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A feedback control system is shown below . Find
the transfer function for this system.

Q.2

Q.3

Q.4
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The step response of a system is given as

7 8 o 1
=1l-— +-e " —-<€e .
y=173° 72° 7%

If the transfer

] (s+a)
function of this system IS 7= pyis c)(s + d)

thena+ b+c+ dis

A tem has the transfer function m.||m~ Its
system )

gain at © = 1 rad/sec is

The close loop gain of the system shown below
is :

+

o

Student's H
Explanations

G,Gs
Gy(1+ H,GoGs)
Multiply G, and G; and apply feedback formula

1
and then again multiply with @J

GGy

1 = Gy(1+ GoG3H))
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2. (15)

7 4,3 21
3 2 6

7
3 2

Laplace transform of p(1),

oo 13, 2,
RSI= g7 s+2

2/3
s+4

s+8
(s+Ns+2)(s+4)

= a+b+c+d=15

3. (1)

For all pass system, gain = ‘1’ at all frequencies.

_lety 3 x(-2)x &7 — hmu (-4)e™

4. (-6)
0
O—l._.ﬂ = ||®|J_IH||._H|®
1-6x=
3
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Q.1 For the following system,
X(s)
\/\,_va S 1 xm\vf
i s
functi Y(S) o
when X,(s) = 0, the transfer function X,(9)
s+1 1
Amv mm AUV s+1
S+2 s+1
© S+ @ Sis+2)
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Q.2 lfclosed-loop transfer function poles shown below

jo

s-plane

Impulse response is

c(t)

(a)

c{t)

c(t)

Q.3

Q.4

Q.5

Q.6

Q.7

']
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Transfer Function

The impulse response of several continuous
systems are given below. Which is/are stable?
1. h(t) = tet

2. ht) =1

3. h(t) = e'sin3t
4. h(t) = sinot
(@) 1only

(c) 3and 4

(b) 1and 3
(d) 2and 4

Ramp response of the transfer function

Fs) =31 is
s+2
1 12,1 12 1.1
(@) 7 hm +m~ (b) Ndﬁm. +A+m~
1 1 -2t 1 _ot 1
e T Al -  +—=
(© 575 (d) > 5 t

Which of the following statements are correct?

1. Transfer function can be obtained from the
signal flow graph of the system.

2. Transfer function typically characterizes to
linear time invariant systems.

3. Transfer function gives the ratio of output to
input in frequency domain of the system.

(@ tand2 (b) 2and 3

(c) 1and3 (d)y 1,2and 3

Which of the following is not a desirable feature
of a modern control system?

(a) Quick response

(b) Accuracy

(c) Correct power level

(d) Oscillations

In regenerating feedback, the transfer function
is given by
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Q.8 Inacontinuous data system

(a) data may be a continuous function of time at
all points in the system.

(b) data is necessarily a continuous function of
time at all points in the system.

(c) data is continuous at the input and output
parts of the system but not necessarily during
intermediate processing of the data.

(d) only the reference signal is a continuous
function of time.

Q.9 The principle of homogeneity and superposition
are applied to
(a) linear time variant systems
(b) non-linear time variant systems
(c) linear time invariant systems
(d) non-linear time invariant systems

Q.10 Consider the following statements regarding the
advantages of closed loop negative feedback
control systems over open-loop systems:

1. The overall reliability of the closed loop systems
is more than that of open-loop system.

2. The transient response in the closed loop
system decays more quickly than in open-
joop system.

3. In an open-loop system, closing of the loop
increases the overall gain of the system.

4. In the closed-loop system, the effect of
variation of component parameters on its
performance is reduced.

Of these statements:

(a) 1and 3 are correct

(b) 1, 2and 4 are correct

(c) 2and 4 are correct

(d) 3 and 4 are correct

Q.11 Match List-1 (Time function) with List-Ii
(Laplace transforms) and select the correct
answer using the codes given below lists:

List-i List-1i
A. [af(t) (t) + bhy(t)] 1. aF,(s) + bFy(s)

B. [¢7f(t)] 2. sF(s) + 10)

ﬁ g 3. F(s)
S

MRADE ERSY
t
D. | [f(x)dx 4. sF(s)-f(0)
0
5. F(s+ a)
Codes:
A B C D
@5 2 3 4
by 1 5 4 3
© 2 1 3 4
@ 1 5 3 4

Q.12 If a system is represented by the differential

oy, oY
ion, i —+6—
equation, is of the form 2 o

(b) (k, + k) e
(d) te~3tu(t)

+9y =r(t)

@) k, &' + kg™
(c) ketsin(t+ ¢)

Q.13 A linear system initially at rest, is subject to an
input signal r(t) = 1- gt (t 2 0). The response of
the system for t> 0 is given by c(t) = 1 —e2
The transfer function of the system is

(s+2) 2) (s+1)
® v ®) s¥2)

2(s+1) (s+1)
© Ts+2) @ 2572)
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1. (d)
Redrawing the block diagram with X,(s) = 0

The transfer function
_ Y(s) _ Gl9) .
8= ¥ )~ 1+ GOHE) ()
Here, G(s) = il and H(s) = S
S s+1
Y(s) _ s (s+1)
X8 4,1, 5 s(s+2)
s s+1
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2. (c)
1

[s-(c+ jo)][s-(0-jo)]
1

[(s - o) — jw)] [(s - 0) + jo)]

1 _ 1
[s-oF (@] [(s-0F+o?]
For impulse response, taking its inverse Laplace
transformation we get,
o(t) = eStsinot
hence option (c) is correct.

