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'CHAPTER (4)

" Equilibrium of a Rigid Body

In this chapter the fundamental concepts of rigid-body equilibrium will be discussed. Tt will -
be shown that equilibrium requires both a balance of forces, to prevent the body frtom
ranslating with accelerated motion, and a balance of monents, 0 prevent the body from
rotating. : : . ' :

Many types of engineering problems involve symmetric loadings and .can be solved by
projecting all the forces acting on a body onto a single plane. Hence, in the first part of this
chapter, the equilibrium of a body subjected toa coplanar or rwa-dimensional force system:
will be considered. Ordinarily the geometry of such-problems is not very complex, 50 a scalar
solution is suitable for analysis. The more general discussion of rigid bpdies subjected to
three~dimensional force systems is given in the second part of this chapter, It will be seen that
many of these types of problems can best be solved by using vector analysis.

4.1 Conditions for Rigid-Body Equilibrium '
The equations of equilibriun for arigid body canrb‘c‘summarized as fqllbws;

Y F=0 y
. 3 > My =0 (4-1) |
These equations require that a rigid body will be in equilibrium provided the sum of all the
external forces acting on the body is equal to zerd and the sum of the moments of the external
forces about a_point is equal to zero. The fact that these conditions are necessary for
equilibrium has now been-proven. They are also sufficient conditions. To show this, let us

assume that the body is nof in equilibrium, and yet the force system acting or'it satisfies'Eqs.
4-1- Supposé that an additional force F " is required to hold the body in equilibrium. As.a -
result, the equilibrium equations.become : ' .
ZF+ F'=0
. . ZM0+M’O=O )

“whereM /5, is the moment of [ about 0. Since >_JF = 0and ZMO.%_O, then we require
S 0 (also M ()= 0). Consequently, the. additional force F is not required-for holding the
body, and indeed Eqs. 4-1 are dlso sufficient conditions. ' ‘

Equilibrium in Two Dimensions
4.2 Free-Body Diagriams o L ‘ ‘
Successful application of the equations of equilibrium requires a coraplete specification of all
e known and unknown forces that act on the body. The best. way to account for these forces

15 to draw the body's free-body diagram. This diagram is a skatch of the outlined shape of the
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body which represents it as being isolated or "tree" from its surroundings. On this sKetch one
then shows /! the forces (or their resultants) which the surroundings exert on the hody.
Obviously, if the free-body diagram is correctly drawn, the effects of all the applied forces
and touples acting ' ‘ _
on the body can be accaunted for when the cquations of equilibrium are applied. For this
reason, «a thorough understanding of how w0 draw a. Jree-body Giagram is of primary
importance for solving problems in mechanics. It is the preliminary step before applying the
- equations of equilibrium: 4 L o
Table 4-1 Supports for Rigid Bodies Subjected to Two-Dimensional Force System -

Types of Connection Reaction -

One unknown. The reaction isa tension force which acts away from the member in the -

direction of the cable.

weightless link ‘ - .
One unknown. The reaction is a force which acts along the axis of the link,

roller o
"One unknown, The reaction is a force which acts perpendicular to the surface. al the point of
-contact, - ’ : ' ' : :

/

reller or pin in confined smooth slot : ‘
Onz unknown. The reaction is a force which acts perpendicular to the sfot,

rocker




Bz
One unknown. The reaction is a force which acts perpendloulat 10 the aurfaoe at the pomt of
contact.
Types of Connection Reaction ( Fable 4-1 Contd )

O

" /

smooth contactmg surface

One unknown. The reaction is a force viiiich acts perpendicular. to the surface at the point of
contact.

member pin connected to collar on smooth rod
One unknown. The reaction is a force'which acts perpendicular to the rod.

smooth pin or hinge

Two unknowns. The reactlons are two components of force, or the rnagmtude and direction (j> v

of the resultant force. Note that dand 6 are not necessartly équal (usually not, unless the rad
; showr' is a link as in (2)) o

@)

me.noer ﬂ.<ed connected tc "‘Ollal on sﬁr?looth rod :

Two unknowns. The reactions are the couple moment and the force which acts perpendicular
to the rod. ,

RO : I '

ﬁxed support
_Three unknowns. The reactions are the ‘couple and the two force components or the cougle
and the magnitude and direction ¢ of the resultant force .

