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MECHANICAL SYSTEM:

Which are the equilibri
At equilibrium:

Open loop simulations:
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9‘:

Dynamic Model
T=Ix

Newton’s law
/ damping coefficient

la=-Imgsin@-bw+T,

w=0 angular velocity
a=w==0 angular acceleration
I =ml? moment of inertia
. b . _
9=——29—53|n¢9+ “
ml ml
um points when 7.=0? Stable
ézojoz—fsinezezo,zz

pend_par.m, pendolO01.mdl Unstable
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Linearization

Dynamic System: x™ = f(x(”_l),x(”_z),...,x(l),x,u)
0=7(00,....0,x,,u,)  Equilibrium
Denote  X=X—X,,0U=uU—1U,

& = fla D, &0, &0, x, + dou, + du)

Taylor Expansion

& ~ £(0,0, ..,O,xo,uo)+% U+ ‘?f 5 KD e
Ox 0,0,...0,x, .1, ox 0.0,....0,x, .1,
* a{1) a0+ L s+2 &
ax 0,0,...,0,x, ,u, X 0,0,...,0,x, ,u, u X, U,
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Linearization

Dynamic System: )'C=f(x,u) xeR" ueR"
0= f(xo,uo) Equilibrium
Denote  X=X—X,,0U=uU—1U,

o = f(x, +x,u, +u)

Taylor Expansion

&sz(xo,uo)+g 5x+g ou
ox o, ou .,
0 0 .
A ,Gzl = o~ Fox+Gdou
ox o, ou .,
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Linearization

ox = Fox+Gou

oh . o] /A
ox, ox, Ou, ou,,
F=? | A T AR :
| Ox; ﬁxn_x B | Ouy aum_x B
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Linearization

What happens around 6=07?

.. b . ) T.
o=y= ="y Esiny)+ L
ml / ml

By Taylor Expansion:

sin(y)=y+hot.=sin(y)~y

Linearized Equation:

sin(y)

..__i._g +Tc
T T T

ME 343 — Control Systems — Fall 2009 40




Laplace Transform

Differential Laplace Algebraic

equation transform 2 equation
Classical
techniques

Algebraic
techniques

Time domain (¢ domain)

Response
signal

Inverse Laplace
transform £~

Response
transform
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Transfer function

b g T
usTl, = jy=—7y-2py+—°
¢ 7 mi? 7 [ ” mi?
J+—sy+ gy = LZ ‘ Laplace Transform
ml [ ml
L{d';;;@}:swo, U(s)=£lu), ()= £ly)
2 K
2
Transfer Function G(s)= Y(s) = n[’;l
Us) 424 ss5+8
ml [

Characteristic Equation
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Solution of the ODE

7.=0=> j/'+blzy+‘§y =0 What is the solutions y(1)?
m

Characteristic Equation 1

The dynamics of the system is given by the roots of the denominator
(poles) of the trasfer function

2
A
Pr 2480 2,=-" m
ml [ ‘ 2
G(x):% y(t) - Clellt + Czelzt
ml? !

real(1,4,)<0 = STABLE SYSTEM

We use feedback control for PERFORMANCE
ME 343 - Control Systems — Fall 2009
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Linearization

What happens around 6=7z7?

O=r+x= X:—%X—gsin(ﬂ+x)+ Tcz
ml [ ml
. b . g. T
=———x+2sin(x)+—¢
* mlzx (x) ml?

By Taylor Expansion:

sin(x)=x+hot.=sin(x)~ x

Linearized Equation:

sin(x)

, 1
x-——zx-l-gx-i- <

ml [~ ml?

ME 343 - Control Systems — Fall 2009

44




Laplace Transform

Differential Laplace Algebraic

equation transform 2 equation
Classical
techniques

Algebraic
techniques

Time domain (¢ domain)

Response
signal

Inverse Laplace
transform £~

Response
transform
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Transfer Function

T
u=T = Xz—iz)'c+§x+ <

ml [ ml?

¥4+ Lx _ gx — u ‘ Laplace Transform
ml? [ ml?

L{d "f (’)} = "F(s), U(s) = £{u}, X(s)=cx}

dt"

1
Transfer Function X(s 2
G(S) — ( ) _ I’Zl
Uls) 24 2 5 8
ml® 1

Characteristic Equation
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Solution of the ODE

T.=0=> 5é+i2x-§y =0 What is the solutions y(#)?

i
2

_b (bj 48

b ml? ml? i

Characteristic Equation 1
2

Fo 0= A

ml?
G(s) :]/bi x(f) = Ce™ +Cre™

The dynamics of the system is given by the roots of the denominator
(poles) of the trasfer function

real(4,)=>0 or real(4,)>0 = UNSTABLE SYSTEM!!!

We use feedback control for STABILITY AND PERFORMANCE
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Closed-loop Control

U(s) Y(s)

C(s)

G(s)

Y(s) _ C(s)G(s) R(s) + an E(s)
R(s) 1+C(s)G(s) .
E(s) 1

R(s) 1+C(s)G(s)’

PID: Proportional — Integral — Derivative

Us) =K +&+KDS
E(s) 7 s

C(s)=

de(t)

u(t) =K ,e(r) +K[]{e(r)dr+KD

Closed loop simulations: pid.m
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Closed-loop Control

R(s) T E(s) () U(s) G(s) Y(s)

Y(s) _ C(s5)G(s) W mi*) (K, + K ps + K ps?)

R(s) 1+C()G(s) 5 b+K, - +[g *Kp]” K,

mi? 1 ml? mi®

We can place the poles at the desired
location to obtain the desired dynamics

CLASSICAL CONTROL (ME 343)

Closed loop simulations: pend_par.m, pid.m
pendclPIDO1.mdl
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