3. (b)
If the impulse response decays to zero as time
approaches infinity, the system is stable.
h(t

TF =

h(t)

@3) ~ -

h(f)

(4)

Transfer Function 31
4, (a)
Cls) _ s+1
R(s) ~ s+2
. Cs) = Rs)- 1
s+2
HPEHPATIMIul-AIl 1
2 s+2 £\ s+2) s s°(s+2)

= As(s + 2) + B(s + 2) + Cs?
= As2 + 2As + Bs + 2B + Cs?
A+C=02A+B=1and2B=1

1 1 1
3 A== = — = ——
2’ 4 4’ c 4
e |OA|mv. = P+..IL_|+h|H |L_|.
R(s)  4s 2¢? 4)s+2
= dun+ - e
= Nﬁc3+ NES N_~m u(t)

5. (d)
(i) Transfer function can be obtained from signal
flow graph of the system.

(i) Transfer function typically characterizes to LTl
systems.

(iii) Transfer function gives the ratio of output to
input in s-domain of system.

L[Output]

TR=
L{input]

Initial conditions = 0

6. (d)

7. (d)
Block diagram of regenerating feedback system

R(s) G(s) c(s)
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8. (b)
9. (¢)

10.(b)
Closed loop control system with negative
feedback will have
®* |essgain
* More accuracy
* More bandwidth hence more speed

11.(b)

12.(d
A_,mw R(s) is the input Laplace transform of given
differential equation is
s2Y(s) + 6sY(s) + 9Y(s) = R(s)
(s? + 6s + 9) Y(s) = R(s)

Yis) _ined

TF = R(s) (s +3)

1

IR= ("

MRDE mn,m.h_
13.(c)
Giventhat r(f) = 1- e,
c(t)y=1-e2
11 1
As) = 5571 617
1 1 2
Cls) = s (s+2) s(s+2)
TE = C(s) _2s(s+1) _2As+Y)

R(s) s(s+2) s+2
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Block Diagrams
l

3.1 Block Diagrams : Fundamentals

Ablock diagram of a system is a pictorial representation of the functions performed by each component
and of the flow of signals. Such a diagram depicts the interrelationships that exist among the various components.
Differing from a purely abstract mathematical representation, a block diagram has the advantage of indicating
more realistically the signal flows of the actual system.

Ina block diagram, all system variables are linked to each other through functional blocks. The functional
block or simple block is a symbol for the mathematical operation on the input signal to the block that produces
the output. The transfer functions of the components are usually entered in the corresponding blocks, which are
connected by arrows to indicate the direction of the flow of signals. Note that the signal can pass only in the
direction of the arrows. Thus, a block diagram of a control system explicitly shows a unilateral property.

Input Transfer Output

R(s) Function G(s) C(s)

Figure-3.1: Elementofa block diagram

QAs) = A(s)- G(s)
ce
G(s) = R(s)

Note: The dimension of the output signal from the block is the dimension of the input signal multiplied by the
dimension of the transfer function in the block.

The advantages of the block diagram representation of a system are that it is easy to form the overall
block diagram for the entire system by merely connecting the blocks of the components according to the signal
flow and it is possible to evaluate the contribution of each component to the overall performance of the system.
Ifthe mathematical and functional relationships of all the system elements are known, the block diagram can be
used as a tool for the analytic or computer solution of the system. In general, block diagrams can be used to
Model linear as well as non-linear systems, Do

It should be noted that the block diagram of a given system is not unigue. A number of different block
diagrams can be drawn for a system, depending on the point of view of the analysis.

MADE mnmm www.madeeasypublications.org
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Take off Point or Branch Point
A take off point is a point from which the signal from a block goes concurrently to other blocks or
summing points. It should be noted that such taking off from any signal does not alter the parent signal. This
permits the signal to proceed unaltered along several different paths to several destinations.

t

Summing Point
A circle with a cross, is the symbol that indicates a summing point. The plus or minus sign at each
arrowhead indicates whether that signal is to be added or subtracted.

