Equilibrium of a
Particle

CHAPTER OBJECTIVES

®* To introduce the concept of the free-body diagram for a particle

®* TJo show how to solve particle equilbrium problems using the

equations of equilibrium

3.1 Condition for the Equilibrium
of a Particle

A partiche i sasd 10 be i eguafibrie if 1t remains at rest il onginally at rest,
or has a constant velocity if onginally in motion. Most ofien, however, the
term “equiibnum”™ or, more specilically, “static equilibrium™ is used 1o
describe an obyect at rest. To mantain equilibrnum, it 1s pecessary Lo salisly
Mewton's first law of moton. which requines the resilran force acting on o
particle to be equal 10 zere. This condition may be stated mathematically as

~=F =0 (3-1)

where LF is the vector sum of all the forces acting on the particle

Not only s Eq. 3-1 a necessary condition for equilibrium, it is also a
sufficienr condition. This follows from Newton's second law of motion,
which can be written as £F = ma. Since the force system satisfies Eq. 3-1,
thenm ma = 0, and therelore the paricle’s acceleration a = 0
Consequently, the particle indeed moves with constamt velocaity or
remuanns al rest

Easy PDF



86 Cuarten 3  EquiLismium OF A PARTICLE

3.2 The Free-Body Diagram

To apply the equation of equilibrium, we must account for alf the known
and unknown forces ( XF) which act on the particle. The best way o do
this is to think of the particle as isolated and “free” from its surroundings,
A drawing that shows the particle with all the forees that act on it is called
a free-baoddy diagram (FRD),

Before presenting a formal procedure as 1o how to draw a free-body
diagram, we will first consider two types of connections often
encountered in particle equilibrium problems

Springs. I a linearly elastic spring (or cord) of undeformed length [,
is used to support a particle, the length of the spring will change in dircet
proportion to the force F acting on it, Fig. 3-1. A characteristic that
defines the “elasticity” of a spring is the spring constani or siiffness k.

The magnitude of foree exerted on a linearly elastic spring which has a
stiffness & and s deformed (elongated or compressed) a distance
s = | = 1, measured from its unloaded position, is

F = ks (3-2)

I 5 is positive, causing an clongation, then F must pull on the spring:
whereas if 5 is negative, causing a shortening, then F must push on it For
example, if the spring in Fig. 3-1 has an unstretched length of 0.8 m and a
stiffness k = SOON/m and it s siretched 1o a length of 1 m, so
tht s=/=L=1Im =08m=02m, then a force F = ky=
SOON/m(0.2 m) = 100N s necded.

Cables and Pulleys. Unless otherwise stated, throughout this
book, except in See. 7.4, all cables (or cords) will be assumed 10 have
neghigible weight and they cannot stretch, Also, a cable can suppornt only
a tension or “pulling” force, and this force always acts in the direction of
the cable, In Chapter 5, it will be shown that the tension force developed
in a continnonus cable which passes over a fnictionless pulley must have a
constant magnitude 1o keep the cable in equilibrium, Hence, for any
angle 0, shown in Fig. 3-2, the cable is subjected 1o o constant tension T
throughout its length.

Cable is in 1gnshon
Fig. 3-2
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Procedure for Drawing a Free-Body Diagram o .

Since we must account for alf the forces acting on the particle when
applying the equations of equilibrium, the importance of first drawing
a free-body diagram cannot be overemphasized. To construct a free-

body diagram, the following three steps are necessary. | T
Draw Outlined Shape.
Imagine the particle (o be isolated or cut “free” [rom iis surroundings H
by drawing its outlined shape. '
W

Show All Forces.
Indicate on this sketch alf the forces that act on the particle. These

forces can be active forces, which tend to set the particle in motion, L“"-‘ “:*I"‘ﬂ'::lhﬂd_ in ﬂluiillhwkm by
or they can be reactive forces which are the result of the constraints :h:ulﬁm ::':“ .:ﬁ::n:::l: :’h:; _‘_‘Tu"_':i
or supprn:rts that tend to prevent motion. To account for all these the weight of the buckel, By drawing
forces, it may be helplul to trace around the particle’s boundary, a free-body diagram of the bucket we
carefully noting each lorce acting on il can understand why this is so, This
diagram shows that there are only
ldEﬂliﬂI‘ Each Force, two (orces acting on e bicket,
" : namely, its weight W oand the force T
The forces that are kmflm'n should be labeled with their proper of the cable, For equilibrium, the
magnitudes and directions. Letters are used to represent the resultant of these forces must be
magnitudes and directions of forces that are unknown. equal to zero, and so T = W

