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Getting familiar with the concept of
sensitivity.

Applying sensitivity analysis to
basic components of control
systems.

Investigation of sensitivity of
control systems to parameter
variations.
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= [here are many uncertainties
encountered In the designh and
analysis of control systems.

= IN modeling and parameter selection
Imperfections and Inaccuracies
always exist.

» Parameters may also vary in time
due to age, wear, etc.
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= One of the basic design criteria for
control systems Is to minimize the
sensitivity of the response to
modelling inaccuracies and
parameter variations.

= INn control system terminology, a
system that is insensitive to external
disturbances and parameter
variations is called a robust system.

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 5




= The sensitivity function of a system is
defined as the ratio of the percentage
variation of the system transfer function,
M, to the percentage variation of a
system parameter, K.

ercentage change in M (due to a change in k)

percentage change in k
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= Consider the open loop control
system.

R(s) E C(s)

C(s)=G(s)R(s)

. Sensitivity of C(s) w.r.t. G(s)
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C(s)=G(s)R(s)

CdG GR dG

= Therefore, any change or
uncertainity in the transfer function

of the open loop system is directly
reflected in the output of the
system.
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= Consider the general (canonical) form
of the closed loop control system.

s Sensitivity of C(s) w.r.t. G(s)
s Sensitivity of C(s) w.r.t. H(s)
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s EXpress the output in terms of the input.

C(s)_  G(s) _ G(3)
R(S)  1+G(s)H(s) Il ) = T = e RS

dG(1+GH)-G(GAH+HAG) | _ dG- G%dH

R
(1+GH)

C

dC_|dG-G%dH (1+G‘Hj1_dG‘—GZdH
G JR G(1+GH)
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s Let dH=0 :

s Let dG=0:
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s If large controller gains
are chosen so that :

G(S)H(S)| >

s Then
limgp_,eSg =0

which is very good !

- C .
||mGH_)OOSH =-1

which iIs not so good !
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Therefore by choosing [HEOEIOEX"

The effects of parameter variations in
feedforward elements (i.e. the controller,
the actuator, the plant) can be suppressed.

The effects of the parameter variations in
feedback elements (sensors) cannot be
suppressed and their variations will be fully
reflected in the variation of the output.

Conclusion : Quality of a feedback control
system depends on the quality of
measurement.
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______________________________________________________________________________________________________________________________________________________________________________
s Let us determine the sensitivity of the
transfer function of the system represented

by the block diagram shown, to variations
In each of the parameters K, K,, and p.

_C(s) _ G(s)
=R~ 1+G(S)H(S)
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s Sensitivity of the transfer function w.r.t.
variations in the feedforward gain K;.
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s Sensitivity of the transfer function w.r.t.
variations in the feedback gain K.

K1 (Kq)

S(s+p+K1K2)2

s(s+p+K;1K5)

-K4K
()=
S+p+K1K2
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s Sensitivity of the transfer function w.r.t.
variations in the open loop pole p.

L KiKos | s(s+p+KiKa)

-K1 (1)

S(s+p+K;K5)

s(s+p+K;.K5)

b
S+p+K1K2
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Sk = s p kiR
It is noted that the pK Kl 2
sensitivity expressions Sl (5)=— 12
i 2 S+p+K1Ks

are in general

functions of s. Sp(s)=—
s+p+K1Ko

The steady state
sensitivities can be
obtained by letting
s=0 In those
expressions.
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= The dynamic sensitivity Is obtained by
letting

S=J®

INn the sensitivity expressions, and then

by plotting the sensitivity versus
frequency.

s It Is also possible to determine the
sensitivity of the roots of the
characteristic equation for small
variations of a parameter in a similar

manner.
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s Study Examples 7.10-7.12, and solve

Exercise 7.21 and problems 7.44-7.45 In
Nise.

Dorf & Bishop 4.8 Design Example : Mars
Rover Vehicle, pp. 212-214.
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