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Time response:
Poles, Zeros, and System Response:

A differential equation or taking the inverse Laplace transform, enable us to evaluate
this output response, these techniques are laborious and time-consuming.

The use of poles and zeros and their relationship to the time response of a system is
easy technique:

Poles of a Transfer Function

The poles of a transfer function are the values of the Laplace transform variable,

s, that cause the transfer function to become infinite or any roots of the denominator
of the transfer function that are common to roots of the numerator.

poles determine the nature of the time response:
Poles of the input function determine the form of the forced response, and poles of
the transfer function determine the form of the natural response

zeros of a transfer function
The zeros of a transfer function are (1) the values of the Laplace transform variable,
s, that cause the transfer function to become zero, or

Transfer Fonksiyonu:

Baslangig kosullari sifir kabul edilerek bir sistemin cevap fonksiyunu (¢ikisi) ile striict
fonksiyonu (giris) arasindaki Laplas transformasyonlari oranina transfer fonksiyonu
denir.

Transfer fonksiyonu sistemin dinamik karakteristiklerini tanimlar. Sistem 6zelligidir.
Sistemin fiziksel yapisi hakkinda bilgi vermez, farkli fiziksel sistemlerin transfer
fonksiyonlari ayni olabilir.

Kutuplar:

Transfer fonksiyonunun paydasinin kokleridir. Kompleks kutuplar tiim sistemin eneriji
depolama karakteristikleri ile alakali dogal frekanslarini temsil eder.

Kompleks kutuplar sistemin dogal frekanslaridir, Kompleks kutuplar sistemin degisik i¢
enerji depolama elamanlari arasinda enerjinin serbestce dolastigi dogal frekanslari
temsil eder.

Sifirlar:

Transfer fonksiyonunun payinin kékleridir. Example:

sifirlar:-1, -15 K(s+D(s+15)

s(s+3)s + 5)(5 + 8)2

G(s) =
Kutuplar:0, -3, -5, -8 (gift)
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Poles, Zeros, and Brnek: C (s) = K, N K, N K, N K,
System Response s (s +2) (s + 4) (s+5)
(Example)
Sisteminin cevabi:
c(t)y=K,+ K,e”" + K,e " + K,e™”
/ Dogal Coézim
Zorlanmis CézUm
(Example) "
Zero
G(S) s=-2 s-plane
1 el
R®=5 [s+2] C& Gis)= 8+
—_— .ST — (SJrS)\ 3P_O|_esx i

_G+) A B _25 35

C(s) = = =
(s) s(s+5) s s+5 s s+5

(s+2) 2

A= =< 2 3
(+5) o 3 c(t) ==+=e
642 ; 0 55
5+

B=""1_,"53

Input pole System zero System pole

————

i
Output | 1
transform | s s+5 : 4. Sifir hem kararl halde hem de
b s Sy gegici rejimde biiyikliigin
Qutput | 23 | dimai ol
fme | o) 2, 3@_5, : olusmasina yardimci olur.
response |_ ____ . ~ _I
I 1T 1 l G(s)
Forced response  Natural response R =5 [s+2] €

[
+
¥

1. Giris fonksiyonunun kutbu zorlanmis ¢oziimii liretir.
(Orjindeki kutup cikista birim basamak fonksiyonu
olusturdu)

2. Transfer fonksiyonunun kutbu dogal cevabi olusturur. (- __5¢
5 deki kutup e 5t yi liretti) €

3. Reel eksendeki kutup e sekilinde iistel bir cevap
tiretir, bu kutup ne kadar solda ise iistel gecici cevap 0'a o e‘“f
kadar hizl diiser
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Evaluating Response Using Poles:

The technique of using poles to obtain the form of the system response. We will learn
to write the form of the response by inspection. Each pole of the system transfer
function that is on the real axis generates an exponential response that is a
component of the natural response. The input pole generates the forced response.

