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Time Domain Specifications of the Second Order System

The step response of the second order system for the under damped case is shown in the
following figure.
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All the time domain specifications are represented in this figure. The response up to the
settling time is known as transient response and the response after the settling time is known
as steady state response.

Delay Time

It is the time required for the response to reach half of its final value
from the zero instant. It is denoted by 4.

Consider the step response of the second order system for t = 0, when
‘0’ lies between zero and one.

c(t) =1— (“"1—\/;;,) sin(wqt + 6)

The final value of the step response is one.
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It is the time required for the response to reach half of its final value
from the zero instant. It is denoted by £;.

Consider the step response of the second order system for t = 0, when
‘3" lies between zero and one.

— gt
ct)=1— (;ﬁ

The final value of the step response is one.

) sin(wqt + 6)

Therefore, at £ = 14, the value of the step response will be 0.5.
Substitute, these values in the above equation.

E_Ewﬂtd

c(ty) =05=1— (ﬁ

( E—antd
= | — | sin(wgtqs +#) = 0.5
=)

By using linear approximation, you will get the delay time tg as

) sin(wgtq + 6)

14+0.76
tg— ———
W
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Rise Time

It is the time required for the response to rise from 0% to 100% of
its final value. This is applicable for the under-damped systems.
For the over-damped systems, consider the duration from 10% to 90%
of the final value. Rise time is denoted by tr.

Att=1t1 =0, c(t) = 0.

We know that the final value of the step response is one.

Therefore, at t = ta, the value of step response is one. Substitute,
these values in the following equation.

E—Emﬂt

c(t) =1— (ﬁ) sin(wat + 6)

E—stntg

c(tg]zlzl—(ﬁ

e—éwﬂt—g
= | ——— | sin(wyts +8) =0
(_51_5) (wats + )

= sin(wgts +6) =0

) sin(wgqts + )

= wyty +0 =7

T— 68

Wq

= 1y =

Substitute t1 and ty values in the following equation of rise time,

t, =1 — 141
T— 8

Wy

- tr=

From above equation, we can conclude that the rise time £, and the
damped frequency wy are inversely proportional to each other.

Peak Time

It is the time required for the response to reach the peak value for the
first time. It is denoted by t,. At t = t;, the first derivate of the
response is zero.

We know the step response of second order system for under-damped
case is
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E—&:ﬂt

V1— 42

Differentiate ¢(t) with respect to 't".

de(t —dwnt e, et
c?) =—(E—) wq cos(wgt + 0) — ( n€ )sin

c(t) =1— ( ) sin(wyt + 6)

dt V1—462 V1= 452
(wdt + 9]
Substitute, t = ty and % = 0 in the above equation.

o—ntp
0=— (—) lwg cos(wat, + ) — dw,, sin(wat, + 6)]

Vv1—482
= w,y/1— 82 cos(wgt, + 6) — dw, sin(wgt, +6) =0
= mcos(wdtp +0) — dsin(wgt, +68) =0
= sin(#) cos(wqt, + ) — cos(f) sin(wat, +6) = 0
= sin(d — wqt, —60) =0
= sin(—wgt,) = 0 = —sin(wgt,) = 0 = sin(wgt,) =0

= wdtp =T

From the above equation, we can conclude that the peak time £, and
the damped frequency wy are inversely proportional to each other.

Peak Overshoot

Peak overshoot Mp is defined as the deviation of the response at peak

time from the final value of response. It is also called the maximum
overshoot.

Mathematically, we can write it as

M, = c(ty) — c(0)
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Where,

c(tp) is the peak value of the response.

c(co) is the final (steady state) value of the response.
At t =t,, the response c(t) is -

g dwnty

clt,) = 1— (ﬁ

Substitute, £, = W_TZ: in the right hand side of the above equation.

(G insa (2 ) +0)

“(tp)zl_\m} "y

) sin(wgqt, + 6)

BM3451 BIO CONTROL SYSTEMS



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

We know that

sin(f) = /1 — 42

So, we will get ¢(t,) as

- &
c(t,) =1+e (V"l ‘52)

Substitute the values of ¢(f,) and ¢(oo) in the peak overshoot
equation.

S =
M,=1+e (v“l -*2) —1

dx
— M. = e (u"l -59)

p

Percentage of peak overshoot % M, can be calculated by using
this formula.

M,
%M, = (—P) x 100%
C| 20

By substituting the values of M, and c(o00) in above formula, we will
get the Percentage of the peak overshoot %MP as

dr

%M, — e_(ﬁ) % 100%

From the above equation, we can conclude that the percentage of peak
overshoot %M, will decrease if the damping ratio § increases.
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Settling time

It is the time required for the response to reach the steady state and
stay within the specified tolerance bands around the final value. In
general, the tolerance bands are 2% and 5%. The settling time is
denoted by ..

The settling time for 5% tolerance band is -

t. = 3 =3
f Sw, 4

The settling time for 2% tolerance band is -

t,=—— =4
ow, 4

Where, 7 is the time constant and is equal to ﬁ

® Both the settling time £, and the time constant 7 are inversely
proportional to the damping ratio 4.

® Both the settling time £, and the time constant T are
independent of the system gain. That means even the system
gain changes, the settling time £, and time constant T will never
change.

The following table shows the formulae of time domain specifications,
substitution of necessary values and the final values.
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Substitution of

Time domain Formula values in —
specification value
Formula
. _140.78 _ 1+40.7(0.5) t4=0.675
Delay time tg = o ta = —5— cec
_ —(Z t.=1.207
. N t — ]‘T_Ig _ w {3} ™
Rise time " wa tr = 173 sec
. W t,=1.813
Peak time ty = oo th = 1 P coc
%M, %M,
_ dr _ 05w
% Peak _|. ( N 52) e (v’l 10_5]2) % M,
overshoot =16.32%
x 100% x 100%
Settling time
for 2% 4 4
tolerance ts = Swn ts = (0.5)(2) ts=4 sec
hand
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