The spool bas a weight W oand s suspended from
the crane boom. If we wish to obtam the forces in
cables AR and AC, then we should consider the
frec-body disgram of the nng at A. Here the cables
Al exert a resultant force of W on the nag and
the condition of equilibrium is used to obtain Ty
and T,
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B8 CuarTEr 3  EqQuiLiBrium OF A PARTICLE

The sphere in Fig. 3-3a 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 €.

Fy i (Force of cord CE acting on spherc)

{a)

SOLUTION

Sphere. By inspection, there are only two forces acting on the
sphere, namely, its weight. 6 kg (981 m/s’) = S89 N, and the force of
cord CE. The free-body diagram is shown in Fig. 3-3b,

S5.9 N (Weight or gravily acting on sphere)
by

Fac (Force of knot acting on cord CE) Cord CE. When the cord CE is isolated from its surroundings, its
4 free-body diagram shows only two forces acting on it, namely, the
force of the sphere and the force of the knot, Fig. 3-3¢c. Notice that
Fop shown here is equal but opposite to that shown in Fig. 3-3b, a
consequence of Newton's third law of action-reaction. Also, Fo, and
Fic pull on the cord and keep it in tension so that it doesn’t collapse.
For ::quil:ihrium. Fg'}_ - F}_;'.

' Knot. The knot at C is subjected 1o three forces, Fig. 3-3d. They are

Foi (Foree of sphere acting on cord CE) caused by the cords CBA and CE and the spring CD. As required,

the free-body diagram shows all these forces labeled with their

(©) magnitudes and directions. It is important 10 recognize that the weight

of the sphere does not directly act on the knot. Instead. the cord CE
subjects the knot 1o thas force.

Fina (Force of cord CBA acting on knot )

Fin (Force of spring acting on knot )

Fep (Foroe of cord CE acting on knaoi )
id)

Fig. 3-3
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3.3 Coplanar Force Systems

If a particle is subjected 1o o system of coplanar forces that lie in the x-y
plane as in Fig. 3-4, then each force can be resolved into its § and J
components, For equilibrium, these forces must sum Lo produce a zero
force resultant, i.¢.,

XF =0
EFi+ EFj=0

For this vector equation to be satisfied, the force's v and y components
must both be equal 1o zero. Henee,

ZF, =0

F, = 0 o)

These two equations can be solved for at most two unknowns, generally
represented as angles and magnitudes of forces shown on the particle’s
free-body diagram,

When applving each of the two equations of equilibrium, we must
account for the sense of direction of any component by using an
algebraic sign which corresponds 1o the arrowhead direction of the
component along the x or v axis, It is important 1o note that if a force has
an unknown magnitwde, then the arrowhead sense of the foree on the
free-body diagram can be axvwmed. Then il the solution yiclds a negative
scalar, this indicates that the sense of the force is opposite 1o that which
wits assumed.

For example, consider the free-body diagram of the particle subjected
1o the two forees shown in Fig. 3-5. Here it is asstmed that the unknown
force F acts to the right to maintain equilibrium, Applying the equation
of equilibrium along the x axis, we have

LEF, =0, +F + 10N = 0

Both terms are “positive” since both forces act in the positive x direction,
When this equation is solved, F = =10N, Here the negative sign
indicates that F must act 1o the left 10 hold the particle in equilibrium,
Fig. 3-8, Notice that if the +x axis in Fig. 3-5 were directed 1o the left,
both terms in the above equation would be negative, but again, alter
solving, F = =10 N, indicating that F would be directed to the left.

10N
Fig. 3-8

Easy PDF



. Procedure for Analysis

Coplanar force equilibrium problems for a particle can be solved using
the following procedure,

Free-Body Diagram.
* Establish the x, ¥ axes in any suitable onentation.

