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4th Lecture

11 Frequency Domain Design

11.5 Fundamental Limitations (pp.331 to 340)

Keyword : Right Half-Plane Poles and Zeros
Gain Crossover Freqguency Inequality



Recap. Gain Crossover Frequency Inequality
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[EX. 11.7] Zero in the right half-plane
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[EX. 11.7] Zero in the right half-plane
Bound on the crossover frequency o,
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Slow RHP zeros (z small) = Tight restrictions
Fast RHP zeros (z large) — Loose restrictions



Time Delay
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Pade approximation Im worse  better,
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given by zeros in the RHP.
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[EX. 11.8] Pole in the right half-plane x Pole

All-pass system with a RHP pole Im, OZero
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[EX. 11.8] Pole In the right half-plane

Bound on the crossover frequency e,
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Loop Shaping
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Right Half-Plane Poles and Zeros and Time Delays

For systems with a RHP pole p and RHP zero z (or a time
delay 7), any stabilizing controller gives sensitivity
functions with the property
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RHP pole and zero and time delay significantly limit
the achievable performance of a system
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Right Half-Plane Poles and Zeros and Time Delays

If RHP pole and zero are equal ( p = z ), there will be an
unstable subsystem that is neither reachable nor observable,
and the system cannot be stabilized
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The zeros and the pole must be sufficiently far apart
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Right Half-Plane Poles and Zeros and Time Delays

The product of RHP pole and time delay must be
sufficiently small
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[Ex. 11.9] Balance system ( § 6.3)

Equations of motion

(M +m)p—mlcos@d =—cp—mlsingd” + F

(J + mlz)éf—ml cos & = —y6 +mglsin 0
_ (6.4)
Transfer functions
ml

Fig. 6.2 (b)

fromF tod Hg=

T —(MJ, —m?3?)s? + mgIM,

—J.s? +mgl

fromF to P H
J =J+ml°

RHPpole p =2.68

H _:
PF " RHPzero 7z =2.09

- s?(—=(M,J, —m?1%)s® +m

1

0.5¢

giM,)

T Ing]




[Ex. 11.9] Balance system ( § 6.3)

D RHPpole P =2.68
*“ tan(e, 1 2) RHPzero z=2.09

RHP zero can be eliminated
— The gain crossover frequency inequality (11. 15) IS based Just on

the RHP pole
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If the actuators have sufficiently high bandwidth, e.g. afactor of 10
above o, or roughly 10 Hz, then we can provide robust tracking up to
this frequency
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[Ex. 11.11] X-29 airc
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[Ex. 11.11] X-29 aircraft

X-29 longitudinal dynamics

» available bandwidth of the e desired bandwidth of the
actuators that stabilize the pitch pitch control loop
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[Ex. 11.11] X-29 aircraft - —
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[EX. 11.11] X-29 aircraft

X-29 aircraft

e maximum achievable phase margin : 35°

Boundaries for standard flight control specifications

e phase margin : 45°

N

X-29 is difficult to control.

X-29 longitudinal dynamics

epoles: p = £6
ezeros: Z = 26
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Desirable Condition

It is difficult to achieve the specifications, no matter how

the controller is designed.



Bode’s Integral Formula ( § 11.5) logls|> 0, [S|>1

_[OOO log|S(jw)ldew=7) p, (11.19) ogls| <077

P, : right half-plane poles S| <1 S
Waterbed Effect Iog\T\ .0 \T\ »
» loq(T
J‘ g (Ja))\ _ ”Z— 1120

0 a) T
Z; :right half-plane zeros

Better Worse
RHP zeros | Fast (big) | Slow (small)
RHP poles | Slow (small) | Fast (big)

S+T =1




4th Lecture

11 Frequency Domain Design

11.5 Fundamental Limitations (pp.331 to 340)

Keyword : Right Half-Plane Poles and Zeros
Gain Crossover Freqguency Inequality



	Analysis and Design of Linear Control System　–Part2-
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22

