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1. A)Definecontrol system. Compareopenloop and closed loop control systems with two
example{or eachtype
Ans: A control system can be defined as an arrangement of physical components connected or
related insuchamannerastocommand, directorregulate itself oranothersystem. Open-.
Loopcontrolsystem: Anopenloopsystemisoneinwhichcontrolactionisindependentofthe
desired output. tMeansthe desired outputis neithermeasured norcomparedwiththeinput.

—) controller Plant/Process f————>

output

Exmaple (I): Traffic control system - for regulating the flow of traffic at the crossing of two Or
moreroads.Hereredandgreenlightsare putonbyatimermechanismsetforpredetermined
Fixedintervalsoftime.Itisobviousthatthis systemdoesn'ttakeintoaccountthe varyingrates
Of traffic flow from time to time on any day. Example (2): Washing machine: Soaking, washing
andrinsing inthe washing machine are Operated ontime basis, hence itis clear thatthe
machine doesn'tmeasurethe outputsignalnamelythe cleanlinessofthe cloth. Closedloop
controlsystem: Aclosedloopcontrolsystemisoneinwhichcontrolactionisdependentonthe
desired output. tmeansthe desired outputis measured and compared withinputusing the
feedback element.

crmor

Manipulated

detection Sienal Controller
Reference + P Qutput
= Controller Process/Plant —
Input eITOr (Actual
W Signal output)
(Desired
Output) :
Feedback
Signal
Feed back element/measuring device A

txample (1): Speed regulation of Turbine shaft:

The difference between the desired output and actual output is used as an error signal inturn
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controlsthe valve position thereby controlling the output, the desired outputis Obtained
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Flow ‘J./ Speed
valve Turbine > N
rate
Governor <
wxample (2) : Automatic furnace:
JJ Load
Desired Tleal Actual
Th eater N
temp i Coil AT
Fhermocouple (&

Heater coilisoperated byrelay. The actualtemperature issensed bythermocouple and
compressed with desired temperature. The difference between these two actuates the relay
mechanism change the input as per the requirement.

1. b.Namethebasiccontrollersandtheirgoodandundesirablecharacteristics.

Ans: (i) Proportional controller: The system is stable. But the steady state error exists.
(iIntegral controller: The system tends to become unstable. The steady state error is
(iiProportional plus Integral controller: The system is stable and steady state e zero. (iv)
Proportional plus Derivative Controller: The addition of a derivative controller effect on the
steady state error directly, but it adds damping to the system and improv stability of the
system. (v) Proportional + Derivative + Integral Controller: The combination ofproportionalc
action, derivative control action and integral control action istermed proportional derivative
plus integral control action. This combined action has the advantages ofea the three individual

control actions.

1.c With a block diagram, explain proportional, integral differential controller. Proportional

controller
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error
detection
Reference

v error signa Mapiputatcd
: 7 K, —> signal or
input r(t) - «n mt) controlled

output

b(t)

m(t)an error signal e(t) is, met) = Kp e(t). TakingLaplace transform on both sides, we get
M(S) =Kp E(S) M(S). .. Kp = E(S) ,propOllional gain.

Integral differential controller: Itisthe combination of proportional. integral and differential
controlactionssoas.toderive the advantagesofallthe controlaction. Generallyitisknown as
PID controllers. Theequation for the PID controller is given by,

. de(t)
E‘ \cmdl oKty ——

m(t) = K e(t)* "¢ | at
king Laplace transform
| l l T,s |
M(S) = [(S).KI’ % _|“ > |

-

here, K = proportional gain
Ti = Integral time

I = differential l‘m; o

A E mit)

PO PDI

Dec 2014

2. a)Defineopen-loop and closed loop control system, mention their merits ami demeti:
Open loop controlsystem

Any physical system which doesnot automatically correctthe variation in its output, An open
Department of Mechanical Engineering, HIT,Nidasoshi Page 4
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loop system in which output quantity has no effect upon the input quantity open loop control
system. Merits: 1. The open loop systems are simple and economical 2. The open loop systems
are easier to construct. 3. They are easy for maintenance 4. They are stable. Demerits: I. .They
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are inaccurate and unreliable 2. The changes in the output due to external disturbances are not
corrected auto Closed loop control system: Control systems in which the output has an effect
upon the input quantity in such a to maintain the desired output value are called closed loop
control systems.

Merits: | . They are accurate 2. They are accurate even in the presence of nonlinearities 3. They
are less affected by noise 4. The sensitivity of the systems may be made small make the system
mo

Demerits: 1. They are complex and costlier 2. They may lead to oscillatory response 3. The
feedback reducesthe overall gain of the system 4. Stability is a majorissue and more care is
needed to design a stable closed system.

b) What is feedback? Explain the effects of feedback.

