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Figure 5.1
(a) A pin support.

(b) Side view showing the pin passing through the beam.

(¢) Holding a supported bar.

(d) The pin support is capable of exerting two components of force.
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

| MODELING THE ACTION OF FORCES IN TWO-DIMEN

ISIONAL ANALYSIS (cont.) |

Weight of cable F_Q;:;E
not negligible Z

Type of Contact and Force Origin
1. Flexible cable, belt,
chain, or rope {
Weight of cable
negligible

Action on Body to Be Isolated

Force exerted by
a flexible cable is
T always a tension away
o from the body in the
[} direction of the cable.

Type of Contact and Force Origin

Action on Body to Be

2. Smooth surfaces
\\/

3. Rough surfaces

4. Roller support

-
‘T -

Contact force is
compressive and is
normal to the surface.

Rough surfaces are
Fa capable of supporting a
/ —~ tangential component F'
R 5 ~ . (frictional force) as well
as & normal component
N of the resultant
contact farce R,

6. Pin connection

Pin free to turn A freely hinged pin

connection is capable
o of supporting a force
= - in any direction in the
» R plane normal to the
R, pin axis. We may
either show two
Pin not free to turn components R, and
R, or a magnitude R
and direction 6. A pin
R, M not free to turn also
supports a couple M.

7. Built-in or fixed support

A A
or
| Weld

A A built-in or fixed
M support is capable of

1 supporting an axial
F 1 force F, a transverse
. T (shear force),

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

Roller, rocker, or ball
support transmits a

compressive force

normal to the

supporting surface,
N

8. Gravitational attraction

L 3
HHH

The resultant of
gravitational
attraction on all

G elements of a body of
mass m is the weight
W = mg and acts

Wami toward the center of

the earth through the
center of gravity G.

9. Spring action

Neutral
position

Linear Nonlinear

F
: F=kx :Hardemng

| x 1
FH gl (.
}v\’\'\'\(\/"—>- | | /” Softening
k ——x ¥«

Spring force is tensile if
the spring is stretched
and compressive if

F ke compressed. Fora
linearly elastic spring
the stiffness k& is the
force required to deform
the spring a unit
distance.

5. Freely sliding guide

= cio)

Collar or slider free to
L/ move along smooth
{ guides; can support
force normal to guide
N only.

10. Torsional spring action

R e

| €

kr

Neutral position

For a linear torsional
spring, the applied
moment M is
e proportional to the
M =kp6 angular deflection 6
(: \ from the neutral
position. The stiffness
kq is the moment
required to deform the
spring one radian.
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Types of Connection

Reaction

roller or pin in
confined smooth slot

cable %)

) > B o ) ”
9 4 > N S %
) 6/ \) ot 0/ \\ ) o /u,v“\
" f W\ \ \ ¥

¥ A% ¥ \Y member pin connected
: - tar collar on smooth rod
weightless link o —
(8)
3) ,
/
/ / AU
{ 2 B .
”, § smooth pin or hinge
roller
© Py
@ Y4 V.
’ ~
:T'P{ = M
F member fixed connected
rocker to collar on smooth rod
10
) | e F, ¥
F, &
( = Qti_. or ( i
% M M

smooth contacting
surface

fixed support
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The cable exerts a force on the bracket
in the direction of the cable. (1)

Typical pin support for a beam. (8)

This concrete girder
rests on the ledge that
is assumed to act as
a smooth contacting
surface. (5)

The rocker support for this
bridge girder allows horizontal
movement so the bridge is free
to expand and contract due to
a change in temperature. (4)

The floor beams of this
building are welded
together and thus form
fixed connections. (10)
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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 P
compared with P ¥
|
|
4, L——x | [ Beam
A
1’ 4 1": Smooth surface \{\‘/\ M \/\ M
2. Cantilever beam v contact at A.
Fy A Fy Bl R — 7 Ny
) | \ 1 P — P — / \
B \F—B W=mg | _
I F | | B x e s B
—IA Mass m M + J‘, s . P : -
4. Rigid sy of inter bodies
W=mg l_ analyzed as a single unit -’r
=% P —€—3,  Weight of mechanism [P ——— |
neglected T
<<
m W=mg
A g.z B + B‘_)}
4, B,
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S

