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Root Locus Technique.

Root Locus

It is a graphical method, in which movement of poles in the s-plane is sketched when a
particular parameter of system is varied from zero to infinity. For root locus method, gain
(K) 1s assumed to be a parameter which is to be varied from zero to infinity.

Example 1: Consider the closed loop control system shown in figure (1)

O | K Cls) -
| s +1 -
Figure (1) - (G(s)=—, H(s)=1)

s+1

When the transfer function is expressed with the coefficients of the highest powers of s
in both the numerator (K) and the denominator (s+1) equal to unity the value of K is
defined as the static loop sensitivity

K K
C(s) _  G(s) _ _s+1_ _ _s+1__ _ K
R(s) 1+G(s)H(s) 1+ SHi+k — oi14k
S+1 S+1

The problem is to determine the roots of the characteristic equation (s + 1+ K = 0) for
all the values of K and plot the root in the s-plane. The root is given by

s=-1-K
K|ls=—-1—-K e IMC‘S\M‘(;
0 -1 Open loop pole 49_‘,«3\ alas  star Hr\ﬁ point ‘_A 3}
1 ) Closed loop pole opent [fo Pal€i| ,y ¢ -plane
2 -3 Closed loop pole «
3 4 Closed loop pole
a 5 Closed loop pole
5 6 Closed loop pole
6 7 Closed loop pole
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Example 2: Consider the closed loop control system shown in figure (2)

RG)  + K(s+6) €e),
s + 2 -
Figure (2) - (G(s) = X549 " g(s) = 1)

s+2

When the transfer function is expressed with the coefficients of the highest powers of s
in both the numerator (K(s+6)) and the denominator (s+2) equal to unity the value of K
is defined as the static loop sensitivity

K(s+6) K
C(s) G T3 svz K _ K
R(s) 14+G(s)H(s)  14KG+6) — st2+4ks+6K — oioiks+6K  (1+K)s+2+6K
S+2 S+2

The problem is to determine the roots of the characteristic equation
1+K)s+2+6K=0

for all the values of K and plot the root in the s-plane. The root is given by

__ —2-6K
14K
K iy ~Star Elnﬁ Ponth Imale
S = 1— COPfil loo,o /00/'9_ 53
+ K »
0 -2 Open loop pole End -Pci(ﬂ, + HEEETEE _‘chm e
1 -4 Closed loop pole ;
2 -4.66 Closed loop pole )
3 -5 Closed loop pole
10 -5.6 Closed loop pole
100 -5.96 Closed loop pole
1000 -5.996 Closed loop pole \4 =00
K=io
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Example 3: Consider the closed loop control system shown in figure (3)

R(s) + | K Cls) -
s(s+2) -

»

Figure (3) -

When the transfer function is expressed with the coefficients of the highest powers of s
in both the numerator and the denominator equal to unity the value of K is defined as the
static loop sensitivity

c _C(s) GG K B K
(S)_R(s)_1+G(s)_s(s+2)+K_sz+Zs+K
W, >

52 4 2ew, + w2

The problem is to determine the roots of the characteristic equation (s? + 2s + K = 0)
for all the values of K and plot these roots in the s-plane. The roots are given by

s,S3=—1+VI—-K=—-1+Vv-1WK—-1=-1+jVK -1

K s1=—-1—-jVvK—-1 s,=—1+jvK-1

0 0 -2 Open loop poles
0.5 -0.293 -1.707 Closed loop poles
0.75 -0.5 -1.5 Closed loop poles
1.0 -1 -1 Closed loop poles
2.0 -1+j1 -1-j1 Closed loop poles
3.0 -1+j1.414 -1-j1.414 Closed loop poles
50 -1+§7 -1-j7 Closed loop poles
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K 51 = Sz =
“1-jVK—1 | -1+jyK—-1

0 0 -2

0.5 -0.293 -1.707

0.75 -0.5 -1.5

1.0 -1 -1

2.0 -14j1 -1-1

3.0 -14j1.414 -1-j1.414
50 -1+§7 -1-j7
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Rules of Construction of Root Locus

The following rules are applicable in sketching the root locus plot.
Rule 1: Symmetry of root locus—Any root locus must be symmetrical about the real axis,

~ Rules 2 and 3: Starting and termination of root loci—Root locus will start from an open-
loop pole with gain K = 0 and terminate either on an open-loop zero or to infinity with K = .
Let us illustrate these rules with an example. Let open-loop transfer functions of control

systems are
K(s+1)
1) G(s)H(s) = ———
(1) G(s)H( G+2)
K
(2) GHH(S) = ——
s(s+1)
Al Al '
K 5
s-plane Break'away
Pole Zero |~ point
K=0 K=0 s-plane
K=0 »Re Re
§==-2 s=-1
(a) (b)

Rule 4: Number of root loci—If P is the number or poles and Z is the number of zeros in
the transfer function G(s)H(s), the number of root loci N will be as follows:

N=P IfP>Z
N=P=2 ifP=2
Rule 5: Root loci on the real axis—The root locus on the real axis will lie in a section of
the real axis to the left of an odd number of poles and zeros.