Feedbackisthe propertyofaclosedloop controlsystemwhich permitsthe outComparedwith
the input to the system so that appropriate control action may be fo Some function of the
output and input. The effects of feedback on the control system are, 1. Feedback in control
system improves the time response 2. Properdesign and application of feedback, stability of the
system can be effectively Controlled. 3. Gainof the system can be controlled by controlling
feedback. 4. Feedbackin control system reduces the effect of disturbance (Internal and
External) Onthe systemand reducesthe sensitivity of the systemto variationinparameter. 5.
Reducedeffects of nonlinearities and distortions 6. Flexibility in the system 7. Independentof
operating conditions

c) Explain proportional and integral controller and derive the closed loop transfer function of
Pl Controller for asecond order system
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ol controller:
fler with proportional control action, the relation between the controller m(t) and
error signal e(t) is m(t) = Klz e(t).
+ !‘_(\' ;l Kp \'(q)
controller Ami
B(s) P
P
S
= - M)
F'n, J E(S) dﬂ
e{1)
is stable but steady state error exists.
oller:
it of the controller i.e. manipulated sj nal is changed at a rate proportional to the
P g g po
the controller i.e. error signal.
\ ;
K
7 .
ft) X Y m{t)
bit)
bntroller with integral control action the relationship between output of the controller
ler with integral control action the relationship between output of the controller
; : . dm(t)
error signal e(t) is T =K e(t)
rating we get, m(1), = K J’ e(t)dt
sM(S)
aplace transform and simplifying we get B ES)
e system tends to become unstable and steady state error is zcro.
. - . . Page 7
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Proportional plus Integral controller (PI controller):

Consider an operational amplifier integrator with gain follows by a sign changerasa

for 2™ order PI controller.
R: C'_ R

R

M >m | 2 B .
E 5 gf

3 ¥
Integration sign changer
with gain

Equivalent circuit of Integrator Equivalent circuit of sign ch

R, 3 3
o

01 ) | (9= &

3 a)Explainideal requirements of control system? Explain

June 2014

stability (2) sensitivity (3) speed (4) Accuracy (5) Disturbance/Noise (6) bandwidth Stability in a
control system implies that small charges in the system input, in initial conditions Or in system
parametersdonotresultinlarge changesinthe systembehavior. Anideal control system should
be insensitive to the variations in parameters of the system but It should be sensitive to the input
commands. the control system means how fast the output of the system approaches to the desired
value .An ideal system should have good speed. How much the output of the control system
is nearer to the input or desired value is accuracy. An ideal system should be highly
Accurate. The system should be insensitive to noise and disturbances. Bandwidth means for

the range of input, output should be constant.

b) What is control action? Briefly explain proportional, proportional plus derivative and
proportional plusderivativeplus Integralcontrollers,withthehelpofblockdiagrams.
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Proportional controller:

Reference & error Manipulated
; 7 K signal
mput r(t) - e(t) m(1)

btt)

Feedback

In this output is proportional to the input of the controller. i.e. m(t) = K.e(t)
Taking Laplace transform, M(s) = K’ E(s)

M(s)
- K,= "E(s) Proportional gain

P

Proportional plus derivative controller:
The series combination of proportional and derivative control modes gives pro
derivative control mode. The mathematical expression for PD composite control is,

d e(t)

P(t) =K e() + K K, + P(o)

The behaviour of such a PD control to a ramp type of input is shown here

e(t)

den)
L e P(0) = initial value of output
dt
- tq

P(1)

t—
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The various important features of PD control are; improvement in damping,
overshoot, reduction in risetime, stability, improvement in bandwidth etc.
Proportional plus derivative plus Integral controller

[t is the combination of proportional, integral and differential control actions so asto
advantages of all the control action. The equation for PID controller is given by,

de(t)
dt

K, .
m(t) = Ke(r) + —T— Ie(t)d! + K1,

I
Or M(s)=E(s).Kp [I 2 Ts + Tds:|
K, = proportional gain
T, = Integral time
I, = Derivative or differential time

N &Y [, ] ]
1+ —+Ts _)
My c L B
b(t)

With PID control, there is no offset and system achieves the steady state with len settling

Thus PID is the ultimate procen composite controller.
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1. a.Obtainthetransfer function of the mechanical system shown in Fig.Q2(a),write
physical system equations.

X (Output)

n —> X | —

] /

3.5 i

< 4 e

2 M, M,

3 e N — F(i)

o K

1 QU (L)
e

ns: Free body diagrams are:

> f(x-x ) ;
, U F
Ky &—{M, M,
: — K(x-x )
fx, & (—"
RY
The differential equation of the mass M, is,
Mix = flx x| Aix K(x %) F0)
ie, Myx¥ flx-x|-fix-K(x-x)=F@

Taking Laplace transform.
MS* X (S) + fSX (S) = fSX(S) + £5(S) + K X(S) — KX (S) = F(S)
(MS,+~ S+ S+ Kix(S) -5+ K X85 = F(S)
The differential equation of the mass M' is:

M, .\-', = f l " 1 + K(x=-x)-1 \, -,

\

M, ,f-l = f [ ¥=% y - .{, + Kx, - K(x=-x)=0

— Taking Laplace Trf:n\:"nrlul 4
Dep: M S°X (S) = SX (S) + ISX,(S) + £SX(S) + K X(S)— KX(S) + KY,(S) ={ Page 11
ie. S+ K)X(S) + (MS - fS+[S+K +K XS =0 —2)

