ME 343 — Control Systems

Lecture 34
November 11, 2009
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Modeling
MECHANICAL SYSTEM: F=la Newton’s law
/ damping coefficient
la =—Imgsind—baw+T,
w=0 angular velocity
a=q= 9 angular acceleration
| =ml? moment of inertia
9 c
0=- 6 —-=sin@ +
12 I 2
Which are the equilibrium points when T,=07? Stable
At equilibrium:  §=0=0=0=-sind=6=0,x

Unstable
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Linearization

What happens around 6=07?

O=y=

_ b . 0. T,
———y—Tsin(y)+
y mI2y I () ml?

By Taylor Expansion:

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

Linearized Equation:

sin(y)

. L._g T,
i AT
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Transfer Function Modeling

) b . ¢ T
=T =———Vy-—= ¢
Usle= ==y Y+,

2

.o b g
y+wY+TY—W ‘LaplaceTransform

<%dxf%=ﬂF@)U®=£@}W$=dﬂ

8

1
ml2
Transfer Function G(s) = Y () — ml
U@s) g2, 0 5,9
mi>~ |

Characteristic Equation
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Transfer Function Modeling

T.=0=>9y+ 7 y+ 9 y =0 What is the solutions y(t)?
m
Characteristic Equationl B b .\ b 2 B g
b g miZ~ \{ml? I
Pt A+2=0=4,=
mIZ I 2’1,2 2
G(S):L let At
w.b .9 X(t)=C,e™ +C,e™
mi2™ 1

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

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

ME 343 - Control Systems — Fall 2009 412

Linearization

What happens around é=7z7?

O=rm+Xx= Xz—izX—gsin(n+x)+ T°2
ml I ml
: b . g T
X=——=X+-=sIn(x)+—
mi> | (x) ml?

By Taylor Expansion:

sin(x) = x+h.ot.= sin(x) = x

Linearized Equation:

sin(x)

k=2 x4 Oxy e

ml? I ml?

M
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State-Space Modeling

T
X=——5X+ 9 X+ ‘32 I- Reduce to first order equations:
ml I ml

8

X =X,

State Variable X=X
Representation X, = X = — b g Tc
ml I ml

. 0 1 0
XE|:1:|,UETC:>)'(= g b |x+| 1 |u=Ax+Bu
X2

I ml? ml?
eig(A) = {1:[Al —A=0}=44: F+ 54— =0
ml |
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State-Space Modeling

T.=0= X+ Lz X— ? X =0 What is the solution x(t)?

Characteristic Equation 1

b b Y g

— x| +4

12+L/1—g:0:>/11 _ ml’ \/(mlz) " |
mi2"> | 2 2

eig(A) = {4: )41 4\:0}:{4:4&%179:0}
ml |

x(t)=Ce™ +C,e™

The dynamics of the system is given by the eigenvalues of the system matrix

real(eig(A))=0 (real(1;,4,)=>0) = INSTABILITY

ME 343 - Control Systems — Fall 2009

415




