§ R, =4KkQ

—® Vou

%R:;:Skﬂ g R, =6 kQ




Inverting
' 30 kQ
_~ input node
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Noninverting
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2.9 Linearization
Linearization is the process of finding a linear model that approximates a nonlinear one.

Case I One and Two Variable Versions

1. Taylor series expansion for one variable

P . "o e 32 W ___3
f(:f)Zf(xﬂ)+f (IG)E: jlﬂ')-l—‘}r (%0)(x = %) —I—f (%0)(x = %) +-- Higher Order Terms

2! 3!

f () (x — xp)
1!

Linearized Version : f(x) =~ f(x,)+-

2. Taylor’s Series for Two Variables

F(xu) = fxg.uy) + F'(x. H)| (x —x,)+ f'(x, rr)L (21 — 1, ) +-- Higher Order Terms
Linearized Version : f(x.u)= f(x,.1,)+ f’{x.u)L m(m‘ —xg)+ f(x, HjLﬁ o (u — 1)

Case II General vector version

Determine equilibrium values of xq. vy, that 1s. values where x, =0=1{(x,.2,). We then expand the nonlmnear

equations in terms of perturbations from these equilibrium values: that 1s. we let x = xy + 6x and

u =1y + ou. so that

X, +0x = f(x,.15) +Fox + Gou

where F and G are the linearized matrices for the function f(x. u) at x, and ug. ( - SaTien N R}



Example
1. Smusoidal Function

The motion of the simple pendulum system 1s
described by the differential equation

(1+R6O)E +gsinf=0

[ = length of the cord in the vertical (down) position.
R =radius of the cvlinder.

Linearize the equation around the point 8= 0.

2. Polynomual Function

Find the linearization Z(x) of ffx)atx = 2.

f(x)=x"—2x+3

SOLUTION
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Example
1. Smusoidal Function

The motion of the simple pendulum system 1s
described by the differential equation

(1+ ROV +gsinf=0

[ = length of the cord in the vertical (down) position.
R =radius of the cylinder.

Linearize the equation around the point &= 0.

SOLUTION
Nonlinear term sin® term should be linearized. By
using Equation (1.1). siné can be approximated as

sinf =smn6, + c0549|&=&} (6—6,) where &, =0
=sm(0) + cos(0) (&-0)
=6
For small values of &. the system equation reduces to

an equation for a simple pendulum,

6+56=0.
/

2. Polynomuial Function
Find the linearization Z(x) of ffx)atx = 2.

f(x)=x"—2x+3

SOLUTION
Since the function f{x) has only one variable x. we
can use

£~ F)+L fwﬁw— %)

where f'(x)=3x" —2.x, =2

Therefore.

f)=f(2)+
~10x—13

D=2
1
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Linearize the equation f(x)=2Xx>-2x"+3x+4



Linearize the equation

X+3x’x+x>+3*sin(x)=0

38



2.10 MODELING - SUMMARY

Real World

e For linear time-invariant (LTI) systems the ‘model’ consists of a set of ordinary
differential eqns. with constant coefficients.

¢ Examples:

1). Standard form of first order system

Laplace transforming (with zero ICs)

— | system  f—

W+ v =Ku

tsY (s)+Y(s)=KU(s)

o ¥s) K
= (s + DY (s) = KU(s) = =2) =
(s + DY () = KU = 70 =
K = Gain

7= time constant

2). Standard form of a second order system

K

Ry 2
5 +20m,s + o,

K = Gam
J @, = natural freq.. rad/s
£ = damping ratio

39



	��chapter 1: draw the block diagram of the HVAC system; draw block diagram of cruise controller in car….��chapter 2: write the equations of motion for simple car model; ��chapter 3: solve the ODE x_dot + 3x = 1; x(0)=1�solve the ODE x2_dot + 3*x_dot + 2*x = u, with u as unit step, and zero initial conditions. CLEARLY SHOW HOW TO GET THE PARTIAL FRACTIONS.�solve the ODE x2_dot + 3*x_dot + 2*x = u, with u as unit step, and initial conditions as 1 and 1.��chapter 3: find the time constant of the system x_dot + 3x =2u;  what is the natl. freq. and damping ratio of the system x_2_dot + 3*x_dot + 2*x = 5u;  �what is the general solution of the TF 1/(s+3)?�What are the multiple forms of representing a system? (TF, Re-Im plot, DE form, gen soln., TF form)�Is the system x_2_dot + 3*x_dot + 2*x = 5u  stable?  How do you know?�What about the system x_5_dot+ 3*x_4_dot+…… = 6u?��chapter 4: �1.Derive the expression for ss error for the Chapter 1 cruise controller model?�Why does the cruise controller model in chapter 1 have ‘constants’ in the block diagram?�Derive the equation for the CLTF for the ‘why feedback’ example on the slide, and for the ss error �2. Derive an expression for the ss error for a unit step input for the system 1/(s+3) in feedback configuration with gain K – check with MATLAB. What is the effect of gain K?�3. Derive an expression for the ss error for a automobile cruise controller assuming a first order plant and throttle angle as input [ 1/(s+10)??] and a pure gain for D(s).  Will you buy such an automobile?  How would you correct it?  DO THE EXAMPLE USING MATLAB IN CLASS�4. �� �
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