The output of the system X(S) is obtained from equation. (1) & (2) are,
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| F(S) -(/S + K)
X(5) = 0 MS + S+ fS+K, + Kl
; MS* + S+ £.S + K -f£(S + K) f
(S + K) MS + 1S+ fS+K + K

FS)MS* + /S + fi§ + K, + K]

(M,S* + 8 + £S5 + KDIMS* + /S + fS + K, + K) - (/S +

b) Write the differential equations governing the behavior of the mechanical system shown in
fig.Q2(b).Also obtaintileanalogous electrical-circuitbased on forcevoltage analogy and Loop

equations.

-
B. L= M.

' _1\.. Fig.Q2(b)

b

Department of Mechanical Engineering, HIT,Nidasoshi
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Free body diagram can be written as:
KY? *
B:.'\-T
The differential equations for mass m_ is,
My = f-BY - B (¥ - x;)

L MX + B)x, + B(x, - %) = f
Taking Laplace transform,

M $*X,(S) + B,SX (S) + B,SX (S) - B,SX,(S) = F(S)

(MS*+B.S +B,S) X, (S)-B,SX,(S)=F(S) —(1)
[he differential equation for mass m, i,

MX, = B (X, - X) - Kx,
& MJX, = B (x, —x,) — Kx, =0
[aking Laplace transform.

MSX(S) - BSX (S) — BSX(S) | KX(S) =0

-BSX(S)+MS +BS+K) X(S5) =0 —2)

Department of Mechanical Engineering, HIT,Nidasoshi Page 13
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MS* +B.S+BS F(S)
-B,S 0
i.c. X.(S5) MS* + B.S + BS -B,S
-BS M.S*+BS+K
[-BS . F(S)]
T (M;$® +B.S+BS)(M,S +B§+K)-(BS)
= Transfer function of the system is,
X,(8) _ B,S -
F(S) (M,S*+B,S+BS)(M.S" +BS+K)-(BS)
Analogous electrical circuit:
V()
Dec 2014

)

Lo

|

M,

M,

x
CETTIIT 777 | sss——————————————————

TITI?7

B,

A
71”/’1 ST 777777 F
Fig.Q.2(a) \“
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Sol:

e body diagrams for the two masses can be written as;

_QA\' 3
_>12
(1) B.(x -x.
‘ AX=X,)
M M, e—_Kx
— e
&\f‘ % k:(\l-\‘,’ F
Bn\.’ B.‘.\‘.‘

(Differential equation for mass M, is,

iy = B, (%, -x,) +K,x, +B,x, + K,(x -x,) +m,5,
Taking Laplace transform we get,

This can be written as:

b) Obtain the force voltage analogy for the given mechanical analogy

/ ,

/ " ey
/ B

; {'l |

/W\_ MI M. [P—pE
j Kl W ]

/

-
-

Department of Mecnanical Engineering, HI 1,N1dasosni

5
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B, B

Fs) = MSX,(5) + BSX,(s) - BSX,(s) + K X,(5) + B,SX, (s) + KX (s) - KX s/
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B %(-" X.) B.. %(.\‘..-.\‘l )
< <« ——> F or f{t)

M M,

ential equation for the mass m

-

dx

[

0=mS+BS+K ,+BS+K)X/(s5)-(BS+K,JX(s)
tial equation for mass m.,

d’x, dlx. d

dt dt

tion.

d-x, d ,
0=m T+ B, 7;-(.\‘, - x3) + K.(x, - x) + B —d7'-+ K x,

0=mSX/(s)+B,SX(s)~ B,SX(s)+ K X/()— K, Xfs) + BSX,(s) + KX,s)

ftty=m —=+ B,— + B, —”—(xz = ) FiK A5 =.x%)
¢

Fis) = mS°X(s) + BSX,(s) + B, SX (s) — B, SX (5) + K, X,(s) — K, X (5)
Fis)=mS*+BS+B.S+K,)X()-(B,+K,JX(5) —(2)
electrical analogous quantities are replaced in equations (1) and (2) to make an electrical

Department of Mechanical Engineering, HIT,Nidasoshi
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Mechanical Electrical
F(s) V(s)
! o l(s)
m L Also ()(s) = S
i|B R
K 1/C
X(s) Q(s)
Replacing the above quantities of electrical in (1)
; 1 | ( 1)
0 = [ LS +RS+ —+RS+— [Q(9)-| RuS + — [Qu(5)
\ C‘l_‘ C'l y o (',: / ’
73 0 = | LS +R. S+ —I—-+R,S+—-l— _l_,(_s)_ R,,S+L
i Cll‘ Cl S ) CIL’
1
" LS1(s)+R,.l(s)+ l(s)+ R, (s)r — 1,(s
ie. 0 = 1 ! 12 ) CI:S |( ) | |( ) C'S |( )
-R,,1.(s) - S 1,(s)
low taking inverse Laplace transform.
Department of Mechanical Engineering, HIT,Nidasoshi Page 17




