CONTROL SYSTEMS
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Handling the special cases
A row is entirely zero
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Handling the special cases
A row is entirely zero
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Final Remarks on Routh Criterion

Is to explain whether the
equation has roots on the right ha

__] A parameter (e.g. a gain) may change the
locations of the CL poles, and Routh criterion

lets us know for which range the CL system
is stable. /




P-3 State Space Representation and Stability

Consider the mass-spring-

mper system. Laws of
my +by+ky=u

x1 (1) = y(t)
Xy (1) = y(t) /




State Space Representation

x1 (1) = y(7)

() = $(0)




State Space Representation

X1 0 1 X 0
= +
Xy —k/m —b/m| x, 1/m




Correlation between State Space
Representations and Transfer Functions

X =Ax+ Bu
sX(s)—x(0)=AX(s)+ BU(s)
Y(s)=CX(s)+ DU(s)

X(s)=(s] — A BU(s)
Y(s)=CX(s)+ DU(s)




Correlation between State Space
Representations and Transfer Functions

X(s)=(sI - A)'BUs)| Y(5)
Y(s)=CX(s)+DU(s) | U(s)
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Time Domain
Dynamics
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x = Ax+ Bu

yv=Cx+ Du
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State Space Representation

The dynamics of the system can uniquely be
determined with the knowledge of X,(t,), X,(t,)

and U(t) fort >t

The state space is a space whose axes are th
states. For the above example, axes are x i
and x, axis.



State Space Representation

In general we have a set
of differential equations

We linearize x(t) = A()x(¢) + B(t)u(t)

them and get y(1) = C(0)x(t) + D(t)u(r) /




State Space Representation




Assume you X = Ax+ bu
given the system y=Cx+ Du
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An Example on Stability

X] = X) — X3

)272 =—X1+XZ +.7C3

Xy=ax; +Xy) — X3+ U

Determine the range of d for stabili




An Example on Stability

X] = X) — X3

)272 =—X1+XZ +.X'3

Xy=ax;+Xy) —X3+Uu

sX1(s) = X, (s)— X5(s)
sXo(8) ==X (5)+ X, (5) + X3(5)
sX3(s) = aX(s)+ Xy (s)— X3(8)+U(s)




An Example on Stability




An Example on Stability

X3(8)=X5(s)—sX(s)




An Example on Stability
sX1(s) =X (s) = X5(s)
sXo(8) ==X (8)+ Xy (s) + X3(5)
SX3(S) = aXl(S)+X2(S)—X3(S)+U(S)
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An Example on Stability
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An Example on Stability
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An Example on Stability

2—8
S3+(a—l)s—2a
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2—35

S3+(a—1)s—2a

1'(s)=

. N3 . _ No value of a can
(Jo)" +(a-D)(jo)-2a=0 lead to zero real

{3 _ Ry and imaginary
J( a” +(a 1)(1) 2a=0 parts simultaneously
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T'(s) = : 22—

s”+(a—1)s—2a
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REAL AXIS

Watch now...



This week’s agenda

O Second Order €
O Using Matlab with Simu

O Steady State Errors




P-4 Transient Response Analysis

Filew Edit Tools Window Help
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What are our needs?

We have to quantify the result with a
set of performance specifications

Edit Help
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Did it have to be the response to a step
input?

The answer is no. We select several
onable test signals to study/improve

4




What inputs are reasonable?

v Those you may encounter in the practical

mplementation of your control system
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Transient Response Analysis
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Transient Response Analysis
First Order Systems, R(s)=1/s

Unit step
response of
a first order

y(t)=1-e """, for >0 System

S s+(1/r)




Transient Response Analysis
First Order Systems, R(s)=1/s

y(it)=1-¢" =0%of y(ew)
(1) =1-¢"! % 63.2% of y(x)
V() =1-¢"? ~86.5% of y()
(t)=1-¢"> ~95.0% of ()

W(1)=1-e¢"" ~98.2%of y(x),




Transient Response Analysis
First Order Systems, R(s)=1/s2

Unit ramp response of a first order system

v(it)y=t—-t+7e ', for t=20

e(1) = r(t) — (1) = 7(1 pa T)

lim e(?) =7 = e(0)
>0




Transient Response Analysis
First Order Systems, R(s)=1/s2

Unit ramp response of a first order syste



Transient Response Analysis
First Order Systems, R(s)=1

Unit impulse response of a first order system
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