Dynamisc & Stability
AE3-914




Linear dynamical systems; linearising X = F(X, 1) :
X = Ax

where A is constant and includes system
characteristics (mass, damping, stiffness)
and (possibly) force characteristics.




Solution: X(t) = Kce™ => Xx(t) = KAce™
=>  Kice™ = KAce™

Hence, A is an eigenvalue of the matrix A
Ac=4ACc  => A—-A1=0




x(t) = Z K,c;e™" when is this stable?

a)When \,. eR and \; <0 i=1,...n
b)When )\, € C and Re(\;)) <0 i=1,...n
c) Any combination of a) and b)




Non-linear dynamical systems

Linearisation about equilibrium points




Equilibrium points?

Stableat 6 =0 ?




Stability of conservative systems




Conservative system:

Applied forces can be derived
from the potential energy VV

oV
Q:

dq




Equilibrium:

T+V =
oV
dq

q=q~

; 1'=0 = V =K = constant

=0 = ¢" is an equilibrium point




Stability:

0%V
0q?

>0 = V(¢") is a minimum: STABLE

q=q*

0%V
0q?

<0 = V(q¢") is a maximum: UNSTABLE

q=q*
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Natural length of spring is O

Maximal Ffor which horizontal position is stable?




Stability of Lagrangian systems




Lagrangian system:
Applied forces can be derived

from a generalised potential V

Same procedure as for
conservative systems




Loy o
dt \ 0¢ Jg

Equilibrium:

1 (0L

dt \ 9q




Equilibrium condition: ?f‘ — 0 with 4=0
q

L=T-V=Ty+T,+Ty -V

If ¢g=0then 7, =7, =0 and then...




8(V — 'T(;.)
dq
Ver =V — Ty

Equilibrium condition: = (

is defined as the effective potential




Equilibrium configuration

aj/e{'f —0

dq




Veg  is @ minimum: STABLE

Ve is @ maximum: UNSTABLE




The effective potential is also present
in the Jacobi integral (Torok, pg. 124)

h=1, -1+ V =154+ Vg




g

Spherical pendulum

Is the steady motion stable?




v Satellite system

km

V =

r