PROCELURE FOR DRAWING A FRFE-BODY DIAGRAM

To construct a free-body dtagram vor & rigid body or group of bodtes considered as a siagle
system, the following steps should be pertormed: ] .
Step 1. Imagine the body to be isolated orcut’ 'free” from its constramts and oonneollons and

-
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draw (sketch) its outlined shape. _ c _

‘ Srép 2. Identfy all the external forces and couples that act on the body. Forces and couples
generily encountered are those due to (1) applied loadings, (2) reactions oceurring at the -
supports or at points of contact with other bodies (see Table 1-1), and (3) the weight of the
body. To account for al] these forces, it x'nay,help to trace over the boundary, carefully noting
each force or couple acting on it. : ‘

, .S"rep 3. Indicate the dimensions of the bbdy necessary for computing the moments of forces,
The forces and couples that are known should be.labeled with their proper magnitudes and
directions. Letters are used to represent the magnitudes and direction angles of forces and
couples that are uninOwn, Tn particular, if a force or couple has a known line of action but

~unknown magnitude, the arrowhead which defines the sense of the vector can be assumed.
The correctness of the assumed sense wiil become apparent afier solving the equilibrium
equations for the unknown magnitude By definition, ‘the magnitude of a vector'islalways-
positive, so that if the solution yields a "negative" scalar, the minus sign indicates,that the
vector's sense is opposite to that which was originally assumed ' '

Ei’:n’x;p!e 4-1 ‘ '

Two smobth balls A and 8, each having a mass of 2'kg, rest between the inclined planes
shown in Fig. 4-1a. Draw the free-body diagrams for balt A, ball B, and balls A and B
together. . ‘ i .

Fig.4-1a = @

SOLUTION. ‘ ¥ R A ‘ v -

The free-body diagram for ball A is shown in Fig. 4-1b, Note that the weight of the bal] is
calculated as W = 2(9.81) = 19.62 . Since all contacting surfaces are smooth, the reactive -
forces T, F, R actin a diréctionfnr)rmal to the,'tahge.nt at their sur;f'aces of coxitact. ’ '

Effect of

sloped “ball 5 on.
.wall on ball 4
ball .t ’

Eﬁeci of ) < ball
gravity (weighy) {f.m i b. _

on ball 4 o ' A.
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The ‘ree-body diagram of ball B is shown in Fig. 4-1¢ In particular, note that R, represcmir{g
the, force of ball A on ball B, Fig. 4-1c, is equal and opposite to R representing the force of
ball B on ball A, Fig.4-1b. This is a consequence of Newton's third law of motion. _
The free-body- diagram of both balls combined ("system") is shown in Fig 4-1d. The contact
lorce R, which dets hetween A and 13" isconsidered as an internal force and hence is not .
shown on the tree-body diagram. That is, it represents a pair of equal but opposite collinear

forces which cancel each other. (5.62 N
g.02H ‘ /t :
ik \ g A .\‘.

s : AV
, *‘:\ -
© N o

Example 42 ‘ _
_ The free-body diagram of each object in Fig. 4-2 is drawn and the forces acting on the object
are identitied. The weight of the objects is neglected except where indicated.

(a) - - : o ,

/ [Wia - By ,WW&\..'

Effect of smooth support”
onmewmber -




Ay,
] pomaipinr
Effegtyf . .~ SKN
applied ":\ .
forces oii J
sk LEAN
) *
:H
/

E‘&d}: C%‘“u"‘ i Lpase )
4.3 Equations of Equilibrium ‘ ‘ . :
In Sec. 4.1 we developed the two equations which are both necessary and sufficient for the

equilibrium of a rigid bedy, namely, ZF = 0 and ZM’ o =0 When the body is subjected

to a system of forces, which all lie in the v-1” plane, then the forces can be resolved into.their x

and 3 components. Consequently, the conditions for equilibrium in two dimensions are

S =0 _
SE.=0 (4-2)