3.2 Block Diagram of a n_ommn.._oov System

Summing point Take off point
Above figure shows the block diagram of a negative
feedback system. With reference to this figure, the terminology used
. . > RE) O e | .
in block diagrams of control systems is given below. cls)
R(s) = reference input signal
C(s) = output signal or controlled variable B(s)
B(s) = feedback signal H(s) |
E(s) = actuating signal or error signal
Cls) Figure-3.2: Blockdiagram of closed-loop system
G(s) = m|Amlv = forward path transfer function
H(s) = feedback path transfer functions
G(s) H(s) = W|MMW = open-loop transfer function
Cls)
Tis) = A(S) = closed-loop transfer function
% = Error ratio
M|MMW = Primary feedback ratio "
From figure,
QAs) = E(s) G(s) (1)
E(s) = R(s) - B(s) = R(s) - H(s) C(s) ..(if)
Eliminating E(s) from equation (i) and (ii) we have
C(s) = G(s) R(s)— G(s) H(s) C(s)
C(s) G(s)
or — = 1(8)=—5—~7—~
R(s) (5) 1+ G(s)H(s)
G(s)
mﬁmvl g > Oﬁmv

Figure-3.3: Reducedblockdiagram

Mutliple-input-multiple-output Systems

When multiple inputs are present in a linear system, each input can be treated independent of the others.
Complete output of the system can then be obtained by superposition, i.e. outputs corresponding to each input
alone are added together.

r\sws\s\.amammmm%:_u_mnmzo:m.o_.o MADE ERSY @noufasw
ns S
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U(s)

R(s) Gy(s) Gy(s) »C(s)

H(s) |

Figure-3.4: Blockdiagram of two-input system

Consider a two-input linear system shown in above figure. The response to the reference input can be
obtained by assuming U(s) = 0. The corresponding block diagram is shown in below figure,

R(3) G,(s) - G,(5) » Cr(S)

H(s)

A

Figure-3.5: Blockdiagram when R(s) acting alone

which gives, CH(s) = output due to R(s) acting alone
& G,(s) Go(s) ;
S HGEGEHE (0

Similarly, the response to the input L(s) is obtained by assuming A(s) = 0. The block diagram corresponding
to this case is shown in below figure,

U(s) | Gy(s) s—>» Cy(s)

Gy(s) |« H(s)

Figure-3.6: Block diagram when U(s) acting alone
which gives, C(s) = input due to U(s) acting alone

G,(s) )
- c m ove
1+ Gy(S)Go(s)H(s) (s) (ii)
The overall response due to the simultaneous application of A(s) and U(s) can be obtained by adding the

two individual responses.

Adding eguation (i) and (ii), we get
C(s) = Cgls) + Cyls)
Gy(s)

" 17Gy(5)Gy(8)H(s) [Gy(s)R(s) + U(s)] .. (iii)

3.3 Block Diagram Transformation Theorems

1. Blocks in Cascade: When several blocks are connected in cascade (as shown in below figure), the
overall equivalent transfer function is determined below:

RO Tes L]

Cols)_ cs) R(s) 20)

Gy(s) — —— G,(s) Gy(8) Gy(s) —

Gy(s)

(a) (b)

Figure-3.7 : Blocks in cascade and equivalence

Publications
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m% = G(s) 0
W% = G,(9) ...(ii)
)
ooﬁmv - Gy9) (i)
2

while connecting the blocks in cascade it should be noted that the forward block does not alter the
output signal of the preceding block.
Hence, multiplying equations (i), (ii) and (iii)
Ci(s) Cy(s) C(s)
. . = G,(8)- G,(s)- G,(s
Ris) Ci(s) Cols) = 9 Gels)- Gols)
Therefore, the overall equivalent transfer function is,

C
w% = Gy(s)- Gy(s) - Gy(s)

2. Blocksin Parallel: When one or more blocks are connected in parallel as shown in below figure,

G,(s)

R(s) — Gy(s) $X C(s)

PO 16,5+ Gts) * Guts) Lo

Gs(s)

(a) (b)

Figure-3.8: Equivalence ofblocks in parallel

The overall equivalent transfer function is determined below,

Qs) = R(s) Gy(s) + A(s) Gy(s) + A(s) Gy(s)

or Cls) = A(s) [Gy(s) + Gy(S) + Gy(8)] 2
Therefore, the overall equivalent transfer function is
C(s)

o " [Gy(8) + G,(8) + G4(s)]

3. Consecutive summing points can be interchanged, as this interchange does not alter the output
signal as shown in figure given below.

R(s) @w R(s) + X(s) @mGT%mT:&

X(s) Y(s)
(@)
R(s) W R(s) - Y(s) r% R(s)- Y(s)+ X(s)
Y(s) X(s)

(b)

Figure-3.9: Interchange of consecutive summing points

Pub
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4. Shifting of a take off point from a position before a block to a position after the block as shown.in
figure given below.

g 'S
R(s) A _l'o,ﬁﬂ,mv ) R(s) A &) —Cs)
- R(s) L R
R(s) G(s) G(s)
(a) (b)

Figure-3.10: Take offpoint at position A shifted to position B

5. Shifting of a take off point from a Position after a block to a position before the block as shown in
figure given below.

