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Q1. A couple M of magnitude 100 N m is applied as shown in Fig 1 to the crank of the engine system.
Knowing that AB = 50 mm and BC = 200 mm, determine the force P required to maintain the equilibrium of
the system when (a) 6= 60°, (b) 6 =120°.

Q.2. A vertical force P of magnitude 150 N is applied to end E of cable CDE, which passes over a small
pulley D and is attached to the mechanism at C. The constant of the spring is k =4 kN/m, and the spring is
unstretched when 6 = 0. Neglecting the weight of the mechanism and the radius of the pulley, determine the
value of 8 corresponding to equilibrium

200 mm p -

Fig. 1 Fig. 2.
Q.3. Knowing that the constant of spring CD is k and that the spring is unstretched when rod ABC is
horizontal (Fig 3), determine the value of 6 corresponding to equilibrium for the data indicated. P =300 N, | =
400 mm, k =5 kN/m..
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Q.4 Solve the question 2 and question 3 using the method of potential energy.

Q.5. Two uniform rods, each of mass m, are attached to gears of equal radii as shown in Fig 5. Determine the
positions of equilibrium of the system and state in each case whether the equilibrium is stable, unstable, or
neutral.

Q.6. A vertical bar AD is attached to two springs of constant k and is in equilibrium in the position shown in Fig 6. Determine
the range of values of the magnitude P of two equal and opposite vertical forces P and —P for which the equilibrium position
is stable if (a) AB = CD, (b) AB =2CD.
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Q1. A couple M of magnitude 100 N m is applied as shown in Fig 1 to the crank of the engine system.
Knowing that AB = 50 mm and BC = 200 mm, determine the force P required to maintain the equilibrium of
the system when (a) 6= 60°, (b) 6 =120°.

SOLUTION
Analysis of the geometry:
Law of sines
sing  sin#
AR BC
AB
sing =—sin# (1)
BC
MNow
x. = ABcos# + BCcosg
Fx- =—ABsIingd& — BCsin gig (2]
. AEB
Now, from Equation (1) 08 fedg =Emsﬂ’iﬂ
AR cos#
or = 1
arTop— (3)

From Equation (2)

AR &
5% =—ABsin8& — BCsing| ——
BC cosg
AR .
or Fx =— (sin #cos @+ sin g cos #)868
COEg
ABsin(&+ ¢
Then 5_1‘__ = _M,&f

CoEg



Virtual Work:

(@)

(&

Eq. (1)

Eq. (4):

Eq. (1)

Eq. (4):

SU =0 —P8x. —M8&G=0

_p _.4BSJI'I[H+¢|}5& _MS6=0
| cosg

— AR sin{# + @) P
Cosg

M
M=100N-m, #=a60"

50 .
sing=— " in 60° 6=12.504°
00 mm

: IRE o
100 N-m = (0,05 my SE0 F12.5047)
cos 12.504°

F=204T N
M=I0N m, &=120"

sing=—C MM Gn120° $=12.504°
200 mm

sin (120°+12.504°) |,

100 N -m = {0.05 m) —
cos |2 5047

P=21649 N

P=2.05kN

P=2.65kN

(4)




Q.2. A vertical force P of magnitude 150 N is applied to end E of cable CDE, which passes over a small
pulley D and is attached to the mechanism at C. The constant of the spring is k = 4 kN/m, and the spring is
unstretched when 0 = 0. Neglecting the weight of the mechanism and the radius of the pulley, determine the

value of 0 corresponding to equilibrium

[=BC=02m
r=0.1m

-4-9-5]
T2

< CRD =90 -¢& v=2sin

LS
av =—|'r:us| 453—21.5&
s=r ds=ri
F=ki=krt?
Gl =0 —-Pdv—-Fds=0

Wirtual Work:

—P[—:ms[ 45“—% ]]ﬁﬁ—krﬁirﬁﬁj=n

n__ &
ke ms{45:—-‘§-}
7
i= (150 N}0.2 m) _ =075
krs (4000 Nim)(0.1 m)y” 200
075-—— %
cos( 457 £

# =0.67623 rad =38.745"

Q4. Answer using method of Potential Energy

SOLUTION

I
ﬁ'—;i';l'!l -#)=45 -3
BC=RD=1

€D =2isin ff=2Isin| 4:?—% ]

For #=0: (CD),=2sin45=421
Vg =(CD), —CD

=2 I-2Isin

457 e
T2

Lt



Potential energy:

V=—ks’ - Py,

kirg)® - P[JE: - sin[ﬁ“ —gﬂ

AV _ k%0 +2PIcos| 450 -2 —l]=n
d# 2 M2

1

2
v=l
2

P &

ko n:u:rﬁl[-iS';' -£)

PI _ (150 N){D.2 m)
kr® (4000 N/m)(0.1 m)’

_ &
075 = cOS |:=1-5“ - }

=75

|u|t

Solve by trial and error: #=10.67623 rad

8 =38.745" g=387°



Q3. Knowing that the constant of spring CD is k and that the spring is unstretched when rod ABC is horizontal
(Fig 3), determine the value of 6 corresponding to equilibrium for the data indicated. P = 300 N, | = 400 mm, k
=5kN/m..

