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B.E.

Sixth Semester Fxamination, Dec.-20)(10
Automatic Controls (vx-308-E)

Note : Answer any five questions. All questions carry equal marks.

Q. 1. (a) Explain the various types of control systems,

Ans, Types of Control Systems : The control systems can be classified as open loop control system and
closed loop control systems, .

{i) Open Loop control System : The open loop control system is also known as control system without
feedback or non feedback control systems. In open loop systems the control action is independent of the
desired output. In this system the output is not compared with the reference input,

The compaonent of the open loop systems are controller and controlled process. The controller may be
amplifier filter etc, depends upon the system. An input is applied to the controller and the output of the
controller gives 1o the controlled process, :

Lt ————a  Controller Controlled L__y, Output
process

Example : (i) Automatic washing machine is the example of the open loup systems. In the machine the
operating time is set manually. After the completion of set time the machine will stop with the result. We may or
may not get the desired (output) amount of cleanliness of washed clothes because there is no feedback
provided 1o the machine for desired output,

Advantages:

(i) Open loop control systems are simple.

(i) Open loop control systems are economical.

(i) Less maintenance is requirad and not difficult.

{iv) Proper calibration is not a problem.

Disadvantages ;

(i) Open loop systems are inaccurate,

(i} These are not reliable,

(i} Optimization is not possible.

Closed Loop Control System :

Error sional

Frefernece / Controlied
il Amplilier " : i
: I Controdler Process iy

Fecdhack
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Closed loop control systems are also known as feedback contral systems. In closed loop control systems
the control action is dependent on the desired output. If any system having one or more feedback paths
torming a closed loop system. In closed loop systems the output is compared with the reference 'Il'lpil.ll and error
signal is produced. The error <ignal is fed to the controller to reduce the error and desired output is obtained,

Example : In a room to regulate the temperature & humidity for comparatable living. Air conditions are
provided with thermostate, By measuring the actual room temperature & compared it with desired temperature,
an error signal is product the thermostat turns ON the compressor or OFF the compressor.

Desired temp.

l

Raom
Compressor Controller 3
temperaturg P ’l‘ . Compressor
Frror signal
Advantages:

(i} These systems are more reliable.

(i) Closed loop systems are faster.

til) A number of variables can be handled simultaneously.
(iv) Optimization is possible.

Disadvantages :

(1) Closed loop systems are expensive.

(it Maintenance difficult

(i) Complicated installation,

Q. 1. (b) Explain the operation of hydraulic controller.,
Ans. Hydraulic Controller :

¥
By Ps i_’ s | rnuiput
L= 10| displacement

A B ¢
- | B
Input 1 —1 Tl
displacement [ £
P L—’li@—l D) 1 ! S~ Valve cylinder
To sump From pTrcssure To sump Ko réon
puimp

Hydroulic Actnator
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Contral large displacement power at the shaft of main piston. The input power requirement is very small
and provided by the displacement of the valve pision. The linear motion of the valve piston controls the flow
of oil to either side of the n:ain piston

The pressure Py on the left side of the maim piston is

higher than the pressure Py on the right side of the pis- 4
ton. The pressure difference (P - P:} causes the main
prston 1o more from left to right and the resulting displace-
ment of the mass attached to main piston in is y.
The mathematical relation between the input dis- \
‘\\ > P

placement x and the output displacement y gives the mode| \\‘\\‘\

of the system,
The linearized performance characteristics of hydrau-

+ ‘%' s
lic actuator relating the oil from q{n’r fs} and the pres- + % 5
o RS
i
sure difference (P ~ P, ) = FL{ N/ |Ti3} acting on the main Linearised p&{:}rbrmance

) , , characteristics of hvdraulic actuator
piston as a function of valve displacement x. Yty

The oil flow q is a function of valve displacement x
and pressure difference Py and can be expressed,

q="f(xP) i)
Performing partial differentiation on relation ().

q
d dx+—L gp, .
v tF]_ i)

- Measuring %, P and q from initial zero values and assuming partial derivatives as constant,

ity £
(32

In equation {iii),

dq
Kj=|—
Put I [ ﬁ‘x]
)
P
q = Klﬂ—KEP]_ {l\"}
I main piston displacement is dy in time dt and assuming oil,
dy
g=A v

