Lagrangian Formulation Exercises Results

Single pendulum (2D)

No symmetries

Signals:

· θ(t) describes the shaft’s angle from the y-axis in the xy plane (2d space)

Derived passive motion equation:


mL2*(d2θ/dt2) - mgL*cos(θ) = 0
(confirmed online)

Lagrangian parameters: L(θ, dθ/dt)

Single pendulum (3D)

One (maybe two) symmetries

Signals:

· Φ(t) describes the shaft’s angle from the x-axis in the xz plane

· θ(t) describes the shaft’s angle from the y-axis in space

Derived passive motion equation (unconfirmed):


[ mL2
0 ] [ d2θ/dt2  ]
+
[ mgL*sin(θ)
]
=
[ 0 ]


[  0
1 ] [ d2Φ/dt2 ]

[
0
]
=
[ 0 ]

Observations/Questions:


Clearly, Φ is cyclic because the Lagrangian formulation is independent of it.  Also, because angular acceleration of Φ is zero, we know that angular velocity of Φ is constant and thus independent of time.  I am not sure if this constitutes another symmetry, but this certainly does mean that we can treat it as a constant variable like gravity and shaft length.  This would change if there was actuation for Φ’s rotation (a non-passive system), in which case the acceleration would be some variable u.

Lagrangian parameters:
LΦ/dt(θ, dθ/dt)

Inverted Pendulum on Cart (2D)

One symmetry

Signals:

· s(t) describes the cart’s position on x-axis

· Φ(t) describes the angle of the pendulum shaft from the top of the cart (parallel to the x-axis)

Derived motion equation (confirmed):

[ mL2

mLcos(Φ) ] [ d2Φ/dt2 ] + [
0
                ] + [mLg*cos(Φ) ] = [ 0 ]

[ mLcos(Φ)
M + m       ] [ d2s/dt2  ]    [ -m(dΦ/dt)2*Lsin(Φ) ]    [         0           ] = [ u ]

Observations/Questions:


Clearly, the Lagrangian formulation is independent of s and thus the variable is cyclic.  However, unlike the previous problem, the acceleration of s is not zero and thus the time-dependent velocity of s is still a necessary parameter.  The variable u is the actuation on the cart, which is a torque/force put into the system to move the mechanism.

Lagrangian parameters:
L(Φ, dΦ/dt, ds/dt)

Double Pendulum (2D)
No symmetries

I have the formulas written out, but they are very large so I am not including them here.

Lagrangian parameters:
L(θ, Φ, dθ/dt, dΦ/dt)