SJTPN Trust's Mechanical

HirasugarInstituteof Technology, Nidasoshi. Academic

. Solved QP
Inculcating Values, Promoting Prosperity Control

Approved by AICTE, Recoghized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. 15ME73

di, N . . K F | .
0= L=t +Ryiy +— [idt+Ri, - R, -ajlzdt+ajl,dt 3)

12

Now replacing electrical analogous quantities in eqn (2)

{
V(s) = (L-‘S: +R,S+R;S CL)Q:(S)-l RS + CL)QI(S)

A 12 12

\
I

i.e. V(s) = ( L:S: +R,S+R,.S

3 ',
LO) (g s+ _I_]@
S T 18y '8

C|~

2 ./
l _ , |
jeV(s)= L,SI,(s) + R:I:('s) +R,,L(s)+ =3 I.(s)-R.I(s) - a I,(s)
Now taking inverse Laplace transform.
di,

| 1
- L —= + Ri, + R,i, + — |idt — R,i — —|idt _ ___
V(1) X2 22 R,i, C, J- 2 i J. 1 (4)
Analysing equations (3) & (4) we come to know that there are two loops with
elements being R ,and C ..
L R, R

: : £

o BT AW\ MW UL

N

Rl:
W{t) g
il Cl: ix
«—  —
Y,

Department of Mechanical Engineering, HIT,Nidasoshi
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ode 1, _
=M X, +K (X - X)) e SR

node 2,
J=MSX, + K (X, - X,) + bs (X, - X)) + K, (X, = X,) ———2)

M;S:X; L bs (X, = X,) + K, X, - s -

se-voltage analogy : Analogous quanties are:

Lb—»R,k—» e, x> qF—>Vv

quations (1), (2) and (3) can be written as,

£ o N

1. a) Write governing equation for the mechanical system shown in figure.

Page 19
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) ]
v(s)= LiSaqF < (9,-9.)
4 l \
0= L.S°q.+ C—J(q:-q.)*‘RS(q: -q;)t )(q:-q;)
. I -
a |
0= Lss-q:+[ET'JQ3+RS(q_=’q:)+ J(qs'QZ)
"Further replacing I(s) = s Q(s) we get,
Department of Mechanical Engineering, HIT,Nidasoshi Page 20
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|
2 1
V(s) = LSl (s)* Eg [l,(s) - I:(s)]‘ Loopl
0= LSLO* =< [LO)- L]+ R [L6) - 1]+ =< [16) - 1)), Lo
ST il S R

. | ‘ ) 1 . :
0= LSL(s)+ (—S L(s)+R[1,(s)-1,(s)]+ (_s [1,()-1,(9)], Loop3

Based on these equations, equivalent F-V sketch can be drawn as.

Force-current analogy:
Analogous quantities are:
FoI,m>Cb-=1R.K-=IL,x> ¢

N 1
I(s) = CSg+ i'l' (¢~ ¢.)

0 - Cls ¢2+ L| (¢2 ¢l )+ RI (¢: ¢3)+ L:. (¢: ¢3)
= CS:¢+—I ¢+—S (¢-¢~)+—I (#5- ¢,)
0 — 3 3 L] 3 Rl 3 - [-‘2 3 2

Department of Mechanical Engineering, HIT,Nidasoshi Page 21
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replacing S¢(s) V(s) we get,

|
Is) = CSViGs)t I,_S [Vl(s)‘ vz(s)]. node 1
| 1 1
0 =CSV,(s)+ Ls [Vi(s)- Vi(s)] + X [Va(s)- Vi(s)] + Ls RAGAL

[V V). o

L

3

0 =CSV(+ ﬁ V,() + Ri, [V,(5)- Va(9)] +

Based on these equations we can sketch F — | analogy as.|

June 2015

1. Determine the overall Transfer function for the given block diagram

H.

G
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[Simplifying the inner loop,
E

R - ('1:(1.0_ ~

S- » 1-GGH
/ W0

Simplifying the inner loop.

+ 2
5.G.G, HI

1 4

(1+G.G,H.) GG,

GG.G,
~1+G.GH, +GH

Department of Mechanical Engineering, HIT,Nidasoshi Page 23
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Hence the block diagram reduces to,

R ; G,G.G, ¢

| +G.G.H, +GH,

v

Further simplifying,

GG.G.
1+G.G,H, + GH,

- G,G.G,
(1+G,G,H, + GH,)

