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Kontrol Sictemleri
Transient / Steady State Responce (1ct & 2nd order)

Original notes: Control-Systems-lecture-6.pdf

UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

Transient /[ Steady State Response

We may check the responses for 3 characteristics:

1- Quality of response
2- Accuracy of response (% error)
3- Stability

Differential equations:
Ist: Tx+x=r
2nd: X+ ax+ asx = r
x(€) = xp(€) + xp(€)

Xp: homogenous solution, due to I.C = transient response; xp: particular solution, due to

external excitation.

To check stability we have to check the homogen solution.

—p e T-C
[/

original drawing, p. 1

or it can be unstable due to resonans, r = € sin wt.

Tx+x=0

To get x,(t) — < . |
X+tax+ayx=0
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Kontrol Sictemleri Transient / Steady State Recponge (1et & 20nd order)

First order cystem

2(s) L,QF)— % X(s)

)
R(s) T X(s)
Ts+1
dx P -
T% +x=r  initial condition x(0) = xq
dve .
RC—E +ve = TVetve=V = (Ts+1)

R(s) . Tx(0)
Ts +1 Ts+1
e S~

particular solut.  homo sol.

— X(s) =

ifR(s) = 0 — trangient colution

i x(0) YT\ x(0)
X X
Xe) 2 © TX(O)<5+1/T> Tl
ﬁ—_1> x(6) = xg e T = xp &1t

(sq: position of pole determines the rate of decay.)

———
characteristic equation

L = T[sX(s)-xp]+X=R — X(s)(Ts+1)=R(s)+ Tx(0)

0= X0 _ x(0)

- et/T ; e|51|t

sl T = x(¢) decreases faster

X

x(0)

T: time constant of the system

1
characteristic equation: Ts+1 = s1 = -7 (pole of the system)
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Kontrol Sictemleri

X poles

Transient / Steady State Recponge (1et & 20nd order)

Im

if Tis real

T 1= Is1l |= closer to imaginary axis
T 1= [s1l T= further from ”

First order cystems

Re

Assume that there is no initial condition and R(s) # 0.

7
R(s X(s
) Ts +1 )
case 1) impulse input: R(s) = 1
s L R T g lsilt
X(s)—TS+1—S+l:>x(t)—Te = |sq1le
x(€)
1
:
| ¢
case IT) ctep excitation
r()=1 ¢t20
1
R(s) = -
(s =1
1 A & 1 T 1 1
X = = — + o ===
() s(Ts+1) s Ts+1 s Ts+1 s 5+1T
-1
L x(t) =1 et
T s(Ts+ 1) <=0
Ts+1
= =_T
s(Ts+ 1) s=-1
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Kontrol Sictemleri Transient / Steady State Recponge (1et & 20nd order)

x(£)
086 [ - fom
0,632 +t---4- , : ! !
: J : : ¢t
T 2T
att=0—x(0)=0
t x(¢t)
T | 0632 [63% of the final value]
2T | 086
3T | 095
098 it have to be reasonable setting time

e((.') = }’(f) —X((f) =1—_1+ e‘t/T = e—f/T

derivative of response gives us the rate of change (slope of response)

dx(6) _ 1yt

slope = W 7

1
at ¢t = 0, we get the max slope: (7_>

TxX+x=r

only x has to be continuous
X+ ax+asx=r

x and x has to be continuvous
Impulce response = I (step response)

Tt order cystem

I1I) Ramp Recponsce

1

R
() Ts+1

X(s)

:
rt)=¢ — R(s)= —
S
T | 1
Ts+1  s2(Ts+1)
A B C

—F
s2 s Ts+1

X(s) = (s) (s12=0 s3=-})
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Kontrol Sictemleri Transient / Steady State Recponge (1et & 20nd order)

() b

i %T ( 52(Ts + 1))

X(s)"l LN T [— L}
52 S Ts+1 5+%
L ey == TH Te T
x(6)
r(€) = ¢
ef)=T
t
0
x=1-etM

e(t) = r(€) - x(¢)
= - (t— T+ Te—f/T>
=T-Te /T
att=0—¢(0)=0
t—ooo=e(o)=es=T

Accuracy is defined by T

Ramp response = Jumit response = ”impulse response

%(mmp resp) = step resp
d2

ﬁ(mmp resp) = impulse resp

2nd order response

RLC in series

Ve(s) _ 1 1/LC
V(s) (Cs2+RCs+1 52+ Rs+ 4

Tclavde notu: muhtemelen dfds olmali.
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Kontrol Sictemleri Transient [ Steady State Recponce (1et & 20nd order)

RLC in parallel

@(s) L 1 L 1/c
I(s) Ccs2+5+] s2+5.+
Spring mass Damper System
X(s) _ 1 _ 1/m
R(s) msZ+cs+k 2y Cc k
output _ X(s) _ w32

input ~ R(s) ~ s2 + 20wps + w2
wpn = natural frequency; C = zeta = damping ratio

no zeros but 2 poles are present
s? + 20wps + wi = 0

—2Cwp * \/(ZCwn)z - qw?
51,2 2

—Cwp = WV (2 -1
wm(—ci \/CZ—T)

