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Equilbrium

e When a body is in equilibrium, the resultant of all forces acting on
it is zero. Thus, the resultant force R and the resultant couple M are
both zero, and we have the equilibrium equations

(R=3F-0 M=-3xM-o0)

415 T UVUY UMAEIGQLL AUV U AU U dauLal Caacww

The name of the body The effect of the body ey —
Earth
Flexible cables | = i - ﬁ
And ropes 79 <

Cantilever beam Z Fy

Smooth surface

« Rollers | balls
cylinders

Smooth pins

Email (mariam.ghassan.ghaffar@uomus.edu.iq)



Al-Mustagbal University / College of Engineering

Prosthetics & Orthotics Eng. Department

First Class

Subject (Physics)

Code (UOMUO013015)

Asst. Lec. Mariam Ghassan Al-maroof

15 term — Lecture 6

Modeling the action of force

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANATYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

[

1. Flexible cable, belt,
chain, or rope _1(_
B==""1

A

Weight of cable o
negligible +

i

Weight of cable
not negligible

a8

=

Force exerted by

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

b

11

T
T

2. Smooth surfaces

T
Contact force is
compressive and is

N normal to the surface.

3. Rough surfaces

s

Rough surfaces are
capable of supporting
a tangential
compo-nent F
(frictional force) as
well as a normal
component

N of the resultant

8
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Action on Body to Be Isolated

4. Roller support

Type of Contact and Force Origin
@ i E";o‘ ‘; \; ;

Roller, rocker, or ball
support transmits a
compressive force
normal to the
supporting surface.

KD
'

&
5. Freely sliding guide

= @5

—

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

il
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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 free to turn

a
R
R}'

Pin not free to turn

A freely hinged pin
connection is capable
of supporting a force
in any direction in the
plane normal to the
pin axis. We may
either show two
components K, and
R, or a magnitude R
and direction 8. A pin
not free to turn also
supports a couple M.

7. Built-in or fixed support

A A

.

or

“—Weld

A built-in or fixed
support is capable of
supporting an axial
force F', a transverse
force V (shear force),
and a couple M
(bending moment) to
prevent rotation.

8. Gravitational attraction

I

RIARY

The resultant of
gravitational
attraction on all
elements of a body of
mass m is the weight
W = mg and acts
toward the center of
the earth through the
center mass (.

[

W=mg

9. Spring action
Neutral
position

| .
}\.\Jﬁi

Nonlinear

F
F = kx | Hardening

| I
I |/
| | Softening
—_—x —_—x

Linear
F
|
|

Spring force is tensile
if spring is stretched
and compressive if
compressed. For a
linearly elastic spring
the stiffness k is the
force required to
deform the spring a
unit distance.
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Construction of free- body diagrams

The free-body diagram shows all forces applied to the system by
mechanical contact with other bodies.

= Step 1. Decide which system to isolate.

=Step 2. Next isolate the chosen system by drawing a diagram which
represents its complete external boundary.

=Step 3. Identify all forces which act on the isolated system.

= Step 4. Show the choice of coordinate axes directly on the diagram.

Example of free-body diagrams

SAMPLE FREEE-BEODY DIAGERAMS

Mechanical System Free-Body Diagram of Isolated Body
1. Plane truss

Weight of truss P
assumed negligible P
compared with P ¥
I
I
A - L — —x

2. Cantilever beam -

S T T O e I

| ] |
| A Mass m
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3. Beam
r_j,f'-'f’u
Smooth surface M
contact at A.
Mass m

A
P e P—l"/l
B \\' B, W=
B.*"I

4. Rigid system of interconnected bodies
analyzed as a single unit

P i) Weight of mechanism P
\I;:ileﬂed \

% °<2]m ’T\( \\4%,3

A ; ¢ 2 B ' B,
ta, mld

Equilibrium conditions

e A body is in equilibrium if all forces and moments applied to it are
in balance.
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Free body diagram : is a sketch to show all the forces and reactions acting on the
body For example: The free body diagram includes external forces applied to the body

and external reaction forces resulting from the method of supporting the body

aakiniy

/
R, |
\

M W

Free Body Diagram

Ex1:Draw Free — body diagram for the 50 N sphere shown in fig.