% |

GG.G,
“1+G.GH, +GH, + GGG,

b) Determine the Transfer function using Moson’s gain formula

Department of Mechanical Engineering, HIT,Nidasoshi Page 24
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Bz PA, + PA, |
R sum of gain products of J' sum of gain products of | ‘
| — {sumof loop gain s} + < all possible combinations of » — { all possible combinations ; 4
2 non touching loops _ Iof 3 non touching loops
PA, + PiA,

l'{Pu+ PI:+ Pu +Pu: 28 {P“ <Pt h ¥ Pn}

G,G.G,+G,(1+H,+H,+H H.)
I-{-H, - H, - G,H, - G,G,H,} + {HH, + HG H,}

G,G,G,+G,(1+H,+H,+H H.)
| +H, +H, +G,H, + G,G.H, + HH, + HG,H,

Forward paths are; (forward path giins)
() G,G.G,=P, A =]

(2) G, =P A= +RH +H,+HH)
Loops are I (Loop gains)

(1) -H, gl

2) -H, =P,

(3) -G H, -l

(4) -G.GH, =ap.
Non touching loops are:

(1) -H,and - H, -

(2) -Hand-GH, =P, xP
Hence the transfer function is:

1}

Department of Mechanical Engineering, HIT,Nidasoshi
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2 a) Reduce the given block diagram and find the transfer function

p—> ofs)

V

Sol:
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—> s}

G,

GI ‘ (,l: ‘ — O(S)
=
(J:”| l
ifying the top loop
X G,
Ris} G m S o)
7 I
G.H |
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Iplifying the right side loop,
G
R(s) ~ H i
G, A 17666, os)
"
G.H
9 ]
ﬁplifying the left loop.
ms!‘ : G, G, C(s)
' 1+G,G.H, 1-G,G,+G.
Transfer function,
1) GG,
5) (1 +G,G.H)(1+G.G;+G.)
Department of Mechanical Engineering, HIT,Nidasoshi Page 28
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HI
S o s
(4
lifying the inner loop,
N 666, 5C
7 Q’g -GG H.
H,
T
Simplifying the inner loop.
GG.G,
(1 +G.G;H,)
GGG, , HI
(I +G.G;H, ) 6.6,
G,G.G,
" 1+G.G,H, +GH,
Department of Mechanical Engineering, HIT,Nidasoshi Page 29
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Hence the block diagram reduces to,

R G,G.G, \C
—% A 7
| +G.G.H, + GH,
1
Further simplifying,
GG.G,
| +G.G.H, + G H,
G,G.G,
I+

(l +G,G;H, + G;HI)

G,G,G,
“1+G,GH, +GH, + GG.G,

b)FindthetransferofthesystemshowninFig.Q.3(b)usingMasonsgainformula.

Fig.Q.3(b)
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Sol:

Ans: Forward path gains are:
P=1xGxG,xG,xG,xG,x1=G,G6G6GG0

) P,= I XG,xG,=G,G, 1 2 forward paths i.e K =1
Loop gains are, ’
L =-GH,
Ly=-GH, 3 individual loops
L =-GGGH,

Combination of two non touching loops are, L L, = G,G H H,
There is no combination of 3 non touching or more non touching loops
A = Determinant of the graph
= ] — (sum of individual loop gain) + sum of gain products of all combination of 2
touching loops) — sum of gain products of all combinations of 3 non touching loo
ie. =1-[fL+LAL]+ [LL)]
=]-[-GH -GH-GGGH]+[GGHH)]
=1+GH -GH -GGGH,+G,GHH,
K = value of by eliminating all loop gains and anociated products which touching to the}
forward path
Le. ForP,,4;=L
For P, d,=1-L;=1+GH,
Thus Masan’s gain formula,

I = PA, +FA.
. = P. A, = bl Sz Al e
Gain A é kK Bk A
_ C(s) _ G,G.G,G.G; +G,G,(1+G,H))
hee RGs) 1+G,H+G,H, +G,G,GH, +G,G,HH,

June 2014

Department of Mechanical Engineering, HIT,Nidasoshi Page 31




SJPN Trust's Mechanical
HirasugarInstituteof Technology, Nidasoshi. e
Inculcating Values, Promoting Prosperity Control
Approved by AICTE, Recoghized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. 15ME73
Module 3
June 2015

1. a.Deriveanexpressionfortheunitstepresponseoffirstordersystems and steady
state system

] e
Q V. =R, +— |idt
l ’ . e I
~ v Differential equation governing the output

T ” R (i [idt

ing Laplacc transform,

@

l 1
Vi(S)y = | R +— | I(S)
- (5) [ L
V(S) = -l—l(Yl
CS ™
A I (S 1/CS)YKS) | |
ransfer function, V'-‘(S) = /( ) ( = T — T

\ CS
Where T = RC the time constant of the system,
“ Transfer function in general for 1* order system is,
e(s) 1
R(S) TS+I

I
it step input, R(S) = 1/S then. C(S) = —/———%
For unit step input, R(S) = 1/S then ) S(TS+1)

Department of Mechanical Engineering, HIT,Nidasoshi Page 32
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A B
SIS + |

ie.  1=A(TS+1)+B(S)
putS=U:A =]

ie. C(S) =

whenS:T :I’—‘B[\‘_?JanT

IO Ll

I |
S B4+t § S+I1/IT
Taking inverse Laplace for this we get,

then, C(S) =

Ct)=1-e'T
Steady state error:

