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Adaptive and variable structure systems - Assignment 5

Question 1

Consider the mechanical spring-damper-system with nonlinear spring and damper characteristic
given by:

==yl -y +y)
Derive a piece-wise affine approximation of the system dynamics at the points x; = (1,1)7, xy =

(-1, )7, xv = (2,2)".

Question 2

Consider the piece-wise linear system
X1 = —2x1+ x2sign(xq)
Xp = —4xysign(x1) + x2
a) Identify the state-space partitioning and the linear dynamics for each partition.
b) Identify the vector field along the coordinate axis.
c) At which points does the existence and uniqueness of classical solution vanish, respectively?

d) Determine the derivative of the trajectory of the Fillipov solution.
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Question 4

Consider the linear system
x(t) = Ax(t)+bu(t)+ Be(x)

with A € R"™*", b, B € R", where e¢(x) € R represents the model uncertainty.

a) Give conditions on A, b, B, v such that a globally stabilizing sliding-mode controller with swit-
ching plane s(x) = 7Tx can be designed.

b) Specify a sliding-mode control law u such that the closed-loop system is asymptotically stable
for arbitrary uncertainties |e(x)| < eyax-

Question 5

Consider the nonlinear system

X1 = x40 Sil’l(Xz)
Xo = 92x§+x1 +u

with 01,60, € Rand xq(t), x2(t), u(t) € R.
a) Consider the switching planes s1(x) = x1, s2(x) = x2 and s3(x) = 7y1x1 + x2. Which of these
switching planes is suitable for the design of a sliding-mode controller?
b) Let 6, = 6, = 1. Specify the sliding-mode control law with switching variable s3(x).

c) Assume 6; and 60, are unknown with |6;| < a,]6;] < b. Are thoses uncertainties ,matched”? Is
it possible to compensate these uncertainties? Give conditions for the sliding-mode gain.
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