# S
RS A g —cis) 04 Mgy LR
C(s) o) G(s) C(s)
o)
(a) © )

Figure-3.11: Takeoffpoint at position Bis shifted to position A

6.  Shifting of a summing point from a position before a block to a position after the block as shown in
figure given below.

R(s) + A e |8 Cls) = [R(s) + X(s)) G(s)
i
X(s)
(a)
B
Rs) A | &) R(s)G(s) + C(s) = [R(s) G(s)  X{(s) G(s)] .
t
X(s) G(s)
G(s)
7«3
(b)

Figure-3.12: Summing atposition Ais shifted to position B

7. Shifting of a summing point from a position after a block to a position before Sm.c_..oo_x as shownin
figure given below.

T =
£ Sadl ) U

MADE ERSY wwmadeeasypublcations g
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I —————— I L LS e o

| . T —— —— —L T

C(s) = [R(s) G(s) £ X(s)]

A R) t@mﬁ B Cs)=[R(s)+ X(s) WWEMV = [R(s) G(s) £ X(s)]

R(s) + G(s) .
e 1
yamvmmm
11G(s)
7@ (b)

Figure-3.13: Summing point atposition B s shifted to position A

8. Shifting of a take off point from position before a summing point to a position after the summing
point as shown in figure given below.

\\ /’
Rs) A ¢ B Cs)=IRS)Xs)]
4
X(s)
R(s)
Amv -
\\\\\\\ "l'//’
R(s) A + B C(s) = [R(s) £ X(s)]
% "I |||||||| -_
X(s) Q) Res)
R
X(s)
(b)

Figure-3.14: Take off point at position A s shifted to position B

9. Shifting of a take off point from a position after a summing point to a position before the summing
point as shown in figure given below.

A

deeasypublications.org
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mamv A .W\.. //mw Oﬁmv = HmAmV + XAmVH .
: +
%x@ Cls) = IR(S) £ X(s)]

Ris) A t B Cl)=[R(S) £ XS]
+
X(s)

C(s) = [R(s) £ X(s)]

[}
]
]
1
T -
]
[}
I
4

Figure-3.15: Take off point at position Bis shifted to position A

(@) Elimination of a summing point in a closed-ioop system is explained below:
A closed-loop control system is represented by a block diagram as shown in figure given
below, wherein a fraction of the output B(s) = C(s) H(s) is compared with the input A(s) which
results in an error E(s) given by
E(s) = [R(s) = B(s)]

Ris) + Es) | &) )
£
R(s) G(s) C(s)
B(s) R T | 1%6(s) He)
(a) (b)
Figure-3.16: Elimination ofasumming pointin a closed-loop (feedback) system

_ _ C(s) .
FromFig.3.16 (a — = Gis (i
g.3.16(a) Fg = & 0)

G(s) is termed as forward path transfer function and
B(s) ' y
o6 - Hs) ..(ii)

H(s) is termed as feedback path transfer function.
The output of the summing point is given by
E(s) = [R(s) £ B(s)] ) (i)

Substituting for E(s) and B(s) in equation (iii) from equations (i) and (i) the following equation is

obtained:
C(s)
R b A H
Gs) A(s) = C(s) H(s)
Simplifying the above equation, the overall transfer function is denoted as M(s) is given by
e = S8 ____Gs)

R(s) 1% Gls) H(s)

Copyright
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(b) A unity feedback control system is shown in Fig. 3.17 (a), wherein feedback path transfer
function is unity and the equivalence of a unity feedback control system to a single block

representation is shown in Fig. 3.17 (b).

R(s) + E(s)

—_— QAMV

» C(s)
: Re) [ c6 |ow
1F G(s)

(a) (b)

Figure-3.17: Elimination of asumming pointin aunity feedback control system

Since H(s) = 1, the transfer function of a unity feedback control system relating the output and input is
thus given by

Cls) _ _ Gls)

Ris) 1 G(s)-1
N cs) _ _Gls)

Rs) ~ 1 G(s)

(¢ The transfer function relating E(s) and A(s) for a closed-loop control system shown in figure
given below,
R(s) * E(s) G -Cls)
+
B(s) H(s)
Figure-3.18: Blockdiagramofa closed-loap control system
As E(s) = [A(s) + B(s)]
and B(s) = ((s) H(s)
Therefore, 2
E(s) = [R(s) £ C(s) H(s)]

It is also seen that C(s) = E(s) G(s)
Therefore, E(s) = [R(s)  E(s) G(s) H(s)]
Simplifying equation, the transfer function relating £(s) and R(s) is obtained below:

E(s) _ 1
R(s) ~ 1 G(s)H(s)

e
11. When two or more inputs act on a system, the total output is obtained by adding the effect of each
individual input separately.
A case of two inputs acting on a system is shown in figure given below.