\

\|

\|

Underdamped cystems

if { < 1= complex conjugate poles (always oscillatory)

eritically damped cystems

(sorry) if £ = 1= repeated real valued poles

if C>1= seperate and real valued poles overdamped system
I~
K T
% €
' PR T
A | ¢

original drawing, p. 6

\_‘,T¥\

original drawing

Homework (homogen solution)
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Kontrol Sictemleri Transient / Steady State Recponge (1et & 20nd order)

Responce due to external excitation (particvlar colution)

Cls) _ Wi
R(s) 52+ 2lwps + w3

Specifying the input
T) Impulse excitation R(s) =1

case I) ( <1
C(s) _ W
R(s) ~ (s + Cwn —iwg)(s + Cwp + iwy)
A N B
s+ lwy—iwy s+ lwy+iwy

w,,(—(: £/(2 - 1)
wp(=C=iV1-(2)
—Clwpxi  wpV1-1(2

—_—
damped natural freq

\

51,2

\

\

The response frequency for damped systems is wy
C(s) A B
= + t
R(s) s+ lwn—iwy s+ lwy+iwy >-$t8
Wy

s+ Cwp + iwy

s=—Cwptiwy

B = (,U-%
s+ Cwp — iwy

c(t) = Ae(—éwnﬂwd)t + @e(—Cwn—iwd)t

s=—Cwp—iwy

- e—Cwnt(A eiwdt + @e—iwdt)

= ae” Wt cos wyt

| harmonic damped
\/ \;;7 ;
e'* =cosa+isinx X+ g '™
) n - — = cos«x
e % = cosax—isinx 2

case IT) (=1; s12 = —Cwy

C(S) = w% = ﬁ + @
R(s) (s+Cwn)? s+lwn (s+lwn)?
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Kontrol Sictemleri Transient / Steady State Recponge (1et & 20nd order)

/é = (5 + Cw”)z ((D_%)

(s + Cwp)?

d w?
A= ds <5+Cwn)

c(t) = AeCWnt + BEemCWnt
= e~ CWnt (2 + Be)

s=—Cwn

s=—(wn

critical damping

IIT) (> 1)
c(6) = A el V@ Nwat 4 g o(-t+ VT Twnt

2nd order cystems

(<1: 51,2 = —Cwp * iwy
S
Re Im
C =1: 51‘2 = —Cw,, Re
~——
repeated

—Cwy, =V (217
N——

Re distinct

\|

C>1: 51‘2

. a
3 conte becore bisd
8 £ o3cilates

k
~ - e
Fo s A
Qs X (ao-ﬁ?;‘d’
e =4
9_3;_.&-5“""-& Q;(eu.j hdﬁ
ts Ny - - .- - >
$e PasST 31 [ 43
Py
decsys> 3 J

A S e
E2 x %

original drawing, p. 7

If poles are CC — response is oscillatory and decaying

2Claude notu: muhtemelen * w, v/ 2 =1 olmali.
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Kontrol Sictemleri Transient [ Steady State Recponce (1et & 20nd order)

“n
-
- —
S -~
~ .,__-_\ —~— L
\/\ =
— ~ a
- P
- \_’
- Py
—
.—/—--- —
-

original drawing, p. 8

for x wy = 0 no oscillating frequency; decays at the same time

for ¢ > 1
sp = —Cwp—V 2 -1
c(t) = Aet +8e2¢ 5 decay fastly
this is the

most important part

Step response calculation

(just for C < 1)

C(s) _ wp
R(s) 52+ 2lwps + w2
1
R(s) = -
(5=
2
c(s) = Wi LA N Bs+C
s(s2+ 2Cwps + w3) S s2+ 2lwys + wp
1 s+ 20wy
s 524 20wps + w2
1 s+ Cwp Cwp

s (s+Cwp)?+ wé { (s + Cwp)? + w§

? Wn = C
e T
w
Ll M sinwty = ——
i sty (s+a)? + w?
s+a 3

—at . —
L[e a Slmwt]’m

3Claude notu: muhtemelen cos we olmal.
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Kontrol Sictemleri
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Transient / Steady State Recponge (1et & 20nd order)

e—(,(,Uy(t

c(t) = £7[C(s)] = 1= et cos wyt — ﬁ sinwyt
1—

sin wdt>

=1- e‘cw”t<cos wyt + L cl
V1-1(2

1@)
4

e—(,wy,t
c(b)=1- —— sin(wdt + tan™

V1-(2

X /)L_Bmf'

—
Py
N

A

original drawing, p. 9

e—cwnt

e() =r(t)—c(t) = \/ﬁ

sin(wgyt + §)
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