This rule is illustrated through the following examples:

K(s+2)(s +3)
(1) G(s)H(s) = 'y}
s(s+1) jo k

S\
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Example: sketch the root locus plot for each system of the following figuers

—i? —12 -2
=1 —1 b 4 —1
L LV 3¢ O e Hials I l ]
-3 =2 =1 -3 -2 -1 -3 -2 =1
e ] s cataa]
= dda Ay
Solution : -
3 - EPUIMG) =
[’:"G,JJI-H;] —i&'..{_l{;t-lj C“'\'_bJHuJ = {5+ '_}_;'{SI'H'J-_,J . -[j"'#rl}
|45, fifocrkn) _Kis+2) : As. - t_i%—;—
_: -_r_f:“ ol i =%y o
R o I A4j=1=)
':u:-—z_ iy ! g—:l_._,__l__
= = i-5 = =1
Example:
-2 2
11 -1
oy =3 9 i L
=t gy
o Ui
solution
] le(ge2 ) | ETRY
Gy = e Cets pHts ) s e
L5451 )3+ 3) (rEM5+3)
—illy o, e =l M=
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Rule 6: The number of asymptotes and their angles with the real axis—As the value of
K is increased to oo, some branches of root locus from the real axis approach infinity along some
asymptotic lines. These asymptotic lines are straight lines originating from the real axis make
certain angles with the real axis. The total number of asymptotic lines and the angles they would
make are calculated as follows:

Number of asymptotic lines asymptotes

=P-Z
where P is the number of poles and Z is the number of zeros of the open-loop transfer function,
G(s)H(s).
The angle of asymptotes with the real axis is
2g +1)180°
= % where¢=0,1,2, ... p-z-1
Let us consider,
G(s)H(s) =
(s)H(s) G +2)
Here, the number of poles P = 2: they are at sy = 0 and s = -2 and number ol zeros Z = (),
Number of asymptotes =P-Z=2-0=2
Let the angle of two asymptotes be ¢, and ¢, respectively. Then,
(2x0+1)180°
b, = =90° forg=0
A 2.0 q
., (2x1+1)180°
= =270° forg=1
% 2-0 %
© M
-
K
o K=>14
K=0 =T d =
o L Ol|s=0
e
T=>1
K
YN
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MCQ question
1- What is the primary purpose of the root locus technique in control systems?
- A) To analyze the frequency response of a system
- B) To determine the stability of a system as a function of a parameter (usually gain)
- C) To design a PID controller

- D) To calculate the steady-state error of a system

Answer: B) To determine the stability of a system as a function of a parameter (usually gain)

2- Which of the following is a rule for sketching the root locus?

- A) The root locus starts at the zeros and ends at the poles of the open-loop transfer function
- B) The root locus starts at the poles and ends at the zeros of the open-loop transfer function
- C) The root locus is always symmetric about the real axis

- D) BothBand C

Answer: D) Both B and C

3- The root locus plot is symmetric about:

- A) The imaginary axis- - B) The real axis- C) The origin D) The diagonal axis
Answer: B) The real axis

4- Which technique gives quick transient and stability response?

a) Root Locus b) Bode c) Nyquist d) None of these

5- The root locus of the feedback control system having the real characteristic equation
s? + 6Ks + 2s + 5 = 0 where K > 0, enters into the real axis at

a)S=-1 b)S=—/5 c)S=5 d)s=+5
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always starts from:

a) The open loop poles and terminate at the open loop zeros

b) The open loop zeros and terminate at the open loop poles
c) The close loop poles and terminate at the open loop zeros

d) The close loop poles and terminate at the close loop zeros

7- An open loop transfer function with negative unity feedback is given as

K(5+1)
S(S+2)(5+5)

a)3 b)4 c)2 d)5

The number of asymptotes will be

8- The root locus plot of a system with open-loop transfer function G(s)H(s) = K/s(s+2)
will have:

- A) One pole at the origin and one pole at s = -2
- B) One zero at the origin and one pole at s = -2
- C) Two poles at the origin

- D) Two zeros at s =-2

Answer: A) One pole at the origin and one pole at s =-2

9- The number of branches in the root locus plot is equal to:

- A) The number of poles of the open-loop transfer function
- B) The number of zeros of the open-loop transfer function
- C) The number of poles or zeros, whichever is greater

- D) The number of poles minus the number of zeros

Answer: A) The number of poles of the open-loop transfer function
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10- The root locus plot crosses the imaginary axis at:
- A) The gain margin
- B) The phase margin

- C) The point where the system becomes marginally stable
- D) The point where the system becomes unstable

Answer: C) The point where the system becomes marginally stable

11- The asymptotes of the root locus are determined by:
- A) The number of poles and zeros
- B) The difference between the number of poles and zeros
- C) The sum of the poles and zeros
- D) The centroid of the poles and zeros

Answer: B) The difference between the number of poles and zeros

12- The root locus plot is used to analyze the effect of:
- A) System gain on stability
- B) System gain on steady-state error
- C) System gain on frequency response
- D) System gain on phase margin

Answer: A) System gain on stability
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13- The root locus plot of a system with no open-loop zeros will:
- A) End at infinity
- B) End at the origin
- C) End at the poles
- D) Not exist

Answer: A) End at infinity

14- The root locus plot is applicable to:
- A) Linear time-invariant systems
- B) Nonlinear systems
- C) Time-varying systems
- D) Discrete-time system

Answer: A) Linear time-invariant systems

15- The root locus plot is used to determine:
- A) The range of gain for stability
- B) The range of gain for instability
- C) The range of gain for optimal performance
- D) The range of gain for maximum overshoot

Answer: A) The range of gain for stability
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