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Theory

LINEAR SYSTEM

A system is said to be linear in terms of the system input w(¢) and the system
output y(¢) if it satisfies the additive and homogeneity property which implies
that it satisfies the superposition principle.

—

Uj+aty Yitya & auy + bu ay; + by
3 1 2 1 2
G —

ADDITIVE HOMOGENEITY SUPERPOSITION
PRINCIPLE
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LINEAR SYSTEM

PROPERTY
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Theory

MATHEMATICAL MODELLING

e T ? T Is this linear system ?
N = ! c Vour

o Mathematical relation

meRz—i—L +C/zdt

1 .
Vout = 6 /Zdt

o How to find Vou¢(¢)
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Theory

WHY WE NEED TO FIND V. (t)

MODELLING

o The behaviour of the output
o Passive design
o What values of V;,, R, L and C for particular output value at particular time

Vout(2.8) = 3.9V

o Active design

o How to get the desired output value by changing the input ?
o Controller
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Theory

How TO OBTAIN V()

Let V;,=10V,R=3Q,L=1H,C=0.5F
Vin = Ri+ L— +C/zdt

On Differentiating, we get

di di?
R
dt+ de? +C
Ri+Li+ L =0

C
Sub for R,L,C values,we get
22 4+3242=0
(z+1)(z+2)=0
i(t) = cie t + cge™?t
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1
Vout (t) = ﬁ i(t)dt

= 2(—cre7t - 052672t) + K

When Voui(o0) = 10 ; K=10
Thus,

Vout = 2(7016_t — %e—zt) + 10
When Vout(0) =0 — 2¢1 + c2 =10

i(O):0—>cl+62:0
c1 = 10;¢c2 = —10

Vout = 10 + 10e™2t — 20e~?
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Theory

IS THERE AN ANOTHER WAY 7

LAPLACE TRANSFORM

v

DEFINITION

) / Ft)etdt

v
DEFINITION
"]

L{f'y = sL{f} — £(0)

17 ’
£4f"y = LY — 5£(0) — £ (0) ]




Theory

HOW TO COMPUTE Vi (t) 7 USING LAPLACE TRANSFORM

. di 1
Vin:Rz-‘rLa-‘ra/dt
Voutzl/dt
C

1

Vin(s) = i(s) [m o 7}

Taking Laplace transform

sC

1
EZ(S)

Vin(s)
(R+sL+ =)
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1
Vout (S) = E




R L
; | |
Yn = ? c Vour

Let Vi, =10V,R=3Q,L=1H,C=0.5F

2
Vout (S) = Vm(S) m

20

Vours) = i mGT o

Taking Laplace inverse transform,

Vout (t) = 10 — 20e ¢ 4 10e =2t
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Theory

DEFINITIONS

TRANSFER FUNCTION

u(t) - y(t)

Ratio between the Laplace transform of input and output, that is,

Y(s)
U(s)

R

. | I

Y = ‘b c Vour
T
1

(R+sL+ =)

Vout(s) _ 1

Vin(s) sC
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Solved Examples

MECHANICAL SYSTEM

d%x dx
M—+B—+ Kz =F(t
az T By tRe=FWO

o Taking Laplace transform
Ms%x(s) + Bsz(s) + Kaz(s) = F(s)
o Transfer function
z(s) 1
F(s) Ms2+ Bs+k
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Solved Examples

PMDC MoOTOR

v e /ElE J, B

°
. di
V. = Ragi+ Lg & + ep
ep = kpw
T = ki

d
= J¥ 4 BuwtT,
dt
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Solved Examples

La Ra

o Taking Laplace transform

V(s) = Raqi(s)+ sLai(s) + ep(s)
a(s) = Jawls)
T(s) = kei(s)

)

= Jsw(s) + Bw(s)
o The transfer function

w(s) _ ky,
V(s)  JLas? + s(BLa + JRa) + (BRa + k)
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Solved Examples

