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Lecture 14

Lecture 14

Root Locus Technique

Topics to be covered include:

< Root locus criterion.
+ Rootloci (RL).
+ Complement root loci (CRL).

+ Complete root loci.

< Property and construction of complete root loci.
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Lecture 14

Root locus
b adis, 5

Root locus, shows the position of roots of therollowing equatio;)
for different values of k
et L bsu e i T Uit

1+ kf(s)=0 /

Root loci (RL) keR"
Complement root loci (CRL) ke R

Complete root loci keR
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Lecture 14

Root locus

b adis, 5
Suppose: —TkC) ‘ ;
Closed loop system is: Characteristic equation is:

_ kG(s) B
M) =16 @

Root locus, shows the position of roots of above equation for different
values of k

k Gl SR b e SISl i s
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Lecture 14

The Root Locus procedure  Ln asy, oS gus) 055
1+ kf(s)=0

Which points lie on the root loci1?
Syl 8 ad, (e g9y p (bl 4z

f(s)eR

Condition of angle e
f(s)e R k>0
f(s)eR” k<0

Condition of magnitude S

f(s) s
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Lecture 14

The Root Locus procedure  Ln asy, oS gus 052

Rule 1: Specify the equation exactly in the following form.

DS le p) Ohga B0 | siiac 1 gl 558
1+ kf(s) =0

2
=St osh—6 k>t

s> +6s

How many branches in root loci? o ais, 5e jo0 aali o>

Itis:  No.of branches =max(m,n)
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Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055
1+ kf(s)=0

Rule 2: Specity the poles and zeros of {(s). The root loci lie on
the poles of {(s) for k=0 and lies on the zeros of {(s) for k=%

Sleekd (69, k=0 ;0 aty; I 0iS (e 1, 1(8) sloyio g Cdad Y ()58
8yl 513 H(8) slejyio g9, k=t00 5 5 1(s)

1 k=
1+ 4k =0
s(s+20)
k =—o0 )k<0 k=0 k=0 k<0 k =—o0

A <
N\

20 0
k=100

k:oo/[




Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055
1+ kf(s)=0

Rule 3: Define the real axis section for positive and negative value of k.

wumkwswﬁou&@ﬁb&b)wxw@

1 k= |
1+ £k =
s(s+20)
k =—o0 k<0 k=0 k=0 k<0 k =—0
> )—qﬁﬁ <
20 0
k=100
k:oo/[




Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055
1+ kf(s)=0

Rule 4: Find the asymptotes and centered of asymptotes for positive and

negative values of k. o 9:(‘2m+1)7r el Asymptotes center
n.—n
number of asymptotes =n_ —n i
ymp 5 e sl Z Zz
k<0 8=r—— m=012,..0" 1§ =21
‘n —n, n,—n,
wwksﬁﬁnjwdeMLg‘ﬁ‘ LQ‘&L?LALsg)bbngLQ‘MLZA fuyl.s
1 k:w A
1+ k =0
s(s+20)
k =—o0 k<0 k=0 k=0 k<0 k =—0
> o o e <
-20 S
0
k=100
k:oo/[




Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055

1+ kf(s) =0
Rule 5: Find the break point. Solo |y cuss alals O g8
1 ok .
= — — =0 s = break point
f(5) 0s
1 k=o0
1+k =0 l
s(s+20)
k = —o0 k<0 k=0 k=0 k<0 k =—o0
> . <
20 "~ 0
k=100
k:oo/[
k:_S2_20S %:_25'_20:0 S:—IO 10
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Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055
1+ kf(s)=0

Rule 6: Find the cross of root locus with imaginary axis by Routh
Hurwitz criteria.

WSS et g, gy gy bawgi |y a9l jeore b (OO adalis 7 ygil8

1 k:w A

1+ k =0
s(s+20)
k = —o0 k<0 k=0 k=0 k<0 k =—
> X X <
20 "~ 0

k=100

s*+20s+k=0
k=0

k = 01s the cross point of root locus and imaginary axis (s =0)
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Lecture 14

Example 2: Draw the complete root loci of the following

system.
> el ) pteee o 1y e ade) Lol (16 Y Jlee

1

1+£k =0
s(s+35)(s+10)

Rule 1: Specify the equation exactly in the standard form.

AS lo o laibii] & g LB 1) i & ol 938

Clearly 1t 1s ok
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Lecture 14

1

1+ £k =0
s(s+35)(s+10)

Rule 2: Specity the poles and zeros of {(s). The root loci lie on
the poles of {(s) for k=0 and lie on the zeros of (s) for k=t

Sleekd (69, k=0 ;0 aty; I 0iS (e 1, 1(8) sloyio g Cdad Y ()58
8yl 513 H(8) slejyio g9, k=t00 5 5 1(s)

|
= Xl
|

B3
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Lecture 14

1

1+ k =
s(s+35)(s+10)

Rule 4: Find the asymptotes and centered of asymptotes .

