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1.1 INTRODUCTION
' A control system is a combina
produces the best output for a g
control of position, veloci
1.2 TYPES OF CONTR
(1), Open Loop :
(i) Closed Loop
The table below gives a

er that the worlging_of each element
sed in many applications such as for
€, voltage, current etc. =~ . '

1. An open loop control sys
which does not have fe

Input Actuatin
. =3C 1 -
i® ontroller Signal

.“l.syétem the butput has
action through a feedback.

output

i)

feedback

H

2. The accuracy of this system depends on the .
calibration of the input.

3. The bpen loop system is-simpl.e to construct and is
cheap. ;

4. Open loop systems are generally stable.

5. The operatic;n of this system degenerates due to the
presence of non-linearity in its elements.

Example: Traffic light controller, electric washing
] machine.

element
: %

Due to feedback the performance of ‘closed loap
system is accurate.
3. The closed loop system is complicated to construct
and is costly. '
4. In closed loop system the stability depends on the
system components,

5. The performance is better as this system adjusts to
the effect of non-linearity present in its elements.

'Example: Automatic control systems, human beings.

JIENGINEERS ACADEM

Your QATE wary £0 Pro | oW1 eellence
IES + GATE + PSUs # JTO 4 IAS + NE




EE : Control Systems

Fecdback

Feedback is that characteristic of closed loop control system which distinguishes them from open loop
system.

There arc two type of feedback

(a) Positive feedback

(b) Negative feedback =~

Negative feedback system has following propertics

(i) Increased accuracy ., ' :

(i) Reduced sensitivity - ' . g S oe Sy

(iii) Reduce effect of non linearity and dlstoitlunwa R L

(iv) Increased bandwidth j

(v) Tendency towards instabi
‘@ Key Points

®  Human being is a best e ' ' ol system, L

(i) Human eyes acts as
(ii) Human brain acts a

domain. In order to*calct

transformed into an m gorm Laplace transform technique uansfanns a time domain differential
equation into a ﬁ-equcncy algebram“”e‘quanon“”
<=

a definite value at t—> o).

ST
2 B

e  Final value rhearfr}l fis}naﬂ?apjahcab.'e for smﬁosmi and ramp sifgnaf Bt R W
; “.:. e e i‘_\ --:—} _i; '\- = ) I.,»e :I .'_\,“ . : i
13 TRANSFER'FUNCTION. ™= " i bem £ 8hal =il b y

The transfer function of a linear time invariant system is the ratio of laplace transform of the output
variable C(s) to the laplace transform of the input variable R(s) with all initial conditions zero. The block
diagram is of a simple transfer function is shown below

Input [ Transfer Function | Output
R(s) G(s) VORE

and the transfer function is given by the relation

. C
e G(s) = Rﬁ))
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Junior Engineer

1.4

Poles and Zeros of a Transfer Functmn

The transfer function is represented by the ratio of two polynom:als in terms of s.

0

sl FOVEY o) A@E) . ag"+as" +..a, 3
1.e. = ——== =
; G(SJ = BO) g™ +bs™ +..b,

where, ag, b, a;, by,....are constants and depllds on the system.

5

- The above polynomial can be factonzed into n and m terms of numerator and denominator respectively.

_ k(s—5,)(s—5;).....(5=5,)
G(s) = (5—8, )8 —5p ) d(5—8p)

® Location of poles and zeros

(i) Transfer function i is u%sedft% analyse and dﬁl%ﬂf yl?;}near t:me i

s o
ed to‘dclcrnune 3 the, time: response, sta

(i) Transfer function’ 5 Rl e
(iii) Any physical system can be &geﬂ@dg‘w t %% :
PICTORIAL REPRESEN];A%TN OF CONTRE , SYSTEM

Block Dlagram TN LCTETES o

iction of each element

is rcpresented y.a b s the flow of signals

in the direction of arrows.
Terms Related with Block Diagram
(&) Take off Point
It is represented as a dot which signifies application of one input source to two or more systems.

