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B.E.
Sixth Semester Examination, December-2008

Automatic Controls (ME-318E)

Nate : Attempt any five questions. All quesbons carry equal marks,
. 1. Draw root loci for a system with GHis) = Kfs (s + 2)is + }}] and find its interseet on the
imaginary axis. Also find the value of K for which this system will be unstable.

Ans, Given G(s]f‘f{.ﬂ=;
sy +21(5+3

Stepl: P=32Z2=0,a5P >Zs0. N =P =7 branches
P - 7 =3 branches approaching to o
Starting points =11, = 2, =3 ... open loop poles
Terminating points =, =, %, oo nm:rl loop Zeros so o
Step I : Scction of real axis
One breakaway point between O and — 2 exists.

Breakaway point

possible
Step TI1: Angle of asymplotes
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p2a + 11807 g=012
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Step V : Breakaway point
1+ GiaH(sy =0
P
s+ 25+ 1)
5 +ﬁ,5'3 + (o + K¥ﬂ
}{:—,lrﬁ --552 = fis
dK
iy
357 4105 +6=0
- =10+ J100-72

¥y=

~15% =105 ~-6=0

6
~10£ 28 -10£529
0

= 7.54,- 0785

Hence the breakaway point s s=—0.785

Substituting 1n equation (1)
K =—(-0.785)" —=5(-0.785)" —6(-0.785)
K=-0483 =308 + 471
K=0L14T for s =- U785

As K iy positive, § = — (0785 is valid breakoway point.

Step VI Intersection with negative real axis,

s 455 w65+ K =0

s3] é
2| 5 K
) —

5l n-K 0
5

':n K
WN-K=0
Koo =30

Als) =55" +K=0
552 +30=0

5 -
s=% j/6 =% 244 .. Intersection with imaginary axis.
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Step V11 : T'he complete rool Incus is shown in below fig.
o 0, 60°

Centroid
-166

4 L
i /_).3
Breakaway
point
- 0.785

0,=180"

Step VI : Comment on stability
For 0 < K < 30, system 15 stable as entire root lowus 15 in the felt half of s-plane.
For MY K < oo, the sysiem is unstable,
(). 2. Prove that the polar plots of the sinusoidal transfer function Gijw) = joT/A1 + juT) for
0 < = = is a semicircle. Find the corner and radius ol the circle,

i T
Ans. Given A e L .
{1+ jwT)
Hure £ (o =1
So, Ve 1g NI .| L.
f 3o
Yl w= T~
- TY
tan~" [a:} J
LG (jo) == ——— =007 ~tan "' (wT)
tan™ {wT)
Starting Point :
i = (] i — 907
Terminating Point :
i —¥ 00 ¢—>IJ-“

Rotation of Plot :
=1 =907 =— HWI° (clockwise)
The corresponding polar plot is

Img.
i =»0 ‘
(Start) ‘l
80° Clockwise
=y +Real
i) = 1
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Q.; 3. Determine the range of K for stability for the characteristic equation :
2

2 s+ Ksd 582 se1- {); using Routh's eriterion.
& 3
Ans. Given, s' +Ks? +57 +5+1=0

F{-ﬂ=.§4 + KEJ +52 +5+1=0

54 ! I
s K 1 0
. o L i |
K
K!;I i
I

5 {

K-1

K -
s9
For the system to he stable there should not be sign change in the first column, [

K -1

—— =0 f{rom 5
K

K-1>0 =

Q. 4. Explain Poeumatic Proportional — plus — Derivative Controller and obtain its transfer
function.

Ans. Proportional Plus - Derivative Control Action
(PD Action) — Pneumatic Controllers :
The control action of a proportional plus derivative controller is defined by the equation :

mit) 4
e (th, :
+ Kp (1+Tis) M(s) Unit Step | Pl action
Tis 2
B {a) 3 : K
% (b) I 7 ] P action only -y
ik i (@
f
=K I | e s -
e r elr) + P d i
Mis) .
=K _ (1+T
E(s) I {1+7Ty 5

~ Where K, is proportional sensitivity & 7 derivative time. Fig. (b) shows the proportional plus
derivative controller.

et}
Es) Kal1+Ts)—=pM(s)

<% (P action only)

e
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Q. 5. Obtain the transfer functions X; (s)YU (s) and X 3 (s)U {5) of the mechanical system shown

in figure.
——1 | —-—-—rm:::2
L1

m1 YATRryY mz
k ks

Ans. The equivalent mechanical system will be as shown

uit)

The equation of equilibrium are

:
u ) = M, ":_le.E'L ky 5y (0 + Ky Ly =% 01+ b2 [y 0) = 5 (1) i)
dt et
2
=M, e L + k3 [z (] + b%[jz (=2 )+ ko [ () —x () A
eft ¢
Using F-¥ analogy
M =+ L, b — R fi—l'-clr =g, E_“-
2 ;
(J'#x_ ﬂ X =g — |idt
= dt

Henee, the replacements,

i ! r. 1 WL Sl
=Ly —L +— {hde+— [(i) —f)dr+R{iy —&)
i T Ja ;s Jei 1R
di I |k l ;i
& ﬂ=£.zﬁ+a!¢;ﬂ'r+ﬁﬁg _Il}+a'[“: — iy} dt

Simulating the above equations using loop basis =

bo G
wb o) 4]

Taking the Laplace transformation of equation (1) % cquation (i), we get
(s = M!.:fz 0 (8) 4 Ky (0 + ks (8 = Rhaxo (5) 4 b5 xy (8) — s s (8) BT

