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1 \With the help of neat block diagram, define open loop and closed loop control | [10] | CO1| L2
system. Mention the advantages and disadvantages of each system with
examples

2 Explain about DC servo motor and derive the transfer function of a)Field [10] |CO1| L3
controlled DC servomotor b)Armature controlled DC servomotor

3 \Write the force equations of the mechanical system shown in fig and also find [10] |CO1| L4
the force-voltage(f—v) and force-current(f-i) analogy

4 Find the torque equation of the mechanical system shown in fig and also find [10] [CO1| L4
the torque-voltage(t-v) and torque-current(t-i) analogy
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Find the transfer function for the given electrical circuit
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5(b)  |[Explain about synchros as error detector 5 |CO1l| L2




6 Find the force equation and the transfer function [X1(s)/F(s)] of the mechanical | [10] | CO1| L4
system shown in fig and also find the force-voltage(f—v) and force-current(f-i)
analogy
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Solutions
1) Classification of control systems
1. Open-Loop Control Systems:
Re:;:lce e AZ};::," € | Contronea | Controlled
[(7;(;:::3)8 (output)

Any physical system which does not automatically
correct the variation in its output.

» Itis not a feedback system
» It operates on a time basis

Example: Washing machine, Electric Toaster, Traffic
control.

Advantages of Open-loop systems:
» Simple and economical

» Easier to construct
» Generally stable

Disadvantages of open-loop systems:

» Inaccurate and Unreliable

» The changes in the output due to external
disturbances are not corrected automatically.
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2. Closed-Loop Control Systems:

Ermror
Reference detector Error A i
signal [ | signal [ | Outpur

Controller > Plamt

Feedback path
elements

» Feedback control system.

Feedback
signal

» A system that maintains a prescribed
relationship between the output and the
reference input by comparing them and using
the d ifference a|https://(ram;ter—lmage.sa.amaZDnaws.(um/deﬂnltluns/DC— |
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Example: Traffic control, Room heating system.

Advantages of Closed-loop systems:
» Accurate

» Sensitivity of the systems may be made small to
make the system more stable.

» Less affected by noise

» Accurate even in the presence of non-linearities.
Disadvantages of Closed-loop systems:

» Complex and costlier

» Feedback in closed loop system may lead to
oscillatory response.

» Feedback reduces the overall gain of the system.

» Stability is a major problem in closed loop system
and more care is nheeded to design a stable closed
loop system.

Comparison

Simple and economical Complex and costlier
Consume less power Consume more power
Easier to construct because Not easy to consiruct
of less number of because of more number of
components required components required
Generally stable system More care is heeded to
design a stable system
Inaccurate and unreliable Accurate and more reliable
Changes in the output not Changes in the output
corrected automatically corrected automatically

Feedback reduces the

overall gain of the system.
A\m



2)

Servomotors

» The control systems which are used to control
the position (i.e) velocity and acceleration are
called servomechanismes.

» The motors which are used in automatic control
systems are called servomotors.

» Servomotors are used to convert an electrical
signal applied to them into an angular
displacement of the shaft.

» Depending on the construction, they can
operate either in a continuous duty or step duty.
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Types of servomotors

» dc servomotors
» ac servomotors

Advantages of dc servomotors:

Features of servomotors.

» Linear relationship between speed and
electric control signal.

» Steady-state stability

» Wide range of speed control

» Linearity of mechanical characteristics
throughout the entire speed range

» Low mechanical and electrical inertia.

» Fast response.

» Higher output than from an ac motor of the

same size.

» Easy achievement of linear characteristics.
» Easier speed control from zero to full speed

in both the directions.

» Low electrical and mechanical time constants.
» High torque to inertia ratio that gives them

uick response to control signals.

Advantages of ac servomotors:
» Lower cost

» Higher efficiency

» Less maintenance

Disadvantages of ac servomotors:

» Nonlinear

» More difficult to control especially for

positioning applications.



dc Servomotors

» Made up of dc motors which is controlled by
potentiometers and gears.
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» Transfer function of Field controlled dc Motors.

» Transfer function of Armature controlled dc

) Motors.

» Derive the transfer function of field controlled
dc servomotors _
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» Derive the transfer function of armature
controlled dc servomotors.
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ac servomotor

» An ac servomotor is basically a two-phase
induction motor except for certain special
design features.
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5a) Atnode ], by Kinchol ot lag Atnode 2, by Kirchoff’s current law
s PTALI R;VHC =0
R| dt R2 Rl 2

On taking Laplace transform with zero initial | On taking Laplace transform

‘:m‘m A/ 1O —@+C 28 V,(s)=0
|(S) Y v (9)+ 28 Vi(s) vz (s) B(s) R,
R, R, R Yo _ X’-@- +Cy8 V, () =[L + sCz] Va(s)
Vi(s) l:_+sC| + : ]-M_ E(s) R, Ry R
R, " Ry R, "R S V() =[145C,R,] Vs (9) )
(1)

Substitute (2) in (1),

(1+5R,C,) Vy(s) [—-+sC. '] %o E@
l

R, R, R,
[(l+stC2) (R2+R,+sc,R.R,)—R.]V &= E(s)
RiR, R,
. Va(s) r Ry
T E(s)  [(1+5R,C,) (R, +R, +sCR,R,)—R]
RESULT i

The (node basis) differential equations governing the electrical network are

dv -V (- Vo, —V
L R OES (o | Q¥ N 2 2 1
R, dt Rz R, R, dt
The transfer function of the electrical network is
Vals) _ R,
E(s) [(1+3R,C;) (R, +R, +sC,R,R;)—R,]
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