Example: each system pole generates an exponential as part of the natural response.
The input's pole generates the forced response. Thus

_ 1 _ Kl K2 K3 K4
R(s)=5 . (s+3) C(s) Clol= +Is+2+s+4+5+5,
(s+2)(s+4)s+5) Forced Natural
ICSponse response

Taking the inverse Laplace transform,

C(f) = K] +K2-e‘2' + KSe“’ + K4e-$l
| 1 ]
Forced Natural

respanse respanse

poles on the real axis generate exponential responses.

PROBLEM: A system has a transfer function:
Write, the output, c(f), in general terms if the input is a unit step.

10(s + 4)(s + 6)
G+ 1) +7)(s +8)(s + 10)

G(s) =

10(s +4)(s + 6)
forced response

\ (s+1) s+<‘+8)(s+ 10\

ANSWER:  ¢c(f)= A+ Be"+Ce " + De % + Ee™

poles determine the nature of the time response: Poles of the input function
determine the form of the forced response, and poles of the transfer function
determine the form of the natural response.
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FIRST-ORDER SYSTEM First-order system = G(s) = a
without zero: (s+a)
Gls) J@
R(s) a | Cs) C(s) = a
Tl ta o s(s+a) s-plane

ct)y=c,()+c,@)=1-€"

First-order system response to a unit step: o)

. . . - - 1 -
The input pole at the origin generated the 1 Initial slope = G constant -
forced response Cf{t) = 1, and the Sys. i6 |
pole at —a, as shown in Figure, 08 //
07
generated the natural response osk 63% of final value
s (t = __e-af‘ 05 Al f = one time constant

Let us examine the significance of ﬁ:

parameter a, the only parameter needed to 02
describe the transient response. Whent=//a 0!

T T

u
(1]
re

e_a!|:=1/a = e_] =0.37 b—— 1 —

c()im1je =1 =€ "|1o1je = 1—0.37 = 0.63

Time Constant

We call I/a the time constant of the response. The time constant can be described as
the time for etal to decay to 37% of its initial value. Alternately, the time constant is
the time it takes for the step response to rise to 63% of its final value .

i) =¢, (1) +¢,()=1-¢ |

Rise Time, Tr :Rise time is defined a i)
s the time for the waveform to go
from 0.1 to 0.9 of its final value.
Rise time is found by solving Eq.
for the difference in time at
c(t)=0.9and c(t) = 0.1.

c(f)=1-¢e"

r=lfa

-]
:]_e a

=1-0.37
=0.63

ct)y=c,(D+c,()=1-¢"

;23 011 22
"7 a a a

Settling Time, Ts :Settling time is defined as the time for the response to reach, and
stay within, 2% of its final value.2 Letting c(t) = 0.98 in Eq. and solving for time, t, we
find the settling time to be 4

Ts =- c(ty=c ()+c,(H=1-e"
a




FIRST-ORDER SYSTEM: Rise time: Time for the waveform to go from 0.1 to 0.9 of its

final value. i
Step response:
» ’ _ 231 011_22
c(t)y=1—e r o a a
When eft) = 0.1: (When ¢ft) =0.9:
0.1=1-* 09=1-¢"
e =09 e =0.1
—at=In0.9=-0.105|| —ar=In0.1=-2.303
{001 {231
{1~ ! 1 :
\ a \ a
Settling time: Step response:
time for response to reach, c(t)=1-e ™™
and stay within, 2% of its
final value. Letting cft) = 0.98:
Consider a simple first-order system 098=1-¢"
Find the time, constant and value K | _-ar _ 5 [, =—
K —at=In0.02=-3.917
G(s)= - frmmm———
(s+a) : i
porE—
\ a
FIRST-ORDER SYSTEM
Output
Taput u(t) Output y(t) v(t) R
A A y(t)y=v,e "
Kr, ]
3 Yo
Time Time Time

—
¥(1)=Kr (1 e""’)/ /

y(t) = y_forced (t) + y_free (t)

