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Lecture - 29
Dynamic Response of Systems

I welcome you all to this NPTEL online certification course on Mechatronics. Today, we
are going to talk about the Dynamic Response of the systems. In the last three lectures, we
have studied the modeling for mechanical systems, electrical systems, hydraulic and
pneumatic systems, and in this lecture, I would like to explain the dynamic response of the
system and what are the various response measuring parameters, which 1 am going to
discuss at the end of this lecture. The most important function of a model is to predict what
output be there for a particular type of input for the models which we have developed in
last three lectures. So, the purpose of those models is to predict the output for a particular

input.

Now, here we are concerned about what happens in a static situation, that is, when a steady
state is reached or how output changes with time when there is the change in input, or how
output changes with time when there is the change in the input itself with time. So, these

are the various concerns.

(Refer Slide Time: 01:59)

A
Introduction

* Most important function of a model is to predict what the
output will be for a particular input.

* Here we are concerned about

v' What happens at static situation i.e., when steady state is
reached.

v' How output change with time when there is change in
input.
, ¥ How output change with time when there is change in
input with time.
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As we have seen for various systems output and input both can
be function of time.

Differential equations describe the relation between input and
output.

These differential equations includes derivatives with respect to
time, thus there solution indicates how response varies with
time.

dx d*x

= and 7] represents the first and second order system respe

Various system output and input can be both a function of time, and we have seen that the

differential equations are used to depict the relationship between the input and output,

whether it is a first-order system or it is a second-order system. So, we see that

2
% represents the first-order system and ZT;C represents the second-order system. Now, let

us see the example of a first-order system.

(Refer Slide Time: 04:41)

Example of First Order System

Natural response v

Consider water flowing out of a tank. | e

For this system relation for hydraulic sectional
resistance (R) can be written as Y area A
(p1—p2) = Rq, we can derive P2 4— 4
This is first order differential Water flowing out of a tank

y ; ) naturally with no input
equation, there is no input to the 4 d

rirkama ra natbiival varnAaneca

So, as | explained to you in the last lecture, suppose there is a tank, and there is a water-

filled up to a height h, and pressure at the top and bottom are p, and p, respectively and
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there is a wall through which the discharge takes place, and as p, is the pressure hereafter
the wall. So, we can write the expression for this as we have derived in the previous lecture.

We can write the expression for flow through the wall, and the equation will be,

p1— P2 =Rq

and this can be written in this particular form. So, this is our first-order differential
equation. Here what you can see is that we are getting expression in terms of the height h
of the water in the tank. And it is a natural response, so there is no forcing function here.

So, we have the right-hand side equal to 0.

(Refer Slide Time: 04:03)

+ Force response e

* |ncase there is a flow of water in 'm Cross-

sectional
tank area A
d
C p 7 h

* For capacitor q; — ¢, =

* For vaIve (pl p2) =Rqy v

. ‘\\ dh + M :( lj]\/ /' Water flowing out of a

tank with forcing input
. Th|s system equation has a forcing

function,

If I talk about force response, it can be considered if the flow is taking place with the help
of there is some input over here g, and the rest of the things are the same. So, as we have
seen in the last lecture using the equation for the capacitor as well as the expression for the
resistance through the wall. We can derive the equation like this. And here again, you can
see that we have the equation that depicts the variation of h with time, and on the right-
hand side, we have g; Which is nothing but the input to the tank over here. So, this system

equation has got a forcing function.

(Refer Slide Time: 05:01)

669



Transient and steady-state responses

, Steady state
Transient response - *
Total response of (mzn response
a control system i ch ) (Response
orelementofa mmm Rie0 angenj which
system Input to system, it camding
dies away quickly)
after
transients
have died)

Now, the total response of any system is consists of the transient response as well as the
steady-state response. Transient response is the one in which the change occurs when there
is a change in the input to the system, and it dies away quickly. And the steady-state

response remains, that is, the response that remains after the transients have died out.

(Refer Slide Time: 05:30)

Transient and steady-state responses of a spring system

Displacement due
- T to added weight

. Added g 0 A >
Displacement weight E Transients \ Steady
/ g state
. g_ value

/B .

