ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 19:

e Linearization 5.4
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LINEARIZATION - FUNCTION OF ONE VARIABLE

non-linear function f'(x)

y=f(x)
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LINEARIZATION - FUNCTION OF ONE VARIABLE

y

)
dx

X=X

Goal 1: to determine slope
at a particular point

y=/(x)
X
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LINEARIZATION - FUNCTION OF ONE VARIABLE
*

Goal 2: to rewrite function
in perturbation coordinates

X

y=f(x)
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LINEARIZATION - FUNCTION OF ONE VARIABLE
non-linear function f(x)  y = f(x)

nominal value of x 1s x
nominal value of y 1s y

Nominal solution of f(x) 1s f (x)|x=)T = f(X)

Or y=f(x)

May be given X and have to solve for ) or vice-versa
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LINEARIZATION - FUNCTION OF ONE VARIABLE

y=f(x)

take Taylor series about nominal point

. df _dif] (=m0
=f(x)+— X—Xx)+ + higher order terms
y= )+ x:x( )+ T g
actual values pertubation values
X=X+x X =x—-X

y=y+y v =y-y
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LINEARIZATION - FUNCTION OF ONE VARIABLE

Taylor series in perturbation coordinates,

Y + higher opder terms

Keeping only the linear (first order) terms

5 x df
Yy =ax where a=—
dx|. _.
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LINEARIZATION - FUNCTION OF ONE VARIABLE

Example: Conic Tank \ /
—--I e
Q:'n_" .‘P
Resistance I Compliance

1 Q) 2 . wtan’a (P #
Pz (%) S
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LINEARIZATION - FUNCTION OF ONE VARIABLE

Linearization of Resistance, ¢ =e( f)

~
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LINEARIZATION - FUNCTION OF ONE VARIABLE

g =9 _pé_\/zpﬁ_zp”( 37 j“
tan’ o

alternatively use

Q=A2P/ p = ZTQD =1/R
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LINEARIZATION - FUNCTION OF ONE VARIABLE

Linearization of Compliance, ¢ =¢(q)
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LINEARIZATION - FUNCTION OF ONE VARIABLE

1/3
e ki s 3 3V
o Ttanta (E) — Png( : ]
3 g Ttan” o

1 dFP B pg( 3 )J"'f *
Cr &y 3 \Vrtan’a
alternativelyuse
ot &
1’ﬁ,z:?rt.vd.l.l o (E) — d_V _c
3 Py dP|, -
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LINEARIZATION - FUNCTION OF TWO VARIABLES
y = flz,u)

Taylor’s expansion (only first order terms):

ap o T af I Ei, gy
y=F+ 5 fﬁfg{x T) + 5 mf;z{u, )

* _ * —
Defining: X =X—X, Yy =y—=y, U =u—u

We can write:

of of
* * *
Y ZCpr + cul; Cp = - =
4 ‘ - * aI =T “ au r=T
=T y=v
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LINEARIZATION - FUNCTION OF TWO VARIABLES

Example: Adjustable hydraulic valve

B _ELZ ) i1A5
v o8] ol

)
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LINEARIZATION - FUNCTION OF TWO VARIABLES

y=flz,u) = ¥ e’ +ou’; C‘Fzg_i;gg; zg_i;mg
Q:Q(Pdax) = Q —_Q d —Q X
anP:ﬁ ox | =

e_LTa oo

Q" = Rt + kb
r=r-T,

1_%

R* - aﬂ; ;F:E;

L 9Q)  _0e o4
Oz Pfiifez 94 - Ty - dx fiie
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LINEARIZATION - FUNCTION OF TWO VARIABLES

0=0(P,,x)
i 0 0
P, = P i supplies both 9Q and o0
2\ c 4 OF 5  04lz

X=X

1.5
X 0A

= — supplies —
A=A, ( j upplies —

X0
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LINEARIZATION - FIRST ORDER ODEs

Start non - linear differential equation
(Single First Order Diff -E-Q)

= Fhulo)
Total, Nominal and Pertubation Variables

x(t) =X+ x*(t)
u(t) =u + u*(t)

252

ME242 - Spring 2005 - Eugenio Schuster

LINEARIZATION - FIRST ORDER ODEs

Find nominal solution(s)
f(x,u)=0

Linearize function
2h p=2

a=2L
OX |x=% ou

u=u

Linearize differential equation

*

ax  _ .« —
——~ax +bu
dt 253

X=X
u=u
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LINEARIZATION - FIRST ORDER ODEs
Example: Conic Tank

Resistance

_ il O,
P‘z"’(_ﬂm)

P C Sf
Compliance P P v
P ( 3V )L/S i >< Qin
=P\ ——=—
mtan® o P P
e v all
v ®
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LINEARIZATION - FIRST ORDER ODEs

Find differential equation

v 2 ot B A
a Qin —Q(P) = Qin — Ao ;P =Qn — AO\/ZQ' (wtanzo:) :

Nonlinear differential equation

Sf
dv Agy/2 o
't (m tan? a)t/ c PV, Py
' o

Find nominal solution(s)
Oza_}lo\/@( 1% )UG

mtan® o

(Pick either V7 or Q)
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LINEARIZATION - FIRST ORDER ODEs
Linearize function  Z-c.- 28 e

L 4 [_ AO@I% (3V)”6]——A°\é£( 3 jw

S av (ﬁtarﬁa) 7V’ tan”
d

b=——(0,)=1
inn (Qm)

Linearize differential equation

- : 1/6
IE /
Cn N Qf _ .—lcnf 29‘ ( 3 ) 1{_,*
e 1 —,_\-EI 3
dt 6 7V tan® «
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LINEARIZATION - FIRST ORDER ODEs

Examine the solution
QU T
dt — ™ 6 AV tan? o

Of linear first order form

avr . )

Has time constant

—5 5 1/6
6 7V tan® o
Agy/29 3
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LINEARIZATION - FIRST ORDER ODEs

S, 5
><-[Qin : -[Qm
P(V) P(V) . VIC ViC o
C-@OWR C‘p-ﬁ |0 VR/C*R’R,IR

3V 1/3
Compliance P = pyg ( )

1 dpP _@( 3 )“3
v=v 3 \Trtan’a

. 1L (@
Resist ==p|—
esistance P 5P ( %)

C=  dV

e 4P| _ @ _ VP _ 2 7\
CdQ oz (cgAP T cgA T cgA \rwtan®a
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LINEARIZATION - FIRST ORDER ODEs
Find differential equation
b, = I L.
c'ﬂ";-,iw et dt - %in C*R*

Of linear first order form

4y
at

TE - *
T + V7' = TQ'iTT.
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LINEARIZATION - FIRST ORDER ODEs

v
it

Has time constant

6 Tl e el
TV an®

:R* 5F:

§= e Am/—zg( 3 )

+ T,_r* e TQ;‘;;

Has forced solution

V= (- eTQ,
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