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B.E.

Sixth Semester Examination, Dec,-2007
Automatic Controls (ME-308-E)

Note @ Attempl any five questions. 2
Q. 1. Draw root loci for a system with GH(s) = K :[:{s +2)(s + 3}] and find its intersect on the imagi-
axis. Also find the value of K for which this system will be anstable.

K
J‘\...W'h'\.",ﬂg 5] = —— —
ns. We have, Gfs)H(s) T5r2)(s7 )

The finite poles of open loop iransfer function arcats =0, 5= -2 and s= -3,
As the system has no zero, so the root loci would terminate at the zeroes located at infinity,
The number ol root log, P = 3.

ad ITd =

4. The given transfer function is rational, so the root loci is symmetrical about real axis.
5. The angles of asvmpiotes for K = 0 are
n n w
K -0, By =——=—=2=60°
Them 3-0 3
in
K=1, B =— =18¢°
3
Sm
K=2 0y = = = e

6. Intercepts of asymptotes at real axis,

(P, + P54 F_1+......F,.,]—f.":’.i +23 + Zytii~Zy)

n-—-m
0=2-31-0 -5
_(0-2-3-0_5 o
I-0 3

7. Rowol locus on real axis |
{a) Berweens—0tos = -2 and
{b) Between = -3 10 —o .
B, Imersection with imaginary axis
The characteristic equation is,

{s+2)(s+3)+K=D

= PR Fhs+ b =0

Put 5= jw . wc have

—jw‘ — 5w? +hw+ K =10
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Faprating imazmary parts cgual o zero,

=W hjw =
W= 'i-»,l:f: =445
oo, cquating real pars equal to zero and putting the value of w = £4/6 , gives
K=58<6=3]
S the lorn mterseet the imaginary axis at -I_-!u"_{t with K = 31,
4. Break away point @ The characteristic equation s,
: 1
ST s+ K =10

ity K= —{Sj + 557 +ﬁ‘;}

X o P € Ve SR 6) = 0

s !

i
=155 dnu 78
Uhe value - 255 15 not Iving on root tocus. So the valid value is — -p 78

Fhends, 5

Phe root ech are civen below

_ /4-‘_1\-’?= 248
K =30

1R0° ‘i'\f:l]”
£ K %
3 = "“':l
300

Brvak awon
point (.78

\ We=—j24s

Value of K for unstable system.
Simce the root locus intercects the imaginary axis at b = 30, So for K = 30, the root locus lies in the right half
o s-plane. S the system is unstable for K = 30,
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0. 2. Derive an expression for transfer function of a PDU type hydraolic controller,
Ans, The block diageam of o PDI tvpe hydrarulic contrpller is shown below

P LT T

"
i

C=)

[&(s)

Cipls)

Lssssscccanmsssfssssrnamansnasana

P

I the diagram. the PDY type hvdrarelic controller s shown inside the dotted lines.
It K. be the proportional gain of the controller
k., be the mtegral gain of the controller
K., bethe derivative gain of the controller
dnid Gols) be the ransfer function of the system. whose output is to be controlled by the PDI
controfler

Fis) be input siznal to the controller or actuating signal

Y5} be the output of the controller
As trom the Block diagram, the output of the controfller is given by {in time domain)

, . I deft)
Y(1) - hl,c{1:|+L.Lelfl}d! K 4 e
Tuking Laplice transformation. we lave
Y(s) = K, E() 4 -h--'-!_[_uju F 5K E(s)
5

S the transler function of the controller s

AYE k
ﬂ = Ky ot sk
Efs) 5
K, sh
= KF‘ [ i ._:" ¥ T il_f
. !-‘J\F k _i
¥(s) | ' Ky |
2 L
L B(s) 7| KK, K,
k.
n "
I we wile _KT = F[:
Ky
andd i\_: =Ty