(ii) Summing Point

It represents summation of two or more input signal entering in a system.
Block Diagram Reduction o
In order to obtain the overall transfer function, complete block diagram configuration can be simplified
by a procedure called block dnagram reduction technique.
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EE : Control Systems

it Equi"ale“t Diagram
_—-—-—‘_—.-——.-—_-. 1

L Rule Oviginal Diﬂgﬁlm /————_\

= — === = G,(s) G:(s) _C_(i)

s
‘1. Combining block in G,(s) G,(s) C fs} R(s)
cascade ' R(s) .

) Gi--(s)'*Gz(S) l as)

R(s

2. Combining block in
parallel

3. Moving a s"'l"thru:ning
point before from block
to after a block

.

{ : sty
4. Moving a summing ..

point ahead of a-qucl&% b

5. Moving a take off por
after a block
/"— % -‘"‘\.
’ ] 3 ; K i = N R(S) _
6. MDVIHg a take OEPOIHt 5)J X ~ ¥ y Lo G
ahead of a block, Gs) — ) —s

i w-\_

; #wgfs i% E?ﬁv*w_
a‘ &% 'ﬁé’g. ég” ﬁ o . ‘E
eng .
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Rule Equivalent Diagram
" . % c©
7. Shlﬁ:lng ofa take off R _
point from position & 3 - R(s)
before a summmg pomt : o
toafterit. X(s) £
: (s)
8. Shiﬂmg ofa take off '

point after a summmg
pomt to before it.

P‘F"PP"!‘-’?

9, Elimination ofa ; e C(S)
» feedback loop. : : : = el T )
1.5 SIGNAL F LO _

- Slgnal flow graph _
summing symbol, take o
point called “Nodes™
called “branch™, . .
(i) Node i

Node is a representation of
(ii) Branch

A signal %gh : méléhgtra.vcls al@gﬁﬂmbgs%rwh frggn one node

o o bbifort bl auie SR
(iii) Loop ° ; | i

of a control
i _y replacmg the variables by
ce” which is replacéd by a line

e direction indicated

It is a close, path without repetition of any node.
Rules for Drawing Signal Flow Graphs _
The signal travels along a branch in the direction of an arrow. .
The input signal is multiplied by the transmittance to obtain the output signal.
Input s:gna] at a node is the sum of all signals entermg at that node
A node transmits signals in all branches leaving that node.,
Take off point after a summing point are represented by a single node.

Take off point precedes a summing point are represented by two separate nodes with a trmsnuttance
of unity between them.
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E- control Syf‘:.temsm

formllla given by

‘Ina mgna] flow graph the overall transnuttance can
the -following equation. ,

= >
k=1
Where,
k = Total number of forward paths. : eﬂcountﬂl'ed more than Onct’T.
P, = - Forward path transmittance of the path where no nodﬂ is . the graph which are ls_olar.ed
4 = Path factor associated with k™ path involves all closed loops
from the forward path under consideration.
A = . Graph determinant g non-touchmg loops] -~

e] + [all possnble Pmn_wu chmg 100135] S5 W ]

= 1- [sum of all mdmdual 10013 tra iplets of

i.

2 Key Points :

e While drawing signal flo
point is represented by a‘si
by two different nodes.

t after summing

 take off poin
re represented

take off point 4

}

mihanrlof a signal flow-graph

1.6 MODELLING
In this sebtion,_we
_ transfer function by d

' 1.6.1 Translation Mech

Let us consider a translat
is applied in the upward d
spring damper system.

F

The force F is applled on mass M (unit is Kg) rcsults into dtsplacement X If the spring deflection constant
is K (Newton/metre) and friction coefficient is f (Newton/rad/sec), then equation of motion for the system
is obtained by applymg second law of translation motion. :
F . M fij— +T £ + Kx
dt = ="dft ¢ ' it i (i)
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Junior Eﬂalneer
Now, the transfer function of the system with i_nitiiil conditions zero is given by ,, y
06) = = i
(s) Ms“+fs+K _ i
1.6.2 Rotatmnal Mechanical System '

Here we apply torque T(t) (in'N-m), which is analogous to force in translat:on system. In place of mass
we take moment of inertia J(in kg-m?). Coefficient of viscous friction remains same as before i.e.

f (in N-m/rad/sec) K is known as torsional constant here. In the similar way we write the equation for
rotational mechanical system.

