e (Example 6.2) Bode plot of the lead compensation, which is equivalent to
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D.(s)=K——— f <1
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LD (jw) =LK 4+ Z(1 + jwT) — Z(1 + jwaT)
=0+ tan ' (wT) — tan™*(waT)

Use K=1,T=1and a =0.1

w=01 — |D.(jw)|lap =0 and ZD.(jw) ~0
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W= = 1 —  |D.(jw)lap =3 and 2D.(jw) =~ 45°
1
W= —n = 10 —  |D.(jw)lap =17 and ZD.(jw) =~ 45°
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Figure 6.2

(a) Magnitude;

(b) phase for the lead
compensationin
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e (Example 6.3) Bode plot of the following transfer function

2(1 4 2jw)
(jw)(1 +0.1jw)(1 + 0.02jw)

G(s) = 2000(s + 0.5)

= 5(s + 10)(s + 50) Gljw) =

1. 37):

|G(](A))‘dB = 20 loglo ‘2‘ + 20 loglo \/ 1 —|— (2(4})2 — 20 loglo |CL}| — 20 loglo \/ ]_ + (OlCU)Q — 20 loglo \/1 + (002(,(])2
2. Ak
/G(jw) = 0+ tan '(2w) — 90° — tan"'(0.1w) — tan'(0.02w)

3. see Fig. 6.9
e (Example 6.4)
e (Example 6.5)
e (Example 6.6)
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e (Nonminimum-Phase Systems) %A A}

A 2]

7hsstet,

=]
=

H] o
| = S T

3. a4 Alzdef o

10
s+ 10

GQ(S) =

and

1
1OS+
s+ 10

Gl(S) =

qpP

20

Both TFs have the same magnitude for all frequencies, but the phases of the two TFs are
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— for positive T

/G(jw) = tan" ' wT

 glo] 0ol 90& ASTHE A9 14+ Wl QolA, o=ARIA] TREEA| oH=th
— for negative T

/G(jw) = —tan"H(—wT)

fljo

9299

—  ZG(jw): 0 = 90°

—  ZG(jw): 0 — —90°

& 2= 9t} (23} Nyquist A= orH T 3t



1.2

Steady-State Errors

Consider the open-loop transfer function:

(1 —|—T18)
s(1+Tus)(1+ 2(s/wy, + s /w?)

KG(s) = K — at low frequency KG(jw) =~

(Jw)"

The larger the value of the magnitude of the low-frequency asymptote, the lower the steady-state
errors will be for the closed-loop system.

For unity-feedback system with n = 0 (Type 0 system), the low-frequency asymptote is a constant,
and the gain K, of the open-loop system is equal to the position-error constant K,.

1 . . .
K,=K, — Cos = T K, with a unit-step input

For unity-feedback system with n =1 (Type 1 system), the low frequency asymptote has a slope
of -1 with K,/w, directly from the Bode magnitude plot. Then the velocity-error constant

1
K, =K, — Cos = 7 with a unit-ramp input
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e The easiest way of determining the value of K, in a Type 1 system is to read the magnitude of
the low-frequency asymptote at w = 1, because this asymptote is A(w) = K, /w

Figure 6.13
Determination of K, 1000 60
from the Bode plot ~
for the system 100 40
KG(s) = 20 K,=10 S
! . .
§ 1 \\
0.1 ~_ 20
0.01 —40
0.01 0.1 1 10
w (rad/sec)

e (Example 6.7) Find K, of the unity-feedback system having the system KG(s) = 3(3121)?
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2 Neutral Stability

e If we know closed-loop TF, then we can check the stability easily by inspecting the positions of
poles.

e If we know open-loop TF, then we can check the stability by using Root Locus. All points on the
locus have the property that

KG(s) =1 and  ZG(s) = £180°

Figure 6.14 Im(s)
Stability example: Ke2 2r

(a) system definition; /{> 2
(b) root locus K<
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e At the point of neutral stability we see that these RL conditions hold for s = jw, so

KG(jw)| =1 and  ZG(jw) = £180°

e For stability, the following two conditions should be satisfied

when  /ZG(jw) = —180° — |KG(jw)| < 1

Figure 6.15
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