* Label all the known and unknown force magnitudes and directions
on the diagram,

* The sense of a force having an unknown magnitude can be
assumed.

Equations of Equilibrium,
& Apply the equations of equilibrium, £F, = Oand X£F, = 0.

* Components are positive if they are directed along a positive axis,
and negative if they are directed along a negative axis.

* |l more than two unknowns exist and the problem involves a spring,
apply F = ks to relate the spring force to the deformation s of the

spring.

* Since the magnitude of a force is always a positive quantity, then
if the solution for a force yields a negative result, this indicates its
sense is the reverse of that shown on the free-body diagram.

The chains exent three forces on the ring a1 A,
s shown on its lree-body diagram. The ring
will not move, or will move with consiant
veloaily, provided ithe summation of these
forces along the v and along the v axis is rern,
Il one of the three forces is known, the
magnitudes of the other two forces can bhe
abtained (rom the wo ecgquations of
cquilibriam.
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Determine the tension in cables BA and BC necessary 1o support the
60-kg cylinder in Fig. 3-6a.

(a)

SOLUTION

Free-Body Diagram. Due 10 equilibrium, the weight of the cylinder
causes the tension in cable BD 1o be Ty, = 6(9.81) N, Fig. 3-6b. The
forces in cables BA and BC can be determined by investigating
the equilibrium of ring 8. Its free-body diagram is shown in Fig 3-6¢. The
magnitudes of T, and T are unknown, but their directions are known.

Equations of Equilibrium. Applying the equations of equilibrium
along the x and y axes, we have

HEF, = Tecosds® = (§)T, =0 (1)
+ 12F, = 0; TesindsS® + (3)T, — 60(981)N =0 (2)

Equation (1) can be written as 7', = 088397 .. Substituting this into
Eq. (2) vields

Tosind5® + (1)(0.88397;) = 60(9.81) N = 0

So that
Te = 47566 N = 476 N Ans.
Substituting this result into either Eq. (1) or Eq. (2), we get
4 =420N Ang

NOTE: The accuracy ol these results, of course, depends on the
accuracy of the data, ie., measurements of geomelry and loads For
most engineering work involving a problem such as this, the data as
measured 1o three significant figures would be sufficient.

Tap = 60 (981) N

o (9EI N
ihj

' T,H-n - M['.IHI}N

€l

Fig. 36
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The 200:-kg crate in Fig. 3-7a is suspended using the ropes AR and AC.
Each rope can withstand a maximum force of 10 kN before it breaks. If
AR always remains horizontal, determine the smallest angle # 1o which
the crate can be suspended before one of the ropes breaks.

¥,
=l &
' - > —
YFp=1962N
ibj
Fig. >7 (i)

SOLUTION

Free-Body Diagram. We will study the equilibrium of ring A. There
are three forces acting on it, Fig. 3:7b, The magnitude of F, is equal 1o
the weight of the crate, Le., Fp = 200 (9.81)N = 1962 N < 10kN.

Equations of Equilibrium. Applyving the equations of equilibrium

along the x and v axes,

F
HEF, =0 - Fecos0 + Fym(n Fom —=2 1
' cOOSB+ Fy ey ()

+ 1EF, =0 Fesing = 1962 N = 0 (2)

From Eq. (1), F¢ is always greater than Fy since cosé = |,
Therefore, rope AC will reach the maximum tensile force of 10 kN
before rope AR, Substituting Fo = 10 kN into Eq. (2), we get

[10(10")N] sin @ ~ 1962 N = 0

@ = sin " '(0.1962) = 11.31° = 11.3° Ans.
The foree developed in rope AB can be obtained by substituting the
values for # and F-into Eq. (1).
Fu
cos 11.31°

FH - q_Hl HH

I N =
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Determune 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

k.rl. = .“lN.l"ﬂl.
< m - ¥
T
\.tr\
i 'll-r - i
A Tis
v Wa=THAN

ihj
(&)

Fig. M-8

SOLUTION
If the force in spring AR is known, the stretch of the spring can be

found using F = ks. From the problem geometry, it is then possible 1o
calculate the required length of AC.

Free-Body Diagram. The lamp has a weight W = 8(9.81) = 785N
and so the free-body diagram of the ring at A is shown in Fig. 3-8b.