7 J

Response of a spring due to sudden
addition of weight

The example of transient and steady-state response, we can just consider a spring, and
there is a hanger at the end of the spring, and if | add a certain weight to that hanger, then
the spring will be getting displaced. So, this is how the displacement of the spring of if |

plot with time, so this is how it is going to be. So, this is our transient response, and this
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part is the steady-state response. So, this is what | mean by the transient and steady-state

response.

(Refer Slide Time: 06:12)

Inputs to Systems
Impulse
Input A St\Ep/ Input A
\/
0 Time 0 Time
Step at time 0, example: imoulse at
suddenly applied load on mpy S? )
some time

spring Sar

Now, the various input types of input can be used to excite the system. So, it could be a
step input, or it could be impulse input, or it could be a ramp input, or the input could be a

sinusoidal input.

(Refer Slide Time: 06:24)

nput A Ramp Sinusoidal
Input |
\/ \/
0 Time h 0 'Emc
Ramp starting at time 0 y=ksinwt
Steadily increasing input y w=2nf
given by y=kt(k=constant) = angular frequency

f=frequency
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So, ramp input is defined as y = kt, sinusoidal we can define asy = ksin(wt), and
similarly, this impulse at some time and step has a certain value, at time t greater than 0.

So, this way, these are the various types of inputs.

(Refer Slide Time: 06:51)

First Order System
Consider first order system Vir -
Y nput @@ Output
/l/if) X(t)

dy
ala+a(@:b@

Here ay, ay, by are constant

Now, let us take the example of a first-order system. So, first-order system, suppose I have
got a system there is some input y(t), and there is some output x(t). So, what we are
interested in seeing is that for a given type of input, what my output varies, how my output
varies. So, this is the form of the expression for the first-order system, which we have just

seen over here.

(Refer Slide Time: 07:40)
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I 00000
Natural response of 1t Order System
* Natural response corresponds to y(t) = 0

7
* Let solution be x = Ae*" (A and are constants)

dx
. alE+a0x=0

* Substituting in above eq.
o a;AseSt + aphe’t = 0
* @s+tay=0

v s ==ap/ay

Now, if | talk about the natural response of the first-order system so, make the forcing
function 0 here if I want to have the natural response. As it is a first-order differential
equation, so its solution could be of formx = Ae*t, where A and s are constants. And this

if we substitute it over here then we can get the value of s as this one.

(Refer Slide Time: 08:17)

* The solution was x = Ae“/

(10
* This can be written asx = @e

* Acan be found by initial condition.
Say att=0, x=1, s0 A=1, thus output
will be given as

Output, x

@ 'l‘im:c

Now, if I substitute the value of s, this is the solution of the equation that | get. Here there
is an initial A constant that can be evaluated by the initial condition. So, suppose at time t
=0 and put x =1, so I will get A =1 from here. So, this is the solution for the expression.
So, this is what | said as the natural response. So, this is the natural response for the first-

order system.
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Response of 15 Order System with Forcing Function

dx

¢ letsolutionbex=u+v

* ube the transient part of solution

* v be the steady state part of solution, so
d(utv)

T

Pl
(gt (agran) =t
¢ Let (al —4 aou) = 0 and then (a1—+ aov) = byy
dt A dt

Now, let us see the response of the first-order system with the forcing function. So, suppose

+ag(u+v)=by “

| have got a forcing function hereb,y, where y is the input, and b, is some constant. So, it
is a solution. Let us assume that the solution has got a transient part u and steady-state part
v. So, | can assume the solution of this form. | can substitute the solution in this expression,
and then I can simplify it, so I get this form. So, if | assume this part is equal to 0, then

naturally, this part happens to be equal to 1.

(Refer Slide Time: 09:42)

* Sofirst eq is differential eq with natural response while
second is with forcing function.

-(Yt
* For natural response u = de_ 1" v/

* For force response output will depend on input.

* Solet input be a step at a time t=0, with step size of step
being k
4
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So, now let us try to find out the solution for the first equation that is with corresponds to
0 at the right-hand side over here. So, again it's the natural response. So, its solution is
going to be this one. And for the force response, we can assume a step input, att, is equal
to 0 with a step size of k. If I do that, this is what is my equation.

