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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS
Type of Contact and Force Origin Action on Body to Be Isolated

1. Flexible cable, belt,
chain, or rope

Weight of cable
negligible

Weight of cable a — : /
not negligible

r
(7]
T
e
i Contact force is
~ compressive and is
N ™~  normal to the surface.
Fa
s
/ ~
R >~ force) as well as a
e

S
-
/
~/ normal component
N N of the resultant
contact force R.

Force exerted by

a flexible cable is
always a tension away
from the body in the
direction of the cable.
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2. Smooth surfaces

3. Rough surfaces Rough surfaces are
capable of supporting
a tangential compo-

nent F (frictional

4. Roller support

Roller, rocker, or ball
SI]Ple"t transmits a

N |
compressive force
- P 7 normal to the
supporting surface.
N
N N |

5. Freely sliding guide
R ‘j \unl
-

P P o A a : an
Eﬂ‘ﬂ 1 LLsaﬂm:mLuaamﬂmsmamaluaaam

Collar or slider free to
move along smooth
guides; can support
force normal to guide
only.
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS (cont.)
Type of Contact and Force Origin Action on Body to Be Isolated

6. Pin connection Pin Pin A freely hinged pin
free not free connection is capable
to turn to turn of supporting a force
in any direction in the
plane normal to the
axis; usually shown
as two components R,
and R,. A pin not free
to turn may also
support a couple M.

O

7. Built-in or fixed support A A built-in or fixed
M| support is capable of

A A supporting an axial
force F, a transverse
or F ’
—— force V (shear force),
“—Weld :

and a couple M
v (bending moment) to
prevent rotation.

8. Gravitational attraction The resultant of
gravitational
attraction on all
m G elements of a body of
mass m is the weight
l l l l J{ l W = mg and acts
toward the center of
the earth through the
center mass G.

W=mg

9. Spring action Spring force is tensile
Linear Nonlinear if spring is stretched
Neutral F F and compressive if
[
|
[

PUSIUUU | Hardemng compressed. For a
F linearly elastic spring
the stiffness k is the

|
p\:\\.-\\.-\-a- | | /Soften ing {1 urfce rett;;lired to
_ _ eform the spring a
X X
unit distance.
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SAMPLE FREE-BODY DIAGRAMS
Mechanical System Free-Body Diagram of Isolated Body

1. Plane truss

Weight of truss P
assumed negligible

compared with P e y
|
|

A i 2 B A, —€ L_—x

2. Cantilever beam

V
Fs F, F Fy Fy F
| Y A
| | I
F y
M

-

I A Mass m

W=mg

3. Beam
/\ T
Smooth surface / M M

contact at A.

Mass m

A :
|
B N A W=mg

Bl l— —_ =X
B,
4. Rigid system of interconnected bodies .
analyzed as a single unit ;’
P Weight of mechanism P s |
L — %

szglected

[+]

m W:mg

B, _)'i\
+ A, B,

31 4 dathansiliaw Free-body diagram
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CATEGORIES OF EQUILIBRIUM IN TWO DIMENSIONS

Force System Free-Body Diagram Independent Equations
1. Collinear Fs /r,.r _—
F —7 x=

) /J/f//

2. Concurrent ZF,=0
at a point ’
IF,=0
3. Parallel ZF. =0 ZM.=0
4. General IF,=0 IM_ =0

F,=0
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Statical Determinacy
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Adequacy of Constraints
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,4/
e
A Al —~—

(a) Complete fixity (b) Incomplete fixity

Adequate constraints Partial constraints

1
A

(¢) Incomplete fixity (d) Excessive fixity

Partial constraints Redundant constraint

U7 10 mitataglusduuuesg

= [ d' % = £Z 1 (% 1 ] % [
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UM 10(d) useansdutialaslddada 4 61 3 MwIndmEwdsIUNIIUEe
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2. RenIagaziansan uazidowu Free-body diagram uonaanan laiidauusalugy
lang wwszazvinldsguan ladine
& Av § o A PN A & A A

3. aunwinalilwanzan  uazidanfiansdsluwuadenuan  (a19tdanaiungile
277 Lat)

4. \Renldsumisuqavesluud Y M _ =0 lasiRansanyuiiuganidusein
Uniga
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3/15 The 100-kg wheel rests on a rough
surface and bears against the roller A when
the couple M is applied, If M = 60 Nm and
the wheel does not slip, compute the reaction
on the roller A.

3871 fviua W =mg =(100)(9.81) N

M =60 Nm

\Waw Free-body diagram 28488 100 kg

‘/NA [ZI\/IC :O] CW+
60— f(0.3)=0
f=200 N

y
[ f > F =0
_Pno
> N f —N,cos30°=0
200—-N,cos30°=0

N, =230.94 N Ans

e & A o =< A 4 & Y
landdaiifasandasmmauuss N, 3senaianga O Taidluganda
- > 4‘1" & a 6 U
SNHANY Lﬂuﬁ;wyulumiﬂ@auqaiuLummvl,@

> My=0] cws+
60— N, c0530°(0.3) = 0
N, =230.94 N Ans
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3/49 The pin A, which connects the 200-kg steel beam with center of gravity at
G to the vertical column, is welded both the beam and to the column. To test the
weld, the 80-kg man loads the beam by exerting a 300-N force on the rope
which passes through a hole in the beam as shown. Calculate the torque
(couple) M supported by the pin.

Welded
|~ pin Jii
AT ( )
L—IZOO min H—LGUOﬂP 300 mm

Imin
35vh  Avuesiwinenu Mg =(200)(9.81) N
dhmsinen mg = (80)(9.81) N
WIIAILTEN = wi9AaTan 300 N

v g o v a J L 1 - [
Jaft vinle 2 3% Junuinez@iuw Free-body diagram atingls
ad o a 1

3uIn nlalagdaw FBD wanIzninga a1 Lassan

Aafiam
[ZFy:O]
N-mg-T=0

N =80(9.81) +300=1084.8 N

Aafianw
> Mm,=0] ccws+

M —Mg(1.2)-N(1.8)-T(2.1)=0

M = 200(9.81)(L.2) +1084.8(1.8)
+300(2.1)

M =4937.04 N
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37imes vldlandou FBD lanminau wazaulidhoiu azvilwussjizen
N sewinsan wazanunanaiduussnelulidasihanda (mﬂgﬂﬁmﬁud%ﬁa
AN 2 sudnenenn uss N azvndanunualyl) aasnsslinyuenied
Resud 3 usarinnin Ae Ax, Ay waz M

4 I
y y mg
X I_x'
M M S
¥\ |
o G A o oy |
IAy Mgl [Ay |v|gl Tl '
N J

Aafian uazanu
> M, =0] ccws+
M - Mg(L.2) ~T (1.8) - mg(L.8) T (2.1) = 0
M = 200(9.81)(L.2) + 300(L.8) + 80(9.81)(L.8) + 300(2.1)

M =4937.04 N