Zorlanmis Gézim Dogal Cézuim

K K 1s referred to as the system |y,

-

—»

Sre:ady sl{e':alue

gain and 7 is called the time
constant for the system.

tau.s+1

Transfer Fen y= 0.63 *Kr,

2

- \ First order response

G(s)= Pole-zero foom [
s +1
Output: y(t)
pz . -, —
G. (s =—— K.=K'r.a=1/t T: time constant
p;( ) s+a Pz o / Time
0 0 20 30 40 50

60)
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Birinci Derece Sistem Cevabi ve Ozellikleri

jw Prof.Dr.Galip Cansever
G(s) Ders notlari
s-plane
Rs) [ a | C !
—
sta
y . . a
Eger R(s)=1/s birim basamak ise (C(s5) = ——
s(s+a)
c(ry=1-¢e™"
a’ ya gdre sistemi inceleyelim;
| _ _
t=—= e ,=e'=0.37
a =7

x(t)y=1-e¢™" ~

The time constant associated with this 'sys'i‘én is T =1/ a. The time constant tells how
quickly the system responds. For example, if a =1, then the system responds on the
order of t =1 second; however, if a =100, then the system responds on the order of T =
0.01 seconds. So, systems that respond quickly have large values of a, and systems

1 =1-0.37 =0.63

that respond slowly have small values of a.

Yiikselme Zamani, T,:

Yukselme zamani cevabin %10'nun dan %90'nina ulasincaya

kadar gecen sure olarak tanimlanir. —at
c(t)y=1—-e

Denkleminde ¢(t)=0.9 ve ¢(t)=0.1 zamanlarinda fark

alincak olursa 0010 — _¢ 111( 0.1)
, In( 0.9 ) a
01=1-¢ = -1, = =27)
a
T,=t,-t = 2.31 — 0.11 = 2.2 olarak bulunur.
} B a a a

Yerlesme Zamani, T.:
Yerlesme zamani cevabin %98ine ulasincaya kadar gecgen
slre olarak tanimlanir. c(t)=1- P

Denkleminde c(t)=0.98 olarak alinirsa

4

a In( 0.02 _

098 =1—-e © = —f= M T, g o©larak bulunur.
a
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Second-Order Systems: Introduction:
varying a first-order system's parameter simply changes the speed of the response,
A second-order system exhibits a wide range of responses,
changes in the parameters of a second-order system can change the form of
the response. like a first-order system, or, depending on component values, display
damped or pure oscillations for its transient response.

SECOND-ORDER SYSTEMS: Overdamped-response; Underdamped-response;

Critically damped, Undamped

e ey = 1-e"(cosVBt 45 sinvBn)
=1-1.06e~" cost/Br-19.47°)

ofn) ey =1+0.171e78% -
1L171g"1460

0.5 Overdamped- 08

3;3 Underdamped
0.2

0o 1 2 3 4 5 ' o 1 2 3 4 5 ¢

e

5 e =1-cos 3t

1

Undamped
0o 1 2 3 4 5 '

SECOND-ORDER SYSTEMS: Overdamped-response;

Asiri Soniimlii: iki kok reel eksen (izerindeyken olusan cevabdir.

G(s)
] ,
R =5 9 Cls)
—r""2 ------ - -
I |s<+9s +9 1
e _,' Roots ..
785 ~7.854 —1.146
e(®) c(=1+0.171¢ 78541 —
1 1.171¢ 1-140¢
Poles:
- O-l,'o-z

Natural response:

c(t)y=Ke ™" +K e

4

c(r) = K1e™" + Ko™
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SECOND-ORDER SYSTEMS.

Osilasyonlu Cevap: iki kok imajiner eksen lizerindeyken olusan cevabdir.

