Example A1.6

Given: Consider the three-degree-of-freedom system shown below made up of three particles A,
B and C, each of mass m with the system moving within a horizontal plane. Let z; describe the
absolute motion of particle A, xo describe the motion of particle B relative to A and x3 describe
the motion of particle C relative to B. All springs are unstretched when 1 = 29 = x3 = 0. Assume
all surfaces to be smooth.

Find: For this problem:

a) Determine the generalized mass coefficients, m;;, for the system corresponding to the generalized
coordinates x1, xo and x3.

b) Determine the generalized force, @;, for the system corresponding to the generalized coordinates
z1, T2 and xj3.




Body A: F=xi = dii=dxi = FK=xi
BOdY B: }_':2 = X12+XZ‘,]: = d?z = dxlf+dX2} = }7.2 = x1;+x2]A
BOdY C: ;:3 =(x1 +X3)2+X2‘/]\‘ = d’_':z =(dx1 +dX3)2+de‘/]\‘ = ’_::2 =(x1 +X3);+XZ‘,]\

From this, we can write:

I > 1 (5 . 1 oL ,
T:E 12+5m(x12+x§)+5m[(x1+x3)2+xﬂ

= %(3m)5c12 +%(2m))'c% +%(m))'c§ +%(2m))'c1)'c3

From this, we have:

mp = 3m
nmyy =2m
ms3=m

My = My = NMpy = M3y =0
myz=msz =m
Therefore,

Also, we have:

AW = F+dFy = (Fi )+ dF, = F(dx, +dx3)
Therefore:

0 =0;=F

0, =0



