Engineering Mechanic (Statics)
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Condition for the Equilibrium of a Particle axeaall o) 350 da g i

A particle is said to be in equilibrium if it remains at rest if originally
at rest , or has a constant velocity if originally in motion.
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This condition is stated by the equation of equilibrium :
= OV Aalaay e ) Sy da g il oda
2F=0
Where IF is the vector sum of all the forces acting on the particle.
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The Free —Body Diagram Al acal) i

A drawing that shows the particle with all the forces that act on it.
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Springs : ol i)
| F = &s | <
| 4
S == l - lO + 5
Kk : spring constant or stiffrniess ¥
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If 5 15 positive, causing an elongation, then F must pull on the spring:
whereas if 5 is negative, causing a shortening, then F must push on it.
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Cables and Pulleys <) Sl g cdLST)

A cable can supportonly a
tension or “pulling” force
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i
Cable 1s 1n tension

To keep the cable in equilibrium. Hence, for any angle 0, shown in
fig., the cable is subjected to a constant tension T throughout its length.
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Procedure for Drawing a Free — Body Diagram :
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v’ Draw Outlined Shape.
v Show All Forces.

v’ Identify Each Force.
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The 5-kg plate is suspended by two straps
A and B. To find the force in each strap
we should consider the free-body diagram
of the plate. As noted. the three forces
acting on it are concurrent at the center.
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Example (1) :
The sphere has a mass of 6 kg and is

supported as shown. Draw a free-body

diagram of the sphere, the cord CE, and
the knot at C.
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5,0 e 5 el CE Jd 358 Fg

F¢p (Force of cord CE acting on sphere)

58.9 N (Weight or gravity acting on sphere)
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CE Jall o 50l 568 Fr.

F.c (Force of knot acting on cord CE) q

For (Force of sphere acting on cord CE)

CE Jaall o 8 i5all 3 1 368 Fp
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Fepa (Foree of cord CBA acting on knot)
Baial) o 5 igall CBA Jaall 568

Fep (Force of spring acting on Knot)
Baial) o 5 fisall ) 5 gh

Fer (Force of cord CE acting on knot)
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Coplanar Force Systems 4, ghiwall (5 gAY aldas

[f a particle is subjected to a system of coplanar forces that lie in the x—y
plane, as in Fig. 3—4, then each force can be resolved into its 1 and j

components. For equilibrium, these forces must sum to produce a zero
force resultant, i.e.,
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Examples

-

AXia)

Example (2) :
Determine the tension in cables
BA and BC necessary to support
the 60-kg cylinder.
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Solution:

Free-Body Diagram :

Typ = 60 (9.81) N

Typ = 60 (9.81) N
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Equations of Equilibrium :

Typ = 60 (9.81) N

XF\ N O T px _ 4 A
I cos45° - (%)TA =0 -~ |1 s = Tax = QT
2Fy =0

Tesind5® + (3)T, = 60(9.81)N = 0 (2)

e
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T4 = 0.88397 ¢ (1)

Tesin45° + (2)T, — 60(9.81) N = 0 (2)
Substituting Eq. (1) into Eq. (2)

T sin 45° + (3)(0.8839T¢) — 60(9.81) N = 0

Ic = 475,66 N = 476 N
TA — 420 N
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Example (3):
Determine the required length of cord AC in Fig. 3—8a so that the 8-kg

lamp can be suspended in the position shown. The undeformed length
of spring AB is 'y = 0.4 m, and the spring has a stiffness of

klﬁ,g = 300 Nl,-"'l'ﬂ.
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(Kyp = 300 N/m) Atius Jelsas (0.4 m) 52 (AB) L

2m —

kAB - 3“) N,"m

S
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Solution :

Free-Body Diagram :

}I

T.-'!H

W=T85N
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Equations of Equilibrium:

‘\ur\’
1 - >

'Y
A 'Ih

EF‘» w— O ::> TAB = TA(‘ cos 307 = () o
SF, =0 = Tuesin30® —T85N =0

T = 157.0N| [Tap = 1359N
TAB = kABSAB Z::} 1359N = 300 N/m(s4p)

SAB = 0.453 m




The stretched length is :

lap = lap t SaB
[4p = 04m + 0453 m = 0.853 m
The horizontal distance from Cto B :
2m = ,AC cos 30° + 0.853 m
[AC = 132 m

e
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Example (4) :

The shown pail have a
mass of 60 kg. If the
cable BAC is 15 m
long, determine the

distance v of the
pulley at A for
equilibrium. Neglect

the size of the pulley.
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Free-Body Diagram:

60x9.8 =588 N

e
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Equations of Equilibrium :

%F.=0
Tcos (o) =T cos ()

o= 60x9.8 = 588 N

e
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cos(a) =0.667 (o = 48.18°
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(1 = 4818 ‘4_,

Al
y _ X '_t\' L, L,
= a C a C '2
y=2 10-x S I ! |1 Bpaa
Y = : f lo-xﬁ X
-2 10-2x " e
X-: -2 .
x 10-2x TR
tan(ct) = > tan(ot) = . o
"X “10-2x Y T10-2x
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Example (5):

A continuous cable of
total length a m is
wrapped around the small
pulleys at A, B, C and D. If
each spring is stretched
3200 mm, determine the

mass m of each block.
Neglect the weight of the
bulleys and cords. The
springs are unstretched

when d=2m.

(4 m) Hdsb saiwa Jia : (5) Jha
e 3 pdua <l S ao ) Jga 4l a0
J93dia ol JS ¢S 1Y A B,C,D
ALY ) (300 MmM) Adlecs
Jar) (yfilnal) (fiakil) MSI ()
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Solution :

Free-Body Diagram :




Equations of Equilibrium :

T.=K.xd, =500 x0.3
=150 N

2-(2%0.3)=14m
14+2=07m —

Sin(a) = 0.7
o = 44.43




T.=150 N
o=44.43

2 F,=0
2 Tc sin (o) = Ts
Tc=107.14 N

Tc=107.14 N
o =44.43

2 F, =0
2Tccos(a)=W
W=153 N

W=mg

m = 15.61 kg
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H.W. (2 ca)

IF'3-5. If the mass of cylinder C is 40 kg, determine the

mass of cylinder A in order to hold the assembly in the
position shown.

A A 45 ghau) AL Cal ¢ 40 Kg & C 4l ghauy) 4liS cuils 1)
Aan gl Bl gl g 9 Al B SN Aludl) At ) Jua
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