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ExamQIe
etermine the tension in cables BA and BC necessary to support the 60-kg cylinder in Fig. 3—

SJ’U

8.6-3 JSA 3 aa< 60 e s L Al sl acal o DU BC 5 BA Juall ad aaa

y

T‘r”.] = f][] {9.81] N

" THJ’J‘ = 6l {981] N

60 (9.81) N ©

(a) (b) Fig. 3-6

¥ Solution

Free-Body Diagram. Due to equilibrium, the weight of the cylinder causes the tension in cable
¢ BD to be Tep = 60(9.81) N, Fig. 3-6b. The forces in cables BA and BC can be determined by
mvestlgatmg the equilibrium of ring B. Its free-body diagram is shown in Fig. 3-6c¢. The

magnltudes of Ta and T¢ are unknown, but their directions are known.
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ﬁ ¥ Equations of Equilibrium. Applying the equations of equilibrium along the x and y axes, we

ﬂ;f have
55 TBD = 60(9.81) 01588 BD il 1 sy &30 sha) ¢35 0 ¢35 Alla sy 3_al (5 sall Jadaia”
e 5l et el B Al (1355 Rl y3 3 0 BC 5 BA Juall s ll a3 (b, 6-3 U §
285m0 Legillad) 00 mn gt TC 5 TA sitia gfc. 6-3 J<al §
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mole Jeani ey X staad) e o)l ¥ alae Grbii o)l ciYolea
SFy = 0; Tc cos 45° — (4/5) Ta=0 (1)
SFy =0; Tc sin 45° + (3/5) Ta - 60(9.81) N =0 )

Equatlon (1) can be written as Ta = 0.8839Tc. Substituting this into Eq. (2) yields
Tc sin 45° + (3/5)(0.8839TC) - 60(9.81) N=0
i/ 50 that
Tc=475.66 N =476 N Ans.
Substltutlng this result into either Eq. (1) or Eq. (2), we get
Ta=420 N Ans.

) Y NOTE: The accuracy of these results, of course, depends on the accuracy of the data, i.e.,

Ep 2 2 2 B B B P B B B B B B 2 B B Bl 2 B 2y B B e B S e 2

=y

g measurements of geometry and loads. For most engineering work involving a problem such as

¥ this, the data as measured to three significant figures would be sufficient.
Awaigdl Jlac Y abaal dually JlaalY s duaigll el d‘ (Ul 43y e ¢ é_\.lall_a ¢zl oda A8y Aqlial - -&n)u"
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Example
Determlne the required length of cord AC in Fig. 3-8a so that the 8-kg lamp can be suspended
7 in the position shown. The undeformed length of spring AB is I'as = 0.4 m, and the spring has a
stlffness of kag =300 N/m.
JJ-H o gall piagll 8 el 8 4l 5 (5l ~luaall (Balad Sy Cuaig 83 JSA 8 AC Joall slhadll Jshall aas
Ma/is8 KAB = 300 4ba &, 5305 2 |-AB = 0.4 58 AB &y jll e gl ye
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(a) Fig. 3-8
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% If the force in spring AB is known, the stretch of the spring can be found using F = ks. From the
P

g problem geometry, it is then possible to calculate the required length of AC.

g Free-Body Diagram. The lamp has a weight W = 8(9.81) = 78.5 N and so the free-body diagram

% of the ring at A is shown in Fig. 3-8b.

=

4 Equations of Equilibrium. Using the X, y axes,
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YFx=0; Tag - Tac c0s 30°=0
YFy=0; Tacsin30°-785N=0

¢ Solving, we obtain

=

Tac=157.0N
Tas=1359 N

ety sl

¢ The stretch of spring AB is therefore
Tas = KasSas; 135.9 N = 300 N/m(saB)
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7 S0 the stretched length is
lag = I'aB + SaB
la =04 m+0.453m=0.853m
¢ The horizontal distance from C to B, Fig. 3-8a, requires
2 m = lac cos 30°+ 0.853 m
lac = 1.32 m Ans.