. Z 1}‘.’.‘['.0’ = 0
Here Z K, and .ZFV represent, respectively,” the algebraic sums of the x and y-
components of all the forces acting on'the body, and E‘MO represents the algebraic sum of

the moments of all these ‘force components about.an axis perpendicular to the x-y plane and

passing through the arbitrary point §, which may lie either on or off the body

Example 4-3 ' ‘ ' S ' :
‘The beam shown in Fig. 4-3a is pin-connected at A and rests against a roller at 5. Compute .

the horizontal and vertical components of reaction at the pin A. :

. 0.5m
(a1
60N
4‘\ '
4“"‘"—‘-—-"—-—'—-——-—41
3 ] DQM-M
b ) (o
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SOLUTION
Free-Body Diagram. As shown in Fig. 4-3b. the reaction N g is perpendicular to the beam at

B, since the support is a roller. Also, horizontal and vertical comporents of reaction are
represented at’ A, even though the base of the pin support is tilted. :

Equations of Equilibrium. Summing moments about A, we obtain a direct solution for N 5

(»+2MA =0, -60N-m-60N{1m)+ Ng(.75m) 0

Ng 160N
Using this resulﬁ, ,
—15> F, =0, A,-1605in30°N=0 .
' A,= 800N
+1 2 F, =0 'Ay-léoéos3Q°N-60N--—-o
Ay =] 99N- _. .xln'.&j‘.'

4-4 Two and Three Force Members

The solution-to some equilibrium problems can be simplified if one is able to recognize
members that are subjected to only two or three forces. - R

Two-Force Members B : ' .
When a member is subjected to 1o couples and forces are applied at only two points on a

member,.the. member is called-a fiwo-force member. An example of this situation i§ shown in )
Fig, 4-4a. The forces at A and 5 are first summed to obtain their respective resultants Fp ani
Fr, Fig. 4-4b. These two forces will maintain /ransfational or Joree equilibrium provided Fa
is of equal magnitude. and opposite direction to ¥p. Furthermore, rotationdl or monent
equilibrivm is satisfied if Fa is collinear with Fy. As a result, the line of action of both forces -
is known, since it always passes through Aand B. Hence, only the force magnitude must be
determined or stated, ’

£ By

e

Fig 4-4
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Three-Force Members
It a member is subjected to three coplanar forces, then it is necessary that the forces be either

concurrent or parallel if the member is to be in equilibrium. To show this, consider the body
‘in rig. 4-5 and suppose that any two of the three forces acting -on the body have lines of

action that intersect at point 0. To satisfy moment equlllbrlum about 0, i.e, ZMO =.Q), the

third force must also pass throui_,h 0, which then makes the. force system concurrent, If two of
* the three forces are parallel the point of concurrency, 0, is considered to be at ' 'infinity" and
the third force must be parallel to the other two forces to intersect at this "point." Since the

three forces are concurrent at a point, only the force equilibrium equations (ZFx =0,

ZFy = 0) must be satisfied.

Fy

Lt
Fig 4-5 :

‘Example 4-4

The lever ABC is pm supported at A and connected to a short link BI) as shown in Flg 4-6a.
If the weight of the members is negligible, determine the force developed on'the lever at A.

L0Sme

Figase) '<b> o ©

SOLUTION .

Free-Body Diagrams. As shown by the free- body dlaoram Flg 4-6 b,the short link BD isa
two-force member, so the resultant forces at pins /) and B fwust be equal, opposte, -and
collinear. Although the magnitude of the force is unknown, the lme of action is k'own, since
it passes through B and D.

Lever ABC is a three —fwce member, and ‘therefore the three nonparallel force; a.ting on it
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must be concurrent at 0, Fig. 4-6¢. In particular, note that the force I on the lever is equal but
opposite to F acting at B on the link. Why? The distance CO must be 0.5 since the lines of
action of F and the 400-N force are known. .
Eyuations of Equilibriun. By requiring the force syhtcm to be concurrent at 0, it xs necessary

that ZA/IO = 0. Hence, the angle O which defines the line of action - of Fycan be
determined from trigonometry, ’
0.7

{1 =tan ﬁ 60.3° AAns
Applying the forge equilibrium equations yields .
S F, =0, F,cos603°-Fcos45° ~400N =0
+T > F, =0, F,sin603°- Fsin45° -0
Solving, weget k

F, 1075N .. Ans.

