal action; Th
reason is that the process of step:response‘is linearly related to input signals.in time-domain, Un, Qe
the action of step input signals with unit value, response of the control system can s1multane(,“s1
reflect the static and dynamic properties of the system, and also reflect the degrees of static ang
dynamic importance of components simultaneously. Ina practical system, the large changes of .

may result in the non-linearity of the system. Then the-accuracy of DDI of ¢; depends on the val '

32 (1)
3q§")

(5) are still held. ' ' o .
2.2 Algorithm

ues of (x>=>2), and DSI of .¢; can be: accuratly determined by defin‘it‘ion 1 because: (4) d

For glven unit step input signals, eq. (1) can be rewriten
£(0) = A(g)x() + w(g), o m

where w(g;) E R w; € Eb.,.uh,z— 1, ¢+ ,n: Because the control system is controllable, there

must exists a non—smgular transfer

x(t) = T(gz(®), (8)
then
() = A=) + W, (9
where
0 1 1 F 0
' 0
Z = ., ’ ) W = H
0 0 1 0
|— @&:1(q1) oo — &.(g;)] L -
For any parameter g;, following equation is obtained from eq. (8) ,
ax(t) _ I (q;) az(t) da(g;) '
—L— ¢ T(q (10)
B = ol @D 500 0
; Ix () T (g;) 3z (1) da(q;)
where € R, = egr>x, —=<€ERY, AL « Re,
N R %) © €
Obviously, if 3;) is obtained from eq. (10), the degrees of static and dynamic importance of ¢;
J . :

. ‘ I
are obtained simuitaneously. Now, for computing: a;;t) , formulas for computing (g i) % )
i , L

(q i)

T(g;) and -——’— have been introduced(®~1%,

z (1) can be directly obtained by solving eq. (9). Differentiating eq. (9) with respect to &’

a typical sensitivity model is

&\ _ =B _ an
dt( 3, ) 1 B R
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az(O)

here 2@®=[0 0 2] and =—=0, then,

' 'caﬂ pe directly obtained by the simulation of eq.

: '(11) , and ‘following results are ensured.
3z, '
— a;( d ) =z, (k= 2,%,1m),
=1 a‘lk‘l
% gj"ﬂl (=1, ,n-—-—‘ 1,j= 1,000,m).
Hir e~

(12)

In the notation of eq. (8), simulation results also
- give the step response x (). For components ¢;(j=
1, ,7), it is obvious that degrees of static and dy-
~ pamic importance of all components can be simultane-
" ously calculated by the algorithm. A flow chart of
this CAD algorithm is shown in Fig. 1.

. 3 An Example
A wéter level control experimental apparatus in
~ laboratory shown in Fig. 2 is used for vertification.
; State variable z;(k=1, 2, 3) separately denotes
, the height of levels, and the dynamic equation is

— 1,25 — 0. 73b¢, — 0. 8¢, 0. 9512¢; — 0. 808
14 0.735q:42 1+ 0. 735q:¢. 1+ 0. 735qq.

2. 3625 —1.25 0 ‘
0 0.98823 —1.17647
0.735 ‘
1+ 0. 735192
0 v, 13)

L o ]

Where (g, ¢;)=1(0.5 1.945).

‘Because 3 (¢) is an output, degrees of ’
‘Importance of two components (j=1,2) is i .

Studied. Fig. 3 shows degrees of importance of
‘both components under unit step input signal.

From Fig. 3, it is-seen that degrees of impor-

~tance of ¢ to z; are DSI=0 and DDI=0. 083

TeSpectively. This means that the failure of ¢,
Will not change the static value of z;. Because
the of dynamic importance degree of g; is also

Small, the failure of ¢, will smally affect the

computing
24 W T
3q;’ 3g;° 3g;’

a l J=j-+1 I

ag;

! simulation of eq. (9) J

l simulation of eq. (11) ]

!

. ax
computing 30,
. 3

Y

No

No

Fig.1 Flow chart of CAD algorithm for computing

degrees of

importance of 7 components

14+ P———?T—

Fig. 2 Water level control apparatus
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—
dynamic response of z3(¢). For different values of ¢;, experimental response curves are showy, in

Fig. 4. These results closely agree with the theoretical conclusion. Also from Fig. 3, it iS‘Obtajn e
that degrees of importance of ¢z to z3 are DSI=0. 6 and DDI= 0. 48 respectively. It can be seeq
that degrees of both static and dynamic importance of g, are large. Therefore, the failure qf %
will have significant affect to the properties of control system. For different ¢z, experimental Step
response curves of z3 are shown in Fig. 5. It is seen that the dynamic response s (¢) and Steady
point z; are changed largely due to the failure of ga. These experimental results conform the the,,_

retical conclusion.

9 Isi
1
t
0. 24 0. 48 1.g=0.5
I.:q=0
0 2 4 & t{min) 0.24 1=

&_’ |

—0.24 : ob—

2 4 6 t(min)
Fig. 3 Degree of importance of components ¢; Fig. 4 Experimental step response of 3 @
4 Conclusion v
A concept of degrees of static and dy- N :; 1
namic importance of component g; in control ia=1.945
system is introduced and CAD algorithm for : 1 gm0
simultaneously computing degreeé of impor-
tance of » components is developed. A process ) 0 5 ; 5 5 t(ﬂ-ﬁ;‘)
control system example shows that this Fig. 5 Experimental step response of z3(t)

method is very effective in assessing degrees of importance of a control system. However, the use
of these results in design of a fault-tolerant control system with high reliability requires further

study.
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