SOLUTION
¥y =Isin#
Jy, =lcos&68
Spring: v=_CD
Unstretched when g=0
s0 that W= qE!
' o .
For &: v=2Izin M
L
— . ( (£} H
v —Imh[ 457+ — &
i &
Stretched length: §=v¥—v, =2sin| 45° +El—@
b
i &
Then F=J.;5=k!|:25in 45°+E]—-E]
b
Virual Work:
U =0: PSy,—-Fdv=0
T o ( L
Plcos@56 — ki | 2sin| 45° +_]—JE fn:n5| 45° +_].;Ef: -0
L\ 2 L 2
F 1 'x = 'x & i g
or —= 2sin| 4S°+—]ms| 45%+— |—‘-.|'IECEI5|45'-"+—
kI cosd \, 2 \, 2 ! 2
I R Y A W # ( #
= | 25in| 45%+ — |1:|:|5.| 457 +— ms&—ﬁcns 45% +—
cosd| \ 27 2 ! 2
45°8
—1 _.‘EM
cose
Now, with P=300N, =400 mm, and k=5kN/m
(300 N) L ﬁcn5(453+%}
{5000 N/m)i0.4 m) cos &
cos(45°+£)
or —— =(.60104
cosd
Solving numerically g#=226" 4




Solution Q 4. Using method of potential energy

SOLUTION
-"I}Dl-_.
Spring v=2lsin| — ]
. 2
i #
v=2Isin| 45"+ —
, 2
Unstretched (8 = 0) v, = Usind5" =2
f &
Deflection of spring §=v—v,; =2lsin 4-5°+E]—ﬁ
W _ ) . :
v =Ly + Py, Ly 15er| asv+2 |-+2 | +P(-tsing)
2 2 |7 T 2)
i . . . .
v _ 251n[45°+ﬁ]—4'5 -:::-s|45*+£|—mcm&=n
d& L% 1 Ly 2__.1
o (a8 (L8] P
15er| 457+ — |1:|:|5| 457 +— —EEDE| 457+ — | =—cosd
l_ W 2.-' % 2 . 2___1 Kl
cos H — Ecns[45°+£]=£mﬁﬂ
L 2 )
cos(45°+£) p
Divide each member by cos & J—ﬁ#=_

cosf k!
Then with P=300 N, /=04 m and & =3000 N/m

cosd (5000 N/m){0.4 m)
=0.15

l_£m5{45°+{-,'-:| 300 N

1:::15[453+$-}
or — - =0.60104
cosE

Solving numerically

8=2245" 4




Q.5. Two uniform rods, each of mass m, are attached to gears of equal radii as shown. Determine the positions
of equilibrium of the system and state in each case whether the equilibrium is stable, unstable, or neutral.
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Potential energy

; 7 :
vV =W[—%sin0]+Wl:cos(i] W =mpg

!
= W—(c050 —sin#)

av WI
— =—{(—sin #—cos )
de 2
da’v. wi
— =—(5in @ —cos &)
de- 2
dav
For equilibrium: —=0: sinf =-cosf
ae
or tanf =—
Thus #=—450° and #=135.0°
Stability:
da’v wi
Al 8 =—45.0": — = —|[sin(—457) — cos45°]
de” 2
wi[ 2 2
= — _£_£]<0
2 T2 2
6 =-45.0° Unstable 4
AL #=135.0 Ay —!-I-(sm|35° cos135°)

w1‘_+_]

6=135.0°. Stable 4



Q.6. A vertical bar AD is attached to two springs of constant k and is in equilibrium in the position shown. Determine the
range of values of the magnitude P of two equal and opposite vertical forces P and —P for which the equilibrium position is
stable if (a) AB=CD, (b) AB =2CD.

SOLUTION

For both (@) and (b): Since P and —P are vertical. they form a couple of moment
Mp=+Pisind

The forces F and —F exerted by springs must, therefore, also form a couple, with moment

M F= —Facosg
We have dll = M pd® + M pde
=(Plsin— Facosde
but F=.ﬂ.‘s=k| llﬂsjnH]
R Lo .
Thus, dlf = | Plsind —;R‘ﬂ‘ sin Hoosd ]ﬂ'ﬁ‘

A sine i
From Equation (10.19), page 580, we have

dV¥V =—dll =—Plsin Hﬂ'ﬂ+]1.m2 sin 28d @

5
or dv =—Flslnﬂ+lﬁazsin23
de 4




and 4 T’:=—Hmsﬂ+lmimsw i)
de’ 2
For #=0: ‘ﬂ: ——pr+La?
de’ 2
d*v 1
For Stability: — =0, —Pl+—ka® >0
. o* 2
i 2
or {for Pants a and b) P{%i

Note: To check that equilibrium is unstable for P =*1";:, we differentiate (1) twice:

d’v ] .
F =+Plsind —ka” sin26=0, for &=0,
a*v
F = Plcos & —2ka” cos 28
1 2
Foré=0 d_.‘::_F{—Ekg: _ka e co
ae 2
ka®
Thus, equilibrium is unstable when P= 5T