Equations of Equilibrium. Using the 1, v axes,

%IF, =0 Tan = Taccos 30" = 0
+12F, = 0; Ticsin30° — 785N = 0
Solving, we obtain
Tac=15T0N
T,.u = |]359N
The stretch of spnng AR is thercfore
Tan = kagsan 1359N = 300 N/m(s,5)
San = 0453 m

s0 the stretched length is
lan = lam * San
lig = 04dm + 0453 m = 0853 m
The horizontal distance from C 1o B, Fig. 3-8a. requires
2m = [0 3° + 0853 m

loc = 1.2 m Ans
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. FUNDAMENTAL PROBLEMS

All probliem solutions must include an FBD. Fi-d. The block has a mass of 5 kg and rests on the smooth
| -

R O e

force in each supporting cable,

Fi-1

F3-2 The beam has a weight of 700 Ib. Determine the F3-5, If the mass of cylinder € is 40 kg. determine the
shortest cable ABC that can be used to lift it if the mass of cylinder A in order 10 hold the assembly in the
maximum force the cable can sustain is 1500 Ib, position shown.

L o8- ]

F3-1  Iithe 5-kg block is suspended from the pulley 8 and
the sag of the cord is d = 0.15 m. determine the force in cord

ABC. Neglect the size of the pulley, FAi6, Determine the tension in cables AB, BC, and €D,
necessary 1o support the 10-kg and 15-kg traffic lights s B
- 04m - and C. respectively. Also, find the angle 0.
L]
A
i = 0.15m
L]
Fi-3 Fio
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*3-8 Members AC and AB support the 30kIb crate.
Determing the tensile lorce developed in cach member.

3-89, Il members AC and AH can support a maximum
tension of 30010b and 250 Ib, respectively, determine the
largest weight of the crate that can be safely supported.

*3-12. I block B weighs 200 I and block O weighs 100 [b,
determine the required weight of block 2 and the angle ¢
lor equalibrum.

el i block [) weighs 300 Ib and block B weighs 275 Ib,
determine the required weight of block C and the angle #
for equalibrium.

Probs, 3-89

310, The members of a truss are connected 1o the gussel
plate. If the forces are concurrent at point O, determine the
magnitudes of F and T for equilibrium. Take 0 = 90°.

310 The gusset plate is subjected 10 the forces of three
members. Determine the tension force in member C and s
angle @ for equilibrium. The forces are concurrent at point (),
Take F = 8kN.

Probs, 31011

Probs, 3-12/13

314, Determune the stretch in springs AC and AB for
equilibrium of the 2-kg block. The springs are shown in
the equilibrium position.

3-18. The unstretched length of spring AB is 3 m. If the
block is held in the equilibrium position shown, determine
the mass of the block at .

Probs, 3-14/15
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*3-16. Determine the tension developed in wires CA and
CB required for equilibrium of the 10-kg cylinder. Take
0= 40°,

o317, U cable CH is subjected 1o a tension that is twice
that of cable CA, determine the angle # for equilibrium of
the 10-kg evlinder. Also, what are the tensions in wires CA
and CB?

Probs. 3-16/17

I8  Determine the forces in cables AC and AR needed
1o hold the 20-kg ball £ in equilibrium. Take F = 300N
andd = | m.

319, The ball D has a mass of 20 kgl a force of F = 100N
s applied horzontally to the nng at A. determine the
dimension o so that the foree in cable AC s zero.

Probs, 3-18/19

*3-20. Determine the tension developed in each wire
used 1o support the S0-kg chandelicr.

o3-20. If the tension developed in each of the four wires is
ot allowed to exceed 60 N, determine the maximum mass
ol the chandelier that can be supported,

Prob. 3221

®3-22. A vertical lorce £ = 101b is applied 1o the ends of
the 21t cord AR and spring AC. Il the spring has an
unstretched length of 2 M, determine the angle @ for
cquilibrium. Take & = 15 Ib/f1.