F 1320N |
We can also solve this problem by representing the force at A by its two components
Ayand A, and applyingZMA = O=ZFx :'O,ZF}, =0. Once Ayand A are
determined, how would you find F and @7

Equilibrium in Three Dimensions
4-5 Free Body Dngmmq
Table 4-2 Supponts for Rxg,nd Bodles Subjected to Three Dxmenswnnl Force Systuns

Types of Connection . Reaction

cable
One unknown: The reaction is a force which acts’away from th\, member in the duectlon of

the cable.
9

@)

~ smooth surface support
~ One unknown. The reactlon isa force wluch acts perpendicular to the surfme at the poi al ¢ 1

v contact.
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Types df9011xaection Reaction Table 4-2( Contd )
3 . ' . .
e
s ,z'//
rd &
¢ /
(o

on a smooth surface

.

One unknown. The reaction is a force which acts perpendlcu!ar to the surface ‘at the pomt of
contact.

(4)

ball and socket.
Three unl\nowns The reactlonx are three rectangular force components

single journal bea[mg
Four unknowns. The n:d(,tlons are (wa torcc and two couple. uompom.nts which ¢
‘perpendicular to the shaft. .

- {6)

single thrust béaring

Five unknowns. The reactions are three force and two couple components

~ single smiooth pin _ o
Five unknowns. The reactions are three force and two couple components
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Types of Connection _ Reaction Table 4-2( Contd ) - = . .

Pl

single hinge :
Five unknowns. The reactions are three force and two couple components.

©)

) H
fixed support - .
Six unknowns. The reactions are three force and three couple components,

Example 4-5 : .

Several examples of objects along with their associated free-body didgrams are shown in Fig.
4-7. In all cases, the x, ). = axes are established and the unknown reaction components are
indicated in the positive sense. The weight of the members is neglected :

)

Rt

 The fdﬁ:;eactibns at the bearirigs are sufficient for vforce and .
e sl AL e Ay prosent B
R e ety ok ek
b 7 & e emdiads ann

o deedped G i e e wod
e K prevent aotelidy slnt
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Fig. 4.9 (a-

4-6 Equation of Equilibrium

The conditions for oquilibriom.of a rigid body subjected to a three-dimensional force system
require that both the resultant force ant! resultant couple moment acting on the body be equal
to zero.

Vector Equauons of Equxhbuum

The two conditions for equilibrium of a ngld body may be expresced mathematlcally in
vector form as :

2 F=0 o
2 Mg =0 . (4-3)

where Z F is the vector sum of all the external forces acting on the body and ZM o is

the sum of the moments of all these forces about any point 0 located either on or off the body.
Scalar Equations of Equilibrium

_If all the applied external forces and moments are expressed in Cartesian vector form and
substituted into Egs. 4-3, we have .

ZF DR FEDWOTE: Zsz =0 ZMO = M, +ZM‘ j+ ZM:”“ 0
Since the i, J, and k components are independent from one another, the ahovz wquations are
satisfied provided

$h0
DF, =0 T (44

'Zrz ”fO
ZA/fx:

SIM, =0 L (4-a)
DM, =0

"~ and
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These six scalur equilibrium equations may be used to sotve for at most six unknowns shown

on the free-body diagram Equations 4-4a express the fact that the sum of the external force
components acting in the v, v, and : directions must be zero, and Eqs. 4-4b require the sum of
the moment components about the x, y, and z axes (o be Zero.

Example 4-6
The windlass shown in Fig. 4-8a is supported by two smooth journal bearmgs Aand B whlch

are properly aligned on the shaft. Determine the magnitude of the vertical force P that must -
be applied to the handle to maintain equilibrium of the:100-kg crate. Also calculate the
reactions at'the bearings.

