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Transient Response Analysis
Second Order Systems
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Transient Response Analysis
Second Order Systems
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1)
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1)
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1)
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1) - &~ Digression
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1) - Digression

sin(@) cos(w 4t ) + cos(8) sin(w,4t) = sin(w 47 + 6)

sin(@) =4/1- % and cos(0) =¢

el B

NN

van



Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1) - Digression
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Underdamped Case (0<(<1)
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Transient Response Analysis
Second Order Systems, R(s)=1/s
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Transient Response Analysis
Second Order Systems, R(s)=1/s
Critically Damped Case ((=1)

y()=1- e Onl _ a)nte_m”t fort >0

- _m”t(l +w,t) fort =0



Transient Response Analysis
Second Order Systems, R(s)=1/s
Overdamped Case ((>1)
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the negative real axis



Transient Response Analysis
Second Order Systems, R(s)=1/s
Overdamped Case ((>1)




As C increases, s,
determines the
response dominantly,
because it approaches
the jo axis




Transient Response Analysis
Second Order Systems, R(s)=1/s
Overdamped Case ({>>1)
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Transient Response Analysis - Definitions
Second Order Systems, R(s)=1/s
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Transient Response Analysis - Definitions
Second Order Systems, R(s)=1/s

: The time required to reach the
half of the final value. Note that delay time is the
time till first reach is observed.
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Rise Time (t,)
10% to 90% 0% to 100%




to reach the first peak of the o




Transient Response Analysis - Definitions
Second Order Systems, R(s)=1/s

: The maximum

peak value measured from the steady state value.
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Transient Response Analysis - Definitions
Second Order Systems, R(s)=1/s

: The time required for the
response to remain within a desired percentage
(2% or 5%) of the final value.

locezaa(xa /2o




In a control system, the designer may

want to observe some set of

tranS|ent response characteristics. This

ocuses on the computation of
ient response and

closed loop tre =

function

controller
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Transient Response Specifications
Second Order Systems, R(s)=1/s
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Transient Response Specifications
Second Order Systems, R(s)=1/s




Transient Response Specifications
Second Order Systems, R(s)=1/s
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Transient Response Specifications
Second Order Systems, R(s)=1/s
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Transient Response Specifications
Second Order Systems, R(s)=1/s

Note that maximum overshoot /

occurs at t=t, /




Transient Response Specifications
Second Order Systems, R(s)=1/s
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1. Set your path

) HATLAB Command Window
File Edit ¥iew Window Help

D@4 2R|o|@tE w2 |
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r- get started, type one of the
For product information, type tour

helpwin, helpdesk, or demo.
isit www.mathworks.com.

P>

6. Run Simulink
2. Enter the commands here

.




-) MATLAB Command Window s il =10] x|
File Edt View Window Help

D& 42| |[@B w2 |

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, type tour or visit www.mathworks.com.

> A=[3 7;8 14] »il’IV(A) »whA'
In - »det(A) »A(:,1)
3 7 »eig(A) »A(2,:)
o »AN 2 »diag(A) %
i »AN2 »A(1,1)*A(1,2)
»A*A »AN3
»SUmM(A) »I*A

»sum(sum(A)) »A+eye(2,2)




» Clc

» Clear

» figure

» help {keyword}

» max(A)

» min(A)

» flops

» wWho

» wWhos
in(pi/2)

» SAVe

» zeros(3,1)

» ones(2,4)

» ceil(1.34)

» floor(1.34)

» ezplot(‘sin(x)’,[0,2])




Using Matlab with Simulink
A command line demo - Step Response

—i=y

) MATLAB Command Window - =10f =101 i

File Edit View Window Help
D@ |sBR|> (@B (W2

wn =
1
> zeta = 0.9

zeta =

b num=[un”2]

1

> den = [1 2xzetaxwn wn"2]

il /
1.0000 1.8000 1.6000

> sys = tf{num,den)

Transfer function:




Using Matlab with Simulink
A command line demo - Impulse Response

=10]x]

) MATLAB Command Window
File Edit View ‘Window Help

D&|éBRR|o (@B e

8.9008
5> num=[wn~2]
num =

1

> den = [1 2xzetaxwn wn"2]

den =
1.0000 1.80600 1.06600
>> sys = tf(num,den)

Transfer function:




»help toolbox/control

Type
To see elementary matrix operators

and related tools /



Using Matlab with Simu.lili'l.(.
Simulink

=] Simulink Library Browset

= | Simulink
-2 Continuous
B @ Derivative
@ Integrator
@ Memory
@ State-Space
@ Transfer Fcn
@ Transport Delay
@ Variable Transport Delay
@ ZeroPole
- 2 Discrete
23| Functions & Tables
-2+ Math
2+ Nonlinear
- 2] Signals & Systems
2 Sinks
@ Display
@ Scope
S @ Stop Simulation
@ ToFile
@ ToWorkspace
@ XY Graph
-2 Sources
Band-Limited White Noise
Chirp Signal
Clock
Constant
Digital Clock
Discrete Pulse Generator
From Workspace
From File
Pulse Generator
Ramp
Fandom Number
Repeating Sequence
Signal Generator
Sine Wave
Step
Uniform Random Number
B Communications Blockset
B Control System Toolbox
B DSP Blockset
B Fuzzy Logic Toolbox
B8/ NCD Blockset
B Neuwral Network Blockset
B Stateflow
Simulink Extras
B System ID Blocks
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This is the ‘simulink3" library




=] Simulink Library Browset

Using Matlab with Simulink
Simulink

@ Transport Delay
@ Variable Transport Delay

F"unlitled"
Edit Yiew Simulation Format: Tools

f
eS| saa ||y =« | &

@ Stop Simulation
@ ToFile
@ ToWorkspace
@ XY Graph
2 Sources
@ Band-Limited White Noise

/A :
\ s

Sine Wave Integrator Scope

& Discrete Pulse Generator
6 From Workspace
& FromFile
@ Pulse Generator
& Ramp
& Random Number
@ Repeating Sequence
@ Signal Generator
: @ Sine Wave
@ Step
@ Uniform Random Number
B Communications Blockset
B Control System Toolbox
B DSP Blockset
B Fuzzy Logic Toolbox
B8/ NCD Blockset
B Neuwral Network Blockset
Stateflow
Simulink Extras
B System ID Blocks
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This is the ‘simulink3" library




P-4 Steady State Errors

i Steady state response is the manner in
vhich the system output behaves as time
5 infini

—_. This is the steady
state value




Steady state
response
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to their abili

_ ] We will analyze the steady state error for
certain types of inputs, such as step, ramp
or parabolic commands.

__] Most input signals can be written as /
combinations of these signals, so the
classification is reasonable.



Steady State Errors

__| Whether a given control system will exhibit
steady state error for a given type of input
depends on the of transfer
function of the system.

] of transfer function is the

number of integrators contained. /
G5 =2 /
S+a1)(s+a2)-~(s+a /




Steady State Errors

K(s+b)(s+by)(s+b,)
sNs+a))(s+ay)-(s+a,)
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Steady State Errors

lim e(r) = lim sE(s) = lim — &)
€.co = 11N € = 11m SZ4(5)= 1m
gl e s—0 s—01+G(s)

Final Value Theorem



E}exampleZ_ppZS?
File: Edit View Simulation Format Tools

D s@&| s o |

Y(s)
ol velocity and accele

———— outputs

‘o




Steady State Errors
Static Position/Velocity/Acceleration
Error Constants

p=lmG6)=GO0) =17

K, = lim sG(s)

s—>0

K, = lim s°G(s)

s—>0




Steady State Errors

Static Position/Velocity/Acceleration
Error Constants

Step Input | Ramp Input Acceleration Input




We analyzed the characteristics of the
response of the closed loop system. In any

ical design, you will have a number of
vhich may |mpose




K,

HiA) = & s(s+b) s+ K>

. Open Loop _
() Transfer Funct



Klea
s(s+b)(s+K>5)

G(s)= C'(s)

These are the specifications of the design...



An Example
Stability Requirement

Choose controller as ‘ C(s)=K(s+20)

200K

‘ G(5)= s(s+4)

Closed Loop T(s)= G(s) 200K

TF 1+G(s) 2 +45+200K

Open Loop TF




An Example
Steady State Error Requirement
Obtain minimum e, for ramp input

s+4 1

e..= lim sE(s) = llm—
> 550 ()= 5052 +4s +200K 50K /
Should you choose K as large as possible? /



An Example
Maximum Overshoot Requirement

Closed Loop T(s) = G(s) 200K

1+G(s)  s%+4s+200K



An Example
Justification of the Design

File Edit Yiew Simulstion Fomat Tools
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An Example
Justification of the Design

Control Signal

, : ' s ' ' :
Time(sec) Time(sec)

Control Signal

Time(sec) Time(sec)




An Example
Justification of the Design
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C(s)=K(s+20)

Open L o KK

TII:?: ()= s(s+b)(s+K5) .
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