3-23. Determine the unstretched length of spring AC if a
force ' = B0 Ib causes the angle # = 60 for equilibrium.
Cord AR s 2 ft long. Take k = 50 Ib/f1,

Probs. 3-22/23

Easy PDF




100 Cuarter 3  EquiLiBrium OF A PARTICLE

*3-36.  The 200-Ib uniform tank is suspended by means of
a 6-fi-long cable, which is attached to the sides of the tank
and passes over the small pulley located st 2, If the cable
can be attached st cither points A and B or € and D,
determine which attachment produces the least amount of
tension in the cable. What is this tension?

Prob. }-36

*3.37.  The 10-1b weight is supported by the cord AC and
roller and by the spring that has a stiffness of & = 10 1b/in.
and an unstretched length of 12 in. Determine the distance
i 1o where the weight s located when it is in equilibrium.

138 The 10-Ib weight is supported by the cord AC and
roller and by a spring. Il the spring has an unstreiched
length of 8 in. and the weight is in equilibrium when
i = 4 in,, determine the stiffness & of the spring.

*3=-3. A “scale” is constructed with a 4-fi-long cord and
the 10:1b block D. The cord is fixed 1o a4 pin at A and passes
over two small pulleys at B and C. Determine the weight of
the suspended block at B il the system is in equilibrium.

- l“—-|-|

)

150

Frob. 3-39

**3-40. The spring has a stiffness of k = 800 N/m and an
unstretched length of 200 mm. Determine the force in cables
BC and BD when the spring is held in the position shown.

Prob. 3-40
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3.4 Three-Dimensional Force Systems

In Section 3.1 we stated that the necessary and sufficient condition for
particle equilibrium is

=F=0 (3-4)
In the case of a three-dimensional force system, as in Fig. 3-9, we can

resolve the forces into their respective |, . kK components, so that
IFi+ XFj+ Fk = 0.Tosatisly this equation we require

XF, =0
IFy=0 (3-5)
SF, = 0

These three equations state that the algebraic sum of the components of
all the forces acting on the particle along cach of the coordinate axes
must be zero, Using them we can solve for at most three unknowns,
generally represented as coordinate direction angles or magnitudes of
forces shown on the particle’s frec-body diagram.,

. Procedure for Analysis

Three-dimensional force equilibrium problems for a particle can be
solved using the following procedure.

Free-Body Diagram.

* Establish the x, y, z axes in any suitable orientation.

e Label all the known and unknown force magnitudes and
directions on the diagram,

* The sense of a force having an unknown magnitude can be
assumed.

Equations of Equilibrium.

# Use the scalar equations of equilibrium, £F, = 0, £F, = 0,
XF, = 0, in cases where il is easy to resolve each force into its
X, ¥, 2 components.

e If the three-dimensional geometry appears difficult, then first
express each force on the free-body diagram as a Cartesian vector,
substitute these vectors into XF = 0, and then set the | §, k
components equal to zero,

* If the solution for a force yields a negative result, this indicates
that its sense is the reverse of that shown on the free-body
diagram.

The ning at A s subjecied 1o the force lram
the hook as well as forces from cach of the
three chamns If the eleciromagnet and its load
have a weight W, then the force at the hook
will be W, and the three scalar equations of
equilibrium can be applied 1o the Iree-body
diagram ol the ring in order 1o determine the
chain foroes, Fg, Feand Fp
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EXAMPLE

z A 90:Ib load is suspended from the hook shown in Fig. 3-10a. IT the
load is supported by two cables and a spring having a stiffness
k = 500 Ib/M, determine the force in the cables and the streich of the
spring for equilibrium. Cable AD lies in the x-y plane and cable AC
lies in the x-z plane.

SOLUTION

The stretch of the spring can be determined once the foree in the spring
is determined.