= +3500(0.75) — 3500(0.95) — 14000(1.8) + Ry(3) = 0
— R, = 86333 N

Z F, = —3500+ R, — 3500 — 14000 + 8633.3 =0

- R, =12366.7N

8633.3/2=4317 N :gl> 9o &,> )
12366.7/2=6183 N :wsc )90 &> ,D
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ZFx =600 cos45—-Bx =0

- B, =424 N
¥
| 2.
600 sin 45° N
200N — ;
. | . l = 100(2) + 6005in 45 (5) — 600 cos 45 (0.2)
| —Ay(7) =0
R — : - A,=319N
2m ! 3m
A, ZFy=319 —600sin45 — 100 — 200+ B, =0
- B, =405N
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’lf%SlI) mm——— 400 mm—{

T Jlio

5
ZszAx 52 %= +30 c0560 = 0

- A, =50N

12
D By =4, =52+ 15 ~305in60 =0

~>A,=740N

A=JA2+A2=50%+740%=742N

Ay 74.0| —86.1° 7
501

A

1

=tan~!

8, =tan"
X

12
Z My = +M, =52 +22(0.3) =30 sin60(07) = 0

- M, =326 Nm =

4 m
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S)lous Jlasl,> Jbio

SM4=0: +B(1.5m)-9.81kN(2m)
—23.5kN(6m)=0

B =+107.1kN

>F,=0: A+B=0
kN A, =-107.1kN|
1.5m >Fy,=0: A, -9.81kN-235kN =0
B B 9.81kN
» m»l*— - A, =+33.3KN
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RSN

N 20 kN 20 kN 20 kN

lelSmlSmlSml

E m—pl— - — — —— ——
\"lw— 4.5 m ——‘

E, 150 kN

ol iulos wasw Jlio

SF=0: E,+ 3;(150kN) 0

E, =-90.0kN|

6
YF,=0: EV—4(20kN)—7—5(150kN)=0
E, =+200kN

SMg =0: +20kN(7.2m)+20kN(5.4m)

+20kN(3.6m)+20kN(1.8m)

—765(150kN)4.5m+ Mg =0

Mg =180.0kN - m|
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Fig. 5.14 (a) Brake pedal. (b) Physical model. (¢) Free body diagram
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0,5 Jlu Jlo

b : F=-3007
I3 B, A L | 0.832T17+0.555T ]
= = V. L .
’ V152 + 102 g

IB B T
10 D F,=0832T —300+Bx =0
D
C &
30 > B =0555T +By =0
. F - F ZMB — 300 (40) — 0.832 T (10) = 0
A A
del. (¢) Free body di
mode €) Free boay diagram 5 T=1442 N
—~ B, =—900 N
~ B,=—800N
B =B,1+B,j=-9007 —800] N
B =+/B,2 + B,2=/900% + 8002 = 1204 N
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Hld>nd adow 9 Ul Jlin

z M, = +N,cos 30 (0.6) — N, sin30 (0.2) — 750 (0.3) = 0

—>Ny=5362N & By, =60

ZFx = A, —536.2sin30 = 0

— A, =268N

> = 4,+ 53620530 - 750 = 0

—> A, =286N

A=A2+A2=/268 +2862=3919N

4y 286| =469° /7
268l

6, =tan"! = tan~!

X
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NF,=Ny;—900=0 - Ny=900N 1

Z M, = +M,— 900 (1.5) — 500 + 900 (3 + 1 cos 45) = 0

> M,=—1486 Nm U
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e
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W
Fig. 5.16 (a) Lift chair. (b) Physical model of the bar. (¢) Free body diagram
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F,

F3
(a) Three-force member
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(5) Closed polygon : ! 1
satisfies ZF = 0 (a) b (c)
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AF = 4B cus45 = (4m)cos45 = 2.828m

CD = AE = ) AF =1.414m

BD = CD cot(45+20) = (1.414 m)tan 20 = 0.515m
CE = BF — BD =(2.828-0.515)m = 2.313m

fang = 5 22313 _ 1 636
AE 1.414
T R _ 9IN
i sin31.4° sin110° sin38.6°
T =81.9N
R=147.8N
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IM, = 0 satisfied

(a)

IMA = 0 satisfied

(e)

4-47 www.sdvd.ir | davoudi@gmail.com | Sagls Ol | Swlicwl



