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- N
Definition of Work
Work of a force //fﬂ_ Hx““i
A force does work when it undergoes a displacement in the / / \< \ \\\
direction of the line of action. \\

dr;
The woduced by the force F when it undergoes a /q\ '

differential displacement dr is given by 3
\..

dU =F - dr
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Definition of Work

Work of a moment jJi7 — Mk-dOk = M db
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Definition of Work Ak xxas

Work of Couple

dI‘P = drA+d9k XTrap

dU = ZFi-dri

= F, - -dry+Fp-drp

= —F-(drp+dlk xry4)+F-(dry+dok X ryp)
= F-(dOk X rsp)

= dk- (rap x F)

= dik-M

The couple forces do no work during the translation dr4

Work due to rotation
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Virtual Displacements

A virtual displacement is a conceptually possible displacement or rotation of all or part of a system

of particles. The movement is assumed to be possible, but actually does not exist.

A virtual displacement is a first-order differential quantity denoted by the symbol & (for

example, Or and 80.

Principle of Virtual Work

The principle of virtual work states that it a body is in cquilibrium, then the
algebraic sum ol the virtual work done by all the forees and couple
moments acting on the body is zero for any virtual displacement of the

body. Thus,
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Determine the required force P
needed to maintain equilibrium
of the scissors linkage when the
angle is 60 degrees. The spring

is unstretched when the angle is

30 degrees.
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Example:The thin rod of weight W rests against the smooth wall and floor.

Determine the magnitude of force P needed to hold it in equilibrium. o

—Cr}(‘“”aom

Use the principle of virtual work. This problem has one degree of
freedom, which we can take as the angle 8. Let 00 be the virtual

rotation of the rod, such that the rod slides at A and B. Since the contact
at A and B are smooth, the only forces that do work during the virtual
displacements are P and W. Then the virtual work becomes:

F8D

Desoribe posi“k?ms Vhere
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\ —

= X

\Qa&s P J’jr" XA:I*L‘CQ.S@/‘I\

~
L . A
\ﬁac"fST" Ew;,%cosg.?—kzstn@_d

PR

\/}f"%\nl bo A lL

GU= PuSx, + We oy, =&

Ch. 11 Page 10



PA LSWé gé/\ 4’(, AN o —L_si A
UOS ( D %60593)%6 = o
@L é~u,m¢>gg .

\—’_\/ "Pr&QnA
S6 0

VL5+
be 2eV o
()L'S‘M‘é \,\)'%Cosé =0
=7/ _ \J
P= 26



Page 13

Tuesday, April 18, 2017 11:55 PM

Determine the required force P
needed to maintain equilibrium
of the scissors linkage when the
angle is 60 degrees. The spring

is unstretched when the angle is

30 degrees.
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