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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.

In cecond order eq
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Ga(s) =
(<) s2 + 20wps + w2

(<1 — s15 = complex conjugates
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Wy = wpV1-202

$1,2 = —Cwnp * jwy

e_cw”t(cos wyt + sin wdt)

¢
Vi1-02

Higher order Systems

zeros of the system

X(s) _ bos" +bis" T+ bysM2 4.+ by,

= <n
u(s) "+ a1s”—7 + azs”‘z +.+ap
poles of the system
X(s)= " U(s)
Step inputs are mostly used in analysis.
If the poles are real and distinct
X(s) r r r I
= [Tl 120 1yl o ’
U(s) s+p1 s+ps StPn ‘A Stp
residual
/\
- (s +p) ) §
s=—p;
X(s) = U(s
() = U( )Z o
If U(s) is unity (impulse)
= x(t) = Z ri e Pit
1
If U(S) = ;
1 bosM+ .-+ b
X(s) i n n—1 o
s\sh+as" T+ +ay
o J Il g R |4 Mn
S s+ pq stpo S+ Ppn
n
= x(6) = apg + Z riePit
i=1
if poles are not all real valued
1
for U(s) = .
q r
a0 a; be(s + Lewn,) + ¢ wy
X@)= 4 =) 2 : >
s o s+ pj paran + 20,wp,s + wi,

q poles are real valued

2v' poles are complex valued
qt2r=n
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q r
x(€) = ap + Z aj e Pt + Z by e~ %Yt cos Wy, ¢
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if 21=p1=>r= 0
2ero and pole cancelation

if poles go most further to the jw axis the residues decrease
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original drawing, p. 2

what we need

Stability
Accuracy (error)
Quality of response

Quality of response

— it focus on how we get to the steady state response

& later we'll be covering accuracy and stability of response as well.

v

original drawing, p. 3
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original drawing, p. 3

damping : Re : (wn = 0 (sigma)

Freqg:Im: wyV1—-05=wy

¢ = 1 critically damped case

settles down (gets to the final response) in the minimum amount of time
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original drawing, p. 3

C < 1:time needed to get from 0% to 100%
C>-,://I/I/IIII—,O% tO qo%

rise time (&)

L & .
c)=1-e C“’”t(cos Wyt + ——=sin wdt>
Vi—¢2
1=1— e (Wnlr (cos wytr + \/sz sin wdtr>
1-¢

0]

= coswyty + sinwyt, =0

¢
V1-2
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e~ CWntr can not be 2ero in finite time

only when t, — co — e Wntr 5 0
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original drawing, p. 4

(2 = (Cwm)2 + w%(T - CZ)
= w?
cosf3 = CWr =
Wy
= cosT1¢
peak time (€p):
dc
il

{wpe~tWnle (cos wytp + &L sin wdtp)
V1-¢2
Wy

G
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= g Cwnbp (Cwn cos wytp +

Settling time (&s)

an/AigAer order cystems, time-domain cpece

Czw% sinwytp + Wy sinwyt Chq
T o d d d¢y 7 /=
wny/1- 2 g P i
Pwp ).
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( wd wd | wd p
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e _./\._T /-9\
c(tp) =1- e g (cosn+_ sin Tt)
V1=102
__m¢
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c(tp) — ¢
%)’l/[P = M x 100%
c(00)
_nC __mng
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—_——
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=1z aq
sin(wyt + o) = sinwyt cos & + cos wyt sin

c(b)=1- e_cw“t(cos wyt + sin wdt)
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e—Cw,,t
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sin(wgyt + o) = sinwyt cos o + cos wyt sin &
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original drawing, p. 7

My and £, are contradictory !

ty = 2 delay time
2=l

4

— Example
Step response of a 2% order system is given

find the approximate T.F

piad the apprecimate TR
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original drawing, p. 7
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t, = 0,01
__m¢
My=03=e Vi-@ = (=0,356
= 0,01= —— — wg =100m = wav/1-C2 =100m
d
= wu =336
cis) _ w2 . (336)?
R(s) s2+2Cwus+ w2 s2+2(0,356)(336)s + (336)2
— Example
C(s) k .
= for st t
R(s) s2+as+k oS G
ka=7
Maximum overshoot = 10%
Settling time = 1 sec (5%)
__7g —n(
MP = e Vi1-¢2 < O,T = \/tcz = (,Vl(o,T)
T—
¢ 1
= ——2W(0,1) = (>06
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C]
ts = =1
‘ Cwn
Cwy, 23
(=07 i q
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Cwn = 4 fl O,?
w;,; =k
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SISO Tool Matlab
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original drawing, p. 9

'Claude notu: muhtemelen = —(n(0,1) olmal.
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Example
Find the specific location of poles on the s plane
a) Mp =12% , ts = 0,6 sec
b) My =10% , ts = 3 sec

__n
Mp=012=e Vi-@ = (=0,559

3
5% ts= z =06 = wy = 3,94 rad/s
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original drawing, p. 9

{w, = 0,559 - 8,94 = gy
B =cos ' {=cos™ 10,559 = 56°

Wn 1"C2
S
p1 = =01 +jwpnsinf

p2 = =07 —jwpsinf

Find C for the given C.(.TF.

1638 (s? + 2,65+ 1,63)
(s +3,24) (s + 0,855 +j0,672)(s + 0,855 — jO,672) (s + 5,24 +j6,56)(s + 5,24 — j6,56)

real pole c.c. pole

G(s) =

c.c.
with negative real part

with negative real part
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original drawing, p. 10

The system is combine of 2 second degree systems

by looking to the dominant poles 2 can be found

_wy _ 0,672 I N ~
tanp =~ = goce — B=3816° = (=078

_ 6,56 — = —
tano = 524 — a=51,38" = (=062
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