(Refer Slide Time: 10:10)

* So for (a1%+ aov) = by
* Let solution be v = B (B=constant)

* 0B =5y —
. gy —
g

. b
* Sosolutionisv = 2k~

0
¢ Thus complete solutionisx =u +v

&)
1

Py L |
x = Ae +a0k/

As | said, | can assume some solution for that v = B, which is a constant. If | substitute it
over here, this term will become 0 because | am taking b as a constant. So, from here, | get
the value of B. So, | get the solution. So, | can write the complete solution like this. This
is the case for the solution of a first-order differential equation with a forcing function.
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%
* x=4e Gty oy
oy
* A can be found using the initial condition, say at t=0,
x=0
SoA= —b—°k,/
o

ag

. by, -CYt b

Sosolutionx = ——ke @’ +-=2k
ao : ao L

So, | can get the value of A by substituting that t =0, x = 0. So, if | put it over here, | can

get the value of a like this one. | can substitute it over here.

(Refer Slide Time: 11:21)

Input A
P

‘ (%
o =/b§§(1 —g ﬁa,/»)t) v/ .
\\ao

- Stepinput 0 Time
* Soast oo, exponential
tends to zero, thus 6
(l“
steady state response IS 5
e
b 8
x==k
()
Resulting output 0 Time

So, this is my final response. So, this is my step input which I said in my first-order
differential equation with a forcing function. So, this is my response. So, here as you can
see that if | take the value of t is equal to infinity. So, this value is going to be 0. So, I will

be getting this value. So, this is what | am getting at t — oo infinity,
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Example: A DC motor

* Relation for an armature controlled motor are

v dig . . o
' Vo= K30 =L +iaRy

dw ;
’ IE=K41a—waV

* We can substitute for i, in second equation from first in order
to get the relation between input I, and output w.

. IRo d)

1 . dx
hake dt t@= . Vo) Compare witha;—-+ aox = byy

So, the previous example which I have shown was a case of a tank on which water is filled

up. We can have another example of the first-order system with a forcing function as that
of a DC motor. So, in the case of DC motor, as we have seen in modeling of electrical
systems, we have this as the these are the equations. It is the equation for the armature
control motor where this is the voltage supply to the armature, and this is the back emf,
and so and these are the voltage across the inductance, and this is across the resistance.
And this is the equation for the load. So, here we can simplify these equations that are a
substitute for i, from the first one and second one. So, this is what | can get. So, this is
also a first-order differential equation of this form similar to what we have seen as the
water being filled up in a tank. So, here you can see that output is w and input is the voltage

supplied to the armature. So, we can have a similar treatment way.

(Refer Slide Time: 13:27)
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A
The Time Constant

¢ X L (1 - e_(z_(l))t)/

ao

sy ()

* x=(Steady state value) \1—e \u//

* Whentime t=%, output has risen 0.63 times the steady state value.
: 1

* This time is called the time constant 7 = % v
=T 0

* So the response of the first order system for a step input is x =
t) —_—

Steady state value) (1- ¢
(Steady state value) e/ |
Now, if I look at this expression for the solution for the differential equation with a forcing

function that is the first-order differential equation, this is my expression, and we have

seen that this is the steady-state value. So, this is a steady-state value in this part. Now,

here you see that if | write t = % then these terms will be getting canceled, and we will
()

have that is the value of x. And that will be 0.63 times the steady-state value. And this

time is called the time constant. So, thisis T = 4 that is known as the time constant, and

[42)
if I write it in terms of that, then this is my response to the first-order system for the step

input.

(Refer Slide Time: 14:32)

Response of a first-order system to a step input

Time t Fraction of steady-
state output

0 0
2 0.86
3 095 at
o 0.98
57 099
() 1v
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So, t=1or 1 7, this is 0.63. So, the fraction of steady-state value if | plot over time, so this
is 0.63 at 1 7, and this way | can have the response, so you can see that at time infinity |

get the steady-state value that is 1 over here.