Where A is the area of piston.
Subgtituting equation (v)
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dy :
A— =Kx —K.P
dt My —hkpby (vi)
Equation. {vi) following equation in obtained.
| dwv
Py o=— Kyxy -A-— i
L K[ 1% dt ] i)
The force developed by the piston in APy . Therefore multiplying equation (viii) by A
A e .
F=K—I[Kin—ﬁ—d—l] i)
I'he force F is applied to load having a mass M and coefficient of viscous friction at the load is f,
. dzy Ly
F=M—+F—=
at o dt %)
Equations (x) & {ix},
diy o dy A [ dy ]
il 00 s L] P Y -
di? T K4 A ~{xd)
Assuming initial conditions as zero, takine Lapace transtorm on both sides of equation (xi),
A )
Ms?y(s) + f{s)y(s) = ==K x(s) - A, ¥(s)] {xi)
K>
From equation (xii). the transfer function of hvdraulic actuator relating Y(s) and X(s) is obtained,
Y‘SJ = .ﬁi‘:! ! Kz
X(s) s[m_,,qn AJ}I il
Y(s) K
O X(s) s{1+sT)
o AK :
Ky(f+A7)
__ M
(F+a?)-
(). 2. (a) Derive the transfer function as shown in fig.
=y I_ K. X

C? 1y M [t}
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Ans.
X| k X2
£111%
ft) 5
M
d*x dix; —x
det .
At node 2, [Kz—ﬁ|}K+Mm—2+ﬂ‘d'l'{Nz—h}=ﬂ i)
Assuming imitial condirions as zero, taking laplace transform on both sides equation (i) & (ii),
2
Fls) = Ms* X, (s) + K[ X (s) = Xa(s)] + B[ X (s) - Xa(s)] i)
K[ X (s) - X, (s)]+ Ms* X, (s) + B[ X1 (s) - X (s)] = 0 ¥)
Q. 2. (b) Using Block diagram reduction techniques, calculate the transfer function as shown in fig.
Gy
G
1
R
Ris) a—»— G, > C(s)
b
H,
Ans.
Gy
+
G,
Ris} o—s—oI - a C(s)
i 1+G|Gl
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G
Ris s 4G Gy s
FcommibeaHj
|+G|Gl
— 63
; G
Ris)a > I Cls)

i+{-F['|:‘F:__| TG‘H[

G

G
14G,G, +GH,
GG, t————g:'C{5)

P

I"'Gl{:lz +'E|H|

Rislo—

Cls) Gy

R(s) 14G,Gy+GH, +G Gy

(). 3. For a system with block diagram as in fig., find steady state error dueto :
(i) Unit step reference input
{ii) Unit ramp reference input

Error
. 50
R{s) ——yf EE ) >
' D+5 &

I+0.1D




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




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

Ans.

r & 50
D (D+5) (D= Ilil.'li

|-+0, 1
___ 50
C(s) D+(D+5)(D+10)
R(s) ., S0(1+0ID)
.D_{D +5]{D +-I_ﬂ']
~ 50
" D(D+5)(D+10)+50{1+0.1D)
50

:”(UE -.sn)[mmpsm;ﬁ

50
D? +10D? +5D* + 50D + 50+ 5D
B 50
D +15D% +55D+ 50

Kp = lim C(s)R(s) = lim — 25']
D+t D=0 [ +150° + 55D + 50

Kp:tﬁ.

50
D? +15D% +55D +50

k., = lim = lim D.
v DC{s) R{s) lim

Ky ==1,
€. 4. Plot the root locus of the system having the loop transfer function
K

GlejH(s) = s(s+ 21{51 + 45+ E) .
Also calculate the value of K.
Ans. G(sH(s) =——

s{s+2]{51 - 45+E)
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Step | ; Plot the poles and zeros,

—4+/16-4x8

Poles are at 8i=0,8;=-2,584:58y = =

—4+416-32
2

_=44j
T2
=-242j
5, =0,8;=-2,8;=-242),5;,=-2-3j
Step 2 ¢ The segment on the real axis between S = 0 & 5 = -2 is the part of the root locus.
Step 3 : Number of root locii

Mumber of poles P=2
Number of zero Z=0
Numiber of root locii N=p=2

Step 4 : Centroid of the asymptotes.
_ Sum of poles— Sum of zeros

los Pz
_0-2-2 +2j—2—2j—E=—_ﬁ=_3
2-0 2
Step 5 : Angle of asympiotes.
2k
i 2k + 1 180°
p-1z
K=0
y
8 =222 1300 ope
K=1
=)
: ¢:=““2‘+'xlsu"=z?m
K=2
b5 =2"§+],xmnﬂ=4iuﬂ
K=3
by =237 18002 630°
Step 6 : Breakaway Point,

Thee characteristic equation 1+G(s) H(s) =0
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K

