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1. Delay time (t;) is the time required to reach at 50% of its final value by a time
response signal during its first cycle of oscillation.

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

e Owy, t
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The final value of the step response is one.

Therefore, at t = t4, the value of the step response will be 0.5. Substitute, these values in the above
equation.
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2. Rise time (t;) is the time required to reach at final value by a under dampPed , ..t e i ot
time response signal during its first cycle of oscillation. If the signal is over

damped, then rise time is counted as the time required by the response to rise

from 10% to 90% of its final value.

Att =ty =0, c(t) = 0.

We know that the final value of the step response is one.
Therefore, at ¢ = {5, the value of step response is one. Substitute, these values in the following
equation.,

—dw, t

c(t)zl—(ﬁ
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= | ——— | sin(wyty +0) =0
(J=5) stz =0

= sin(wgty +6) =0

) sin(wgt + 6)

o(tr) =1=1- ( ) sin(wats + )

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

tr =12 — 11
= wyty +0=m

T— 0 t?’:
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3. Peak time (t,) is simply the time required by response to reach its first peak
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.e. the peak of first cycle of oscillation, or first overshoot.

We know the step response of second order system for under-damped case is

Unit-step input Maximum
— overshoot
e Ow, t

V1-— 42
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Differentiate ¢(t) with respect to 't.

0.50 f~-===---= |

dC(t) ( e dwnt ) —5(,;,?“6 dwnt Delay E ! E g
= — wq cos(wgt + 0) — ( ) sin(wgt + 6) i | :
dt Vo2 Vioo? Tl s
Substitute, t = t, and dZ(:) = 0 in the above equation. O'Igw' : )5 ! - =
Riseame 1 'm ,
e_ﬁwntp . L ‘
0= — ( 5 ) (wq cos(wqty + ) — dw, sin(wqt, + 6)] e ?i;"é"f \

Figure 5-2 Typical unit-step response of a control system illustrating the time-domain specifications.

= wnﬂcos(wdtp + 0) — dwy, sin(wqt, +0) =0
= /1 —6° cos(wgt, + 0) — dsin(wqt, +0) =0
= sin(#) cos(wqt, + ) — cos(f) sin(wqt, +6) =0
= sin(f — wyt, — 0) =0

= sin(—wgty) = 0 = —sin(wgt,) = 0 = sin(wgt,) =0

= wdtp =T
" i

= Ty = —
P
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4. Maximum overshoot (M) is straight way difference between the magnitude 3P !-&%

Culture

of the highest peak of time response and magnitude of its steady state. Maximum
overshoot is expressed in term of percentage of steady-state value of the
response. As the first peak of response is normally maximum in magnitude,

maximum overshoot is simply normalized difference between first peak and
steady-state value of a response.

c(ty) — (o)

Maximum 76 Overshoot =

Att =t,, the response c(t) is -

e dwy ty

V1-—62

Substitute, tp = o in the right hand side of the above equation.

c(t,) =1 — ( ) sin(wqt, + )
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= c(t,) =1 — (—sin(0))

v1—42

We know that

So, we will get ¢(t,) as

- &
c(t,) =1+e (‘*m)

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

L A
M,=1+e (\’"1 52) —1

o o
i"Mp:E ("If"l 52)
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Percentage of peak overshoot % M, can be calculated by using this formula.

M,
%M, = —— x 100%
c(o0)

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

9/27/2024 Time Domain Analysis/23EET206/]Jebarani/EEE/SNSCE 7



TIME DOMAIN SPECIFICATION
ob= -

5. Settling time (t.) is the time required for a response to become steady. It is

o= [ V-
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defined as the time required by the response to reach and steady within specified
range of 2% to 5% of its final value.

The settling time for 5% tolerance band is -

3
ty = = 37
oW,
The settling time for 2% tolerance band is -
4
t, = — 47
oW,
Where, 7 is the time constant and is equal to &i .
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Figure 5-2 Typical unit-step response of a control system illustrating the time-domain specifications.
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