Undamped-response

If there were no damping, we would have a pure sinusoidal response. Thus, the poles would be
on the imaginary axis and the TF would have the form,

c(t) = Acos(wit — @)

s-plane

Poles: ]
T jo,

Natural response:

c(t)y=A cos(a)lt — (;5)

4

b=uw?

SECOND-ORDER SYSTEMS

c(t) = Kie ™' + Kpte™™'

Critically damped |

Jjo

G(s)
1
R(s)=75 9 | C(s)
V| 52+ 65+ !
St 6s+9 |1 Roots
l --------- J
cl(t)
c(t)y=1-3te 3 _ 73t
1 2 3 4 5 !

s-plane 4

—%—1—=o

-3

Poles:
two real at — o,

Natural response:

c(t)y=Ke ™ +K,te™

4

Kritik S6niimlii Cevap: iki kath kok reel eksen(negatif bolge)
Uzerindeyken olusan cevabdir.
damped. Critically damped responses are the fastest possible without
the overshoot that is characteristic of the underdamped response
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SECOND-ORDER SYSTEMS Underdamped-response

Jjo
Gls) s-plane X ”
1 . i
R(s) =5 9 C(s) J
I ¥ M
24 Y+ G H )
i s+2s+2 I Roots ... § .
e el =1-eYcos/81+"% sind81) e
1.4 1 —1.06e" cos(v 81— 19.47") Exponential decay generated by

real part of complex pole pair

Sinusoidal oscillation generated by
imaginary pant of complex pole pair

Soniimlii: Kompleks eslenik kékler varken olan cevabdir Poles:
Kutbun reel kismi sinlizoidalin genliginin Ustel diigiim ot jo,
frekansina denk gelirken, imajiner kismi ise sinilisoidalin

i . Natural response:
osilasyon frekansina karsilik gelir.

Siniisoidal’in frekansina séniimlii osilasyon frekansi c(t) = Ae™™" cos(a,t — ¢)
denir, wd
Asiri Sontimlii: Ozet

Kokler:-a,, -0, c(t) = K]e—ul.r " K:(,’_“-”

c(t)=K,e ™"+ K,e o
soniimlii: c(t) = Ae °#Cos (o, t — @)

Kékler:-a4 + juy

Osilasyonlu Cevap:

c(t) = ACos (@,t - @)

Kokler: j w,

Kritik Séniimlii Cevap: c(t)=K,e " + K, te "
Kékler:-o,, -0,

Category Poles c(t)

Overdamped Two real: —o1, —o» Kie 71t 4 Kpe— o2t
Underdamped Two complex: —og + jwg | Ae™79" cos(wgt — @)
Undamped Two imaginary: +jwp Acos(wnt — @)
Critically damped | Repeated real: —oy Kie 74t + Kyte 74t

15.07.2013
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Example:

Form of Underdamped Response Using Poles PROBLEM: By inspection, write the form

of the step response of the system in Fi

s = —5+j13.23,

gure

R(s) =% 200 C(s)

§2+ 10s + 200

The real part, -5, is the exponential frequency for the damping. It is also the reciprocal
of the time constant of the decay of the oscillations. The imaginary part, 13.23, is the
radian frequency for the sinusoidal oscillations.

Sisteminin birim basamak cevabini yaziniz.

Eslenik kutuplar: s, ,=-5+j13.23

c(t)=K, +e " (K,Cos (13.231)+ K,Sin (13 .23 1))

c(r)= K, + K e (Cos (13.231) — ¢)

K
¢ = tan "' (=) K,=+K,”+K,;
Kz
Examples: For each of the following o
transfer functions, write, by inspection .
, the general form of the step response: 20f e
i/
Example: .o s 1 15 2 15 3 as sl
Answers
(a) G(s) = 1L -6t
s* +125+400 (@) c(t)= A+ Be " cos(19.08f +¢)
900
b) Gs)=— _ —78.54¢ ~ —11.46¢
) <7 + 905 + 900 (b) c(t)y=A4+ Be +Ce
, 15 ~, —15
© Gsy= . 2 (©) c(ty=A+Be " +Cte™'
§”+30s+225
@  Giy=_2 (d) ()= A+ Bcos(25t+¢)
s§T+625