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

Then the transfer function of a PDI type hvdravlic controller is given by

F [
G, =K, | |+—=—4+5T
| Mg :1_ 5T, ll]J

T —

K
T, ;
Where, Iy = K Is called integral time constant of the PO controlier
[}

Fad

o Ky ) .
and Ty = _k_'_ is called dervative time constant of the PDI controller

Q. 3. For the block diagram in figure. draw signal flow diagrams and derive expression for ¢/r, using
Mason's formula. Check by block diagram algebra,

Ans. The siznal Now graph of the given block diagram is given below

According to the Mason's formuba

= Mg
T A I\ZI RUE

L

— _:i"h‘.-'rl*\l b M:ﬂ: y S b, M;!i"l-rr]

A= 1 Sum of all individual loops) + sem of the products of loop gains of all possible combination of
non-touching loops taken two at a time),
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There are 5 individual loops

® b

it

(1)

(5) s

I'he sum of zains of these 5 loeps,
'.‘;{‘.I, $=I—G|G:H3 +G|GIG'{—GI{]3H"l'GIH-:.l_"l'l]”-l
There are 2 Mos, of forward paths,

G Gy Gy
Pi= r » > > i
I*ath gain, M, =G G10Gy
here 15 no non-touching loop
s, A=
H=
3
PI= r =
Path gain ; =G H; =M;
Fhere is no non-touching loop. So,
A =1

c |
Henee, = E{MIﬁI +M34;)

r

/
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— CI| Cl: 'Cl] +G1H2
-GGy Hy +GyG1G 1 -GG3H, +GyH, - HyH4
Block diagram reduction : The successively reduced block diagrams are given below :

- "" [
H,
b i
1|
@) 0 > G :
‘—“_ﬂ:‘l‘z -
I m— H‘: 1-“2{}3 =Y
(3)
r ! Hy +G,G, 3¢
(4). [H, I':
. | G, 5 T + G iy ",
1= Gl — Gy y TS <a
<
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E3 | Gl:“: +G:EG_:|_}
(1-G,GaH; - G H, )(1- HyH; + H,G,2G;5)

i
-

; ® GilH; +GyG3)/ (1-G1GaH; =G H (1 -HHy + HG2G,)
|+(]|1H3 +GIG]}".“_GIGEH_‘ —(;|H|H1 —H|H1+HIGEG]}

Se. on solving we have

€ _ GGGy +GyH;,
r 1-GyG;H; +G G565 -G2G3Hy +GyH; —HH;
which is same as found by Mason's formula,
(). 4. Draw polar plots of the following first order system :

c K » 1aD e

o

Ans. The open foop transfer function of the given first order system is given by :
K
G, {1]=—
ot aD
Taking Laplace transform, we have
y K
G‘,[S} e
d5

The closed loap transfer function is

Gy = satK
Putting s = jw, we have

L= Jaw + K ) 2 +l:.11'|.'|.'I qj_l&.-:'!-?jjwz
e
and = —tan_l%

A1)

w2
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Lt K
(1) Mow, when w =}, |(’{.I“]+ PROL. L IT |
1|||,,‘-|.'2
g ¢=—tan"' 0°=0

It is also the intersecting point with the real axis of the plot.
(i) When w tends = , then

G(jw) =0
arid = -90°

I'his is the point where the plot crosses the imaginary axis,
{iii} When w=K/a

K E
O W) = —————e = —x
| (Jw)] r_KI+K1 bp
$=—tan ' 1= 45

L)

Imaginary
0 0.5 !
w s ¢-_-13n"ﬂ w=0f peal
/ IFQ%
&
W \"25"
o o]
- w= K/n
. K
Gljw) =
| 1 :J K? +aw?