I+ =
s+ 2}{5' +ds r—E}

=

K+ I =}

{51 +25}|:52 +ds5 +H}

I
=0

k+ 2
5'1' -1-453 -«‘Hsl -l.r.l +1{t‘.2 + 165

1
K+ =0
5"’+1Era|1+lf:-ss2 + 165

K+5" +65 +16s° +165=0

K:-{s‘i + 657 + 1687 +Iﬁs}

dk 3 2 s
E = —{45 +185° + 325+ ]ﬁ}—ﬂ
B trial & error method.
£=0.21j

45°

270 ki

»
-
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Step 7 : Determination of jw cross-own (by Routh Hurwitz)

s 4657 +I:€~>_c3 +165+ k=0

gt 1 16 k
o 6 16
(). 5. For a certain control system
K
Gis|H(s) = —————
(s)H(s) s(s+2)(s+10) "
Sketch the Nyquist plot and hence calculate the range of value of K for stability.
K
G(s}H(s) = —————
Ans, M= 36719
Put 5= jw
K
Gl jw) = 2
(o) = 5+ io) 10+ 10) i)
_ ~12ko? k(200 -0%)
Gjw) = -j i)

J
o'(4+0?)100+0%) " 0?(1+0?)
To get the point of intersection in real axis, equate the imaginary part to zero.

Kema—o’)

m2{4+m1I1ﬂﬂ+ mz} i

w =447rad ( sec.
[Gljo), _, 4 =—00041K*
Put o =4.47rad / sec.
0.0047 K = 0501
a=0501

(i) PM = 24 —{ju}] - H{:jﬂ:ﬁ}+ 180°
45°= -90°—tan ' = —tan~' =
an 5 an 0 + 185

'-;i+lan“'iu-=45

10

tan~



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum
Taking tangent on both sides.

L] 41

W w

2 10 _;
iy

210
we +120-20=0

w=—1348, 148
Consider the positive value of w i.e. = 148rad /sec,

IG{jm] =1
K

———

ju(2+ ji.u}t:l-ﬂ-r jm}- =

K
P =J
jL48(2+ j148)(10+ jla8)

P
—| 80" A=
> R,
i = —a0
L
w =+ =80"
Q. 6. For the system as shown in fig. find the expression for C(Z).

For G(s) =

1 2
d = et the t{CnT)form=0,1,2,3,4. Take i
1) and H(s) Py ermine the output (CnT) for n +2, 3, 4. Take sampling
time T = 0.5 sec. Check the system for stability using Routh's eriterion.

E:f .
(s) /R (s) _ -~ C(s) ~ C'{S}_}

Ris) +

His)

-~
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|
Ans. G(s) = s(s+2)

1
(s+1}

+ Eis) [ C(s) C*(s)
Ris) / s :lG(s} —"/ =¥

His)=

- His) —
C(s) = G(s)E*(s) i)
Efs) = R(s)}~C * (s} H(s) i)

Eguation {i).
C*(5)=[GE ()] = G*(9E"(s)
C*(s)=G*(s)E*(s) i)
Substituting for C*{s) inequation (ii) Fom (iii).
E(s) = R(s) - G *(s) E*(s) ) )
Equation {iv),
E*(s) = [R(s) - G *(s)E*(s)i(s)]*
= R*(5)-GHIE(SH*(3
E*(s)[1+G*(s)H*(s)] = R*(s)

iy R
BA(s)= 1+G*(s)H *(s) = ¥)
Substituting equation (v) in {iv},
ST R*{s)
BT
c)_ ar) |
R*(s) |+G"‘{S}H"[S] (i)

In terms of z-transform relation (vi) can be expressed as the required pulse transfer function.

Cz) __ G2
R(z) 1+G(z)H(z)
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RE: . Giz| i
¥ T 1+Glz)H(z) >tk
e i =t
F(z) = 2-lz-e T sls+2)  ds+2)
CeE T LT ds+2)(s+1)+]

2=l - s+2) (s+1) s{s+2)(s+1)

2

Fa
{z—lj[z+e"”] bz’
1 R | e

22
i A 2{I+c'n}+e'”

22 2 o2

4! —(I+c'”) 0
0 1) 0

(1+¢™)50

—{I +e—hl1ﬁ} -0

—{I +¢"}} 0

=0

CinT)=0.

