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Exercise 1 (Root Locus)

Sketch the root locus for the system shown in Figure

1

v

Locate the open-loop poles and zeros on the complex plane

\ 4

(s+1D(s+2)(s+3)

Find the asymptotes.
Determine the intersection with the jw axis,
Determine the breakaway and break-in points



Solution 1, (Root Locus)

1. Locate the open-loop poles and zeros on the complex plane. Root loci exist on the negative real axis between -1 and between

-2 and -3.
2. The number of open-loop poles is 3 and the number of finite zeros is 0. This means that we have three branches ending at

infinity and there are three asymptotes in the complex region of the s plane (three infinite zeros).

The angles of asymptotes: — + g+ Dr
X Y | va== nb(poles) — nb(zeros)

(poles) — (zeros)  (=3—-2-1)—(0) _

forq =012 - @, = 60° 180°,300°

' joint of ; = = —2
Point of joint of asymptotes Op = — (poles) — nb(zeros) 3 =)
3. Determine the breakaway and break-in points. The characteristic equation for the system is:
K dK
1 0 5K=—(+1DGE+2)(s+3)=—[S3+6S*+115+6] > E:_[352+125+11] =0

T T DG+D)G+3)

we have two roots for this equation: -1.4226 and -2.5773 the second root is not valid (not on the root locus branch)



Solution 1, (Root Locus)

3
4. Determine the intersection with the jw axis, S 1 11 0
we use Routh-Hurwitz stability criterion, we have: s? 6 6+K 0
s1 66 —6 — K 0 0
1+G(s)H(s)=0-S3+6S2+11S+(6+K)=0 3
0
The line with odd power and find k to have complete zeros row S 6+K 0 0
66 —6 — K _ _ ,
; =0 - K=60 - the above row is auxilary equation:
652 +66=0->s=1jV1il > wy, = +V11
» For K>60 the system will be unstable.
—_— ——-—-—-—-—-*




Solution 15 (Root Locus Using MATLAB)
Root Locus

‘074 067 046034 022 01

clear all;clc: B.86

9
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s=tf£('s'"); 006 -

%]

sys=1/((s+1)* (s+2) * (s+3)); sgrid;

_

rlocus (sys) ;grid on;
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Exercise 2 (Lag Compensator)

A unity feedback system with the forward transfer function G(s) is operating with a closed-loop step response that has 15%
overshoot. Do the following:

OO =
a. Evaluate the steady-state error for a unit ramp input.
b. Design a lag compensator to improve the steady-state error by a factor of 20.

c. Evaluate the steady-state error for a unit ramp input to your compensated system.

d. Evaluate how much improvement in steady-state error was realized.



Solution 2, (Lag Compensator)

a. Uncompensated system analysis: The uncompensated system error. The root locus for the uncompensated system is shown in
Figure. A damping ratio of 0.517 is represented by a radial line drawn on the s-plane at 121.1°.

15%overshoot -» & = 0.517 — poles = —3.5 £ j5.82 with K = 45.8
1
— = 0.1527

K
K, = limsG(s) = 7= 6.54 — e(o0) =

s—0

b. Lag compensator design

The uncompensated system error was 0.1527 with K=46.1, a factor

improvement of 20:

0.1527
20

e(e) =

Ky

v

1
= 0.007635, since e(x) = i K,y = 130.98

The improvement in K, from the uncompensated system to the
compensated system is the required ratio of the compensator

zero to the compensator pole:
zc _ Kyny _ 130.98

— — — 20.03 Arbitrarily selecting p. = 0.01

pe Ky 6.54

m) 7z, =20.03p, 0.2 )

GLag (s) =

s+ 0.2

s + 0.01
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Solution 2, (Lag Compensator)

c. Error evaluation for the compensated system

K (s+0.2)
s(s+0.01)(s +7)

Gy (s) =

15%overshoot - & = 0.517 — poles = —3.4 £ j5.65 with K = 44.8

: 1
K, = limsGy(s) = = 128 — ey(®) = — = 0.0078
s—0 (7)(0.01) K, Root Locus g
a T T T T T~ 1 EEEEN i T
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ol T B . B
il o _' W :'
eN(OO) = —=0.0078 _ | oB6 - Cel ] Bystem: sys
K, I | Gain: 44.8
© - ; S 7| Pole:-34 + 5 65i
S 5 606 L - - Damping: 0.516
@ : o Overshoot (%): 15.1
d. Realized improvement in steady-state error g op e L -
= | A
£ 2505 2
T b3 ‘3
e(©) 0.1527 E4p 3
— — 19.58 0:86 foanrt
ey()  0.0078 R 5
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Exercise 3 (Lead Compensator)

A unity feedback system with the forward transfer function

K
s{s+7)

IS operating with a closed-loop step response that has 15% overshoot. Do the following:

G(s) =

a. Evaluate the settling time.
b. Design a lead compensator to decrease the settling time by three times.
Choose the compensator's zero to be at -10.



Solution 3, (Lead Compensator)

* Characteristics of the uncompensated system
System operating at 30% overshoot

. ‘ Dominant second-order
15% damping ratio C =0517 pair of poles
Overshoot x= 121.139,

along damping ratio line

settling time
) T, =%/ c = 1.143 sec

From pole's real part

* Design point

real part of the desired

Threefold reduction .
pole location

in settling time

) TsN = 1'143/3 = 0.381 sec m—) _Ca)n: _4/TsN = —10.499

Imaginary part of the
desired pole location

) 0y = —10.499 tan(121.13%) = 17.38

memmes) —3.5 1+ j5.82.

Imaginary Axis (secon ds'1)
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Solution 3, (Lead Compensator)

* Lead compensator Design.

Place the zero on real axis at -10 (arbitrarily as possible solution).
sum the angles (this zero and uncompensated system's poles and zeros),

resulting angle

) g = _222.520

the angular contribution required
from the compensator pole

) O =

location of the
compensator pole

—1800 + 222.520 = 42.520

17.38

= tan(42.52°
— = 10,499 an( )

From geometry
in fig(a)

compensator pole

) =

—25.54

Grea(s) =

s+ 10

s + 25.54

With gain K =477
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Exercise 4 (Implementation)

Implement the compensator G.(s)

(s +0.1)(s + 5)
5

Gels) =

Choose a passive realization if possible.



Solution 4 (Implementation) Z,(s)

The transfer function of the controller G () = (s +0.1)(s +5) i(5) .
s Z,(s) |
Vi) ; Vi(s) |
2+ 515+ 0.5 0.5 AN e RN AT
B : 5 0.5 1,(s)
G.(s) = - =51+s+— 1.(s) jkff”’

G.(s) is a PID controller and thus requires active realization. From table
Voals) _ Za(s) =

F!{S.I:I Ly {5} C .
{ Ry, 1
PID controller N u J\;"\ME‘ ~ (E_i_ﬂ) +R2C;s+R] C
R, Rk G 5
Matching the coefficients: Y
R, C
24+ 2=51
Rl CZ
If we choose C; = 10uF and C, = 100 uF — R,= 100kQ and R; = 20kQ
R2C1 - 1
1
0.5

R.C,