LAY

or

1. 6.3Force-Voltage Analogy je :
e Force f{(t) is analogous to voltage v(t)
e Displacement x(t) is analogous to charge q(t).
e Mass M is analogous to L.
¢ Coefficient of viscous friction f is analogous to R.

e Spring constant K is anlogous to %




1.6.4 Force Current Analogy
Force f{t) is analogous to current i(t).

L

e Displacement x(t) is analogous to flux
e Mass M is analogous to capacitance C

‘e _Coefficient of viscous friction f is analogous t0 |

e Spring constant K is analogous to 7 -

Analogy with Various Systems

Electrical Thermal
Volume of air flow
[-7 Charge * Heat (joules) A (meter)?
i Difference of
.F;Vc'.!tﬁse : | pressure (Newton/m?)
' Air flow rate
/7 Current (meter® /sec)
_ Resistance
ewton-sec/m’ )

Resistance
Capacitance (m’ /Newton)
& Inductance
i ’
Inductance P (Newton-sec’ /m’)
Analogy between Electrical ! 4 y
; , -} Mechanical rotational
Force- voltage , S A
system

e

Vo]tagc V( o] / ” a’ m" Ec
= Angtﬂaf’disp ”ement (1)

Angular velocity o(t) = 6(t)

Disp! acement x(t)

Charge q(t)
Current i(t) Velocity v(t) = x(t)
Inductance L Mass M Moment of Inertia J
Resistance R Friction coefficient f Friction coefficient f

Reciprocal ‘

Spring constant K Torsi :
of capacitance orsional constant K
QQO
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Junior Engineer

1. The Laplace transformation of f{t) is F(s). C(s) G(s)

@) R(s) ~ 1+G(s)H(s)

Given F(s) = ——— i
. (s) & 12 the final val}le of f(t) is .

s _ : C(s) _ _G(s)H(s). b T
(a) infinity . ; ), T , ® RGs) 1-GHE)

(b) zero _
“ (c) one e . - ' - C(s) __GEHE) -
_ (d) None of these © 1+GEHE)

2. Signal flow graph is used to,
(a) stability of the system
(b) controllability of the system
(c) transfer function of te
(d) poles of the system
3. " The transfer funcnon of
(a) ratio olf th_e ou
(b) ratio of the d

G(s)
I-GEH().. =

(c) ratio of the Lapla

 zeros
(d) none of these

4. Non-minimum phase transf
as the transfer function

the codes given belcw the lists.

List-1 List-1T

. ' Q 1 T 1-Q .
| (d) which has poles in the right-half s-plane. _ : LS,

5. As compared to a closed-loop system an open- P.. % . Q
loop system is _ _ B‘_ 3}, 2. 1-PQ
(a) more stable as’well as more accurate . & ‘ |
(b) less stable as well less accurate - p : NG :

. b 1t C. o—)—c@. 3. 1-PQ .

(c) more stable but less accurate 5 8 g 1y :
(d) less stable but more accurate , P Q stng < PO o

6.  In regenerative feedback the transfer ﬁmctlon . _ '“‘_)_“_ P _ - 1-PL

given by

[ENGINEERS ACADEM
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12,

e orward paths in the signal figy,
1 . shown belo
@) 2 3 4 1 o
B2 8 5 i,
(c) 3 2 I~ 4 )
d 3 2 4 1. - ‘ ’
9. Type of a System depends op the:
(@) number of its poles . (@ 2 Sy
(b) difference between the number of poles and (©) 6 5y

zeros
(c) number of its real poles only

| (d) number of Poles it has at the origin
10.  The fingg value of function .«

of forward paths and indivigyy

14. The number diagram given below ap,

loops in the signal flow

' 5
Flg) = — =
© s(s* +5+2)
, N : (b) 4, 8
@ zero " Ty, @ 5,7
. 5.4 H : e .u,»:m drawback of fc'f:dback SyStEl‘l:l may be
€3 e o i ©(b) inefficiency '

11. . When the signal flow gray

figure. the overall f;

will be e .