It is given by. &= |Ll| [r(t) - c(t)]

Il
—
=

[1-(1-¢"")]

= It (CWT)

=0

It is clear that the output or the response follows the system input with zero steady

r(t)
(1

1
(t)
c(t)
(7]

(1) - Response of system 1
(2) - Response of system 2

b. A unity feedback system is characterized by an open-loop transfer function G(S) =
S(S Determine the gain K, so that, the system will have adamping ratio of 0.5. For this
velocity K, determine the settling time, peak overshot ami time to peak overshot for a unit

steE
Department of Mechanical Engineering, HIT,Nidasoshi
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Ans: The characteristic equation of the system is given by
1+G(S)=0

K
: IOV -
1€ = S(S +10)

ie. S+10S+K=10

comparing with, §* + 220 S + @, =0

N

20, =10=> O, = G =10 rad/s

K=10°= 100
Tt T
i = = 3 = 2
Peak time, g o o i -5,.: mm 0.3627s
4
Settling time, t = Eo,
2 0.8
= —= (). 88
05 x10

Peak over shoot, M, = , -* o7

% M" = 16.303%

c. Determinethe stability of the system whose characteristic equationis given by S4+6SJ

+23S1 + 40S + 50 = 0 (04 M)

S+ 65 + 238 + 408 + 50 =0
We can form the Routh’s array as,

52 ! 21 20
5 6 36
/ 6
S7 13 20
- 14 4
s 43
— s v

Depe There is no sign change in the first column of Routh’s arrdy and hence the system under age 34

consideration is stable.
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2a)Definerisetime,peakovershootandsettlingtimeofacontrolsystem.Risetime(T)

It is the time required for the response to reach 100% of the final value. Peaks overshoot (M,): It is
the max deviation of the output from the mean value in the transient state. This is the measure of
relative stability of any system. More this value more time the system takes to settle.

for the response to reach and stay within a specified tolerance band say,
final value.

ion of a unity feedback control system is given by G(s)= s(:f -
[, peak time, rise time and settling time, 07 M)

f the system is given by,
+ H(s)= |
s+2f0s+ o =0
' f =25= o, =5radls
- I -
E™ "%, 2 <08
Overshoot, M, = =i _ rosiiaF = 0,16303
%M, =16.303%
T - /(4
T o 1-8  s\i-0s7 = 07255
4
= % (for 2% tolerance band)
cw,
05x5 .
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n-0
time: t = .-
' ' W, \1-&
, -\
JI-€
where 0 = tan’' &
vl -0.5° o B
= tan’' 0.5 180
= 1.047 rad
- 1.047
t o TR et
’ 5+1-0.5°
=0.4837s
b)
C(s) Kk
The closed loop transfer function of a system is given by R(s) & s(s? +s+1)(s +2) 4k
mine the value of k for which the system is stable.
C(s Kk
(s) = - = G(s)H(s)
R(s) s(s“+s+1)s+2)+k
Considering the characteristic equation,
1 +G(s) H(s) =0
k
i.e k¥ = - -2
S s(s"+s+ 1) s+2)+k
ie. sS(s+s+Dis+2)+k+k=0
ie. (s’+s+ (s> +2s) +2k=0
ie. S'+257+57+ 27+ + 25+ 2k=0
ie. s'+3s’+ 352+ 25+ 2k =0
Department of Mechanical Engineering, HIT,Nidasoshi Page 36
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5 1 . 3 2k
s* 3 2 0
5 7/3 2k
14
14/3 - 6k —
s ’(—T) 0 B ﬁ
e 773 73
2
2k (2 - -'-35J
=2k
‘|
7
For the system to be stable, all the elements in the first column should be +’ve.
ie. 2k>0 and 2—% >0
or k>0 ie 2> 15%
2k
I8
-
k<—
or 9
condition for stability
June 2015
Module-4

1. Draw the Nyquist stability criterion

Department of Mechanical Engineering, HIT,Nidasoshi Page 37
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K
Ans: GH(S) = S(1 + S)(1 +2S)(1 +39)
For this,

|
- = [-90 - tan™ (») — tan™' (Qw) -t
oy l+a’ \/l + (20) \[l + (3e) L
|

M= 2 - -
(n\/H-w‘ \/l + 4w \,/l + Ow-
é = -90° — tan''(w) — tan'(2w) — tan'(3w)

:\v[(a))l_¢(_(1)) =

When =0, , b =-90°
When o== |, = -360°
K.