SUSPENSION SYSTEM

1
M,
é 1L,
l te
M,
K

Suspension System

d2y d

Sy ki —a) + b (y—2) =0
ma L k(= @) + b3y — @)

2
ddT-l—bdi(:c—y)-i-k( y) = ku(r —2)
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Solved Examples

PENDULUM
N\ e
9 “'\
4
o mgl26 + mglsing + klf =T
o Linearization sinf = 6
o mgl26 4+ mgld + kil =T
o Calculate the transfer function
0
G(s) = 2
T(s)
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Solved Examples

INVERTED PENDULUM ON A CART

@ d2 3
o = Ma:—l—mm(a:—klsm@)

o F = (M + m)i + ml62 sin @ — mlf cos
o (I 4+ mi?)d = mglsin — milcos o
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Assignment Questions

ELECTRICAL SYSTEMS

1. Find the transfer function of the system given below by taking input output as

given
T " BN
€; ) = ) LG o,
iy = i<
o Input e;
o Output eg
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Assignment Questions

ELECTRICAL SYSTEMS

2. Find the transfer function of the system given below by taking input output as

given
M-
+
Voltage Source T~ 3
> 2 R, vz
vy 9
,/
i<
o Input vy
o Output vo
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Assignment Questions

ELECTRO-MECHANICAL SYSTEMS

3. Find the transfer function of the system given below by taking input output as
given

Input \
Pot. V radians/sec X

Motor
Field
Winding .| -

Battery

Tachometer

o Input Battery voltage
o Output Motor speed
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Assignment Questions

OPERATIONAL AMPLIFIER CIRCUIT

4. Find the transfer function of the system given below by taking input output as

given
i C
iy
R,
o—lls AAA ) ,
e’ Y
e; e,
+ N
o Input e;
o Output eg
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Assignment Questions

SPRING-MASS SYSTEM ON A CART

5. Find the transfer function of the system given below by taking input output as

given
v y
z I
7772277 7777777770 7700700007 00707 7777
e Input u
o Output y
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Assignment Questions

CASCADED SPRING MASS SYSTEM

6. Find the transfer function of the system given below by taking input output as

given

u

Xy X2
k2
il e I —
1 2|
ky —E_ ‘
(©) o b O __0 J

o Input u

o Output can be x1 or x2
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Assignment Questions

MECHANICAL SYSTEM

7. Consider the servo system with a dc motor given in the figure. A pair of
potentiometer act as a error measuring device. They convert input output position
into electrical signals. Input is r and output is ¢. The error signal ise =1 — c.
The error voltage is e, = e, — ec. And e, = Kor,e. = Koc. For the constant field
current motor torque is T' = Kai,. Determine the transfer function of the system.

Reference input

Input potentiometer Feedback signal

Output potentiometer i

Error Measuring Device ~ Amplifier Motor Gear Train Load
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Assignment Questions

SPRING-LOADED PENDULUM

8. Consider the spring-loaded pendulum system.Assume that the spring force
acting on the pendulum is zero when the pendulum is vertical, or # = 0. Assume
also that the friction involved is negligible and the angle of oscillation 6 is small.
Obtain a mathematical model of the system.

T

AN

k

& JX;*"M'
3
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Assignment Questions

INVERTED PENDULUM SYSTEM

9. Consider the inverted-pendulum.Assume that the mass of the inverted
pendulum is m and is evenly distributed along the length of the rod. (The center
of gravity of the pendulum is located at the center of the rod.) Assuming that 6 is
small, derive mathematical models for the system in the forms of differential
equations.
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Assignment Questions

SERVOMOTOR SYSTEM

10. Consider the system. An armature-controlled dc servomotor drives a load
consisting of the moment of inertia Jr. The torque developed by the motor is T.
The moment of inertia of the motor rotor is J,,. The angular displacements of the
motor rotor and the load element are 0,, and 6, respectively. The gear ratio is n =
0 / 0. Obtain the transfer function 6(s) / E;(s).

L R

e [ 7—— I i
On 0

— Ju
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