(Refer Slide Time: 15:01)

I
Introduction - 2" Order System

v
: dx
* Second order system will have o terms

* Many 2" order system can consist of an inertia, a compliant
and a damping terms.

* Examples include spring-mass-damper system, torsional
system in mechanical systems and R-L-C circuit in electrical
systems.

Next, let us talk about the second-order system. So, the second-order system, as we have

d%x
dt?

seen that they have —-. And the second-order system can consist of inertia, compliance,

and damping for a mechanical system, and we have also seen on several occasions during
this course the electrical system can have the resistor, inductor, as well as capacitor. They

also represent the second-order system.

(Refer Slide Time: 15:34)
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Second Order System

%
* Relationship between the
input force F and output of

a displacement x is

_l e
2
d°x dx
. mF'i'Cz'i'kX:F ‘ . ,x
L~
Spring mass
Input damper Output
F system X /

Spring-dashpot-mass system

So, let us take the second-order system, a simple spring-mass damper system over here.
So, this spring mass damper system is excited by an external force F. So, in this case, my
input is F, and the output is this displacement x over here. So, | can write the equation of

motion for this system by drawing the free body diagram, and it is this,

(Refer Slide Time: 16:15)

* The variation of x with time depends on amount of damping
present in the system.

* |fforce is applied as step input then
* If no damping is present then mass will freely oscillate.

* Damping causes oscillations to die away until steady
displacement of mass is obtained.

* If damping is high there will be no oscillations which means
displacement of mass will slowly increase with time and
moves towards steady displacement position.

So, the variation of x with time depends on the amount of damping present in the system,

and the force is applied as a step input, then. If there is no damping present in the system,
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then the mass will keep on oscillating, and the damping causes the oscillations to die away
unless the steady displacement of the mass is obtained. If damping is high, then there will
not be oscillations and which means that the displacement of mass will slowly increase
with time and move towards the steady displacement position. Now, first, let us consider

the second-order differential equation with no damping.

(Refer Slide Time: 17:04)

2" order differential equation with no damping

2
m%+@%+kx=@£/

* Ifc=0(no damping present)

* We will have continuous oscillations”

* So assume the solution to be -

* x = A sinw,t (A =amplitude of oscillations, w, be angular
frequency of free. undamped oscillations)

So, if there is no damping and there is no input excitation, | take here 0, and | have my
input force 0, and | can take this ¢ = 0. So, we will have because damping is not there, so

we will have the continuous oscillations, and we can assume the solution of this form,
x = A sinw,t

(Refer Slide Time: 17:27)
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e x=A sinwnt‘/

dx
' A5 0,
LA L
dtz_ n
dx 2
e Wz—wnx/

dx
J F+ a)nzx =0

If | take the first derivative, so

dx
P Aw, cosw,t

And if | take the second derivative, then this is,

d’x

o —Aw? sinw,t

Now, you see this is A sinw,t is the same as that of x. So, | can write this as —w2x Or |

can write it in this form.

(Refer Slide Time: 17:53)

(2)
+ Comparing (1) and (2)

v g =tV )
: ooy

o Tk ; . ; ;
v x=4 sm\/;t is the solution of differential equation.
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Now, if | compare this equation with the equation without damping, that is this one, then

you can see that the, w; = L So, | can write the solution as,

m
] ’k
x =Asin |—t
m

and this is the solution of the differential equation if there is no damping.

(Refer Slide Time: 18:29)

2" order differential equation with damping

Motion of the mass is described by

d*x dx
moztgo+ kx = @
Let the solution consists of transient response and force
response

i Ez@@/

dz(x"+x[) L d(xntxy)
dt? dt

Now, what if there is damping? So, if damping is present, then this term is not going to be

+k(xn+xf) =F

equal to 0, and we have the excitation force also F being over here. So, again here, | can
take the solution to be composed of two forms is the natural response and the force
response, and as we have done earlier, we can substitute this solution in this expression,

and we can segregate the two parts over here.
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d*(xptxs)  d(xptxy) 3
m— o tc— +h(xp+x)=F

2
(mdx" dx"+kxn)+ m—+c—f+kxf)=
o2 //—\(\_,—\_QQ\J

Ifmddtxz” dx"+k =)

* We must have

So, this part we can equate to 0, which will be giving the natural response, and this part

will be going to equal to this one, and that will be giving us the force response.