GU0) = (1 + jo)I + 2jo)] +3jo)
Rationalizing and equating the imaginary part to zero we get,
I

—_ =1
o

o = 0.3 rad/s
Or
K
M/ - 3 : -
03 T 03V140.3° V1 +4 x 0.3 V1 +9 x 0.3
K
05 4 Imaginary
K A
or stability, 05 _ E
orK<0.5 o
Nyquist plot can be drawn as follows. /
=03 0=x Real
5 o R
| ®w=10 je 39
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A
- |
Y Nyquist ﬁath 3
Section | +jo \\ Section IV
Iy _
Section Il |57 2 Section Il
Y
S-Plane
H “Joo
. ; (1 +0.5jm)
G(jo)H(jw) =
(@) Ge)kie) (jo)(jm)(1 + 0.1ja)( 1 + 0.02jw)
section | =S = +jx 10 S = +jo
Starting point x |0 < ——2-0——=0(ﬂ 180¢
ool cl 90909090 — st
ACW
1 inati i =4 | < —L——='f€‘-l80"
erminating poinfw S e
Sectionll=S=+joto S =-Jo
Starting point | ©=0 | o«| -180° 1801
ACW r
0
Terminating poinjo — -0 @ < oY = +180°
section HI is mirror image of section |
section |V is not required.
R 4 (1 + 05jw)
G H =
(5) (o)l (jo) (=o' {1 + 0.1joX1 + 0.02j0)
Rationalizing G(j)H(j) and separating real and imaginary parnt we get,
] . 2iw - 20°
GUH(jw) = (1 +‘ 0.5 je)[| 0.1I_1w 0.00-(:). ]
(=" X1 + 0.0l X1 + 0.000407)
83 0.0580%)  j&{0.38 - 0.0010°)
D D :
Page 40
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Module 4

Ke*'"
Ans: G(S) - S(1+S)(1+0.1S)

Log Magnitude plot:
Let K = 1, the normalised transfer function is

g i | 1
S(1+S)(1+0.1S) S (1+8) (1 + 0.1S)

G(S) =

(The factor e 'S is not taken into account as 20logle” =0 dB

Factor Corner frequency Individual Cumulative slope
rad’s slope
! :
= s -20 -20
S
1/(1+S) | -20 -40
L(1+0.15) 10 =20 -60

starting frequency S = 0.1 rad’s

starting point S is 20 log

| " T
2| = 20 log[ — | = 20 radi
s‘ *\ 017 20 radss

last frequency = 100 rd/s
Phase angle plot

GB) =S50+ +01S)
. (K + j0)cos(D. 1) - ] sin(0. lwm))
G(jo) (0 + jo) (I +jo) (1 +0.1jw)
180 (o)
ow) = '[O.Im i— | = tan” ' ‘0-) | = tan”'() - tan™'(0.lw)

d(o) =0-572w@ - 90 tan'{v) — an(0.lo)
=-90-572@ —tan'(v) - tan" (0.lw)

3] 01102 |05 |08 |10 [2.0 |50 |8.0 100 [ 12.0]50.0

Pl -97 | -104 | -122]-138 | -147 | -176 | -224 | -257 | -277 | -354] -543
The Bode plots are constructed as follows:

Scale: 1 in 40 db for 20 log Mo

I in= 1O for ¢{w)
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202 03 0508 ! 2 3 a5 10 ) 1w
- B v A\ E('). T | T T 04
\~~
“N.~~ :
\h h X
- ~1~~~N-\ P - jb -180°
l
|
r ' Log magnitude
| ‘ plot
C
| |1
Dec 2014

Department of Mechanical Engineering, HIT,Nidasoshi Page 42



SJTPN Trust's

Mechanical

HirasugarInstituteof Technology, Nidasoshi. scacenic
Inculcating Values, Promoting Prosperity Control
Approved by AICTE, Recognized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. 15ME73
W
A
A
0,.4107°)
— | 2-36)
R 1-56]
- ) N B y ¥
& — 2 7 g R r N
BAP= +2.25 of I\
1-56]
BAP= +0,45
- — | -2.56§
\ v
B ,(90°)
a=0.67

Department of Mechanical Engineering, HIT,Nidasoshi Page 43




SJTPN Trust's Mechanical

HirasugarInstituteof Technology, Nidasoshi. Academic

Solved QP
Inculcating Values, Promoting Prosperity Control
Approved by AICTE, Recognized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. 15ME73
Module-4
June 2015

1. Sketch the Bode plot for the transfer function G(S) = Ke-/S(1 + S) (1 + 0.1S) * Find the K for
the crossover frequency = 5 rad/sec
i I | 1

GO = S +8)(1+0.1S) S (1+S) (1 + 0.1S)
{The factor ¢S is not taken into account as 20logle” '5=0 dB
Factor Corner frequency Individual Cumulative slope
rad/s slope

l - -20 -20

3 )

H(1+S) | -20 -0
1/(1+0.1S) 10 -20 -60

starting frequency S = 0.1 rad’s

l 1Y
starting point S is 20 log g' = 20 log I O_I ] S =20 radis

last frequency = 100 rd/s

Phase angle plot
KC" 1S
GBS =5a+s)a+0.1s)
y (K + j0)cos(0.1w) - j sin(0. lm))
G(o) 0+ jo) (1 + jo) (1 +0.1jo)
o) =- (O.Im ]§-9 - tan” | %) — tan”"'(®) — tan""(0.1w)
T \

o) =0-572@ -9 tan’(v) -1an'(0.1n)
=-90-5.72 0 —tan'(v) - tan" (0.1e)

p |01 ]02 |05 08 |1.0 |20 |50 |80 | 100 |120]500

plo)y -97 | -104 | -122] -138 | -147 | -176 | -224 | -257 | -277 | -354|-543
The Bode plots are constructed as follows:
Scale: 1 in 40 db for 20 log [Meo