Figure-3.19 : Two inputs acting on asystem

MADE ERSH
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In order to calculate the output due to R,(s), R,(S) is considered as zero as shown in figure given
below.

.Ry(s)———{ Gls) ——Cy(s)

Figure-3.20: ConsideringonlyR,(s)as input
The output is given by C,(s) = Ry(s) G(s)

Similarly, while determining the output due to R,(s), Ay(s) is considered as zero as shown in
figure given below.

Ry(S) > G(s) Cy(s)

Figure-3.21: ConsideringonlyR,(s)as input
Output for this case is given by

C,(8) = Ry(9) G(s)
The total output is given by
C(s) = C,(s) + CL3)
or C(s) = R,(s) G(s) + RyS) G(s)

The following chart is illustrating the transformation theorems. The letter Pis used to represent any
transfer function, and W, X, Y, Zdenote any transformed signals.

2 ¢ Equivalent Block
n N

Transformation Equatio Block Diagram Diagram
1.| Combining blocks in Y = (P, P,)X

cascade X P Py Y X PPy Y
2.| Combining blocks in Y=P,X1PX

parallel; or Eliminating a X PP Y

forward loop

. X,p £l 2 Y

3.| Removing a block from | Y= P X+ P, X 1 e +

a forward path | ’

i

4.| Eliminating a feedback | Y= P,(XFP,Y) X +

Bop X3P, O 7] v eX el Vo

1+PP,
1
% Fp = | PP Y

5.| Removing a block from | Y= P,(X5P,Y) E -

a feedback loop
6a | Rearranging Z=WiXtY

summing points
6b | Rearranging Z=WzXtY

summing points

/
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Eliminate two summing points,

.L Moving a summing

point before a block R _1G+cl G, Cc
. [t s 1+ G, H,
: C  (G+Gy)G, GG, +G,G
Therefore, C_Gi+GIG GiG+GG
8.| Moving a summing Z=P[XtY] X + Z X + b4 R 1+ G, H, 1+G, H,
point beyond a block
t +
Y . . . . g
y Example-3.2 Determine the transfer function C/R from the biock diagram shown in figure. _
9. | Moving a takeoff point | Y=PX X Y X 51y
before a block | P |
Y Y
C
10.| Moving a takeoff point | Y =PX \
beyond a block X ' [ A X = P
X —
X .
-] “lu. Solution:

Shift the takeoff point after block G, to a position before block G,

11.| Moving a takeoff point | Y=X1Y
before a summing point

12.| Moving a takeoff point [Z=X1Y
beyond a summing
point

E For the block diagram shown in figure, determine the overall trasnfer function

C/R.

(b)

Solution:
The block diagram of figure can be redrawn as shown in figure,

R G, + Gy
(c)
@Ei.am%.mm%ucU:n.mzo:m.o_@ : MRADE _umc_-.u"mmu_ MADE mﬂoumwm .g.m:mgmm.mwwvc__u._.n.mmo:_w..o..wmv
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Eliminate the summing point before block (G, + Gj,) Thus, the overall transfer function is
= o g fo—Onde  _GRTER
_ 2 3 . A.TAQ;:TQNva. QJIJ A_._ngmmIg
. (Gi+Gy)
G,H,
G,* G; The single block diagram representation is
(d) _ R |G:G3+G,G3| C
The overall transfer function is _ 1+ G,G;H,
GGy + Gs) (d)
m ) :|||||+ Gy +Ga)l ) GG, +GG; Figure: Single block diagram representation
R 14 Gi(G, +Gg) | GoH 1+ G, + G + GGy :
[1+(G, +Gj)] (G, +Gs) E Determine the overall transfer function for the block diagram shown below.
E Reduce the block diagram shown in figure into single block representation form. H, ;i
R + JiG G, 2 c
G G
Solution: : -
Shift the summing point before block G, to a position after block G, and interchange consecutive .
summing points after block G, H, Gg A G
4
+ +
Solution:

Shift the takeoff point placed before block G, towards right side of block G,
Also, the blocks G, and G, are in parallel, the equivalence is (G; + G,),

{ el
R + ® s J=e c
,_ -
(b) G4/G,
Shift the summing point after block (G, + G,)toa position before block (G, + G,) and combine blocks
(G, + G,)and Gy
£
IA + Qm -+ Qm+mb -
(@

G, + G, Therefore, the blocks G, and G, are in cascade and the blocks G;/G,and Gi(G;+ G,) are in parallel,

c

(@) the equivalence is Gs +Gg (Gs +Gy)y,

Figure: Block diagram reduction of system G,
?.Bmammm.%ncu_.nmzo:m.oﬁ MADE ERSY © Copyri i ”,,n_ . MADE ERSH Es\s\amammmw%c_u_mn.mzo:m oqu
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H,