(b) Fig4-8

SOLUTION (SCALAR ANALYSIS) : '
Free~Body Dingrani Since the bearings at A and A are allgned correctly, only force reacfxons
occur at these supports, Fig. 4-8b. Why are there no moment reactions? :
Equations af Equilibrinm. Summmg moments abouf the x axis' yields a direct solutlon for P
Nhy') Fora scalar moment summation, it IS necessary to’ compute the' moment: of each force
as tae product of the force magnitude and the perpendicular distance from the x axis to.the

- line of action of the force: Using the right-hand rule and assuming positive moments act in
* the +i direction, we have

2 M, =0, 9BIN(O.1 m) - P(0.3 cos 20° m) =0

P=38ON A S

Using this result and summing moments about the 1 and axes yleIds
ZM = 0; —981 NO.5Smy s A, (O 5 m) - (348.0 N)(0.4m) = 0 _
o o A, - 4174N Ans.
ZM'Z =0; 'Ay (0.83m)=0 | ‘ A}, = Ans. .
The reactions at B are obtained by a force summation, using the results conlptiteaiabove..



| ZF_V“‘“_ o, 0. B),. 0 S 'B), =0 " Ans. B
> F, =0, 417.4-981+ B, -348.0=0 B,=911.6N dns. ,
“As shown'on the free-body diagram, the supports duv not provide resistance against translation

in the x direction. Hence, the windlass is only partially constraine‘d.’
Problems ‘ '

43« Draw the free-body diagram of the 50-kg rolt of paper which has a center of mass at G

and ‘rests on the smooth blade of the paper hauler. Explain the significance of each force
acting on the diagram.

Prob 4-2

Prob 4-1 ‘
,/ég.‘Draw the free-body diagram of member ABC supported by a pin at A and a horizonta]

short link 7). Explamn the significance of éach force acting on the diagram, ) :
4-3 The crane is used to support a load of 5500 Ib, If B exerts only a horizontal force on the
crane, whereas A exerts both horizontal and vertical forces, determine these reactions for
equilibrium. B ~ ' o ‘

. FI

¥ . "Probs 4-4/4-5
' , seoN o -
Prob 4:3 ; ~ = e S D
*4-4. The link is subjected to the loadings shown. Determine the force /7y in the cable at B
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0N.

and the magnitude of the resultant force acting on the pin at'A Set Fr=23 ’
hat the magnitude

)Q—PS. Determine the forces /3 and F- which can be applied to the link so t
oFthe resultant force acting at the pin A is 850 N

4-6. Determine the reactions at the roller 4. the rocker €. and where the beam contacts the
smooth plane at A. Neglect the thickness. of the beam:. ‘

B O EeAW

Prob 4-6 - Prob 47
4-7. The boom supports the two vertica! loads. Neglect the size of the collars at /) and'5 and. -
the thickness of the boom, and compute the horizontal and vertica! components of force at the
pin A and the force in cable C'A. ’ o : ‘
~ 850 b, Determine the x, 1.

><:1_e8. The boom supports 4 load having a weight of }" :
omponents of reaction at the ball-and-socket joint A and the teasion in cables /¢ “and /)

z

. \-’Prob 4_9 'v

Prob 4-8

sahle at /. Also, the rod e sis

.9. Rod AB = supported by a ball—and-sogket joint at A and a

4
‘ ><against the smooth wall at /5.und againsi the thin smooth rog at (. Determige the x, i
. componesds-ef-reactior: at these ‘supports if the rod is subjected $0°% 50. U veriical force as’

shown.
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Example 4.7

* ermine the tension in cables BC and BD and the reactions at
the bali-and-socket joint A for the dast shown in Fig. 4~9.a.

) F="1kN
SCLUTION ( VECTOR ANALYSIS)
Free-Body Diggram. There are five unknown force ma_g-
nitudes shown on the free-body diagram, Fig. 4-9 b.

