
Linearization

1/30/2023

AF353

Spring
2023

Brefl



a
state space

x =AX +Bu model

state itout

Dii[5-i5E]"Zinji



WHEEL
(5+wr2)g =T -

mgr sing <- c,g =T - czsinq

STEP1-rewrite as a set of first-order ODES
01

q <- find time derivative of a of highest order

v =g <> define new variables for each time
derivative ofa with lower order

C,i =T- cysiq
<- rewrite ODEin terms of new variables

g =v
<- add an ODE for each lower-order
derivative ofg

g =v <- collect ODEs together, solving for
in i =(x- cysing) /c, time derivatives ifnecessary
↓

Iwrite in standard form asm,v)
[i]

=using)/c,] m
=

[9] = [n]



The picture I have in my
head when thinking about

is
linearization.

↑

#zzzzzzzzmeans1 ↓ linearization

line"

↑
A
which tangent line depends or~

which point you linearize
about



[i]
=using)/c,]

STEP 2 - find an equilibrium point

[]
=

[-cvizz/] 7 set time derivatives to zero

Ve =0 3 -- solve
Te

=cz singe

za
=

Tr
=0 <- pick a solution

-write in standard form

[9e] = [-] [re3=os
as menene



STEP 3-define state and input

x
=[q -π] 1- X =m -Me

u
=[π] <- u =n -He



[i]
=using)/c, [gef

=

[] [i]
=20]I

STEP 4 - compute A and B

in =f(m,n)

-
o

↑ =f(me,nc) +flma,ne sm-me) +lme,seEne)
monn 2

x = A x +
B

u

A = · I = ⑥ I

[ I Laz ·]- (220S ge)/c, 0

B =[i7