(Refer Slide Time: 19:11)

I
Solution of transient equation

* The equationis

dzxn dxn _
2 teg thg =0

+ et the solutlon be

5.4 ﬁ = Ae®" (Aand s are constants)
* Substituting in above equation

¢« mAs?e’t + cAse™ +kAeSt =0

¢« AeSt(ms+es+k)=0

¢« AeSt #0,asitwill resultinx, =0
//‘

So, if we look at the solution for the transient equation that is for the natural response, so

here I have I can take, x,, = Aest as the solution, and if I substitute it back over here. So |
get this one, and this cannot be equal to 0 because if | make it is equal to 0, this itself will
become 0, so | make the other equal to 0. So, this is my auxiliary equation. So, from here,

| can get the value of s. It is a quadratic equation. So, its solution is going to be this form.
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-
© Soms?+cs+k=0 (Auxiliary equation)
_ —ctVet-4mk -

2m

2
. S=_Li (i) _5
2m m

c k[ c? k
==t )
2m m \4mk m

2kl — S
But@nd if we deflne{/— e then é ST @

And if I define this, w2 = % as we have seen for the natural response and | define, {2 =

* Sos

2
—~_ then{ = ——. So, | can substitute that over here, and | can get the root of this form.
4mk 2vmk

(Refer Slide Time: 20:08)

* Soscanbegivenas

¢ s=—(wp Loy =1
If {>] (two different real roots)

¢ 51=_(wn+wn\/<2_1 -
* 5= ~(wy — /{2 -1

* So the general solution is
o x,=Ae1!' 4+ St LT

* System is said to be overdamped.
0o

Now, here there are 3 cases, we are going to have this if {is going to be more than 1, then

these are the two solutions which | am going to get s; and s,, so the general solution is

going to be this one. And we see that the system is overdamped.
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* 1f{=1two equal roots)

e Sl=52=—(1)n\/

© X, = (At +B)e™t~
+ System is said to be critical damped*”
* If { <1 (two roots are complex)

© s=={wytjog1-2
. 30|efwd=@n\/_j~/1‘<2

¢ s=—(w tjw,

And if the ¢ = 1, this is going to be the solution, these are going to be the roots both equal,
and this is going to be the solution, and the system is said to be critically damped. And if
¢ < 1, then the two roots that are complex are going to be there. We define this as the
damped frequency, and the two roots can be represented like this. So, this is going to be

the general solution.

(Refer Slide Time: 21:03)

* So the general solution is
¢ty = At 4 po-toin

.« X = e—Cwnt(Aejmdt n Be—jwdt)/
. gt - v
£ = coswgt +jsinuwgt
o 7% = coswyt - jsinwyt
¢ Substituting
¢« x, = e (A+ B) cos wyt + j(A - B) sinwgt]

o x, =P eoswyt + Qsinwgt]
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If 1 just substitute, I can further simplify this solution by representing the exponential
function as cosine and sin functions. And this is going to be my natural response in that

particular case.

(Refer Slide Time: 21:23)

¢« X, =e St [Pcoswyt + Qsinwgt]
* This represents damped oscillations with exponentially
decaying amplitude.

¢ W= Wy }1 -{ Zis called frequency of damped oscillations.

So, this is the natural response, and this one is called the damped frequency of oscillation,

as | have explained to you.

(Refer Slide Time: 21:34)

I
Solution for forcing equation

dxp  dy L
m—z + c +kxg=F

* Let for a step input of size F at time t=0,

* Letthe solution be x; = A (A=constant)

+ kA=Fsod=Fk

* Soxp=Flk

* So complete solution can be written as
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Now, the solution for the forcing equation if you look at this one. So, as we have seen for

a step of size F at time t = 0, we can take the solution x; = A. So, KA =F, so the A = F/k,

and xy = %

(Refer Slide Time: 22:06)

X 0

underdamped

* Overdamped cas@ @
o x=Ae"t 4 Be% + f\/

* Critically damped case

© x=(At+B)e

* Underdamped case

; F
o x=e [P coswyt + Q sinw,t] =
4 ~
: Fo,. ;
* When t-)e0, above equations leads to x = o which is steady state solution

So, my complete solution I can write for all the 3 cases that are for ¢ > 1. | edit up here
overdamped case, for the critically damped case, | edit up here, and for the underdamped

case, | edit it over here.

