Example #18 — Intermediate Dynamics: Principle of Virtual Work

Active Forces/Torques:

o P, Q, T (neglecting weight forces)
© spring (unstretched length, £ )

Find:

o Force Q required to hold the system in
equilibrium at some angle &

Solution: (using & as the generalized coordinate)

For equilibrium of this system, the principle of virtual work states

%:(F;;)P"'(F;a)g"'(Fa) +(Fp)r =0

spring

Here,

OV,

(£y)p =(Pi)- [59

oV,

(Fy)o = (Qf)( ] (00| -R(S,+C,5,/C, )i =

(F)r :(Tlf)'[%]:ﬂf'lf:

) (Pi)- —(Ré?( S4 4+, j)) (P{)-(R(—SE{ +C, D): _PRS,

(Fy) pring = (=S 1)+ [aej —fi)- (R( S,i+C, J)) [, RS, =|k(RC, — ()RS,

OR(S,+C,8,/C,)

Substituting into the principle of virtual work and solving for QO gives
F, =0=—PRS, +k(RC, =, )RS, +OR(S, +C,S, /C,)+T

PRS, —k(RC, — ¢ )RS, —T

= 11¢- R(S,+C,5,/C,)

Notes:

o Pinforces at 4, B, and C and normal force at C do not contribute to F,, (“non-active”)

o Forces and torques that contribute to £, are said to be “active”

o There is only one equation associated with the degree-of-freedom of the system.

o The choice of generalized coordinate is ours.

o The contribution of the spring could be calculated using potential energy.

oV, O (17.,2\—_1.0 2
(F) g = agp :_ag(ike ):_Ek%(ch ~4,) =|k(RC, - (,)RS,
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