Free-Body Diagram. The connection al A is chosen for the
equilibrium analysis since the cable forces are concurrent at this
point, The free-body diagram is shown in Fig, 3-10b,

Equations of Equilibrium. By inspection, each force can casily be
resolved into its x, y 2 components, and therefore the three scalar
equations of equilibrium can be used. Considering components
directed along cach positive axis as “positive,” we have

IF, =0 Fpsin 30" = (})Fe = 0 (1)
EF, = ~Fpcos M° + Fy =0 (2)
XF. = 0; (3)Fe = 901b =0 (3)

Solving Eq. (3) for Fg, then Eq. (1) for F . and finally Eq. (2) for Fg,
vields

& . Fe = 1501b Ans.
1 Fp = 240 b Ans
(b)
Fy = 20181b Ans,
Fig. 3-10
The stretch of the spring is therefore
Fg= ks,g
207.81b = (500 1b/f)(5.48)
sa5 = 0416 It Anx

NOTE: Since the results for all the cable forces are positive, each
cable is in tension; that is, it pulls on pont A as expected, Fig. 3-105b.
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The 10-kg lamp in Fig. 3-11a 15 suspended from the three equal-length
cords. Determine its smallest vertical distance s [rom the celling if the
force developed in any cord is not allowed 10 exceed SO N

W

Fig. 3-11

SOLUTION

Free-Body Diagram. Due to symmetry, Fig. 3-11b, the distance
DA = DB = DC = 60dmm. It follows that from XF, = 0 and
L F, = 0, 1he tension T in each cord will be the same. Also, the angle
between cach cord and the = axis is y.

Equation of Equilibrium. Applying the equilibrium equation along
the = axis, with T = 50 N, we have

SF, = H(SON) cos y] = I(981)N = 0
98.1
- = - @
T LS 15“ "‘Llh

From the shaded triangle shown in Fig. 3-11b,

BN mm
tan 49, 16° =
X

¥ = 519 mm Anx

IIN9EI) N

(h)
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(a)

4

Determine the foree in each cable used 1o support the 40-1b crate
shown in Fig. 3-12a.

SOLUTION

Free-Body Diagram. Asshown in Fig. 3-12b, the free-body diagram
of point A is considered in order 1o “expose” the three unknown forces
in the cables.

Equations of Equilibrium. First we will express each force in

Cartesian vector form. Since the coordinates of points B and C arc
B(=30, =40 80)and C(~3 41,8 M). we have

-y = 4
Fp = Fn[' - “ Y +,%' ]
2 (=3 + (=4)" + (B)
~0318Fh = 0424Fyj + 0.848F 4k

-3 + 4
F{ = 'Fll[ “1 ’ l‘-llnﬂ 1]
2 (=3)° + (4)" + (8)
= =O3BFA + 0424F ) + OBISF Kk
Fo = Fil
W = [=d40k} Ib
Equilibrium requires
sF =W Fj"'F;-"‘Fn"‘w’-'l'

~03I8F i = 0.424F 4 + O.848F 1k
~ 0318F A + 0424Fj + OB48F k + Fpi — 40k = 0

Equating the respective i, j, k components to zero vields

EF: = [k -ﬂ.ﬂlﬂf. s “‘Iﬂﬁ_ - ,F“ = () 'l}
EF, = ~0424Fy + 0424F- = 0 (2)
F, = O.848Fy + OR48F ~ 40 = 0 (3)

Equation (2) states that Fy = Fg. Thus, solving Eq. (3) for Fgand F
and substituting the result into Eq. (1) to obtain F 5, we have

Fe = 23610b Ans
15.01b Ans

Fa
Fo

u
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Determine the tension in each cord used 1o support the 100-kg crate
shown in Fig. 3-13a.

SOLUTION

Free-Body Diagram. The force in cach of the cords can be
determined by investigating the equilibrium of point A, The free-body
diagram is shown in Fig. 3-13b. The weight of the crate is
W = 100(9.81) = 981 N,

Equations of Equilibrium. Each lorce on the [ree-body diagram is
first expressed in Cantesian vector form. Using Eq. 2-9 for F and
noting point X =1 m, 2 m, 2 m) for F. we have

FH - ng

Fe = Fecos 12000 + Fecos 1357 + Fecos 60k
= =0.5Fc:1 = 0.707F:) + 0.5F:k
Ky = F,,[ - -...'.-.'-.'-._,_*’_?f-j_-_‘; - —
2 (=1 + (2)° + (2)
= ~0.333Fpi + 0.66TF,j + 0.667Fpk
W = {981k} N
Equilibrium requires
XF = 0; Fu+Fe+Fp+W=0

