EXp. 1:
Time response of first order system
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Response of input system
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Fig. 1.12  The response to an input
for a kettle system




Response of input system

Systems according to order are divided into :
First order second order and so on

First order system
consider a system where the relationship between the input and
the output is in the form of first-order differential equation



Transfer Function :

A transfer function (TF) is a mathematical relationship between the input and out-
put of a control system component. Specifically, the transfer function is defined as the
output divided by the input, expressed as

= DU[”U[ (1])

input



Control unit

Feedback

*The set point is a
voltage that represents 30°

(b) A simple closed-loop position system (Example 1.2)

EXAMPLE 1.3

A potentiometer is used as a position sensor [see Figure 1.3(b)]. The pot 1s
configured in such a way that 0° of rotation yields 0 V and 300° yields 10 V.
Find the transfer function of the pot.

SOLUTION

The transfer function is output divided by input. In this case, the input to the
pot is “position in degrees,” and output is volts:

output 10V
~ input ~ 300°

= 0.0333 V/deg
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Open and a closed loop system

Fig. 1.8  Healing a room:
(a) an open-loop system,
(b) a closed-loop system
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open loop system o G(s)

Where the total transfer function = T(s) = =
( ) 1+open loop system=feedback signal 1+G(s)*H(s)

The error signal can be calculated using the following expression

Error = input — output = input — transfer function *input =input*[1- transfer function] =R(s)[1-T(s)]



The common input type used in control system

Input type Time domain Laplace domain
Impulse input delta(t) 1
Step input A A
S
Ramp input A*t A
G2
Parabolic input A*th2 A
E

**since A is a constant represent the input value




Systems according to order are dived in to:

First order system, second order system, third order system, efc........

K . . . .
G(s) = o1 (the general form for the transfer function of the First Order System)
Where **K = gain = % **1 = time constant

C(s)  output
R(=) input

Transfer function = G(s) =

For step input with value A

C(s)=G(s)*R(s) = T*;l * % (Laplace response equation)
T
Clt)=K=A(1l—¢e 1) (Time response equation)

E(t) = input —output = A — C(t)  (error signal)
C(t)
C(t)% = — *100% (output percentage value)

E(t)%= %’*‘ 100% (error percentage value)



First order system

R(S)

TS+ 1

T.F=C(S) / R(S) =

TS+ 1

Y

C(S)




The output response for First Order System is shown below:
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Mathematical modeling for First Order System:

Example: Resistor & Capacitor at Series

Vin

I.
R -

i— Vour
C

I

-Vin +Ig * R+ V=0 (Kirchhoft Voltage Loop )

= = * E
lg = lc=C "
_vin+ C*R*dic 1""'Irizn.Lt =0

But Vo= Vo and 2 _ S
dt

“Vin(s) + C*R*S*V u(5) - Vou(s) =0 (transfer to Laplace domain)

Vout(s)
Vin(s) R+Cx5+1

(transfer function)



In a previous example if all are equal 1 Mega ohm and capacitor equal 1 microfarad and Vin is step input =5
volt ,find the transfer function ?




Vout(s) 1
Vin(s) R+xC*S+

- (transfer function)

TF= !

B 1maga ohm x1 microfarad+S+1

TF=
1+xS+1




1.steady state value (Yss) which is the final value that
the system reach and still on

2.find the time constant (1)

Time constant = the value of time that the response reach 0.632 from its final value (Yss)

3. find the settling time (Ts) at 5%

Settling time at 5% = the value of time that the response reach 0.95 from its final value (Yss)



