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Chapter 6
Virtual Work

6.1 Introduction
{ v Y o a 4 o o Y
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(work) Whunae nieisonin method of virtual work (vnuaifon)

6.2 Work (91u)
6.2.1 awiesnnuss (Work of a force) winsanusensii F finszihwuiag
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Frmadefunsuia i
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(6.1)
win W = F (AS cos o)
(6.2)
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6.2.3 amwaiieu (Virtual Work)
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- Uncompressed length
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dawean 2 The two uniform links, each of mass m, are in the

vertical plane and are connected and constrained as shown.
As the angle O between the links increases with the
application of the horizontal force P, the light rod, which is
connected at A and passes through a pivoted collar at B,
compresses the spring of stiffness k. If the spring is
uncompressed in the position where 6 = O, determine the
force P which will produce equilibrium at the angle 0.

{}G Lal _|A-'-:g:—:|-_ I
\.
" iy II‘".III. ﬂﬁ
; ! 2 !/
e —4/a

Solution x = 2b sin %
wasnuAndoarguvesalsalinuiiiy
[Ve =1k«’]; Ve= lk(@bsin2)

= 2kb2 sin2 g

1< 1% 09.11 % o o A 1 1 Y
Triga O 1ilu reference asiundsanudng ilosnnuss Tiuoaediaumny

[V g = mgh], Vg = 2mg(-bcos—)
2
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* [ osj
szezn195zrii O wag C fiawndu 4 bsin g faiu

nuailoudufaninuse P Sy
u' = P§(4bsinY) = 2Pbcos 750
aumsves virtual work fisn
[6u" = 0Ve+0Vg]
2Pbcos 280 = 8 (2kb?sin? D) + 5 (-2 mgb cos )

2
= 2kb? sin % cos %86 + mgb sin %89
p =
kb sin g + %mg tan g #

dw61uii 3 Each of the two uniform hinged bars has a mass

m and a length 7, and is supported and loaded as shown. For
a given force P determine the angle 6 for the equilibrium.
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Solution [ou = 0] Pox+ 2mgoh = 0

1)
X _— jpan 9 L2 _ 0
1Nyl , = / sin , WX = 2 ( sin )
OX = ? cos gSO
a1 h = £ cos & ez Sh = gsin

2 2 T4

unuatasluaums virtual work (1) Faru
P / cos % 00— 2mg % sin gSO =0
tan & = 22 3 0 = 2 tan'2P
2 mg mg
Ans.

dre61ii4 The mass m is brought to an equilibrium position

by the application of the couple M to the end of one of the
two parallel links which are hinged as shown. The links
have negligible mass, and all friction is assumed to be
absent. Determine the expression for the equilibrium angle
0 assumed by the links with the vertical for a given value of
M. Consider the alternative of a solution by force and
moment equilibrium.
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. oy o o v w 1 J A J
Solution win mg nszinuiag lasrugaguinanuian G uazusegai
M nsziiareves link waglifiussmeuenuazussgaivla q nszildinanuun
sruuTenINdiyn 0 manldeunlag

v & o ' a 7 = Y °
agtiu dumislununavesgagquanarina G dsgneenuuuldiiszeznid
2 v
niga reference midu h Tash = b cos 0 + C duiu awiinsgiiles mg
serinmamaoun Oh luiimnaves mg Ao

mgdh =mg 6 (bcosO +c¢)

=mg (— b sin 66 + 0)
=—mg b sin 6 60

wiesveavuaasamlaniuavnssin 80  fluwan dnsd C eney

anacuiimuiiugud  dUndudamr O #daldeclaniuuanluianauduuninm
osj a g a < a [ Y ogj A o '
mazaztiu 00 wliawdunludiemudmninusuiy duiuauiithlagusagai

M lusemaudannienm azdanduuingufedsu de + MOO

nn ou =0 MoO+mgoh =0
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Moo =
mg b sin 0 60
0 = sin! M Ans.
mgb

61t 5 For the link OA in the horizontal position shown,

determine the force P on the sliding collar which will
prevent OA from rotating under the action of the couple M.
Neglect the mass of the moving ports.

B x
B
Pt
2
da -
o A _a Al -7
1 ¥
-I'!-l'l:”':u’f'p ‘1.

Solution  ang1 dwse P linseih

[
=

i B isen B azndeuiindudagl
teas ld OA wyulhdlugy 60
wagmsudalunud y 1ilu ad0  uazye

B waouilidiga B’ wiiu —0x

a A 4 A o
Wﬁnim’lﬁﬂ N A ATHVINABDNY

limk AB 14
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ANUFURUTN
x24y2 = b2
Differential above this
equation wzla
2X0X = -
2ydy + 0

OX = —

00)

1n virtual work equation
[0ou=0] Mob +Pox = 0

M59+P(—§a86) =0

P — mx — mx
ya ha

Ans.

sl 6 Find the force Q exerted on the paper by the
paper punch as shown an fig.
Solution an du = 0

A o ' A 4 [
ﬂmﬂaaumgmmmmumammmJ

Ay uan P = OX misnlasu
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Aurdaaiouvel1nAUAIUHLILT A
_a
Q= b OX
[ou = 0] ; — Pox + Q%BX
=0
_ b
Q = aP Ans.

] 1 { 9 9 1 O' [ J Y] { o
f108190 7 autesevinaminaue 4 91 ugazouluia m aanmse P insgi

[ § o o ' P4 qall
(IULLH'Jﬁgﬂ‘U !,Wd'ﬁ']ﬁﬂH']§°']'ll,l,ﬂuﬁsll@\‘l5$‘U‘U]1'Jalu'§'$u'l‘]_l@\1@']uzﬂ

Solution an ou = 0

Consider h = acosO oh, = — a sin
0 00
h, = acos9+§ , Oh, = —asinbob
hy = acosO+Db , Ohy = —asin 0600
hy = 2acos@+g, Oh, = —2asinbo0

X = 2asin® , Ox= 2acos6d0

mn [ou = O]
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mgoh, + mgoh, + mgoh, + mgh, +Pox = 0
—3mg asin 0 00 —2mg asin 0 60 + 2P acos 6 60 =0
2Pacos6060 = Smgasinfob
P = % mg tan 0

Ans.

Y] 1 dl a d‘ 9 o [ [
d10619n 8 dwansina C  lunszuenlalasanilddmsvenunusosnlumey
voe O dwmsuniavesMuaed 9 vz liiininTen NI URNITLIAVRITD

Y
WUHY

k)

Solution mslasudumisaioulunuivenss C whvy OF manlasu

duwiaadouluuuivewss mg whiu Oh

nngll  nszuenlalasanen £
/2 =(bsinB)? +(L-b
cos 0)?
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00, 2/6/=2bsinBcosO 00 + 2(L

—bcos 0 80)
= 2L.bsin0 60
&0 = LTPsinO 50

uay h =2bsin0 + hy
oh =2bcosb 06

nn[ou=0]; Cof—-mgdh = 0

C [LTb sinf 80] — mg (2bcos 0 80) = 0

C = 2mg %cot 0

= 2% \/(b sin 0)24 (L-beos 0)2  cot 0

C = 2mgcot 0

11

\/1+(%)2— 2

hcos@

L
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