The polar plot is drawn in the figure shown above,

). 5. For the first order system shown in figure, derive the solution for output C(t) as a function of time
A unit step input r{t) = 1, using time domain analysis. i

r{f) K e(t)

D+a =

Ans,

K
The open loop transfer function of the given system is ——— .,

Di+a
The closed loop transfer function of this system in s domain is given by,
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C
Gis) = W K
R{s) s+a+K+I
= ,_K
(1+a+K)+s
K .
Hence, C(s) = {"] PR K) R(s)
But rt)=1 given
i
So, Ris) = = (taking Laplace transformation)
Putting this value in equation (1), we have,
K |
Cisl = o
s (l+a+K) g
K

5[{E+&+ K}+s]

Taking inverse Laplace transformation, we have
C[l} L K[] = e—l:l+n+[~;]1 ]

is the reguired solution of the given system.

{1}

(. 6. Find, using Routh's criterion if the system is stable or not, Take G;(s) = K !{s{s-r I}] ,T=1sec

and K = 1. If K = [0, check for stability.

T
Ris) E(s) ero Order] £ Cis)
Hold s{s+2) >
E(s) Gy(s) Ga(s)

Ans., The transfer function of the given system is,

K K
®

ss+1) s(s+2)
) K2 ) K2
st(s+1)(s+2) s +3s’ +25°

The characteristic equation is given by,

G(s) =
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5‘1 1-35.‘; +2:1.2 +l(f.2 =)
(i) If' K = |, the characteristic equation is,

st 43t 425t 4120

Here, as the coefficient of 's' is zero, so the system either unstable or critically stable.
The Routh's array is given by :

g | 2

< 3 ]
: : 0

3 ]

s I 0

<0 0 4]

There is no change of sign. So no pole lies in rizht half of s-plane, but as the coefficient of term 's" is
missinge, So the system 15 eritically stable for K = 1.

(i) Now, K = 10

I'he Routh's srray is given below ;

¢} I . 2
5 3 100
3 % i
> 3

o 100 0
57 0 ]

As the sign changes two times. So two poles lies in the right half of s-plane. So the system is unstable for
K=10

. Y

; s
Q. 7. For the system with transfer function 7

sT+25+1
s34 7t v 145+ 8

)
) = . Derive the state-space represen-

(
(
tation, :

Auns. - The transfer function of the given system is,

Yis) s 425+
Ufs) s +7s%+14s+8
Breaking the T.F, into two parts, we have

‘r’{s]._ux|{s}x Y(s) 1 s
U(s)  Ufs) Xyls) s'+7s% +145+8 ( : H]
Xyls) _ 1

Now consider, U(s) s 4762 +14548
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= [+75 +14s548) X, (s) = U(s)

Faking inverse Laplace transformation, we have

3, 2,
E’_'*I.!. +7 d_-’;-l REPicd Bx; = ut)
dt i dt
== 'ﬁ'1ft}+?§’][l]+|=Ix{t}+3.h:|{t]|= I.I{I‘}
Hence, Kty ==78;(t) - 145{t) - 8x; (1) +u(1)
MNow select the state variables.
}Iml = ){2
ii'i|_ = Ky = X3
H| = i:{
Nowy, Ky =) = =Tk (t) - 145{1) - 8x, (1) + u(1)
J'C| ] 1 O Xg 0
X3 = 0 0 Ifxq|+]0]uft)
3] [-7 -14 Bx; ]
Yis) .2
Now consider, g;f;} = (5 +254 I]
= ‘r’{s:l={sl +25+I)Kl{s}
Taking inverse Laplace transformation, we have
v(t) = -d—z—x'-+2ﬂti+xr
dt? dt

= &y (1) +2%,(t) + x(1)
g = X3 +1*1l'.1 + X
Hence, }'{t] ={I,2,1]xl{l}

ol

=[1.2.1 XIJ

X3
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The block diagram is given below :

). 8. For a system with the characteristic equation :

s? - 4s? + s+ 6 = 0, find the number of roots, if any with positive real parts.
Ans, The given characteristic equation is,

s -4s? 4546=0
The roots of this characteristic equation with positive real parts can be found by Routh's Hurwitz criterion
as follows ;
The Routh's array is given below :

JE | |

P -4 ]
5

5! ) 0

0 6 0

In the first columg of the Routh array the sign changes two times. So, there are two roots with positive real
parts.



