System Control
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Characteristics of second-order system
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Time domain design specification

1. Peaktime: T
T,=—
g
2. Percent overshoot:
%08 = e~ E/V1I=8) 100

3. Risetime:
onTr =1.768 — 0.41782 +1.0392 + 1

4. Settlingtime: o, _ 4
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(a) rise time (b) overshoot (c) settling time (d) composite of all

three requirements
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Effects of additional zero & pole

Left half plane (LHP) ,
right half plane (RHP)
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Effects of additional z
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Effects of additional zero (2)

slad +1 1 1 k)
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# notice that there is a undershoot to the step input
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Effects of additional pole (1)

1

H(s)= 2
(s/ado, +)[(s/w,) +2{(s/w,)+1]
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Effects of additional pole (2)

C(s) = bc jo
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Effects of additional pole (3)

Consider again the system response:
bc A Bs + C D
C(s) = _Z
(s) s(s®+ as + b)(s + ¢) 5+s2—|—as—|—b+s-|—c

We can evaluate these constants:

2

A=1 B = Czci_bica
C — ca’—c?a—bc o —b Asc — oo D — 0.
— c24b—ca " c24+b—ca

Rule of thumb: If the pole’s real part is five times the real part of
the dominant poles, then the system can be approximated as
second-order.
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Pole-zero cancellation

I
- Add zero near the system pole

2 2 2
HI(S) = = — 0.8
(s+1)(s+2) s+1 s+2 o
2(s+1.1 o 0.6
H,(s)= ( 205
LI(s+1)s+2) Close! 2
\__'_____,———"‘ <04
H,(0)= H,(0) | < same DC gain
but | = || OI8 .
s+1 s+1
- Consider following systems
26.25(s + 4)
C Co(s
1(s) s(s+3.5)(s +5)(s + 6) 2(s)
1 35 N 35 1
s s+5 s+4+6 s+35
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Step Response

Time (seconds)

26.25(s + 4)
s(s+4.01)(s +5)(s + 6)

N 4.4 B 0.033
s+6 s+4.01

o (o)
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0.87 B 5.3
5 s+5




Effects of nonlinearites
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