& 0=M, 52 Xa (5)+ky Xy (5} 4 D3xy () =hsxp () + ks X2 (5) =Ky xp (5} _(iv)
From equation {iv)
(ks +bBs)xy (5)

X3 ()= —3
My 57 4+ ky + by + &y
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Putting value of x5 (5) in equation (iii), we get
wis) = vy (5) | M s+ Ky + 05+ ka 1+ 13 (5= K3 =]

o M o e b g Dl Be g )Xy G1)

Ms 5 +ky +ky +bs

ky + bj}:

wis)=x;(s)| M, 5 +ky +ky + by - -
H-E.T- +£’3 +.‘!z + by

- %y (5) My 5% + ks +kqy +bs
o U(S)  (My 5% +ka + kg +b3) (M} 5 4 k) + Ky + bs) =(ky + bs)?
xy ()
s
My s vky kg s |
& mm{ (hs + ks ) *2.0)

Putting this value in cyuation (iii), we gel
[M-']- PLIS S k4 + s
wis) = = = <

g {J}IMIJ.'I +ky ks + bs]=xa (5) ks + s

b.f‘“.kz
T (M e why + ke + By} (M 5 +dy ki o+ DE) (b o+ ks :r:r
dasiie (bs + k2)
A3 {.'l-}_- hs + k] I

Su,

WCSh (M 57 kg + Kk 4 BS) My 52 4 Ky +kq + hs) —(bs + k2 )°

(2. 6. Obtain a state-space equation and output equation for the system defined by :
Yis)/U [s}:[zs“ +5° +s+1]![s" +ds? 4 55+ 2]

Yig) - LV 4% 4542

Uts) $7 445 45542

As the above expression has same order both numerator & denominator hence, in order o find out the
partial fraction we will divide the N by D"

Ans. Citven

2
R P P 3‘12_73 B
!
257 +85° +10x + 4
=fis" =85 =2
- | ? : -1
Henee, LC) r Tﬁ-'i -:H'. -
Us) 57 4457 +55+2
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F6.¢3+E.\'+2

(5417 (s42)

sl h . B R
(r+)? (541 (5+2)

-

0 4 o |

sl A e

s r? (oD (1+2)]
4 [t}

+
(s+0) (s+2

ut)—

The: standard stare model can be represented as,
Xin=AXn+BUn&k
Fin=C XN+ DU
Xy =U{n-X;
Jf: =L —2X4 )
Yiry=4 X iy +10 X, (ry+ 2

Hence, X =AX + BlY
¥ =CX + DU

Where A== 0l C =14 10]
‘ 0 -2

H:[]] D =42

Q. 7. Derive the equations for time response of a Yrst order system subjected to step input. Draw
the response curve and find steady state error. Give sone: cvomple,
Ans. Time Response of a First Order System :

V=1 P20 .

= {} =0
Al i ) ic (0
Vy (5] = I Io

-
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Now first calculate T.F, the laplace network is shown as,

R

I g
) SCT quﬂ
Its

|
Viisy=l{stR+—1
i sy =1{s) R+ T (s)

1
Fu ' :'—.'
(5} SC (5}

V() _
V: (5} 1+sRC

Substituting ¥} I_'s‘.|=-l—
&

Vf,{r}r—l gt : A'=l& B=-RC
s{sRC +1) 5 1+sRBC
1 RC
V,(5)==~-
’ s 1+sRC
¢ ¥ 3
RC

Taking Laplace Inverse,
V, N =1-e"f =, +C, (nform

C, =1&C, (=" R
The response will be shown as,

t V. ()

o| o
RC | 0632

'lu"n {t)

2RC | 0.860 t
IRC | 0,050 ; .
4RC| 0982 iy

+ = 1—& RC

ral 1 t

The response is purely exponential

MNow suppose input 15 changed to step of *A’ units.

-1

w2
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A A'+ I3

s(l+sRCY s |+3sRC
A=A (I +5RC) + R
ARC+H=0 & A=A

B =-ARC
A
& V” {5}=£_.__._._ARC sﬁ_ pE——
5 HSRC s s+{1RC)

V, (n=All—e"RC )

So the rate of decay is not changed but the steady state value has changed. The corresponding response
can he shown as in fig. below. VoM
o

A \ Steady State Emor

A (1—a~VRG)

{
Q. 8. Wrile expression for C(z) in terms of R(z) for the system as shown in figure.

E"(s) Cls) cYs)

R{s)+ <> E() et

Ans.

B(s)

{His)}

Here, R{x) = Laplace of reference input r{r}

C {5) = Laplace of controlled output «f)
E (5) — Laplace of error signal o{1)

Biy) — Laplace of feedhack signal I{r)

& (5) = Equivalent forward path transfer function

H (5) = Equivalent feedback path transfer function

Derivation of T.F. of Simple Closed Loop System : Referring to the above figure, we can write
following equations as :
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Eis) = Rz} - Bis)
Bis) =Ci{s) H(m
Cis) = E{x) G(s)
B{s) =Cix) His) & substituting in equation (i)

Eis) = Rx) - C{5) H(5)

. Cix)
E =
(x) i)
Cis)
—=Rs-Cisn H

Ges) Ris) = Cis) His)

Cls) = Rs)G(s) - C(s)Gis) Hix)
Cis) [| —Gis) His)] = Rs) G(s)

Cls) __ Gis)
Ris) 1-G(s) H(s)

This can be represented as,

___Gls)
| - Gls) His)

B{si—» — (5}

Closed loop T.E

i)
i)
i)



