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Sketch the bode plot for the following transfer function and determine
50

5(1+0.55)(140.05s)

L. phase margin and gain margin. G(s) =

[10] CO5| L3

a. Make use of the response curve of second order underdamped system to define

and derive the expression for (i) Peak time
20(s+2)

b. For a unity feedback system G(s) = ey

r(t)=3u(t) + Stu(t)

, find the steady state error for

[06]

CO3| L2

Determine the ranges of k such that the characterstic equation is s3 + (2k + 3)s? +
(6k + 7)s + (7k + 8.5) = 0 has roots more negative than s=-1.

CO3 L3

The open loop transfer function of a unity feedback control system is given by
K

4. |[(s+2)(s+4)(s%+ 65+25)°
'What is the value of k which gives sustained oscillations and what is the oscillation
frequency.

Determine the range of values of k for the system stability.

CO3| L3

Sketch the root locus for a negative feedback control system with G(s)H(s) =
5. K

S(s+4)(S%+ 4S+20)

[10] [CO4

L3

a) Analyze the Bode plot shown in Fig below to estimate the transfer function of a

— 6 dB/octave

Log ®

5.0

control system:

[10] [CO5| L3

a. Develop a state model for the electrical network shown such that e1(t) and e2(t) are

inputs and output is taken across the resistor R.
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b. Find state transmission matrix for[_o3 _14]

[06]
CO5| L3

[04]
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Sketch the bode plot for the following transfer function and determine

we get

including 0.

various facto

The table shown below helps in the process of drawi
rs of GH (jw) are entered into the table so Lhat the corner frequencies of the

individual factors are in the ascending order.

Putting w = 0.1 (starting value of w in the semilog sheet),

20 log |Y (jw)|w=0.1 = 54 dB

Please note that the general from of Y (jw) is /€ (jw)=N, where N is any integer

ng the Bode magnitude plot. The

A ————

Factor Corner Magnitude and slope characteristics
frequency of various asymptotes [2ex]
This factor has a magnitude = 54 dB at w = 0.1 and
35% - slope = —20 dB/decade (cofficient of log w in equation (7.11))
upto next corner frequency, wi.
Net slope between wy and w; = slope contributed by
'J—+O‘T)u wy =g | (140.5jw)™! for w >w; + previous slope
=2 = —20 — 20 = —40 dB/dccade.
Net slope wa onwards = slope contributed by (1+ 0.05jw)~"
m‘,lgz;; wy = ﬁ':?; for w > wy + previous slope
=20 = =20 — 40 = =00 dB/decade.

B

phase margin and gain margin. G(s) =s(1+0.55§?1+0.055) [10] [CO5| L3
¢ Solution
Puttling s = jw, we gel
. 50
GH(jw) = 500 57a + 1)(0.055w + 1)
. 50
Let Y(Jw) = Jw
- 50
= Y (jw)| = =
= 20 log |Y (jw)| = 20log 50 — 20 log w (7.11)




ﬂoccdurc and tips 0T Urawmng e magnitude plot;

A is not 'POSS'lbIF to plot the magnitude plot down to zero frequency becacuse of
the logﬂrlthm"l:l rchcncy values (log0 = —o0), the minimum value of w on the log

s normally taken as 0.1 (one may start from 0.01 as well depending on the

5, The construction lines of slope = —20, —40 and —60 dB/decade are drawn as shown
" in the semilog sheet.
Draw a straight line having an intercept of 54 dB at w = 0.1 and it must be parallel

3 L
o the construction line of slope = —20 dB/decade. This line should terminate at
» = 2 rad/sec.

4, Draw 2 line parallel to the construction line of slope = —40 dB/decade between the
corner frequencies wy and wy.

5. Finally draw a line parallel to the construction line of slope = —60 dB/deccade

phase plot:
é(w) = —90° — tan™" 0.5w — tan~! 0.05w

w (rad/sec) ¢(w)(deg) w (rad/sec) #(w)(deg)
2 —140 —183.3
3 —154.8 —187.8
4 —164.7 —191.7
5 —-172.2 10 —195.25
6 —178.2 20 —219.3

6.32 —180.0

From the Bode magnitude and phase diagrams:
CM=-8dB
PM = rf)hl = —15.25¢

Com
Ment op stability: Since GM in dB and PM in degree are negative, the closed-loop

t( %
M is unstable.
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a. Make use of the response curve of second order underdamped system to define [06]
and derive the expression for (i) Peak time co3| 12
. _ 20(s+2)
b. For a unity feedback system G(s) o find the steady state error for [04]
r(t)=3u(t) + Stu(t)
a.
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Determine the ranges of k such that the characterstic equation is s3 + (2k + 3)s? +

‘What is the value of k which gives sustained oscillations and what is the oscillation
frequency.