Email (mariam.ghassan.ghaffar@uomus.edu.iq)



Al-Mustagbal University / College of Engineering
Prosthetics & Orthotics Eng. Department

First Class dwa Ll
Subject (Physics)
Code (UOMUO013015)

Asst. Lec. Mariam Ghassan Al-maroof
1st term — Lecture 6

Ex2:Draw Free — body diagram for the 50 N sphere shown 1n fig.

///,j//»’

7504,

S>> F =0
7T cos(75)— R, cos(35)=0
7T cos(75)= R, cos(35)

=L(35)R1 —3.165R,  ...... (1)
cos(75)
+T> F =0
7'sin(75)+ R, sin(35)—50=0
7T'sin(75)+ R, sin(35) =50 ........ (2)

Sub.Eq.(1)into Eq.(2)
(3.165R,)sin(75)+ R, sin(35) =50
3.63R, =50

R =13.774N

Sub. R, into Egq.(1)

7T =3.165(13.774)=43.6 N
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Examples
Mass at mid-point on beam (length L) Free body diagram
l\\’ =mg
A, - A B Fax
A .
% S
L | F-":" Fs}.

x-component forces y-component forces moments about mud-peint (or use A or B)
Fa,=0 Fay + Fpy- wW=0 /2L Fay+ /2L Fp,=0
Final result
Fi, =0, FA'\- = FS)‘ =n2W=%mg

-

Example: Draw Free body diagram for the ropes system shown in fig
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Example : Draw Free body diagram for simple structure with a cable shown

in fig

60°

/% T F""

Two-and three-force members

Fs,

o for a two-force member to be in equilibrium, the forces must be

equal, opposite, and collinear.
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Two-force members

¢ In athree-force member, which is a body under the action of three
forces, equilibrium requires the lines of action of the three forces to

be concurrent.

e The only exception occurs when the three forces are parallel. In this
case we may consider the point of concurrency to be at infinity.

(a) Three-force member
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Sample Problem 3/1

Determine the magnitudes of the forces C and T, which, along with the
other three forces shown, act on the bridge-truss joint.

Solution. The given sketch constitutes the free-body diagram of the isolated
(1) section of the joint in question and shows the five forees which are in equilibrium.

Solution I (scalar algebra). For the x-y axes as shown we have

[ZF, = 0] B4+ Teosd0° + Csmm20°—16=10

0.766T + 0.342C = 8 (ex)
[ZF_\,=|}] Tsind0)" — Ccos20°—3=10

0.643T — 0.940C = 3 (b)

Simultaneous solution of Egs. (a) and (b) produces

T'=9.09kN C=303kN Ans.
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Sample Problem 3/2

Calculate the tension T in the cable which supports the 500-kg mass with
the pulley arrangement shown. Each pulley is free to rotate about its bearing,
and the weights of all parts are small compared with the load. Find the magni-
tude of the total force on the bearing of pulley C.

T
o= 30°

Solution. The free-body diagram of each pulley is drawn in its relative posi-
tion to the others. We begin with pulley A, which includes the only known force.
With the unspecified pulley radius designated by r, the equilibrium of moments
about its center () and the equilibrium of forces in the vertical direction require

L [EMU = G] T]_i'" - TEJ" =1 T]_ = TE
[EF,=0] T+ T,—500(9.81)=0 2T, =5009.81) T;=T,=2450N

From the example of pulley A we may write the equilibrium of forces on pulley B
hy inspection as
T3 = T_g_ = Tz.".z = 1226 N
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500(9.81) N

For pulley C the angle # = 30° in no way affects the moment of T about the cen-
ter of the pulley, so that moment equilibrium requires

T=T, or T=1226N Ans.

Equilibrium of the pulley in the x- and y-directions requires

[XF, = 0] 1226 cos 30° — F, = 0 F,=1062N
[ZF, = 0] F, +1226sin30° — 1226 =0 F,=613N
[F=JF2?+F7 F=,(1062)* + (613)? = 1226 N Ans.

500(9.81) N
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Sample Problem 3/3

The uniform 100-kg I-beam is supported initially by its end rollers on the
horizontal surface at A and B. By means of the cable at C it is desired to elevate
end B to a position 3 m above end A. Determine the required tension P, the reac-
tion at A, and the angle # made by the beam with the horizontal in the elevated
position.

