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MODELING THE ACTI FORCES IN TWO-DIMENSIONAL ANALYSIS

Type of Cantact and Force Origin Action on Body to Be Isolated | o
1. Flexiblo cable, balt, M r“-i; SRy
chain, ar rope. d e Force exerted by
Weight of cable
negligible

a flexible cable is ol .
always a tersion away —alisea ‘_)""]
Weight of cable *_ﬂ;‘?:
ot negligible

from the body in the
2. Smoath surfaces

direction of the cable.

(P38 o3 08 4 42 )

Contact focce is
ressive and is
narmal o the surface.

3. Rough surfaces Rough surfaces are

capable of supporting

=,
,’4“{&

e a tangential com,
/ < oent F (fvictional
R o
- normal component
N ¥ of the resultant

contaet furce

4. Roller support
= ‘—r‘ PR TR—
N

Support transmits a
compressive force
d & & normal to the
supporting surface.
- - — N

5. Feeely sliding guide
e Callar o slider free to

= @b e
force normal to guide
&
N N

.

MODELING THE ACTIO}

F FORCES IN TWO-DIMENSIONAL ANALYSIS (cont)

Type of Contact and Force Origin ‘Action on Body to Be Isolated

6. Pin connection Pin P Afreely hinged pin 5
free  not free  connection |s capable JA&H w_{; ‘5\.&‘32:;

taturn o turn

calises |5

axis: usually shown
as two companents R,
and R, A pin not free
ta turn may also
support a couple M.

7. Bulltin or fixed Suppoet A Abuile-in or fixed
A
o
- Weld

8. Gravitational attraction The resultant of
aravitational
attractlon on all P
;u clements of 2 body of B

3. Beam

and a couple M Smooth surface
v {bending moment) to
prevent rotation. contact at A.

Mass m

ar
I

b

the earth through the
conter mass G.

9. Speing sction z Spring force is tensile
Linear  Nonlinear I spring Is stretched

pressive il

¥
t ogy |Hardening compressed. For &
X ol linearly clastic spring
k1—’1 F (5 the stiffness & is the
}JWW\» | | Hoatenin force required to
ey AT R deform the spring a
unit distance.

Neuwal — p
ition |

|

|

(’L‘“}' :‘)\ af{n.: o~ J b

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

P Weight of mechanism

neglected

2. Cantilever beam

Fa

A Mass m

11 12
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CATEGORIES OF EQUILIBRIUM IN TWO DIMENSIONS

S oS 1y LT izen a3l o151 (gla s 50 i e

Force System Free-Body Diagram Independent Equations
1. General ¥, ¥, i —~IF =0 EIM.,-0 =1
! > 5F,=0
1
I
4. Uniform crate of
mass m leaning A
against smooth 2. Collinear £F.e0
vertical wall and J
supported on a
rough horizontal
surface. B
3. Concurrent EF, -0
ata point
= EF, -0
4. Parallel IF, -0 IM.-0

NG )

13 14

: (Two-Force Member) ;.5 s s2¢

e The uniform 18-kg bar OA is held in the
position shown by the smooth pin at O and
the cable AB. Determine the tension T in the
cable and the magnitude and direction of the
external pin reaction at O.

K Two-force members j

16

:(Three-Force Member) ;.5 < ;e

S s 5 CE e sl 0 55 @

T”FETSm—vﬂ—Zm—-!

1.5m Ty () Closed pﬂ\%‘pm
b tisfies LF = 0

i |8 ! T {a) Three-force member satisfles .

o ——
B
E

15m F

%,,L: -

1.5m
9 D 400 kg

- J o
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dols SVslee [ Kos sl

SF, =0 3IM,=0 ZXMp=0
M, =0)
IF,=0

M, =0 satisfied } satisfied

s WEAB @

AELX e
@
£ M, -0 satisfied ?\‘;,‘, s g} satisfied
C,BALG o
el S 5o bl
sl
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s S K asei (triceps)
Shossliis b« 1, (load cell)
S B 0k 5,8 3 (555
F 8 65,0 2160 N 1,

Cand O35 Snl i dlize s
5ol 1.5kg oui;l;s};\:@'j
513 Gk s e ol B S e

4ls
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M, =0 EMg=0 IM;=0 /
—

el 5 Al Caslis Jilesl 5o @

14 =
o 150 mm 150 mm = Load cell
\25 - /

(a) Complete fixity
Adequate constraints

AS=E

\(b) I lete fixity

4/11/2020

Incomplete fixity
Partial constraints

o

(d) Excessive fixity

Partial constraints

20

Redundant constraint

Ta@

2 100kg O35 4 > @
B RTSS) éh' CX3]
NS A S G “*3;
/['4 M=60 N.m ;8 .5l
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ol Sl s o
LA S 6 esls g5,

—

J

22

BON (B aostes 510
LAOKG ¢ A 5315 5
Sy i b3y e O

Sl

80.77 kg ;= ®

J

24



25

4. Ball-and-socket joint

all three companents.

A ball-and-socket Joint free to
pivat about the center o
ball can support a force R with

f the

determinacy.

X Sy
. Fixed connection embecded or welded) T acltion to three componienits
i of force, a fixed connection
| can support a couple M
represented by Its three
componernts.
" %
6. Thrust-bearing support
2 Thrust bearing Is capable of

supporting axial force R, as
well as radial forces R,
Couples M, and M. must, in
some cases. be assumed zero
in arder to provide statical

and K,

27
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MODELING THE ACTION OF FORCES IN THREE-DIMENSIONAL ANALYSIS

‘Type of Contact and Farce Origin Action on Body to Be Isolated

1. Member In contact with smooth
surface, or ballsupported member
H H Force must be normal to the
surface and directed toward
the member,

2. Member in contact

S S

26

28
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with rough

surface The passibility exists for a
force F tangent to the surface

({riction foree) to act on the
B member, as well as a normal

> o2 force N.
x ¥
3. Roller or wheel support ¢ F

with lateral

constraint Alateral force P exerted by the
guide on the wheel can exist. in
addition to the normal force N.

3 8 s oLl
Thrust bearing

PECERIHHN
Roller bearing

&) aazrle DULL
Ball bearing

https://iwww.youtube.com/watch?v=Q4pXDnSz0Lc
https://www.youtube.com/watch?v=p_KeLOXtEjw

CATEGORIES OF EQUILIBRIUM IN THREE DIMENSIONS ]
Force System Feee Bady Diagrem Tndependent Equations
1. General

SF-0 M0
a0 IM,.0
=0 IM.-0

2, Concurrent
at a point

3, Cancurrent
with a line

XF,-0 M, -0
IF,=0 M, =0
£, -0

4 Paraliel
EF,-0 M, -0
M, -0



https://www.youtube.com/watch?v=Q4pXDnSz0Lc
https://www.youtube.com/watch?v=p_KeL0XtEjw
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(a) Complete fixity

Adequate constraints (¢) Incomplete fixity

Partial constraints

E
71
=

(d) Excessive fixity

(b] Incomph[e nx"y Redundant constraints

Partial constraints
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