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UNIVERSITY OF CALIFORNIA AT BERKELEY
Department of Mechanical Engineering
ME134 Automatic Control Systems Fall 2004 (October 5th)

Midterm Exam 1
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Problem 1

Consider Van der Pol’s equation for a nonlinear oscillator:

T—p(1-I1HI+1=0

This second order nonlinear model describes the current I in an electrical circuit with a nonlinear

active element, such as a vacuum tube. It can be expressed as two first order ODEs in state space
form:

% [ﬁj - [u(l - x%zz — (1)

where z; = I and 7o = I.

(a) Find the equilibrium point z. of Eq. (1).
{b) Find the linear approximation to Eq. (1) near z..

(c) Determine the stability of the linearized model about z., assuming p > 0 (is the system stable,
limitedly stable, or unstable?).
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Problem 2

Figure 1 shows a fluid/mechanical system. Power is transformed between the fluid and mechanical
sides by an ideal piston, modelled with:

Power in = Power out
and

flow/A = piston speed

(a) Write the constitutive relation for each element.

(b) Identify the independent storage elements. What is the order of the system?

(c) Put the model in state space form, with v(¢) as the output.

Figure 1:
A ALA_A A _ALAY
C v(t)
u(t) A S K |—.
s ;
'
short pipe

(no inertance)

— [} %
q
A f



.
£
Q)> glovajc 6’6!440&’13" ‘H’\t +ank ) 'H\e Sf)rmé I'ahp( ‘H\e mass.

Order < 3

© = £ ()

»

F o= K(Vt"V)
Vv = +E
M
K*PL=R4L )
Need 4o eliminate 9, and Vv, thg fog = Fv, L
g = Ay, )
monm o R(Av)= Fv, — p-LgF
—* :_l. -~ - |
(i RPI R’P'z. - EP\";\I—R-F
ST
Vi= Lg . _.
AV ARR-ERE
L - L ! B \
P c(‘* RP‘+Z\7{F> P - @y O f‘?‘“ v
- -~ o = S S L
F = K(AKP\ A;&F-—-\/> '9 F ﬁ:; AR K ||F i 0o |
e L] v A
V= RF " © Moo LY v




Problem 3

Given the following second order system:
. a 1 1
z(t) = [b 0] z(t) + [0] u(t)
y(t) = [0 c]x(t)

(a) Find the values of a, b, and ¢ that make the transfer function from u(t) to y(t) equal to:

10

H) = 207575

(b) In Figure 2, find the transfer function from r(t) to y(t).
{(c) Assuming 7(t) is a unit step input, and K = 1, find lim,_ o y(t).

(d) Find the value of K such that the closed-loop damping ratio is £ = 0.5.
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