FREE-BODY DIAGRAMS, EQUATIONS OF
EQUILIBRIUM & CONSTRAINTS FOR ARIGID BODY

Today’s Objective:

Students will be able to: o
In-Class Activities:

a) ldentify support reactions in 3-D _
and draw a free body diagram, and, * Check Homework, if any

b) apply the equations of equilibrium.  * Reading Quiz
‘ » Applications

» Support Reactions in 3-D
» Equations of Equilibrium
- Concept Quiz

 Group Problem Solving

* Attention quiz D]



READING QUIZ

1. If a support prevents rotation of a body about an axis,
then the support exerts a on the body about
that axis.

A) couple moment B) force

C) Both Aand B. D) None of the above.

2. When doing a 3-D problem analysis, you have
scalar equations of equilibrium.

Enter a number corresponding to your answer.



3D Rigid Body Equilibrium (Ch 5)

Zﬁzo Zszo ZFy=O ZFzzo

ZM‘P:O szxzo ZMpyzo ZMpzzo

6 equations - 6 unknowns that can be

solved for a single rigid body in 3D
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Support Reactions in 3D

roller or smooth surface
single F normal to surface

Ball-and-socket joint
F., Fyand F,

fixed support
F.. Fy, F,and M,, M,, M,

*more complete table in text



Real Supports
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FBD Example 1in 3D




FBD Example 2in 3D

300 Ib

Pin at A and cable BC.



FBD Example 3 in 3D

400 1b

b
oo | %

Properly aligne G’ournapbearing
at A and hinge at C. Roller at B.




CONCEPT QUIZ

1. The rod AB is supported using two
cables at B and a ball-and-socket
jointat A. How many unknown
support reactions exist in this
problem?

1) 5 force and 1 moment reaction

2) 5 force reactions

3) 3 force and 3 moment reactions

4) 4 force and 2 moment
reactions



FBD Example 4 in 3D
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FBD Example 5in 3D




Solution to Example 5 in 3D (cont)
6(0)8)("7

Determine the reaction forces at A and
the tension in the cable, if F = 120N.

Find nd : Rmt RAa Mﬂ&»MRQ BC ﬂ!‘* =5
E: -120N k (00) \E’}
— -i+d4s v ok %
Tae™ Tse %ae = Tae ( 1'z=+qj‘i+b‘ '

='|§¢( -—’t+- +-—k>

_ A A _ ~ _6 ~
O= Raxt? Rﬁa} 120Nk = 5T 1 "‘%Tgcj + -%TBCQ
(o Rax = %T‘BC R = 420N
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ko 120N= 2Ty = Tge=280N



Solution to Example 5 in 3D (cont)
6(0)8)("7

+MA¥t + Mnag + MA%'&

= 4801 + 960 % + 16BOK )
+Mp L+ Mp..as + Maz k
7 Max=-480 bf
Mkfo
Mpg = —2640 Ibft




Solution to Example 1 in 3D

(-1)° ,’)) Determine the reaction forces at O and tension
,5 C in cables AB and AC if the plant weighs 30 Ib.

.F‘ié; Kox,koa ,Roi )TAB,TM
Givew. _\,—\l\ = -30lb k

= _ — L -6L{+3
T T~ T (2522
T g
ﬂ ‘R Rox L+ Roa& + Ro%

Zﬁ‘\‘: O= ?AO xﬁo s -63 X (ROXt +R°'%é "'ROQQ =‘PRox'k -(DRW’t
= Rex =0, Roa=0

o
SF=0 = %TAB-%T;&"’K:“ 7 Tan = Tae
Z‘F&‘=0= ‘%Tm‘%-TAQ*Ro& > R°\¢=(90 b
2FR=0=23Tg+3Te +3&° 30k 7 T,g=Tq= 350k



ATTENTION QUIZ

1. Anplate is supported by a ball-and-
socket joint at A, a roller joint at B, "
and a cable at C. How many i

unknown support reactions are there
In this problem?

A) 4 forces and 2 moments
B) 6 forces

C) 5 forces

D) 4 forces and 1 moment



ATTENTION QUIZ

2. What will be the easiest way to determine the force
reaction B, ?

A) Scalar equation 2 F, =0 -
B) Vector equation >, M, =0

C) Scalar equation 2. M, =0
D) Scalar equation 2. M, =0