_®

P

6 m

A@ Chzmt;)ﬂ

Solution. In constructing the free-body diagram, we note that the reaction on
the roller at A and the weight are vertical forces. Consequently, in the abzence of
other horizontal forces, P must also be vertical. From Sample Problem 3/2 we
see immediately that the tension P in the cable equals the tension P applied to

the beam at C.
Moment equilibrium about A eliminates force R and gives
(D) =M, = 0] P(6 cos #) — 981(4 cos #) = 0 P=654N Ans.
Equilibrium of vertical forces requires
[EFy=ﬂ] 664+ R —981=0 R=32TN Ans.
The angle # depends only on the specified geometry and is
gin # = 3/8 6= 22.0° Ans.
P B
24N
i e |
| - 3m
A _____1‘3_*5'1&3_13_N___L
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3/6 The 450-kg uniform I-beam supports the load shown
Determine the reactions at the supports.

e 56m L 2.4m—»—|

A —= "

'

I
B 220 kg

_

T—

Problem 3/6

. 1

S0 (2-3\) N

K >, s J’\w:‘ Y
Ies

220 (-81) N
Fas !

2$y\= o % p\~x:0

Z Mp =0 = - 45o (A-3\)4- 220 (A-B\) (5- ¢€)

2; -0 = ch 450 (A-8\)— 220 (A-B1)x3F20=0
Cy =

A_—D - 235< N
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3/8 The 20-kg homogeneous smooth sphere rests on the
two inclines as shown. Determine the contact forces
at A and B.

Problem 3/8

20 (4-%21)N

3/ 8

2 ;-y\ =0

NAcosS\gs — NRBSw3o =0 m
2Ty =9
NA SwAw)I\S NE)COSSO—2O (A-81) -0 )

Solving =q O and @ st =

Mg = AO\-6 N
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3/15 Three cables are joined at the junction ring C. Deter-
mine the tensions in cables AC and BC caused by the
welght of the 30-kg cyvlinder.

Ans. Taec = 215N, The = 264 N

) A
45=
':" _______
= 15°
2 A
30°"
ui'-:E
Problem 3/15
/15 hC

20(4-31)N

Z¥x =0

_TF\C coSLSs ~TBC coS 60 + 3o (‘1~%\)CO()\S =0
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iment ol Prosihetics and Orthotics |

EF& N3

TAC Sin 45 —TaeSin 60 + 30(4-31) Simrs

- 0
fgo\v\g ANt Awe uluo&\o\/\ ét\ 2

Vag = 2\5 N

TBC = 26[{ N

I/ 21 While digging a small hole prior to planting a tree,

a homeowner encounters rocks. If he exerts a hori-

zontal 225-M force on the pryvbar as showmn, what i=s
the horizontal force exerted on rock 7 Note that a
small ledge on rock ' supports a vertical force re-
action there. Meglect friction at B. Complete solu-
tions (a) including and (&) excluding the weight of
the 18-kg prybar.

Ans. (o) Feo = 1705 N, (b)) Fe = 1464 IV

15040 rmrn

Problem S/21
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SR, 7

Ne¢

a) \v\c\ué;igj “\\m \»O'\'\r;)\:\\ og\ L\ \3 K_j pra\oqv

02 Mo e
' o-2 ~
29.5 (\-F) = \% ("\-?,\)(0'3()’mv\10 ) - "B(m-o

% ;\7): 20%5%36 N

_QBCOSIO x 225 =0

i?*—_o :# ?C
o2 R—-C: \—405 N
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\9) £ xclude e W‘;lj\"k oX Mac \§ K9 Pg\gm,

Q i-/\)\czo
205 (\VF) - S (22=)=0

& Sg o= \23%F 162 N
Z; S % ?C - ;%coS 26 11520
A

T = Waéh N

3/31 The two light pulleys are fastened together and form
an integral unit. They are prevented from turning
about their bearing at O by a cable wound securely
around the smaller pulley and fastened to point A.
Calculate the magnitude R of the force supported by
the bearing O for the applied 2-kN load.

Ans. R — 4.38 kN

Problem 3/31
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3/ 3\
Sz 125
) = —
E 325 -
|
A 4 e .
(\2{\/\ -0 2KN E\Ii)\ I
+ | o
9 (200)- T (25)z0 = s 2L KN

R o =S 3.2 ¢0522.6\4 4 Ry =0
« =

5 Ry= ~_2.95%5 KN

ZQJ:O = R&_l,S-l%'\w21.c'\% e

Ra = 3.23 KN

.c- L\J |
R___RI*P\I :m = L. 33N

% &
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