Equations of Equilibrium. Expressing edch force in
Cartesian vector form, we have’

F = {—1000j} N

F=Ai+’A,j+A'k. ‘ | o A
TC '0707T(_l“0707rck

.'fD =Ty (@—) = —0.333Tpi + 0.667Tpj — (5.667Tok"
T'ap . s

Abplyinu the force equatidﬁ'of equilibrium gives

IF = 0; r+rA+’TC+TD~0 \
(Ax + 0.707T¢ = 0.333Tp)i + (— 1000 + A, + 0.667Tp);j

. . F(A, ~ 0.707T¢ ~ 0.667Tp)k =0
SF.=0, A+ 0T07Te=0333Tp =0 -~ (1)
TF, =0, Ay + 0.667Tp — 1000 = 0 @
SF,=0, . A, -0.07T¢~=0.66TTp=0 @)

Summing moments about polint A, we have
CEM= 0 er(F+TC+TD)—
. 6k x (—'IOOOJ + 0, 707Tcn ~ 0.707Tck

C— 0.3337i +0. 6677},3 -0 667Tuk) =0

- Evaluating the cross:product and combining terms yiclds

(~4Tp + 6000)i + (4.24T¢ ~ 2Tp)j =0

M, =0; T 4T, +6000=0 @

EM, -0 ' 44T~ 2T =0 o o)

‘The moment equation aboul the z axis, 'ZM =0, is automatically satis-
fied. Why? Solving Egs. (1) to (5) we have .

Te = 707 N ‘ TD- = 1500 N . . ‘ Ans,
- A,;=00N = A.=00N A.= 1500 N Ans.

" Since the mast is a two-force “member,” note -that the values of

A=A, = 0.0 could have been determined by inspection.

().

gl .
F=1000N I \
; ' To
T¢
om ] eg
1o y
JA Ay
/ N
)
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_Example ’ "4-8

Rod AB shown in Fig. 4-1@q is used 1o support the 200-N force. Deter-
mine the reactions al the batl-and-socket joint A and at the smooth collar 8.

SOLUTION (VECTOR ANALYSIS) ‘
Free-Body Diagram. Here we have considered the rod and attached col-
Jar together as shown in Fig. 4-10 b.

S ' 2008
- Equations of Equilibrium. Representing each force on the free- body dia-. - | -
gram in Cartesian vector form, we have - - - ] /

I,'—A_,x +Aj+Ak
FH = B\i + ij

= {~200k} N
.Applying the force ‘equaltidn of equilibrium, ..
SF = 0; Fot+Fa+F=0
‘ (Ac + LI+ (A, + B + (4, —200)k = 0 .
SF, =0, : A+ B, =0 ' (H
SF, = 0; B Ak By=0 @)
SF.=0; ' A, 200 = 0 3)

Summing moments about point A’ yields T
) Fig. 4-1¢
- IM, =0 (rexFy+ (rgxFpy =10 . o
Since re = "xx"B, then . '
(1i + 1j =0.5k) x < —200k) + (21 + 2_] - 1k) x (B + 13‘_])
Expandmg and rearranging-terms gives

(B, — 200){ 4 (=B, + 200)j + (2B, — 2Bk = D

M. =0 B,-200=0 .. ()
SMy =0, ~B,+200=0 L)
SM, = 0; W, ~2B,=0 ()

Solving Egs. (1) to (6), we get
Ac=A,=-20N Ans.
A, =B = s =200 N ; ‘m'zs

The negative sign indica es that Ay and A lum @t sense \vhlch i5 opposue
o that shown on the free- body dmyam Fig. 4-4ab.




Example #4-9

The bent rod in Fig. 4-Wu is supported at A by a journal bearing, at D
by a ball-and-socket joint, and at B by means of cable 8¢, Using only one e 0.3 e
equilibrium equation, obtain a direct solution for the tension in cable BC. - 2w 1 :
" The bearing at A is capable of exerting force components only in the z and
¥ directions, since it is properly aligned on the shaft. '

SOLUTION (VECTDI: ANALYSIS) _ ‘
Free-Body Diagram. As shown in Fig. 4-, there are six ‘unknowns:
the three force components at the ball-and-socke* joint, two at the bearing,
and the tension force in the cable. ,

Equations of lz‘q:u'!i};rimn. The cable twensic* T, niay bs obtained i -
rectly by summing monients about an,axis passin { through points D and A.
. Why? The direction of ihe dxis is defined by he unit vector u, ‘where