(a) equals to the time constant of a closed loop
mntrplf;:sj;'fstéﬁi _

i 7% (b) Half ‘the time-Constant of a closed loop

B il
transfer function.

r
iy

(c) _.dqflﬁl-c?'fhe time constant of a closed loop
i ’=cbn£rol system.
~(d) has no relation with closed loop control

. System’s time m%smt

IF iRt o s B &
I the unit %ﬁ.zgrgsgqnse;‘of a system is a unit

R T i . lmpul.saﬁu’lctiml,‘then the transfer function of
© R (1+H, Y(1+H, ) such a system will pe
- 38 " : (a) 1 o
C) T

R 1 H] Hz (C) S (d) -1_
The transfer function of a system is used to 18. .Sz
ks 5 means of specifying

= performance of a-contro] g
' _ ystem related to

(a) transient beha\«’lolll" (2) relative stability of the system
(b) steady state behaviour ~ (b) the speeq of response

(c) transient and steady state behaviour () the constant i

9 Homatitiens: — (d) All of these
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19.

20.

21.

22.

(c) Moment of inertia-conductan

The transient response of a mntrol systcm is 23. " In force-current. analogy, capamtance is

mainly due to " analogous to
(a) internal forces (b) inertia forces (a) mass (b) velocity
(c) friction (d) stored cncrgy (c) displacement = (d) momentum
In pneumatic system pressure is considered as 24. Under analogy of electrical and thermal system.
analogous to the resistance under thermal quantities is
(@) charge (b) current i expressed in terms of )
(c) voltage  (d) resistance
Which of the following quantities under @ °C (b) :
mechanical rotational system and electrical B =y
system are not analogous? oc

(c) (d)

(@) Angular displacement-charge
(b) Angular velocity-current

(d) Viscous friction coeffig
When analogy is drawn b
and thermal systems, cur
analogous to

(a) heat flow rate
(b) temperature
(c) reciprocal of
(d) heat flow

- 3 pSi)s # JTO # 1AS ¢ NET
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2.1 INTRODUCTION
Time response means how a s
is applied.

. The time response of a ¢
(i) - Transient response’
(i) Steady state respons .
The transient part of time’ responsés%‘ c
also gives an mdncanon 4l :
The steady state p%rt of
observed if the actual output doe

leferen

1. The time of responsé; upto 3T=-0r 4T is called
transient response goes toezero as time becomes
large.

K i

ﬁn"ﬁl ané“fn%.cy of the system
i, | 2o q_];[:nds on the input signal applicd.
3. It depends on'poles a.nd | zeros of a Systcm md A A

st il 3. The ste
reveals the nag g% g “‘3‘ dalsogwcan g a.d.%
X i g g Yo ofa onntfélﬁ
indication abou A b

2.2 TIME RESPONSE OF A FIRST ORDER CONTROL SYSTEM

For a linear system, whenever highes:c power of s in the denominator of its transfer function equal to 1,

it is called first order control system. The simple block diagram of a first order closed loop system 18
shown in figure below

2. Tt does not depends on input signal.

e part revaeals the accuracy

Wiy

R(s) +—\ E(s) [ C(s)
. sT i

Thus, a-first order control system is expressed by a transfer functmn given by
‘ Ck) 1
R(s) ~ sT+1
VY ENGINEERS ACADEM
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(i) When the input is a unit step function A . :
For a unit step function

i) =1
o]
R(s) = =

Therefore the output of the system is expressed- as
: o il T
T ssTHl s s+l/T

2
&,
1

or
‘The errof is given by

and steady state error is

The graphical repre;
is exponential with

£ "

° Speed of the system is governed by the fmgesr time constant of the system.
(ii) When input is unit ramp funcnon '

.If
L .

For a unit ramp function i r(t)

. R(s) = —lv

% F 3 ' |
then the output of the system is expressed as

CO) = FA"F "3 5D X
Takmg inverse laplace transform on both sides, we get -
ct)=t-T+ TeT

ENGINEERS ACADEMY

Y

1E .CATE.F‘S * JTO » IAS ¢ NET



