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4.4 Second-Order Systems: Introduction
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4.5 The general second-order system

* Natural frequency, w,
* The frequency of oscillation of the system without damping
* Damping ratio,
. Exponential decay frequency 1 Natural period (s) g

~ Natural frequency (rad/s) 27 Exponential time constant
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4.5 The general second-order system
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4.6 Underdamped second-order systems
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Figure: 2M-order underdamped responses for damping ratio values

o(f) = Rise time, T.: Time required for
i the waveform to go from 0.1 of
the final value to 0.9 of the final

Cmax value
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Overshoot, %0S: The amount
that the waveform overshoots
the steady state, or final, value at
the peak time, expressed as a
percentage of the steady state
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>t oscillations to reach and stay
> I, - T, T within +2% of the steady state
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Finding T,, 2608, and T, from Pole Location : A
PROBLEM: Given the pole plot shown in Figure 4.20, find )s F1=jod
{, @, Tp, %0S, and T. '\.\
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FIGURE 4.20 Pole plot for Example 4.6




Example 4.7

Design

(JE+ Dfs5) 00 =TW

Transient Response Through Component Design

PROBLEM: Given the system shown in Figure 4.21, find J and D to yield 20%
overshoot and a settling time of 2 seconds for a step input of torque 71(1).
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FIGURE 4.21 Rotational mechanical system for Example 4.7

—

- iﬂ/\/T:—%T

Vias = € L

T

20 =

1.

—

AT
e X 06

o)

-

106 -

PR . N \g._ > 45|
\—i‘-

Py o_iwv\_ _ A 26 n/fee.

\r\ (7 O'Lé\@om b/@-loﬁ NW/P:JJ




Dommant

2
i {slwr

.zo ‘5\

L

one tesawm
<ot point

4.7 System response with additional poles
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Comparing Responses of Three-Pole Systems

PROBLEM: Find the step response of each of the transfer functions shown in
Eqs. (4.62) through

(4.64) and compare them.
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