: : Upa Lo .
S R Lk
: = -0.707 - 0.707]. _
Hence, the sum of the mom'cmls about this“awiivs' ;s'zero provided -
o My = SERF) =0 |

Here r represents a position vector drawn from any point on the axis DA to

_any point on the line of adtiqn of force F (sce Eq.3.-9). With reference to .
Fig. 4+10.b, we can therefore write . : " ' . . W =98N

W rx Tyt rexWy=0 T _' e

a

(=0.707i = 0.707)) - ((~ 1) x (27, ~ g+ k) | , " )
: ' . : Fig. 4—-'LL
T (-0 x (-l =g TS AT
(=0.707i = 0.707]) - [(~0.8577, + 490.5)i + 0.286T4k] = 0
~0.707(~0.8577, +490.5)+0+0=0
: 490.5. . ’
Ty=-—"""=512N is.
B 0857 3‘ 2 N ) . ; Ans

The advantags of using (f;‘urxos‘i‘an‘vcczoxjs for this solution should be noted.
[t waould be espectally tedious  to determine the perpendicalar distance X
from the D4 axiy fo the line of action of Ty using scalar methods. ) i

Note: Tn Example 4=7. adirect solution for 4. is possible by summing - ' |
mom:nts about an’ axis passing through the supports at C and D, Fig. ' !
A-tha 1 this is done only the moment of I° and A; must be considered. Try : g ‘
and apply the ibove techmque and deterimine the result A, = 1500 N, i J

—r— ——— e el L

e e
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448 Member Al s supported by a cable C and at A by a - The member is supported by cable. BC and at A by a

smooth fixed square rod which fits looscly through the square hole  smooth fixed square rod which fits lousely th:ough the sqnare hole

ot the collar. I F = {20i — 40j - 75k} 1, determine the x, v,z of the collar. Determine the x, v, z components of reaction ai A

components of reaction at A and the tension in the cable. and the tension in the cable needed to hold the member in eyuilib-
T, "

F; = (B00IIN

" irobs. 4—*0/?!];H
L ' 3 : B " Prob. 4—-‘.2- M, = (—lZOk)N-m
4J&Mcmbcr AB is supporied by a cable BC and at A'by a

STO;: " ﬁlx]cd :gu:re rgd ‘:‘::I.C?cﬁ? quscl({ Eh:);ih gf S(q tl;liercrhoclz ' ).g. Determine the x,-y, z components of reaction at the pin A
of the collar. Determine the ension i the €2 ' OTEE - and the tension in the cable: BC necessary for equilibrium of the

F = {45k} Ib. - ‘ ) ol e o




aq

“ ‘The boom supports the force of F = {¥8k} kN. Deter-
mine the x, y, z components of reaction at the ball-and-socket joint
A and the tension in the iwo cables BC and. BD. Set x = 2 m.

4J5§<T!)c boom suppoits the force of F = { -8k} kN, If vable
BC or 8D can support a maximum tension of 4 kN before it .
breaks, determine the greatest distance x the force can be posi-
tioned along the boom: Also, deterinine the x, v, 2 components of
reaction at the ball- and-sacket joint A,

4.!6-', The shaft is supporied by a thrust bearing at A, a cable ai

- B, and s journal bearing at €. Determine the x, ¥, 2 components of
reaction at these supports needed to hold the shaftin equilibnum,
The bearings are properly aligned on the shaft.

{~ 5060k} *

: {—300KIN .
Prob. 4. 16

4 pin. IT the 4ension in-the cuble is to be The = 250 Ib und NI =

-, The member is supported by cable 1€ and at A by a pin.
I6F = {300 + 80j ~ 125%) fb and M = {—400i + J0C] + S00K] g
Ib « ft, determine the x, y, z components of reaction &t A and the
lension in the cuble. ‘ ‘ -

5 7

-

e ',
- LAl

Probs. 4,!?;;4 5

218N "The member s supported by cable 8C and a0 A by

{=400i +:300j + 500k} Ib + [t, determine the magnitude of T if
its' coordinate -direction ungles are a=00°, B=60°, 4= 35°
Also, compute the v, y, 7 companents of reaction at A.