G,G,

G,
H, mw + G4(G;+G,) -

(b)
Gs

The blocks H, and e +Gg(G; +G,) arein cascade
2

B
i

_||||||J C
RZ G,G, {

GH+G,GgH1(G3+Cy)
G,

(e)

Spliting the summing point,

GgH *+G,GgH1{G3+Ga)
G,

(d
Eliminate the summing point before block G, G,

G1G,
1+G,G,H,

R +

1L0

GsH;+G,GgH4(G3+Gy)

G, %
(e)

Thus, the overall transfer function is:
GG,
1+ G, G,H
GG, Gs Hy + G, G Hi(G3 + G,)
+ X
1+ GGy H, G,

GG,

c
Ry

p— : .
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Example-3.5
| transfer function.

1 G,

! Solution:

k Shift the take off point before block G, to a position after block G,

(a)
The blocks G4/G, and G, are in parallel, the equivalence is Mm.+®m 26+ Gy QM+ Gy
1 1
R + GG, + G, c

G .

G,

+
‘ +
S
(b)
(GG, +G3)
G,

R +<> G,G, + G [
) & %t

Shift the take off point located before block towards right side of the same block

N

MRDE ERSY
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1 i S —— R ————————————— = ublications o
, . G, +G. ._
The blocks G, and E are in cascade, the equivalence is Gy x(GyGp +Gs) =G;G, +G; The blocks G, and _ G are in cascade, _
H, G, . . : | _[HyG, |
Also, the blocks H, and ||I;A9 G, +Ga) are in parallel, the equivalence is _ 4G, [
I + IA QJ - QA IJ + mm Im + m._ mm IM __ R + % _ Omou C
27 G,G, +Gs GiG, +Gy | 14GyH,
c
G, e G+ G, GoH, “ Shift the summing point after block G, to a location before block G,
_ G,G,*Gs | H,/G,G,
() |
Eliminating the summing point o - G416, -
m ) GGG 1+G,H,
1+ (G, G, +G3) % GG, + G,
Simplifvi Coionl GG, +G,
implifying, R 315G Hi O+ C.GoH

E Determine C/R for the block diagram given below.

R N G, G,G; c
+ 1+ G,H, 1+ GyH, ;
(e)
. . QA QN Qm
Hence, the forward path transfer function is (14 G, H;) (14 Gs Hy)
Solution: . H.
. and the feedback path transfer function is G m
13
Therefore, c_ GG, Gy
R 1+GH{+Gy, H3 +G3 Hy + G, G Hy H, w
E Determine the overall transfer function relating C and R for the system whose
block diagram is shown in figure.
. q, |
mnich]
+ I G 1+ ) C
_ A2
[T
|
(b) *
?.Bm.ammm&va_u__nmzo:m.o_d MADE ERSY MADE m—.umm Sé.amammm%ncc_mnmzo:m.o_‘mu
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Solution: Shift the take off point after block H, to a position before block H,

Shift the take off point after block G, to a position before block G,

(b)

1 c
G:* G| v oA,

|__ G,HH, __

(9)

Eliminate the summing point before biock G,

R + Q‘ 1 (o]
Q7= G,GH, G+ G T+G.H,

ﬁ L_ G,HH, __;

Thus, the overall transfer function is

1

GG H, 2t ) G

1

(Gy +m&.§.ﬁm HiH,)

c
R

1+ G, G, Hy + Gy Hp + Gy Gy Hy Ho (2G, + Gy)

(eI Tl IMRDE ERSY MRDE ERSY e e ]
www.madeeasypublications.org - o Publications | ‘,ma ”.m_.mxvc_ S c_, !
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Example-3.8

Obtain the overall transfer function for the block diagram

Solution:
Shift the take off point placed before G, towards right side of block G,

Also, shift the summing point located after block G, towards left side of block m.w.m

Eliminate summing point before block G, the equivalence is A G

1+G Hy)

Interchange consecutive summing points placed before block G,

__ G,/G, _ﬂ
Awu

[ |
__ Hy/G, __;
(b)

Eliminate the summing point located before block Gg, the equivalence is A

1+ GH,

mRDE ERsy | MADE ERSH BlockDiagrams | 53
o . 7 Publicaticns e e
The block G, and .Im.m| are in cascade, the equivalence is |®|mm|bl
(1+G3 H,) (1+ Gz H,)
R G,
1+ G,H,
: , . G3 G, . .
Shift the summing point located after block towards its left side
(1+G3 H,) .
G, x._ + G3H,
|6 GG,
_ R G, + + G,G; C
: 1+ G,H, / - 1+ GyH,
_” __ H,IG; _l_
(e)

