Example #21 — Intermediate Dynamics: Lagrange’s Equations (2 DOF system)

leen

driving torques A/, and A/, \
Active Forces/T orques:
Find:
differential equations of motion of the system

, and weight forces

Solution:|(using &, and &, as the generalized coordinates)

Lagrange’s equations:

d|( oL oL d|( oL oL
—| —|-—=F, ||and ||| — |-—=F,
dt\ 06, | 06, 1 de\ 06, | 06, :
Kinematics:
Yo, =Yo T V60 = 691 €o = vé1 =Ye, Y6, T %62912
Yo, =Ya T Va4 =Yo T Va0 T Vo, = 6‘91 €o T 7 €é2 €o Typrsal Link

= vcz?z =Vs.'Yg, = '62912 +%52922 "'2(% fzéléz)(‘:’e] "592) = f26"12 "'%'629.22 +€26}16}26271
Lagrangian: |[L=K-V=K,+K, -V, -V,
K, =+1,0" = %(%mﬁl)éf =|+m(*6}|  (fixed axis rotation)
K,=imvy +11, 0; =iml*G} +iml*0; +im*0,0,C, | +4m(*0; (general plane motion)

%mflglz +%m,€26’22 +%m€26’192C2_l
=V +V, =—4mglC, —mg ((C, +$(C,)=—3mg(C, -

imgtC, | (datum at O)

L=2ml*0 + im0 +im*60,C, | +3imgiC +Lmg(C,

Generalized Forces and Derivatives of Lagrangian:

0w, ( 0, i w,
FB = Mllf— + —lef'—. + lef s = Ml —M2
a4 94 96 o8
( 0w, \ ( 0, 0w,
by, = Mk-——=|+| Myk-— |+| M, k-— |=|M,
X 6‘92 J N\ 66’2 J\ 66’2 /
4
%:%meza +im*6C,, = % §§J=3mC26’ +im(’C, 0, —4mt*0,(0,-6,)S
1 \ 1
4
%z%mﬁcz_léﬁgmczéz = i s—é’]—-mﬁc b, +1ml’0, - smt*6,(0,-6,)S,,
2 2
L3 =1ml*06,S, , —3mg!s, %=~%m.€26{9252“1—-%mg.582
1 ¥

Substituting into Lagrange's equations gives a coupled set of nonlinear, second-order, ordinary
differential equations of motion

(4m0)6, + (3m0*C,, )0, - (Am(*S, )67 +3mglS, =M, (t) - M, (1)

($m0C,y )6, +(4m?), + (3ml?S, 0! +Lmg (S, =M, ()
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