). 7. Ottain the state-space representation of

1L e

us) (s+2)(s+5)
Also, find expression for output y (t) for 3 unit step u (t). Take initial conditions as zero.
Ans.

yis) _ 12(I-s)
uls)  (s+2)(s+3)
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Let G(s)= ET
: 6= 3
¥(s) |
e 12(s+2)'Q(s)
y(s) =12

ufs) =(s+2)"'Qls)

J(s) = 2ufs) - 5'10{5]

u(s)

For Ga
yls) 1-s _ 1oy el _~JOE
ﬁ_ﬁ_{l ) 1.{|+55' A
y(s)=(1-5)" Qfs)
u{s}-—{l+55")Q[sj
! Ris) &1
ufs) e— ya \_})/ u(s)
=

Qfs) = ufs)-557'Qfs)
Rpo=—Sxg %o +12x%5
Ny = =2x3 +u
From equation (i} & (ii), put the value x5 .
K== - 2% +u

5{1 = —2!1 + U

A0
(i)
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K‘! N
X3
y=[I “][x:]'

Q. 8. Discuss the following :
{i}) PIDcontrollers

(i) Signal Mlow graphs.
Ans. (i) P1D Controllers :

iy " e
& K €n
o = ]
i i
Cy LA
vg || T
Lig =iy
Proper Integral Derivatutional
’ Vo
Eﬂ=Rﬂ'D+C_ﬁH'ﬂ_'l}d' D)
Laplace transform,
1
Eg(s) = Rglgl(s) + ——/1g(s)=1,(s)
. { o0 SCD [ 0 I ]
Eq(s)=1o(s) Rg#— |- — ]
o(s) = To(s) Rg *5¢o | T5c, li(s) (i)
|I| e -—HJ-I|dT - '—"'j dt ={ Aiii)
vaplace ransform of equation (iii),
I i
R]'I(ﬂ+EI1{5}_C_G[IB{5]_IL{5}]=H Aiv)

Simplify equation (iv),

R:CiCpSZ +5Cy +5C
MH=M{ "ﬂxlﬂf q )



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

Put the value of (s} from equations {v)in (i},

En‘ﬁ"} = 1|{5{R|C!Rﬁc“51 i Rﬂcﬂs"' RDCIE"' R]GS'I' i

30 ...I:"I-"i}
Also €)= R_Iil L Avii)
Laplace transform of {ii),
Ey(s) = Ryly(s) . {viii)
From equations (vi) & {vii),
Efs) RiCS
En(s)  RiCiR(CoS? +{RgCy + RgCy + RyCy)S+] v
ep = kiej —e3) . {viii)
Laplace transform of equation (viii},
Eols)= K[E(s) - Ea(s)] (i)
R
2-o(3) 0
Laplace transform of equation (x),
; R
Eafs) = L![SJ-'R";’ i)
Put the valre of E4(s) from equations {xi) to (ix)
; e Ry
h.,{s}r[h,{s}— Ei'[SJ}Tﬂ_I']k Al
: : : a : S e Ep(s)
From equations {vii}and (xii), put the value of Eﬂ[sj from equations (vii} in (xii) and solve for EM{-T
5
b
Egls) }:{lezc.r{uﬂusz +Ra(RgCo + RoCy +R(Cy)S+ Ry |
E-l[s'} R;RECIRﬂCBE +R2[RﬂCu+ R&C] +RJC]}S+R2 "‘KRIR]C[S “.[:l““}
If K==1
Eqli) Rog Ty |
=RyS8Th+| | +—+— |+ = .
Ei(s) I[ ! [ R T 5T - Aav)
Where, R = Rz

Y
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‘I:n = RﬂCn
Ty = By
Eq(s) T 1
—_— = [+=—8
Ei(s) !m[ " +<1T15} A}
Ry Ty
Where, o= 1+-R_|+TTT

(i1} Signal Flow Graphs {SFG):
The process of block diagram reduction technique is time consuming because at every stage modified
block diagram is to be redrawn. A simple method was developed by 5.). Mason which is known as signal flow

graph,

gy

Construction of Signal Flow Graph From Equations :
Consider the following sets of equation,

Y2 =1n¥) +lny;

¥3 =132¥2 +in¥a+tay)
¥4 =Lly¥s+lays

¥5 =1sa¥a

¥6 = Tos¥s +laa¥y

Where v, is the input and v, output in the output,

Step 1 : Draw the nodes,
1] 1] 0 0

=]
=

¥l ¥a ¥3 ¥4

e
i

¥s
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Step 2 : Draw the SFG for equation (1),

Lz

o =] o

¥ ¥a2 ¥3 Na ¥s5 ¥s
L3z
Step 3 : Draw the SFG for equation (ii),
L3

(-] 2 £=]

¥a iz ¥y ¥4 ¥ ¥a

Q L]
4 Y2 ¥s Yo
Step 5 : Draw SFG equation (iv).
] Q -] L . ] -]
¥y ¥ Y3 ¥4 ¥s ¥
Step 6 : Draw SFG for equation (v},
Iﬁj
-] o o
¥y ¥a ¥3 ¥4 ¥s Y&




