. 6 =0(t)
9+93in9=i21

mi Z'ZT(t)

N 0=0=0
Static Equilibrium,
(90,2'0
SIN6p = | T _if ! 0
Assume 75=0 \
— SinHO:O /
0
=  fy=0° or 180° 0
[
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LINEARIZATION - Taylor's Series Expansion

b+ ?sne—if 0=f(4,0,1,mz,0)

ml 2
of

of
A

of
(9—90)+—-

ol
0 Ag=0
of

+ 2 (momp)+ (r—ro)+ 2
O‘ Anx]r:o’ amo 86’0

(I-1o)

O A"

Al=0

(6-6)

Af =0= 1A<9+(—i2j Ar+(gcosé’j AG
mi | 0
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Aé+(gcost9j AQ:(%j AT
| 0 ml < Jo

If the equilibrium point is@=0° =

AO +(gcostA9 - iAr
| ml 2

Ad+9a0=—1 Az
| m 2
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If the equilibrium point is § =180° =

AG+ (IQ COSlSOjAH IR

m 2

Aé-%A@:iAr

m 2
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LAPLACE TRANSFORM (Assume Zero ICs)

Aé+%A9:iAr — Laplace Transform

m 2

AO(S)s? +|9A@(s) _ L oar

ml 2
2.9 1 »| PLANT >
(S + | jAG)_—mIZ A’ AT \ AG®
( ) ( A
@: 12 1 or A®= 12 1 AT
Al mie1 2.9 m< 2,9

. | . |
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s +|g =0 = characteristic eguation

eigen values = s:i\/lgi Im

N

K
C.E. for 6’0:1800 — N
< \ o Re
2 0 9 s s NN
S“°—==0 = s=+_[=
-0= e T I
A\

If the elgen values have

N

N

e positivereal parts, then the system is unstable
e negativereal parts, then the system is stable
o zero redl part, then the system is marginally stable
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rd+9p0—_L Ap = Statespace
T 2 representation

Set of first order DFQs
L = AG

ZZZZ]_:Aé — 21222

Number of DFQs= Order of system

. g 1

Io+—=2 =——FAT

2 | 1 2

22:—g21+i2Ar
m
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21 = OZ]_-I—].ZZ +0AT

1
22 :—Ing+022 +WAT

A = coefficient matrix —sguare
X= Ax+Bu where
B = order of thesystem

[zlj "0 1(le (0 )
SR RS
Z _I_ Z \m|2)

Output: y=Cx+Du
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CE.= det(9 -A)=0

det -1 g =0

S
det| g =0
|
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PROJECT

PENDUL UM

P

Me
F— < 6o =180°
N 7777
= I
X
_/H rnr
© 2005 P. S. Shiakolas ME 5303 Classical Methods of Control

Systems — Analysis & Synthesis



MAGLEV electro

magnet

sensor @
K

object mass, m

| W | W) W |
—
Q

L R
M agnet \
v |

F et O

b

» mass Frmagnet = f(k’I’X)

v weight
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Derive system dynamic equations
Linearize, if needed

Derive state space representation

Find transfer function

Find characteristic equation
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LAPLACE TRANSFORM S
Final Vaue Theorem (FVT)

f(0)« lim sF(s)
s—0

Condition: All thepolesof F(s)other than s=0 must
have negativenon - zero real parts.

Poles: Arepointsat which the f(t) or itsderivatives
— Infinity

Zeros: Arepointsat which the f(t) equalszero

© 2005 P. S. Shiakolas ME 5303 Classical Methods of Control
Systems — Analysis & Synthesis



G(s) = (s+2)(s+10) '
S(s+1)(s+7)(s+17)

2 Zexros, 5 poles

Im
N\
X
9 o Y. S > Re
17 10 -7 2 -1 |0
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