15.07.2013
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The General Second-Order System:

we define two physically meaningful specifications for second-order systems. These
guantities can be used to describe the characteristics of the second-order transient
response just as time constants describe the first-order system response. The two

quantities are called natural frequency and damping ratio
Natural frequency

Dogal Frekans, w,: Ikinci derece bir sistemin dogal frekansi
sistemin sénlmslz osilasyon frekansidir.

For example, the frequency of oscillation of a series RLC circuit with the resistance
shorted would be the natural frequency.

Séniim orani, {: Ustel distim frekansinin dogal frekansa
oranidir.

{= Ustel diisiim frekansi/Dogal frekans(rad/s)

{=(1/2m)(Dogal periyot/Ustel zaman sabiti)

Damping Ratio, ¢: This measures the amount of damping. For
underdamped systems ( lies in the range [0, 1]:

THE GENERAL SECOND-ORDER SYSTEM
The quantities used to describe the characteristics of the second-order transient response:

0 Natural frequency, @,
- frequency of oscillation of the system without damping.

0 Damping ratio, &

- Exponential decay frequency Consider a
Natural frequency (rad/sec) general SySth
. G(s)=— 2
_ 1 Natural period (seconds) 74| s*+as+b
27 Exponential time constant Whn

The exponential decay frequency o4 is the real-axis component of
the poles of a critically damped or underdamped system.

Natural frequency, @, is the frequency of oscillation of the system.
Pole on the jow—axis at ij«/g ,

@, = \/E - b= (1’)”2

12



Assuming an underdampled system, the complex poles have a real part,

@, equal to—a/2.

_ Exponential decay frequency O’| a2

L= _ =
’ Natural frequency (rad/sec) o, @,

THE GENERAL SECOND-ORDER SYSTE a= 2‘;—(0”

General second-order transfer function:

Gls) = —2
S)= 2 +2 + 2 (@)
s ga)ns C).u The lower the value of £, the more
18- 5 - oscillatory the response.
16 b
141
2 12
S, =—¢m, T ¢ —1 ol
08+
06
04+
02+
S S S A S R HA R
0 123 456 78 91011 121314151617

Second-arder underdamped responses for damping ratio values.

The various cases of second-order response are a function of {;
Step response Poles ¢

je

s-plane

:_.‘ i
:e =
9

=)

Undamped
Jw s-plane

Jopy1-¢2

o =
B
Q
<

t .
Underdamped X jeoy, |1

D |
II JS(
&

Q

"y

|

Critically damped

clr) Jw

Lo+, -1
s-plane

*—x% o
f g:»l

Overdamped —é'mf— w, ‘,.'gz -1

A

15.07.2013
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Ornek: . 36
G (S ) = - = ise
s +4.2s + 36
20w, =4.2 ve @, =36
472 _
”,=06 ¢ = =0.35
Genel olarak: . 2x6
- @
G (5) — - - n .
sT+ 20,5+,
ikinci derece sistemin kokleri:
Sl.: = —C_,(() n T (On C.’ -1
Example : )
Given the transfer function as below find ¢ and @,
36 o, =36 2¢m, = 4.2
G(s)=——— 4.2
s +4.2s+306 ®, =~/36=6 c= P =0.35
Ornek: R(s) 12 C(s)
—_— _ |
s2+8s+12

Sisteminin ne tlr cevabi olacagini bulunuz.
a =20m, uea)n:‘\/b_zé’: a __8
26 24/12

¢ =1.155 ¢ >1 Oldugu icin asin s6namladar

Ornek:

R(s) 16 C(s)
|l |
s24+85+16

Sisteminin ne tir cevabi olacagini bulunuz.

