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Kontrol Sictemleri
Root Locus (devam)

Original notes: Control-Systems-lecture-T1.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

i} 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.
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N\, phase: ZG(s)H(s) = £180(2i+ 1), i=0,,...

{ k = 0 = poles of the OLTF
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n: number of poles
m: " of zeros

n: branches
{ n—m: asymptotes
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Kontrol Sictemleri Rost Locus (devam)

5 - Complex conjugate poles
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original drawing, p. 2

b1+ b+ b3 -601-0,-03 =180
d)1=180—(1)2—(|)3+91+62+93

=180 - Z angles from the trial point (cc zero) to other zeros

+ Z n N n 1 PO[QS

Step 6  Intercection with thejw axis

I) s= 7° + jw substitute s = jw in the characteristic

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors 2/7
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s2+2s+6=0

s2+2s+k=0 Im (2w=o0 w=0
0 ) = 5 =

(jw)* + 2jw+k=0 pe | k—w==0
—w?+2Jw+k=0

3+2s2+3s+6+k=0

T~
L

original drawing, p. 2

IT) characteristic eq
Routh table

if one of the components of the first column is 2ero

* make one full row zero!

satisfy the phase
d put trial 190
7 point 120 |
o o
R

or s =0+ jw
So Step ?- Find the location of root locus of the complex poles!

Method I) do numerical trial & error to discover the locations of ‘s’ which satisfy the phase
condition

Method IT) Substitute s as s = 0 + jw in the characteristic equation and mathematically find
the phase condition.

T+ kaG(s)H(s) = 0
GMH(s) = —

5 mag = [GE)HE) = %

— phase: ZG(s)H(s) = 180(2i + 1)
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n=t T
P
Mz -
original drawing, p. 3
[1i21
G()H()I = =
[T
liy ;: magnitudes of individual complex function in numerator and denominator
+ k
R(s) % N+ <)
-plot the root locus ZaG(s)H(s) =180(2i + 1)
-tune k so that ¢ = 0.5 for the dominant poles —/s — ZLs+1— Zs+2 = total phase

n=73 3 branches
m=0 3 asymptotes

original drawing, p. 4

180(2i+1 - 20

E: +

angles of asymptotes = # =x60(2i+1) — —-60
N 180

Centroid: > real part of poles — > real parts of zeros _0-1-2-0_ 1
n—m 3
s /oo ses+lms+2
k k k
G(s) = X

s(s+1)(s+2):s3+352+25~s3+352+35+1
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for large s values

Approximate  G(s) ~

(s+1)3
LG(s) = =34s+1 = £180(2i + 1)
= /(s+1) = -60(2i + 1)
— =60
i . —_1( W .
s=o+jw=L(o+jw+1) = tan <m> =£60(2i+1) — 60
\, 180
=1 l(,l) = +
tan™" (=== ) = 60, 180
tan |
— tan(60) = V3
w
—r1 - —tan(-60)= /3
— tan(180) = 0
w=+3(c+1)
= < w=-V3(c+1) asymptote equation
w=0

The characteristic equ.
k

+s(s+1)(s+2) 710
s(s+N(s+2)+k
s(s+N)(s+2)

1

=0 = k=-s(s+1)(s+2)

dk 5 s1=-0,42 Vv is acceptable between O and -1
— =0 = 35°+6s5+2=0 = o
gs sor= =157 1K

k(s))>0 vV

k(s3) <0 x

Intersection with jw axis

s3+3s2+25+k=0 k>0

6—k=0=k=0%

52 i Auxilary equation
¢ 3 k 3s2+k=0
s 6Tk 0 Roots of this equation are some of the roots for the
0 3 characteristic equation
§ k 3s2+46=0=52=-2=51,= %2
“Claude’s note: probably k = 6.
k<6 Osk=sé6
)
le

(=05 ©=cos'C=cos 10,5 =2

s2 4 20wps + w2’
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Wy = wp/1-02

| Wn
Wy "
i Cwp
<«
Cwn
cos O = CWr = 0=cos !¢
Wn
k
s(s+N(s+2)
s=0+jw
G(s) = —4s—Ls+1—ZLs+2 =180(2i + 1)

\|

—Zotjw — LotT+jw — Lo+2+jw =

—tan‘T(%) il tam'%%) - tam'1<0‘f2) = 180(2i + 1)

= —twﬂ(%) —tan_T(%) = tom_1(0(:2) +180(2i +1)

\

tanx = tany

tan(x = y) = —2 = 2AT
TG 1F tanxtany
-1 -1
| tan(tom %>+to\n<to\n %)
i 1
T—tam(tam %) tom(tom %)

tan (tom‘1 %) +0

1—tan (tow\—1 6%2) x 0

LlY
= o o+1 = W 6
- Gn)| 7
P
k G(s)

T+kaG(s)H(s)=0

GEH(E) =
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Root Locus (devam)

1y +
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s +2543
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original drawing, p. 7
k(s +2)
Ga(s) = OLTF =
<) s2+2s+3

21=-2  pp=-17¥2
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n = number of poles = 2

m="" zeroes =1

original drawing, p. 7

centroid = > real of poles — ) real of zero

1

_-1-1-(-2) _,

1
break in point:

k(s+2)
s24+ 25+ 3

2425+ 3
k= —
s+ 2

=-0,268
ds

sp = =3,732 Vv acceptable

(131-—91-—@2:180

—91 = 180—(1)1 +92
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Departure angles from complex poles
0; = 180 — A0 + 55 = 145°
for the complex conjugate pair the department angle is 145°
Z/(s+2) = Z(s?+2s+3) = 180(2i + 1)

s=0+jw

L(s+2) - L(s+1-jv/2) = L(s+1+jV/2) = 180(2i + 1)
tom'1< a ) —tan™" <w = ﬁ) —tan™" (w ++\15> =180(2i + 1)

o+1 o

tan [tom’1 W pan19=V2 - tam’T% +180(2i + T)}

o+t2 o+1

2w(o+1) w
(c+N2-(w2-2) o+2

= w{(6+2)2+w2—3}=0

fw=0

if (0+2)2+w?=(V3)2
(-2,0) radius = V3

and (x = x0)? + (y — yo)? = R?
circle
(x0,Y0), radius R

Eracts
e K s+ LY ol 10 <
%-(' 56 s (sev)
b sG+l)
>+ 10

original drawing, p. 8

k G(s)
1+ kG(s)H(s)

e + y '
{ G(s)

original drawing, p. 8
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G(s) = (S::':) <5(5 + 1;)((55:11(;) 1 10/<)>

1T+aG(s)=0
(s+6)s(s+1)(s+10 +10k) + (s +1,4)10 (s + 10) -0
B

Characteristic eq

= s(s+1)(s+6)(s+10)+10ks(s+ (s + 6)+10(s +1,4)(s +10) (s+10)=0

X1 x2

10s(s+1)(s + 6) 1
s(s+1)(s + 6)(s +10) + 10(s + 1,4)(s + 10) ~

2150 22:——1 23:—-6

1+« 0

p1=—10, py=-3,69, pzg=-1,65%72102]

vV

~10 -t - 3,89

original drawing, p. 9
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