Fyl = 05FA = 0.T07F-§ + 0.5F -k
~ 0L333Fp i + 0,667F) j + 0.667Fpk — 981k = 0

Equating the respective i, j, k components to zero,

XF, =0 Fy — 05F - 0.333F, = 0 (1)
EF, = O; ~0.707F + 0.667Fp = 0 (2)
XF, = O 05Fc + 0.667F, - 981 = 0 (3)

Solving Eq. (2) lor Fpin terms of Fe and substituting ths into Eq. (3)
vields F-. Fpis then determined from Eq. (2). Finally, substituting the
resulis into Eq. (1) gives Fg. Hence,

Fr = 813N Ans.
Fp = 862N Ans,
Fy = 694N Ans.

I__,/i: -ﬁkh’m‘

(@)
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. FUNDAMENTAL PROBLEMS

Al problem solutions must include an FBD FE10, Determine the tension developed in cables AB,

FA-7. Determine the magnitude of forces F,, F,, F, 0 AC.and AD.

that the particle is held in equilibrium.

37

FAK,  Determine the tension developed in cables AB, AC, Fi-10
and AD,

FA-11. The 150-1b crate is supported by cables AR, AC,
and AD, Determine the tension in these wires

b5

FA9,  Determine the tension developed in cables ABAC,
and AD.

n P
¥
2m
‘!"Ej_ "wr d
2
X ]
A\
i N
F3-9 Fi-11

Easy PDF



34  Three-Deaprsioniag Fouce Systems 109

. PROBLEMS

All prablem solurions must inclide an FRD. *3-48,  Determine the tension developed in cables AB, AC,
edldi  Determine the tension in the cables in order o and AD required for equilibrium of the 300-Ib crate.

support the 100-kg craie in the equilibrium position shown. o349, Determine the maximum weight of the crate so that

$d6. Detarmine the masiosurs mass of the crate so that the the tension developed in any cable does not exceed 450 [b,

tension developed in any cable does not exceeded 3 kKN

Probs, 3-48/49

Probs, 3-48/46
3-80. Determine the force in each cable needed to
347, The shear leg dermck is used 1o haul the 200-kg net of support the 3300:b platform. Set d = 201
lish onto the dock, Determine the compressive foree along ;
cach of the legs AB and CB and the tension in the winch 381 Determine the force in cach cable needed 1o
cable DB, Assume the force in each leg acts along its axis. support the 3500-Ib platform. Set d = 411

&
®
-

Froh, 347
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110/655 33

*3-52. Determine the force in each of the three cables 3-54. I the mass of the i e
needed 1o il the tractor which has a mass of 8 Mg, tension developed in cach wue wa syuilibriun,

= |Smand = 21m.

358, If the mass of the flowerpot is 50 kg. determine the
tension developed in each wire for equilibrium. Set x = 2 m
t=1l5m

Probs, M558

*3-%6. The ends of the three cables are attached 10 a ning
at A and to the edge of a uniform 150-kg plate. Determine
Prob. 3-52 the tension in cach of the cables for equihbrium.

¢3-£7. The ends of the three cables are attached 1o a nng

at A and 10 the edge of the uniform plate. Determine the
o381 Determine the force acting along the axis of each of largest mass the plate can have if each cable can suppor a
the three struts needed 1o support the 500-kg block. maximum icnsion of 15 kN
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388, Determine the tension developed in cables AN, AC,
and AD required for equilibrium of the 75-kg eylinder.

3-59. Il each cable can withstand a maximum tension of
1000 N, determine the largest mass of the cyhinder for
equilibrium,

Probs, -5%/59

“3-60. The S0-kg pot is supported from A by the three
cables. Determine the force acting in cach cable for
equilibrium, Take d = 2.5 m.

o3-61. Determine the height of of cable A8 so that the force
in cables AD and AC is one-hall as great as the force in
cable AB. What is the lorce in each cable for this case? The
Mower pot has a mass of 50 kg.

Probs, 3-60/61

34  Tueee-Davensionas FORCE SysTEms 1

362 A force of F = 100 Ib holds the 400-Ib erate in
equilibrium. Determine the coordinates (0, v, 2) of point A
il the 1ension in cords AC and AB is 700 |b each.