Gs

1+ Gy Hy)

|
7 Interchange consecutive summing points

G, 2
L&
R G, c
1+ G,H, -
Eliminate the summing points,
R G, GGG, + Gy(1 + G3Hy) G,G, C
1+ G,H, G,G,G, 1+ GyH, + G,H,
(@
Thus, % _ G, 9 G,G3 G, +Gy(1+G3 Hy) y G3; G,
On simplifying, c _ G,G; Gy +Gy(1+G3 Hy)
R ~ 1+GyH; +G3H, + G4 Hz + GGy HyHy + G G4 Hy Ha

Publication
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diagram given below.
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] - st

E Obtain the overall transfer function for a system represented by the block

Solution:
Shift the take-off point located after block H, towards right side of H,

Aiso, shift the take-off point placed after block H, towards right side of block H,

LII

1772 _ i
.(b)

The blocks G, and G, are parallel, the equivalence is (G, + Gy)
G,
(14 Gy HyHp)

Also, eliminate the summing point placed before block G,, the equivalence is

G, c
14 G,H,H,

G, + G,}—> G,

s S
sypublications.org MADE ERSY

Publications

vw.madeea

-—.—W——Um mﬂ-m-l.._ Block Diagrams H 55
The blocks G, and I|@|| are in cascade, the equivalence is ||mm@I|.
1+ G, Hy H, (1+G, H Hy)
.
IAIN -
(d)
Eliminate summing point placed after block (G, + G,)
R +<D G3G, c
I.Olllw. 6+ GG, 66,
[H,H, __1
(e)
(G +G,)G3 Gy
Cr 1+ G, HyHy, + G3 Gy H,
' R (G,+G,)G; G,
U7 H,y H,
TG PGl GUEE S o
On simplifying, S GGy Gy + G G5 G
R 14+G3GyH, +G,H Hy + GGy Gy Hi Hy + G, G3 Gy HyH,

E Determine the expression for the output for the system block diagram.

] ]
£
Um
Solution:
Eliminate the summing point located before block G,
U‘_
R + | Q + s+ QN C
> ! Y 1+ G,H,
L =
H —
1
(@ P
MADE m-ummw <<E<<.3mmmmmmv,ﬁ:c__,nmﬁ.mo:m.o_du
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Split th i int placed before block — 22—
plit the summing point place ore bloc 4G, H,
. R + (o
Un
(b)
Eliminate th i int located before block G
iminate the summing point locate e blo REYOA)
DA_
R * 6 S G ¢
b ciea ] 1+G,H,+ G,H,
[h | %
Ertl ey
()
DN
Consider D, = 0, D, = 0 and the output as C, for the input R acting alone
R + G QM (o)
Y 4 1+ G,Hy+ G,H,
H, ?
(d)
Eliminate summing point before block G,
GGy
G _ 1+GH +GH;
R ~ GG
1+ 122 xH
14GH +GoHy
o GiG,
On simplifying, C = ‘R
U.J\ g £ ﬁL_.TQMIm.TQmIm.TQAQNI,_
Consider A =0, D, = 0 and the output as C,, for the input D, acting alone
04 + QN ) C

1+G,H,+G,H,

G, |« H,

{e)

MADE ERSY
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G
. Car _ 1+ G, H, + G, Hs
N D, ~ Gy
1+
4G, H, 4Gy, < Ch
o G
On simplifying, C, = 2 D
.J\ g ai ﬁk_+QmIm+mmIm+®,_QmI._u !
Consider R= 0, D, = 0 and the output as C for the input D, acting alone
G, G2 <
1+ G,H,+ GyH,
~H, 54
+
D.
N ;
G -G,G, H
The blocks ~H., G, and z are in cascade, the equivalence is 1221
1 180G G, Fp + G, Hy) 9 1+ Gy Hy + Gy Hy
D, + -G,G,H, mum
> 1+ G,H,+ G,H,
(9)
|Q._ QN I._
N QQN _ ._+QMIM+®mmw
DN 1~ |Q,_ QN I._ x 1
1+GyHy + G, Hy
On si lifvi _ Q._ Qm IA D
n simplifying, Coo = | "1+ GyHy + Gy Ha + Gy G H; ) 2
Theoutput C= C,+ Cyy + Cy
G;G. G -GG, H
o C= 12 R+ 2 .-D iM2 .
1+Go Hy +Go Hy +GiGoHy 14+ Go Hy + Gy Ha + G, Gy H, 1?@55&199; D2

E Simplify the block diagram shown in figure and obtain the transfer function
relating C(s) and R(s).