So, when t — oo above equation leads to x =F/ k, which is the steady-state solution over
here. So, here you can see that this is the overdamped case, critically damped case, and
this is the underdamped case, and this is F /k is the steady-state solution.
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Example: R-L-C System

i R L
i o YL
V=VR+VL+V/ :
di step
i
=gt v/
ST

Another example, as | was telling you in the electrical system, it is a simple RLC circuit
which is an example of the second-order system. We can, for a given step input | can write
the Kirchhoff’s Voltage Law, which is a KVL, and I can write this voltage across resistor,
inductor, capacitor, and iR, Ldi/dt and V. respectively. | can write it like this. So, this way,

| can write an expression like this one.

(Refer Slide Time: 23:27)

A
Performance Measures

* There are some parameters by which we can specify the
performance of an underdamped second order system to a
step input.

* These parameters are

* Delay time (tz) ¥

* Rise time (t,)~

* Peak time (tp)J

* Maximum overshoot (M)~

* Settling time (t,) v

Then, there are various performance measures parameters, and these parameters are how

the system is responding. Those parameters can be measured with the help of delay time,
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rise time, peak time, maximum overshoot, and settling time. So, with the help of these

parameters, we can measure the performance of the dynamic system.

(Refer Slide Time: 23:51)

I @ 00000000
Delay time (t,) 2

* Itis the time required for the B LN W i
response to reach half the 7 =
final value at the very first Helss
time @»

Rise time (t,)
* Itis time taken for the response x to

rise from 0 to the steady state value x.. * =/ * g
t

|t
ke

* Itis a measure of how fast a system
responds to the input. ‘ N

So, what is the delay time? So, if | plot x vs wtover here, it is the time required for the
response to reach half of the final value at the very first time. So, this is my steady-state
value that is the final value, so 0.5 of x it reaches over here. So, this time is what | am
calling the delay time. The rise time is the time taken for the response to rise from 0 to the
steady-state value. So, this is a steady-state value. So, this is the rise time that is moving
from here to, moving from here to here whatever time is taking that is the rise time. And

its measure of how fast a system responds to the input.
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i‘IOVenhoot
* Itis the time for a oscillatory FEf o\ 7 Steady state
|

Xs value

response to complete a quarterof . 11/ |

acycleie, m/2.”
ot =m/2 |
* For overdamped system t, is

considered as the value for rise of

response from some % of steady 07/
state value (say 10% to another _:LI‘_J

snecified nercentage sav 90%)

And it is the time for oscillatory response to complete a quarter of a cycle. So, this wt, =
%- So, this way we can find out the rise time. And for overtime system t, is considered as

the value for the rise of response from some percentage of the steady-state value, so 10
percent to another specified percentage 90 percent.

(Refer Slide Time: 25:29)

I 000000
Peak time (t,)

Overshoot
R i e e Steady state

~ value

* Itis time taken for the % |,
response to rise from 0 to the 2wofxg
first peak value.

O.st L
* Itis time of the oscillating

response to complete one 4
half cycle. ©

. L= —] ¢, l—
(lJp/Tl'/ #%"

Then another parameter is the peak time, and it is the time taken for the response to rising

from O to the first peak value. So, here you can see that the first peak value is coming over
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here. So, it is this time. This is your peak time. And it is the time of the oscillation response

to complete one half of the cycle. So, this is how it is written as  over here.

