MEM 351 — Dynamic Systems Lab

Control Design 1: Pole-placement



Recap: Pole locations connote system stability
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Small real roots, means long settling time
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Recall: State Space Realization (Lecture 3)

Motorized
Propeller T "
V(s) — | K (s) Torque - O(s) = 0
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Compound Pendulum

Given é+£9+ngd¢9:Z then é+£9+ngd0:&V (3)
J J J J J J

Suppose define two state variables:

x1:(9 and X2=9

One can re-write (3) as

C ngd K (4)




State Space Realization continued...

State space form given by matrices:

x=Fx+Gu
y=Hx+Ju
Hence, re-expressing .
X = X,
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The characteristic equation from state space (6) is defined as:

a(s)=det(s/—F)=0
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Controller Design 1: Pole Placement

Open-Loop System

— x=FO|x+G0,J ~ Hol

Feedback System
L x=F x+G T Hy by
0 =—Kx (10)
0=k |, X=F,x-G,,Kx=(F,-G,K)¥
Characteristic equation for Ot(S) — det(Foz — GozK) = () (11)

(10) given by




Now suppose one has a desired characteristic equation &,
and hence desired pole locations:

OCCZ(S—Sl)(S—Sz)“'(S—Sn):O (12)

One then matches the coefficients in (12) with those of (11)
to yield values for gains

K=k ...k |



Example: Pole Placement

Suppose one wants a settling time of ¢t =1.67 sec
and a damping ratio ¢ = 0.707

This results in poles s,, =-2.4% j2.4
for the damped compound pendulum

Calculate gains &, and £,

Solution: Substituting desired poles in (12) yields
o, =(s+24+ j24)s+24—j2.4)=5>+4.85+2-2.4

o, =5’ +48s+11.52=5"+a,s+a,

The coefficients must be equated to (7)



Recall (7) from previous slide a(s)=det(F, -G ,K)=0

(7) becomes
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Slight overshoot and reduced settling time — inline with desired response



There are Many Controllers on the Market...

Pole Placement

. x=FO|x+G0'J - H
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Considerations

* Analytical or Ad hoc?
* Physically realizable?
* Linear Assumptions?
» Sensors?

» Computer S/W H/W?
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