1in = 100° for ¢(w)

Dec 2014
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02 03 0508 ! 2 3 45 199
1T ST W VY U W W S 0 S I R R Rt A 0
{ . \'.‘.
]
! = =
b
\‘N L
\\ ‘H\:N~
—r— Tﬁ*"h\ P — A(J I I 80"
| G.
Log magnitude
i plot
|
= A8 L L) "Y" -
l Phase
C

angle

plot

[ |
||
s

!

System gain such that (I)~= S?id/S. From the Bode pi

ot we get GG2 = 28dB. The log

magnitude plot has to be shifted upwards by GG~ dB. Such that ())g = 5 rad/s :. 20 log K =
GG~=28: K=2511

Department of Mechanical Engineering, HIT,Nidasoshi

Page 45




SJTPN Trust's

Mechanical

HirasugarInstituteof Technology, Nidasoshi. scacenic
Inculcating Values, Promoting Prosperity Control
Approved by AICTE, Recognized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. 15ME73
GH= _100(10s +1)
Bode plot S(s+0.4)(s+1)s+10)
_ 100(1 + 10s )
s % 0.4(1 + 2.55)(1 +5) x 10(140.1s)
25(1 + 10s)
s(s+2.5sK1 +s)(1 +0.15)
Factor Details on Magnitude Details of phase angle
plot plot
1.25 20log 25 = 28 0
2. (1 + 10jw) 20log,}] + (10w) (@) = tan'(100)
=1 = 10x w=0 ¢o)=0°
= o=0, =0.1 rad/s 0=x,§o)=+90r
Se 2 0.02; 0,25 =05
5 Mas c)‘ > =U
% -20log o) = -90°
3| jm
I -2OIogJ| +(2.50) d(w) = -tan'(2.50)
4 Tr2s5e
Ce s =1=250 @ =0, §o) =0°
= o= 0, = 0.4 rad/s =%, §o) =9
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L
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41 :
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2 i
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- | | | [\l :
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‘ { S
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1. Discuss various methods of compensation 'in feed back control systems.

System compensation” is defined as the adjustment/redesigning of a system so as to
me!! required specification by altering or by adding an external device to system. There are4
of system compensation. 1. Cascade compensation 2. Feedback compensation 3. Input
compensation 4. Output compensation Cascade compensation: In cascade compensation the
compensations element whose transfer function Ge(S) ispi in series with the forward transfer
function O(S) as shown. It is also referred as compensation.

Compensator Plant/Process

v F GISY ”

feedback compensation: In a feedback compensation, the compensating device whose
transfer function 'Ge(S) is placed In the feed back path and is also termed as parallel
compensation. Feedback compensation may be usedto improve system stability, to reduce
steady state error and improve speed of response

PlanuProcess

‘ompensator
Compensa )

58
R(S)

Output compensation: Here the compensation device whose transfer function is Ge(S) is

placed at the output path as Shown in the block diagram.
Plant/Process

- C(S)
T g e 0

Compensator

The selection of a particular compensation type depends upon native of the signal~ levels at
various points, availability of the components and the cost considerations.

Dec 2014
2. Explain with a block diagram the lag lead compensator:

Lag-Lead compensator Lead compensation increases the bandwidth which improves the
system response reduces the amount of overshoot. However, improvement in steady state
performances small. Lag compensation results in a large improvement in steady state
performance but in slower response due to reduced bandwidth. If improvement in both
transient and state response are desired, then both a lead network and a lag network




SJTPN Trust's Mechanical
HirasugarInstituteof Technology, Nidasoshi. Academic
Inculcating Values, Promoting Prosperity Control
Approved by AICTE, Recognized by Govt. of Karnataka and Affiliated to VTU Engineering-
Belagavi. TBMEY3

the input is output is sinusoidal with a phase shift which is a function of the input
frequency. This angle varies from lag to lead as the frequency is increased from zero to
infinity. a lag lead compensation is the electrical network shown below.
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R, RCS+1
Here, Z, = RCS+1 ° Z.= cs

The transfer function is,

R.CS+1
E(S)  Z, _ CcS
E(S) Z+Z, __ R, _RCS+I
RCS+1 Cc.S
T
LetRC =T, RC=T, RC,+RC.+RC = F + BT, (B=1)

substituting and simplifying we get,

o

E(S) s+ B | Gy ! J (1)
VT BT

A lag-lead compensation has a transfer function as given in equation (1) characteristics

of Lag-Lead compensation It improves both transient and steady state performance of the
system Due to this, control system is more stable and system will have increased
bandwidth. Due to increased bandwidth reduced rise time and settling time. It makes the

system response more faster.
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