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Lecture 15

Lecture 15

Root Locus Technique

Topics to be covered include:

Property and construction of complete root loci. (Cont.)

Effect of adding poles and zeros on root locus.

Effect of moving poles and zeros.

Root contour.
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Lecture 15

Example 1: Draw the complete root loci of following system.

it s L 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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Lecture 15

Example 1:
14k 2IO(S +3) _
s(s”+10s+29)

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)
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Lecture 15

Example 1: 10(s +3)

1+k— =
s(s”+10s +29)
Rule 4: Find the asymptotes and centered of asymptotes .
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Lecture 15

Example 1: 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) |
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Lecture 15

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

Rule 7: Find the arrival angles and departure angles.

SS esS |y 9% 9 9959 (sblgs iV (eil8

Departure angles.

Arrival angles.

Z LZeros— Z Zpoles =0
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Lecture 15

Rule 7: Find the arrival angles and departure angles.

OS penS ) Ze > 99959 SLlg Y 58
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Lecture 15

Rule 7: Find the arrival angles and departure angles.

OS ess |y 905 9 9959 (sblg; Y ygil8

135-0-90° —(180° —tan"' %) = —0-113.2° = £180°

135-0-90° —(180° — tan ™ %) =—0-113.2"=0| |[9=-113.2°

k<0 k=-x
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Calculation of k on the Root Loci

1+4f (s) = 0 (RS e | |
of magnitude ‘ f (S)‘

| [ls+:z

Let f(s)=C—+

II%+pA
j=I1

n
II%+¢%‘
— J=1
m
CH‘SI +z,
i=1

B2

k

S
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Lecture 15

Summary

Rule 1: Specify the equation exactly in the form. 1+kf(s)=0

Rule 2: Specitfy the poles and zeros of f(s). The root loci lie on the
poles of (s) for k=0 and lie on the zeros of {(s) for k=+o0
Rule 3: Define the real axis section for positive and negative value of

Rul&4: Find the asymptotes and centered of asymptotes .
Asymptotes center

2 i fk>0 9:(2m+1)7r

Zpi_zzi d ‘np_nz‘
Sl i=1 i 2mr
np_nz Lk<0 9_‘7’11)—7’12‘

Rule 5: Find the break point.

Rule 6: Find the cross of root locus with 1imaginary axis by Routh
Hurwitz criteria.

Rule 7: Find the arrival angles and departure angles. I3
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Adding poles and zeros inside the loop

Lecture 15

asl>  Jlasl b J&lo cdad g a0 0,5 asls]

kG(s)

Adding pole to the loop

1

C)

‘Tf’ kG(s)

— kG >
‘T > () s+b ‘
Adding zero to the loop
r e C,
>l s+b

Tm
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Lecture 15

asl> 2o jao oS asls]

Adding zeros inside the loop

1+ £ = A
s(s+a) L -
= <=« >
-a
1+k (s+6) =0 "
s(s+a) WV

v
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Effect of moving poles.

k(s+1
Let a=10 = 1+ 2( ) =0
T s°(s+10)
5=_10_(_1)=—4.5 Asymptotes are %,3—7[ i‘ I
k_—Sz(s+a) Ok _—(3s” +2as)(s+)+s°(s+a) /*\
B (s+1) Os (s +1)? .
k=0 k>0 | k=0 >{0
> ' < >—0
, 3 45 :
(Bs+2a)s+])=s(s+a) s +(aJ2r Y5 +a=0 | 45§\+l \él
S:—(azs)ii\/az—IOa+9 Let a=10 i
s;=—4 s,=-25 |
0 =7 0 =90
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Effect of moving poles

w 37
Asymptotes are ELl

Lecture 15

llas &5 ;> O
- k(s+1) 0
(S+9)
k=0 k>0

(a13)il\/a2—10a+9 -0+

1 979049
4
s;=-35,=-3

=7 6=90
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Lecture 15

Effect of moving poles = %= =5~ =il

k(s+1)
L £ I+ =0
ct a=38 - S2(S+8)
5:‘8_(_1)=—3.5 | 1
T 3x
Asymptotes are 5,—
k=0 k>0 i k=0 Yg
> - o—f—
S:_(a+3)4_rl\/a2_1oa+9 :_(8+3)J_rl\/82—80+9 g 3.5 1
4 4 4 :
no real s
0 =7 6 =90
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Lecture 15

Effect of moving poles.

lolas &5 > O
- k(s+1) 0
Letﬁ # (S+3)
5=_3_(_1)——1
2
T 3m

Asymptotes are ELl

k=0
>
B CA) Y Ty S € ) WL SEREY S ;
4 4 4 4 _
no real s
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Effect of moving poles.

k(s+1)
Let a=1 o 1+— =0
HERA s“(s+1)
5=_1_(_1)—0 ‘
2
Il\
w 37
Asymptotes are ELl
Ve
S=—(a+3)il\/a2—10a+9 :—(3+3)il\/12—10+9 - -
4 4 4
no real s v
0= 0=90
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Lecture 15

Root contour (Multiple parameter variation )

( ol as Ol ) e ady, o658

Remember root loci 1+ kf(s)=0

Suppose:
O(s) + k,B(s) + K, B,(s) = 0

k, and k, are parameters

Step 1: Put one variable equal to zero. Let us k,=0

O(s)+kP(s)=0 1+k1 0 £,(s)
1+k f(s)=0
Step 2: Restore the value of &, /\(\
P (s
O(s)+k,P(s)+k,P,(s)=0 1+k, 2(k)P ~0 12($)
(s)+k,P(s) L+ &, f3(s) = 0




Lecture 15

Example 2: Draw the root contour for following system.

3 2
s +k,s"+ks+k =0 Aobo 55 st gl |y by aloy jguils Yl

Step 1: Let k=0 then s+1 g
Asymptotes are: s’
2k+Dr T 3n

3-1 272

0+0+0—(=1) 1
O = = —
3—-1 2

Angles of departure 1s:

0-(0+60+0)==x1

0=xr/3=160
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Lecture 15

Example 2: Draw the root contour for following system.

3 2
s +k,s"+ks+k =0 Aolo 55 s gl |y by aln ) guils .Yl

Step 2: Restore the value of &, 1+k, S _0
s>+ ks +k,
Let: k,=0
Let: k,=1

Let: k,=10 <

v k,=o0
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Lecture 15

Exercises ARk
L&-*-’.. Dt

1 A unity feedback ( negative sign ) control system has an open loop
transfer function

Gls) = :
 s(1+0.025)(1+0.055)

Sketch the complete root loci, and find the corresponding k when
the root loci crosses jw axis.

2 The open loop transfer function of a unity-feedback (negative sign)
system with PD controller is:

10(K , + K;s)

Z
A)

G(s) =

Sketch the root loci for different values of K, and K ;. (Let Kp=0,1,5,10.)
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