8:)4':1

N T3

é’ =1 Oldugu igin kritik sénimlidir | prof.Dr.Galip Cansever
Ders notlari

15.07.2013
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Given the transfer function as belo 36 m:=36
. G(S‘) - - n
find ¢ and @, . 2 A9
s +4.25+36 o, :m: 6
2c0, =42 —

o o .’

-t 035 G(s)=— n

2xm, sT+ 2w, s+ o,
G(s) = — 200 is underd d
(a) 71253200 ¢=0.3,m, =20 ;system1s underdampe
900

(b) G(s)= ¢=1.5,m, =30;systemis overdamped

57 +90s +900

1, ®, =15;systemis critically damped

ﬁ
(2]
1)
Q
~~
o
—
I
w
1]

¢=0,m, =25;systemis undamped

1.4
UNDERDAMPED SECOND-ORDER SYSTEMS l-f
0.8
0.6
0.4
0.2
1 1 1 | -
¥ General second-order systems: 0 1 2 3 4 5 !
1 ®° K K. s+ K,
Cls) =gty = ——
S s +2¢m,5+ 0, S s +20w,5+ 0,
F Expanding by partial-fraction, yields; 0 The lower the value of £, the more
1ar L9=C ascillatory the response.
c — 2
1 (.S' +am, _}+ ﬁ @, \,"1 —-g B
Cls)=—~ Ny =
s (s+co,) +o, [1 -¢?)
F Taking the inverse Laplace transform, PR e T L
_1 ]. — gt X 1 .2 =] . f 1-
ct)=1- — € COS\D, /1 —¢ 1=0] where ¢ =tan _-;/\,"1—-;'

15.07.2013
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Other parameters associated with the underdamped response are rise time, peak
time, percent overshoot, and settling time.
The specifications for under-damped second order systems are defined as follows

The time required for the waveform to go from

Settling time, T,

Rise time, Tr J 1 0.1 of the final value to 0.9 of the final value.
1 . 1 | The time required to reach the first, or maximum,
Peak time, T, peak. g
- B ~. | The amount that the waveform overshoots the
hoot steady-state, or final, value at the peak time,
AL expressed as a percentage of the steady-state
" %0S /| value.

The time required for the transient's damped
oscillations to reach and stay within £2% of the
steady-state value.

1. Tepe Siiresi, T,:

Sistem cevabinin tepe veya maksimum noktaya ulastiinda gegen
sire.

2. Asim, %0S:

Sistem cevabinin tepe veya maksimum noktasi ile kararl
haldeki degeri arasindaki farkin kararl haldeki degere oranidir.

% olarak ifade edilir.

3. Yiikselme Zamani, T,:

Sistem cevabinin %10'nun dan %90°'nina ulasincaya kadar
gecen sire olarak tanimlanir.

4.Yerlesme Zamani, T:

Sisstem cevabinin %98'ine ulasincaya kadar gecen siire olarak
tanimlanir.

Bu tip bilgiler tasarimcinin cevabin hizinin veya dogasinin sistem performansini azaltip

azaltmadigina karar vermesi agisindan énemlidir.

Ornegin bir CD okuyucusunun kafasinin bilgiyi okumak igin kararh hale gelmesi tiim

bilgisayar performansini etkiler.

15.07.2013
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Underdamped-response

clt)

/_ -
T, Tp, and T, yield

information about the
speed of the transient

A
€ max -
L.02e final \
Cfinal ____E____.f ______ \n‘\ ——————— ]
098¢ )
0.9 e V
O.1¢na -
NN T
r, o T,

response.

