2.003SC
Recitation 9 Notes: Generalized Forces with Double Pendulum Example

Generalized Forces

Consider a system with n generalized coordinates, g; , acted upon by N non-conservative forces, where

e F'. = non-conservative forces acting on the system
e r, = positions of the points at which the non-conservative forces act

e Or; = virtual displacements of those points when generalized coordinates are varied

the work done is given by W =F-dr = |F||dr|cosb

since only the component of the force in the direction of the motion ”counts”.

So the virtual work done by all the non-conservative forces is

n N
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And the generalized forces are given by
N

or,
= F.. = =1,2,...,n
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Generalized Forces on Double Pendulum - Problem Statement

A double pendulum is shown below with a force F' acting at point P. The generalized coordinates are
g1 =01 and go =6 .

Determine the generalized forces for the system.

Intermediate steps:

e Write an expression for rp, (the location of the point at which the force is applied).

. . or.:
e Write expressions for agi and

or;
00y

e Write an expression for the generalized forces, QQp, and Qy, .

e Write an expression for the virtual work force F' does on the system.

Recall that the generalized forces are defined by the following

or.
Q‘—E L — =1,2,...,n

where

e n = number generalized coordinates, generalized forces
e N = number of forces acting on the system
) L = forces acting on the system

e 1, = location of points at which forces act

e ¢; = the system’s generalized coordinates 2



Generalized Forces on Double Pendulum - Solution

rp, which describes the location of point P , can be expressed as

rp = (lsinby + lysinds)I + (—licos0y — lycosty)J

So the variations are given by

or, A , A
851 = licost11 + l1sinbJ
or; A 4 A
85; = lycostr1 + lysinbyJ

The non-conservative force, F' can be expressed as follows.

~ A

F=FI+F,J
So the generalized forces are
or; :
Qo, = F - 0. F,licost + F,lisinb;
1
or; :
Qo, = F - 90, = F,lycosbly + Fylysints
2

The virtual work done on the system is

OW™ = Qg, 001 + g, 060,

IW" = (Fylicosth + Fylisindy)60; + (Fylacosty + Fylasinbs )66,
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