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This week’s agenda

O Obtaining Tre

© Block Diagrams

O An Introduction to Stability for
Transfer Functions

© Concept of Feedback and Closed Loop /

© Basic Control Actions, P-I-D Effects /



P-2 Linear Differential Equations

® To be able to analyze tt
Finally, to be able to design a controller

® Mo¢
goa

el may depend on your perspective and the
s of the design

® Sim

vlicity versus Accuracy tradeoff arises
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The system is if the principle of
applies




Linear Time Invariant (LTI) Systems
Linear Time Varying (LTV) Systems

A differential equation is linear if the coefficients
are constants or functions only of the independent
variable (e.g. time below).

d2x(t) = ) +bx(t)+c

dr* dt
xX(t)y=ax(t)+bx(t)+c

x(t)=a(t)x(t)+ b(t)x(t)+ c(¢)




Nonlinear Systems

A system is nonlinear if the principle of
superposition does not apply

5c'++x = Asinmt

5c'+5c+x+@
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Linearization of z=f (x)

e Consider z=f (x) is the system

® (Xy,Zy) is the operating point

e Perform Taylor series expansion around the
operating point

Only if these terms
are negligibly small

2
2= f) + - (x- xo>+§d




Linearization of z=f (x,y)

e Consider z=f (x,y) is the system

® (Xy,Yo:Zo) IS the operating point

e Perform Taylor series expansion around the
operating point

Only if these terms
are negligibly small
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Consider the system, whose dynamics is given by
the following differential equation

agx™® +ax" V1. va _x+ax

= bu'™ +bu ™V +. b _u+bu

where, X is the output, u is the input



Assume all initial conditions are zero and take the
Laplace transform. Remember

L1 (00) = 5F ()~ O

ags" X (s)+as" X (s)+-+a,_1sX(s)+a,X(s) %

= bys™U(s) + bys™ U(s) +---+b,,_1sU(s)+ b, U(s)



We get

. +---+an_1S+an)X(S)

(aosn +aps"”

= (bosm £ bys™ L et b, g9+ bm)U(s)

X(s) bos" +bys" T 4ot by, 15+,

U(S) aoSn + alsn_l +---ta, 1St+a,

Transfer function is G(s)




Note that while studying with transfer

functions all initial conditions are assumed
to be zero

What does a transfer functic

4



Transfer function (TF)

X(s) bys" +bys" 4ot by 15+ b,

U(s) n n—1 =G(s)
(S) aps +a;s +---ta, 1St+a,

e TF states the relation between input and output

® TF is a property of system, no matter what the input is

® TF does not tell anything about the structure of the
system

® TF enables us to understand the behavior of the
system

® TF can be found experimentally by studying the
response of the system for various inputs

e TF is the Laplace transform of g(t), the impulse
response of the system

/




Transfer function (TF)

X(s) bys" +bys" 4ot by 15+ b,

: = G(s)

U(s) ays" +apis" " +-+a, (s+a
0 1 n—1 n

® Above TF, i.e. G(s), is n!" order
® \We assume that n>m
e If a,=1, the denominator polynomial is said to be /

Monic

e If by,=1, the numerator polynomial is said to be
monic



Tools we will mainly use (Matlab-Simulink)

File Edit View Simulation Format Tools

jplzmslimelac]r = |®

Sine Wave

I > (s+2)

(s+4)(s+1)
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Transfer Fcn




Consider

_NG) _ o™ +biS™ et by, > Numermer

1'(s)

- - -1
D(s) s" +611Sn +-:-+4ad, — Denominator
Rewrite this as

the




Stability in terms of TF poles




What is the meaning of this?
Poles with zero imaginary parts




What is the meaning of this?
Poles with nonzero imaginary parts




What is the meaning of this?
Poles on the imaginary axis

Neither stable nor unstable



A TF is said to be stable if all the roots of
the denominator have negative real parts

Poles determine the stability of a TF

be stable or unstable as well,
is determined



[~ feedbackios op
FEle Edt View Simulstion Fomat Tools
ozas|smB[2c|> =&

Error Signal Control Signal

; e(t u(t
Commz-:?tc)i Signal A (t) > c(s) (t) > PIanty (?)utput

Controller

Observer

Feedback Signal

F(s)
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1+ P(s)C(s)F(s)

Y(s)  P(9)C(s)
R(s) 14 P(s)C(s)F(s)
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What are the advantages of feedback?

Disturbance
d(t)

Error Signal
Command Signal e(t) . Plant Output
r(t) G >y

Controller

Observer

Feedback Signal

F(s)

Yr(s) _ P()C()
R(s) 1+ P(s)C(s)F(s)

Yp(s) _ P(s)
D(s) 1+ P(s)C(s)F(s)

Tr(s)=
) 7 (5) = Yp(s) + ¥ (s)

Ip(s)=




F feedbackloop_disturbance
File Edit View Simulation Fomat Tools

[slzaals=e=z]r «®

Disturbance
d(t)

Error Signal

Command Signal e(t) . Plant Output
r(t) G >y

Controller

Observer

Feedback Signal

F(s)

()
1+ P(s)C(s)F(s)

Y (s)

[C(s)R(s) + D(s)]




reye PO
1+ P(s)C(s)F(s)

[C(s)R(s) + D(s)]

Yp(s) <0
| C($)E(s) >>1 - D(s)
| P(s)C(s)E(s)[>> 1 Yr(s) 1
R(s)  I(s)

Effect of disturbance is
suppressed considerably

Variations on P(s) and C(s) do not /

affect the closed loop TF. Think about
the case when F(s)=1