. L3
(6k + 7)s + (7k + 8.5) = 0 has roots more negative than s=-1. [10] CO3
The open loop transfer function of a unity feedback control system is given by
) (s+4)1(<52+ Goras) Determine the range of values of k for the system stability. o] os| 13
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Sketch the root locus for a negative feedback control system with G(s)H(s) = [10]

K
S(s+4)(S2+ 45+20)

CO4

L3
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Solution : The open loop poles are located at

—4:!:1}16—80
s = 0,-4ands = 3 =-2%j4

Step 1: Initialdata:P=4,Z=0, N = P=4 branches,
P - Z = 4 approaching to oo,
Starting points = 0,—4,—2+j4,-2_j4
Terminating points = oo, e, oo, oo,

Step 2 :  Section of real axis

QOne breakaway
point exists —_— ]

N y

Step 3 : Angles of asymptotes

o - (2a+1)183°

P_z lq=0,1,2,3
- 1o o 3x1800
61 = T = 45 92 = 3 = 135 J
° 7 °
93 = 5)(];80 = 225° 04 = % = 315°

Step 4 : Centroid
Z R.P. of poles— Z R.P. of zeros
s P-Z

(0-4-2-2)_(p)
= 1 = -

Step 5 : Breakaway points

0y $°4
1+ G(s)H(s) = 0 i.c. 1+ K =0
s(s+ 4)(52 +4s+ 20)




9-51

RootLocuu

— s

7o S+ 8s” 4 365 +80s+K = ie. K=—s4-&s3-3ﬁsz-805 )
dK '

— = 43 2 P
s 4s” ~24¢ -725-80 ic. sJ+652+IBs+2D=0

points. The validity of =-2+j2.45 as
on, (Refer example 9.17)
K = 64, from equation (1),

Step 6 : Intersection with imaginary axis

a breakaway point can be

The characteristic €quation s already obtained as,

s"+as3+3ssz+sos+1< =0

The Routh’s array is,

2080-8K = 0

4 1 38 K 2080 _

5 'r‘ Kmﬂr — —-8— — 260
3 8 80 0

2 26 K A(s) = 2652 +K=0

- 8K

¢ 2_0%“ ° 2652+260 = 0
0 K s2 = ~10

s = %jV10 = +j3.162

These are the intersection points with imaginary axis,

Step 7 : Angle of departure

(2 . ° =+ 116.56°
¢0p; = 180°-x =180°tan 1(§J=180 -6343° = + 116.5
-1 4) _ o
9p; = +90° and ¢p; =tan [EJ_ +63.43




Root

bl d Ad AL ii

180°-¢ = 180°-270°= - 90° at-2 4 j4

= Sty Sy = 20
¢‘(|

¢d =

Xop = 11656°+90° + 6343°=270°, ¥ ¢, = g°
While ¢, at -2 -jd4 is,

+ 90°

The entire root locus as is shown in Fig. 9.30,
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a) Analyze the Bode plot shown in Fig below to estimate the transfer function of a

— 6 dB/octave

Log ®
control system:

[10]

COS5

L3

Sol:

Solution : The slope dB/octave is to be converted to dB/decade. Initial slope is
+12 dB/octave, hence there are two zeros at the origin. This is because

6 dB/octave = 20 dB/decade

12 dB/octave = 40 dB/decade ot




N
Now the equation of line after w = 0.5 is, i \%

M= 2logu+C
at © = 1,M =+ 32 dB shown
32 = 20Log 1+ C
C=23
Al ® = 0.5, M=20Log 05 + 32 = 426 4B

Now w= 0.5, M = 26 dB is also on the initial line whose e
M = +401log v+ G

At o
G

quation jg

0.5, + 26 = 40 log 0.5 + €
38.0412 dB

Now this line must have M = 0 4B at
But at =],M =

=1 for K =].
40 log 1+38.0412

M = 380412 gB
This is due to contribution of System gain constant K.
0LogK = ag. 0412

ie.

K = 7953
At w, =
c = 0.5, slope changed by =20, there jg simple pole.
F. =
actor (1+T S),whereT —L=L~2 \1
—r s We 057% = (1+2y)
» Slope changeq by 20, there is simple pole
= _1 .‘
Factor = m,WheteTz =-1~=l~1—\1
- W 1 1+s

I SlOpe f-u_rther ch
anged by -39 there s §;
. 1S simp]
Factor = _ 1 P'e pole.

mlwhereT sk . 1

1
Hence the transfer ﬁlnctxon is m
G(B)H(S) =

79.8 52
(1+2S)(l+s)(1+02 )

a. Develop a state model for the electrical network shown such that el(t) and e2(t) are

inputs and output is taken across the resistor R.
R L L

— N [06]
i e
e.(k)V T *I ' A)‘ e, (L

T ]

COS5

[04]

0 1]

b. Find state transmission matrix for[_3 _4

L3




Let:
* 7;(t): current through L,
* i5(t): current through Lo

* vc(t): voltage across capacitor C

We'll choose the state variables:

T, =1 (t), Iy = ig(t), T3 = ‘Uc(t)

Inputs:
u = e (t), us = est)
Inputs:
uy = e1(t), uy = ey(t)
Output:

y =voltageacross R=R-i;, = R-x;

+ Left loop (KVL):

d 1
“ +ve = u) = Rz, +L1$‘1+:ﬂ3=>i1=L (ul—R:z:l—:ca]
1

Cl(t) =Ri, + L, dt

+ Right loop (KVL):

di

+ug = Uy = Lada + :>‘—1( )
at Ve Uz = La2T2 + T3 Iz—Lzuz T3

e;;(f) =L,

¢ Capacitor Current (KCL at center node):

Current into capacitor:




btate-Space Equations

. 1
I = I (’le Rz, — 933)
by = — (uy — 3)
Lo — Lg U9 I3
i3 = = (21 — 2)
L3 — C L1 — T2
y = Rz

¥} Matrix Form (State-Space Model)

[ ] y = R:Bl
State Equation:
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