R(s) s, + < X(s) G - C(s)
+ +
Solution:
The block diagram can be modified as,
R(s) [

-,

Higds \
www.madeeasypublications.org |
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Eliminating the minor feedforward path,

R(s) G+ AI G,

C(s)

(b)
C(s)

R(s) um4mm+mm+4

R(s) C(s)

G,G,+G,+1

(c) _
The same result can also be obtained by proceeding as follows. Since signal X(s) is the sum of two
signals G, R(s) and A(s), we have
X(s) = G, R(s) + A(s)
The output signal C(s) is the sum of G, X(s) and A(s). Hence
Qs) = G, X(s) + R(s)

= G,[G,A(s) + R(s)] + R(s)
So, we have the same resuit as before
C(s
wﬂmW. = QJ Qm + Qm +1

Simplify the block diagram shown in figure and obtain the closed-loop transfer

function C(s)/R(s).

H, =

0 S
O& A‘V

mAMv + Od +

H,

H,

Solution:
Move the branch point between G, and G, to the right-hand side of the loop containing G, G, and H,.

Also, move the summing point between G, and G, to the left-hand side of the first summing point.

Hy/ Gy e
> G, - G, Cls)
H, =
(a)
~ ....r .Ul.TA SER R e Tl ) -
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1
By simplifying each loop,

Iu L
| GG, |
m Ris) % GG, G;G, C(s)
_ + 1+ G,G,H, 1+ G,G,H, o

(b)

R(s) G,G,G,G, Cls)
1+ G,G,H, + G,GH,— G,G3H, + G,G,G,GH, H,
(c)
C(s) _ GG, G;G,

: C
is the val —
value of 7

given below, if G, =5, G,=8and G, =4, H,=2.

Q.3 for the system’

oty
_Assignments

=
Common Data Q.1 and Q.2

Ablock diagram of feedback control system is shown
in following figure

Q.4 To convert a given block diagram

s +
+ : R 2G Cc
m._ G C, -
+
; . H

to a unity feedback system

+ +
xm / G = C, m‘%’ G, c

_ Find th | Lo
Q.1 The transfer function m is E then ovalue of G,
R 1-2G? .
AINHO - - v
a+b= & Students
m % ~Assignments Explanations
Q2 The transfer function % is |Qm|m. then 1.(2)
2 R,=0 1-eG
Q + e = p
R; Ry =0

\q..u.‘ b ....\....m. .... * ......
Publications mSuq: U_._”nmﬂmm.:mpm_‘m...
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- G G Determine the value of x.
—_— 2 .
G 1+G 1-G__G Student's (@) H, (b) Gy H,
G i 1 = = >
x4|'®|v 1+ G “ Ralp-o  __G° . 1-26° Assignments (©) GyH, (d) GyH,
1-G , . . :
4 F
L dG2 Q.1 Whatisthe overall gain of the system given below? Q4 For the block diagram given in the following
: ares with ———
It comp 1-eG? figure, the expression of ¢ is
Q 4+ e = ‘_ + 2= m I
G
1-G G 3. +
o—»]| R G,G G c
.C‘ . I.Amv \ 12 3
c
G c *
Ry (1+G) !
. (@) -10 (b) 13
: G . Shift the take-off point before G, to a position () 17 (d) 36 (a) WQMMW ®) 3 MA Mm e
= T M\ Tl g
J ek Q.2 Consider the block diagram shown below.
o : © oozt @) sl
R, G( - QNV —C, G R(s) G, " G, —= C(s) 1-G,G, Gy Gy (1-G G,)
1-2G
B—ufs G, G, c Q.5 The overall transfer function of the system shown
m G(1-G) In given figure is
I._ - 1- NQN I. Qw =, Id P
= ,AMW\F G
L aG(1-b") Eliminate summing point + before G, the . o +
swith &0 —2 ) iminate ggpoint + | If the transf f
It compare 12262 equivalence and summing point after G, the f the transfer function of the system is given by
a=1, b=1 a+b=1+1=2 equivalence. T(s) = m4®m+®mmm.“ Then ‘X' is z +
2. (3) G, &5 ] . e s a )
: R T+ G/H, G, (@) G,G;H, (b) G, H,
(% ; (©) G, G,H, (d) G, H, )
Ro |
2 1R =0 R GiG*G | . Q3 A system block diagram is shown in the given - G
S c J#IG figure. The overall transfer function of the
o 1 C _ GG, +Gs system is G GH
R 4G H - 66,6, @ i GA ®) en
N Putthe value of Gy, Gy, Gy and A, : R~ 146G, G,y + Gy Hy ~ GG, Hy © oo (@ 2o
C _ 58+4 _44_, 1-2GH 1-GH
R 1.+52 11 z .
G Q.6 The transfer function C(s)/R(s) of the system,
Ry 1-6 G whose block diagram is given below is
4 126+ 26H +
- G, G, G, C R C(s)
) 2G = G = © G, W - G, —>
n e o 1+2GH  1+G; =
_ 1-G 2G+2GG, = G,+2GHG, - H H
G,(2G-1-2GH) =-2G Hy _ E
G - 2G
17 2GH+1-2G
e T MADE ERASY MADE EASY _?@y&&%m__m,.._n_.m__m,.%.w,@
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