I

Second-order under-damped responses specifications

Underdamped-response

<
—1In(%0S/100)

Cmax.
L02¢ g
Cfinal

098¢ 50,

0.9¢ 5,4

0.1¢ a1

— T
= T =
el 2 2
« J7+n (%05/100)) N
Lol i ------------------------
z 55 ==

C, —C
%0S = 2= __fmal L 100

(i)

%0S =e =100

15.07.2013
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Evaluation of Tp
Tp is found by differentiating c(t) in Eq. and finding the first zero crossing
after t = 0. This task is simplified by "differentiating" in the frequency domain

- g .
=1 — g bt v/ 1 — L2 w1 — 2%
c(t) e (cosm V1-—tA+ msmw vV f;r)
Z(e(1)] = — “n
Ze(r)] =sC(s) = T 2t T ol

: 1, /TF

wy _ 1-¢2

Lle(t)] = =
o) (s+ o)’ + 21— ) (s+ fwn)’ + (1 - 2)
e(t) = Le"“”"'sinwn 1-1¢2 Setting the derivative
- 4-2 equal to zero yields

wpV1—t=nm f=_ "

. (I)n \/ 1 - Cz
n nin her bir degeri yerel maksimum veya

minumumu gosterir. n=0, t=0 anina karsilik gelir ve T T
egim sifirdir. n nin degeri 1 olmasi birinci tepe P
zamanina karsilik gelir. Boylece:

Asim, %0S, nin incelenmesi %08 = Mx 100
— on ) cﬁnai
_ 0
%0S=e V¢ %100 _ In(%0S /100)
J7* +10% (%05 /100)

Yerlesme Siiresi, T,, nin Incelenmesi

Yerlegsme siresini bulabilmek igin c(t) nin kararli hal ¢, dederinii
%98 sine ulastii zamani hesaplamamiz gerekir. Tanimdan

hatirlanacag lizere yerlesme slresi azalan sinusoidalin genliginin
0.02" ye ulasma suresidir. Dolayisiyla:

Damping | Normalized
ratio rise fime
ki 0l L10d4
0.2 1.203
03 1.321
26 0.4 1.463
05 1.638
06 1850

Yiikselme Siiresi,Tr, nin incelenmesi
Yukselme zamani ve soniim arasindaki

iliski asagidaki sekil ile bulunabilir.

0 2126
[k 2467
0.9

5o

& time » Natural frequency
V- f

=
T

Ris:

i

10 I I I I !
0.l 0z 0.3 04 0.3 106 07

Laniping o
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100 Sistemi igin, T,, %0S veT,'yi
s +15s+100 Pulunuz

a=2w, o,=-b=4100 =10 =

Ornek: G(s) =

15

=2 -2 __-0.75
¢ 2Jb  2+/100

T b4
T = - = 0.475
T oo 1-¢* 1031-0.75

=) L)
%0S=e V¢ x100=e V) x100=2.838

L= 44 =0 754 ™ 0.533 Sekilden
. X
r T = % ~023

Location of the poles:

Relate peak time, percent overshoot, and settling time to the natural frequency and
the damping ratio. Now let us relate these quantities to the location of the poles that
generate these characteristics.

Jw

__________ . +jﬂ.)"\l— gZ =Jjwg

@y s-plane

R Cos(8) =&

512
Ko - V11— $=—jay

Ustel séniim

radial distance from the origin to the pole is the natural frequency,
wy, and the cosf = ¢.

15.07.2013

19



lr)

_Envelope the same

«(r)

Same overshool
~

e
- W

Jew
‘ s-plane

Pole
1 motion
2z
3
2 1 jm
-—%—X
s-plane
o
Pole
motion
-—)X
A
3 Jw
2
1 s-plane

Pole
motion
I
2

Ornek: Kutup sekli verilen Sistem icin,{, w,, T,, %0S veT,'yi

bulunuz

X JT=jwg

s-plane

X 7=y

£ =Cos(0)

= Cos(arctan(7/3))=0.394

{

©,=NT'+3" =7.616rad /s

P
o}

=(

039471
T aaal
_ o V1-0394
4
]; — =

O,

.;;T

%0S =e g

)

x100=%26.018

4
3

T :_:%:0.4493

x100

=1.335
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