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1 | Determine the transfer function of the given mechanical system.
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Solution:

dx dx d
Mg+ Byt By gl x) =10
On taking Laplace transform of the above equation we get,

Ms2 X(s) +B, s X(s)+ B, s [X(s) - X{(s)] = F(s)

fo =Bz—:?(x,—x) i Kk =Kx
By Newton's second faw, f, +f =0
.'.BZ%(X1 -X)+Kx;=0
On taking Laplace transform of the above equation we get,
B, s [Xi(s) - X(s)] + KX (s)=0
(B, s +K) X(s)-B, s X(s) =0

B,s
2 X{(s) = —2 X(s
«(s) B,s+K (s)

Substituting for X,(s) from equation (2) in equation (1) we get,

B,s
B,s+K

[M s? +(B,+B,) s] X(s)-B, s{ } X(s) = F(s)

[Ms? +(8,+8,) ] (B, s+K)- (B, 9’
X(s) =F(s)
B,s+K

_ X(s) B,s+K

T F(s) [Ms?+(B;+B,)s](B,s+K)—(B,s)?




Write the differential equation governing the mechanical translational systems. Draw
the force voltage and force current electrical analogous circuits.
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Define open-loop control systems and list the advantages and disadvantages with

examples.
advantages
» Simple in construction and design.
» Economical.
» Easy to maintain.
» Generally stable
disadvantages
» They are inaccurate.
» They are unreliable.
» Any change in output cannot be corrected automatically.

Open loop
S Controller System

Write the differential equation governing the mechanical rotational systems. Draw the
Torque-voltage and Torque-current electrical analogous circuit.
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Fig 9 : Torque-current electrical
analogous circuit,

Draw the equivalent mechanical Translational analogous system.

L, R, L,
TNV l L)

“0 M 1 m

T C, T C.
The free body diagram of M, is shown in fig 2. The opposing forces are marked as %
fon fos g ANA T
d%x dx —»f,
=M 1 ] m
N e b O
d . —>f,,
bz =Bu—(-%) | fi=K(x~x;) -
dt —f,
By Newton's second law, f,, + 4+ 15 + f; = f(t) Fig 2.
:.M1£’§1+e,9ﬁ+312."-(x X))+ = X) =) e ) .
dt dt die GaialEe
The free body diagram of M, is shown in fig 3. The opposing forces are marked as fra Foo Foo g @nd £ %
d% dx d v,
fro =M, d‘zz D fe= Bz"f R B1z;(x2 =%;) e
fa=Kilxa-X,) ; fio=K;x, b
. M, .
By Newton's second law, f., +f, +fp + 1, +f,=0 —> f,
il
d?x dx d &
M, _—dt; B B?d_tz + K%, + By, A (X2 = X3) +Ki(x, ~ X;) =0 —e(2) Fig3.
Onreplacing the displacements by velocity in the differential equations (1) and (2) of the mechanical system we get,
L dX dv dx )
.8, —E=—— [ ——= =
i 2 ik and x J’vdt}
dv.
M’d_t‘*B‘v' +Br(vi-v)+Kf(vi-v)at=fy (3)
dv.
MGt B K Bty —v) K -wdt=0 @
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Determine the transfer function of the given electrical system.
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Compare Open-loop and Closed-loop control systems with an example.

Open loop control system

The feedback element is absent.

An error detector is not present.

Easy to construct.
It is an economical.

Having small bandwidth.

It is inaccurate.

Less maintenance.

It is unreliable.

Examples: Hand drier, tea maker

Closed loop control system

The feedback element is always

An error detector is always pres

Complicated construction.
It is costly.

Having large bandwidth.

It is accurate.

More maintenance.
It is reliable.

Examples: Servo voltage stabili
perspiration

7b

Explain Synchros as an error detector.
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