Three-Dimensional Force Systems
¢ In Section 3.1 we stated that the necessary and sufficient condition for particle equilibrium is

5 aameal) ()51l SN 5 gy 5 pwall Ja il G U S3 3] andll 3"
YF=0 (3-4)
! In the case of a three-dimensional force system, as in Fig. 3-9, we can resolve the forces into
thelr respective i, j, k components, so that Y Fxi + > Fy j + Y F;k = 0. To satisfy this equation we
¥ require
Eung o sl Je K 5 5 WS e ) (s sl Sl LiSay ¢9-3 J 3 LS calagl) (SO0 (5 58l ol Alls 3

" s ddlalaall o3 b Y 53 Fxi + Y Fy j + Y Fzk = 0.
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YFx=0 YFy=0 YF. =0 (3-5)
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y These three equations state that the algebraic sum of the components of all the forces acting on

the particle along each of the coordinate axes must be zero. Using them we can solve for at most
4 three unknowns, generally represented as coordinate direction angles or magnitudes of forces
! shown on the particle’s free-body diagram.
e osae IS Jsb e anad) e 5 5isal (6 58l aran LSl 5 uall & sanall O e GO bl s i
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Procedure for Analysis g
Three-dimensional force equilibrium problems for a particle can be solved using the following g
4

procedure. p
W

Jalaill ¢ ) g

1N o Al alastuly avall sl V) AEE 6 sl )8 Jilee Ja S ¥ Al

Establish the x, y, z axes in any suitable orientation.
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.
Ball o6l Jalada

_\Jj);ud\ J\J&AM \_r\Jajsl\ z:\.;.\\ d.a\).ﬁ\dsau °

Use the scalar equations of equilibrium, > Fx = 0,YF, =0, YFz = 0, in cases where it is easy to %

resolve each force into its X, Y, Z components.
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g If the three-dimensional geometry appears difficult, then first express each force on the free-

g body diagram as a Cartesian vector, substitute these vectors into Y F = 0, and then set the i, j, k
rf

4 components equal to zero.
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- 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.
G058l Ealaa

Jilas et Jead) (e (058 31 YA 3 TFZ = 0 <Y Fy = 0 «YFx = 0 ¢daaaal) ()l sill c¥olas p2siad o
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Nba i K 5] 50 GlS je dzal élld any g ¢ YF = Qddaleall 8 Cilgaiall 020
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¥ example
‘Lfff A 90-1b load is suspended from the hook shown in Fig. 3-10a. If the load is supported by two

Y 2 2 B 2 B 2 2 B B 2 B B B B B B Bl B B S Bl S Ble e 2 S 2 2

ﬂf ¥ cables and a spring having a stiffness k = 500 Ib/ft, determine the force in the cables and the

ﬂf stretch of the spring for equilibrium. Cable AD lies in the x—y plane and cable AC lies in the x-z
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(b)
(a) Fig. 3-10
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¥ Solution
@f The stretch of the spring can be determined once the force in the spring is determined.
% Free-Body Diagram. The connection at 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 easily be resolved into its x, y, z
g components and therefore the three scalar equations of equilibrium can be used. Considering
components directed along each positive axis as “positive,” we have
Agle 3 535all 5 5all 43 yra 3 yaar &l 11 alaial paad (Say" 4
ekay Akl o3a die adalin Juad) o 58 (Y 1505 0 ) sl Jadai) A Al yie dleasll sl 5 5 _all (g gl dalade &
b.10-3 JSAl A5 all (o il ki 4
¥ alaall aladind (o Jils ¢ Z5y 5 X LS e ()58 IS bt A gea (S chilaall DA (ha o)\ﬂ\aqu%
"o Jeant duasal Ll e age psae IS sh e dea gall LSl ) il ¢ ) gl ESU ‘UM’J‘ i

EpEy

YFx=0; FDsin 30°-(4/5) Fc = (1)
>Fy=0; -Fpcos30°+ Feg=0 (2)
YF,=0; (3/5) Fc-901Ib=0 (3)
¢ Solving Eq. (3) for Fc, then Eq. (1) for Fp, and finally Eq. (2) for Fg, yields
Fc =150 Ib Ans.
Fpb=2401b Ans.

Fs =207.8 Ib =208 Ib Ans.
The stretch of the spring is therefore Fg = kSag
207.8 Ib = (500 Ib/ft)(saB)
sas = 0.416 ft Ans.
NOTE: Since the results for all the cable forces are positive, each cable is in tension; that is, it

pulls on point A as expected, Fig. 3-10b.
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