A-63. Il the maximum allowable 1ension in cables AH and
AC is 500 1b, determine the maximum height 2 1o which the
200:1b crate can be lilted. What horirontal foree F must be
applied? Take y = 8.

Probs, 3-62/63

*3-64. The thin ring can be adjusted vertically between
three equally long cables from which the 100-kg chandelier
is suspended. I the nng remains in the horizontal plane and
z = 60 mm, determine the tension in each cable.

¢3-68, The thin ring can be adjusted vertically between
three equally long cables from which the 100-kg chandelier
is suspended. I the ring remains in the horizontal plane and
the tension in each cable is not allowed 10 exceed 1 kN,
determine the smallest allowable distance 7 required for
equilibrium,
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- REVIEW PROBLEMS

3=T0. The 500-1b crare is hoisted using the ropes AF and *3-T3 Two eclectrically charged pith balls, cach having a
AC. Each rope can withstand a maximum tension of 2500 Ib mass of 0,15 g. arc suspended from light threads of equal
before it breaks If AB always remains horizontal, length. Determine the magnitude of the horizontal
determine the smallest angle # to which the crate can be repulsive force, F, acting on cach ball if the measured
hoisted. distance between them is r = 200 mm.

Prob, 3-To
- = Mm -
3-71. The members of a truss are pin connected at joint €. Prob. 3-73
Determine the magnitude of F; and its angle # for
equilibrium. Se1 F> = 6 kN, 3-74. The lamp has a mass of 15 kg and is supported by a

pole AQ and cables AB and AC. If the force in the pole acts
along its axis. determine the forces in AO, AB, and AC for
equilibrium.

*3-72 The members of a truss are pin connected al joint .
Determine the magnitudes of F; and F; for equilibrium.
5o = 6lr,

Prob, 3-TIT2 Prob. 3-T4
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LT85 Determine the magnitude of P and the coordinate
direction angles of Fy required for equilibrium of the
partiche. Note that F, acts in the octant shown,

z

(=10, =T 4M)
L]
e M0

Prob, 3-75

*3-76. The ring ol negligible size is subjected 10 a vertical
force of 200 Ib. Determine the longest length / of cord AC
such that the tension acting in AC is 160 Ib. Also, what is the
force acting in cord ABT Mine Use the equilibrium
condition to determine the required angle @ for attachment,
then determine [ using trigonometry applied 1o 3 ABC.

Prob. 3-T6

377, Determine the magnitudes of F,, F;, and F; for
equilibrium of the particle.

Prob. 3-T7

Riview ProOBLEMS 115

=T Determine the force in ¢ach cable needed 1o
support the S00:b load.

Prob. 3-78

=M. The joimt of a space frame s subjected 10 four
member forces, Member €24 lies in the 1=y plane and
member OF lies in the y-2 plane. Determine the forces
acting in each of the members required for equilibrium of
the joint.

Prob. 379
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. CHAPTER REVIEW

Partice Equilibrium

When o paltqu.' I8 a1 rest or moves yilh
constant  velocity, it 15 in equibibrium. Fa=3F=0 ¥, ¥

This requires that all the forees acting on '
the particle form a zero resuliant foree.
In order to account for all the forces that

act on a particle, it is necessary 1o draw L
its free-body diagram. This diagram is an

outlined shape of the particle that shows

all the forces listed with their known or

unknown magnitudes and directions.

¥,

Twa Dimensions
The two scalar equations of force iF,=0

equilibrium can be applied with reference YF =0
1o an established x, y coordinate system. 4 e
L/
The tensile force developed in @ /
comlinuous cable that passes over a
t
r

rictionless pulley must have a constans
magnitude throughout the cable to keep
the cable in equilibrium,

Cable is in tension

If the problem involves a lincarly elastic

spring. then the siretch or compression s F = ks
of the spring can be related 1o the force

applied 1o it

Three Dimensions

Il the three-dimensional geometry is SF = 0
ditlicult to visualize, then the equilibnium &
equation should be applied using a £F, =
Cartesian vector annlysis. This reguires SF -
first expressing each force on the (ree- y
body dingram as a Cartesian vector. iF; =0

When the forces are summed and set
equal 1o zero, then the & §. and k
componenis are also zero,
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