Lo (B0 Joma 5 lglme F il

Asymptotes center
2m+1
i s k>0 6= (‘m )T 7;3;’ 53”
Tetp, s bkl
LPm2E g s ]
72 : T R e g
n,—n, 3 73 73
\ ’
\ /
\ /
\ /
\ /
\ /
/
k= k>0 k=0 kg0 %\30 k20 k=0 k<0 k=-
e i [ o/ N/, / x P —
N\ A\
~10 | ~5 | 0
/ \
/ \
/ \
/ \
/ \
/ \
d Y, 15
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Lecture 14

The Root Locus procedure  Ln asy, oSe gus) 055

1+kf(s)=0
Rule 5: Find the break point. Solo |y cuss alals O g8
1 ok :
k = = s = break point

£(s) Os
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1+ 4k

1

s(s+35)(s+10)

Rule 6: Find the cross of root locus with imaginary axis

Lecture 14

(9090 y97e b (SN abads 7 g8

1

50

15 &k 15s>+750=0 S=%j7.07
s(s+35)(s+10)+ k=0 —
0 750 —k =0 k =750
15
5 k
\ RVAXELE
\ /
\ /
\ /
\ /
//
k:OO k>0 k:O k<:0 ]é\:O k>0 k:O k<0 k:—OO
B « % NS L
—-10 *5\\ 0
\

~7.07j
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Lecture 14

: =0
s(s+5)(s+10)

- b MATLAE 1+k

rlocus(1,[1 15 50 0]); hold on; rlocus(-1,[1 15 50 0])

Root Locus Root Locus
, 40 ;

20

10 20

Imaginary Axis
o
Imaginary Axis
o

-10 -20

-20 : : -40 | %
-30 -20 -10 0 10 -40 -20 0 20

Real Axis Real Axis
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Lecture 14

Example 3: Draw the complete root loci of following system.

sty LR s S S

(s+hk)(s+3)
s(s> =1) -

Rule 1: Specify the equation exactly in the standard form.

1+10 0

10(s + 3) 0
s(s”> +10s+29)

s(s> =D +10(s+k)(s+3)=0 1+k
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Example 4:
1+k

10(s +3)

s(s” +10s +29) -

Lecture 14

Rule 2: Specity the poles and zeros of {(s). The root loci lie on
the poles of {(s) for k=0 and lie on the zeros of (s) for k=t

Sleekd (69, k=0 ;0 aty; I 0iS (e 1, 1(8) sloyio g Cdad Y ()58
8yl 513 H(8) slejyio g9, k=t00 5 5 1(s)

23

wrepour May 2013






Lecture 14

Example 4: 10(s +3)

1+k— =
s(s”+10s +29)
Rule 4: Find the asymptotes and centered of asymptotes .
Asymptotes center L%"’L’“’ Lsg?gmﬁ; 9 ;ér-;&:w 4 &5 yL9
p Z ‘n —n 2972
Zpi_zzi L0 ) e
5:l=1 i=1 — :—35 Vb e 2mmn _02—71-
L 2 _‘n —n Ly
A p z
|
| A
|
|
|
k:O y I _2
k=~ k<0 k1|_-—OO k>0 k<0 k=-
Tt o O =
=5 -3 k=0
X |
k=0 I
|
|
|
! 5
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Lecture 14

Example 4: 10(s +3)

1+k— —
s(s”+10s+29)

Rule 5: Find the break point. Alo |y cass aladi 0 g8

A e s )
f(s) 10 (s+3)

Ok 1 (35" +205+29)(s+3)—(s” +10s" +29s)

=

hpour May 2013

N - 0 s =-5.47
oS 10 (s+3) |
|
| A
|
|
k=0 :
X : -2
k = —o0 k<0 k-0 k>0 k<0 k=-
e -
=5 -3 k=0
X |
k=0 !
|
l 26
|







Lecture 14

Exercises ARk
L&-*-’.. Dt

1- The transfer function of a single-loop control system are given as:

10
G(S)_S2(S+1)(S+3) H(s)=1+T1,s

Construct the root loci of the Zeros of [+G(s)H(s)=0 for -co<T <oo

2- The open loop transfer function of a unity-feedback (negative sign)

system 1s:

—0.1s
e

s(s+1)(s+2)

G(s)=K

Constract the complete root loci of the characteristic equation.
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Lecture 14

Exercises ARk
L&-*-’.. Dt

3- The open loop transfer function of a unity-feedback (negative sign)

system 1S:
Y K

(s+5)"

G, (s) =

Construct the complete root loci of the characteristic equation for
Let n=1, n=2 , n=3 and n=4

4- The open loop transfer function of a unity-feedback (negative sign)
system 1s:
K(s+a)(s+3)
s(s* 1)
a) Construct the root loci for -co<K<co , with a=5 .
b) Construct the root loci for -co< g <co , with K =5 .

G(s) =
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Lecture 14

Exercises ARk
L&-*-’.. Dt

5- The open loop transfer function of a unity-feedback (negative sign)
system 1s: 500 p

B0

Construct the root loci for O<p<oco

6- Consider following system

1+S

=0

Construct the roof loci for 0<k,<co

30
Dr. Ali Karimpour May 2013



Lecture 14

Exercises ARk
LQ-*-’.. Dt

7- Consider following system

2
S

Vit 2 =0
s +ks+k,

For k,=0, k,=1 Ind k,=10 construct the root loci for 0<k,<co .

8- Construct the root loci of the closed loop poles of the following
system for O<a<co(Midterm spring 2008).

R(S) + - 1 C(s)

O 5 O 5 °

b ¢ | T g
- S ‘- s+2
a
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