(Refer Slide Time: 25:51)

I 0009090909000
Maximum overshoot (Mp)
* Itis the maximum amount by which

the response exceeds the steady i
state value. Dhof xg

Overshoot
Steady state

* Itis the amplitude of first peak 0sxg|

* Overshoot is written as % of steady
state value.

|
4,

wl

* The maximum % overshoot directly 0an
indicates the relative stability of the bl 1
system. ’ =

Then, you have the maximum overshoot. So, this is from the steady-state value. Whatever

value response, how much is the maximum value from the steady-state that is what is
called the overshoot. So, it is the maximum amount by which the response exceeds the
steady-state value. And it is amplified, the amplitude of the first peak. And this overshoot
is written as a percentage of the steady-state value. The maximum percentage overshoot
directly indicates the relative stability of the system. And this maximum overshoot can be
derived to be like this in terms of the steady-state value. And in terms of the maximum

percentage overshoot, it could be derived like this.

692



(Refer Slide Time: 26:26)

_ (,,)
¢+ Maximum overshoot =@e (\/? A
% N

)

. OQMaximum Overshoot = e ( /%100

* Percentage peak overshoot Damping | Percentage
ratio overshoot

02v: 827 v
0.4 254
0.6 9.5

0.8 15 ~

I am not working on the derivations over here. You can refer to the reference books which
I will be telling you towards the end of this lecture. So, the percentage of the peak
overshoot is going to be as you can function of the damping ratio over here. So, for the
damping ratio, 0.2 overshoot is 52.7, and so on. So, as you can see, as we are increasing
the damping ratio, the overshoot is decreasing. So, that is one of the observations which |

wanted you to observe.

(Refer Slide Time: 27:20)

|
Subsidence Ratio or Decrement -

1-{2

- 5“)
* This provides the information . 1stoversh00t=x;e( )
/_—J

about how fast the oscillations
decay -(
_ ,}1-12
* This is defined as ratio of second | * 2nd overshoot = xse

overshoot to the first overshoot. | * So decrement =

{(2m) )i/

¢+ The first yershoot occurs at

_[_fn
2nd overshoot ( - 2)
wt=m A

1stovershoot e
*+ The second overshoot occurs at ‘/

wt = 2nv
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Then, the subsidence ratio or the decrement is again another major performance parameter.
This provides information about how fast the oscillations are decaying, and it is defined as
the ratio of the second overshoot to the first overshoot. So, the first overshoot occurs

at wt = m, the second overshoot will be occurring at omega t is equal to wt = 2.

So, the first overshoot can be written like this expression. The second overshoot expression

can be written like this. So, the decrement expression can be derived in this way.

(Refer Slide Time: 28:03)

O
Settling time (t )

|
i ‘ Overshoot
W -

* |t measures the time taken for the L
oscillationsto die away e

Steady state
value

. . Z%ofxs T
* Itis measured by time taken by —

response to fall and remain within 05xg
some specified % of the steady state !
value. )l

]
I
1
I
I
|
I
|
I
I
I
|
I
|
|
I

+ Say 2% i.e., the amplitude of e

oscillations should be less than 2% of i J

- 4 "y
Xg. This is|t ~ — 2.

Then, the settling time. You see that for a system reaching the exact steady-state value
may not be possible. So, when do we say that the system has reached the steady-state
value? So, there is a certain percentage of the steady-state value of 2 percentage. If your
system reaches two percent of the steady-state value, within that limit, if it is there, we that
the system has got settled. So, the settling time this t, for you can see that this zone is two
percent of the x;. Wherever this has been achieved, that time is called the settling time,
and it is measured by the time taken by the response to fall and remain within some

specified percentage of the steady-state value. And this, for the 2 percent of the settling of

. 4
X, this value can be worked out as,t, =~ —.

{wn

(Refer Slide Time: 29:18)
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Number of Oscillations

* Itis given by settling time/periodic time.
* If settling time t, corresponds to 2% of the steady state value,

4
_— ' 4 0 _ 4
+ No of oscillations =42 = — x = = —
= (w, 2t {wy, Vg

Wn 1_42

2 [1-¢ e
* No of oscillations = 3

Then another performance parameter is the number of oscillations, and this is given by the
settling time divided by the periodic time. So, the settling time of 2% settling time divided
by periodic time, if | substitute it over here, this is how to get the expression for the number

of oscillations which is again the function of the damping ratio.

(Refer Slide Time: 29:44)
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So, these are the further references you can look at if you want to read it further.

Thank you very much.
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