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MODELING THE ACTION OF FORCES IN THREE-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

1. Member in contact with smooth
surface, or ball-supported member

&
| [
|
[

— — —

Force must be normal to the
surface and directed toward
the member.

with rough

2. Member in contact z
|
surface [

|

The possibility exists for a
force F tangent to the surface
(friction force) to act on the
member, as well as a normal
force N.

3. Roller or wheel support -
with lateral

constraint ( ;
< -~
- S

~
- y

A lateral force P exerted by the
guide on the wheel can exist, in
addition to the normal force N.

4. Ball-and-socket joint

z
|
|

A ball-and-socket joint free to
pivot about the center of the
ball can support a force R with
all three components.

5. Fixed connection (embedded or welded)

In addition to three components
of force, a fixed connection

can support a couple M
represented by its three
components.

6. Thrust-bearing support

el
“

.

e

Thrust bearing is capable of
supporting axial force R as
well as radial forces R, and R..
Couples M, and M, must, in
some cases, be assumed zero
in order to provide statical
determinacy.
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CATEGORIES OF EQUILIBRIUM IN THREE DIMENSIONS
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(a) Complete fixity (h) Incomplete fixity
Adequate constraints Partial constraints

(¢) Incomplete fixity (d) Excessive fixity
Partial constraints Redundant constraints
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Constraints and Statical Determinacy
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3/90 A rectangular sign over a
store has a mass of 100 kg, with
the center of mass in the center of
the rectangle. The support against
the wall at point C may be treated
as a ball-and-socket joint. At
corner D support is provided in
the y-direction only. Calculate the
tension T, and T, in the supporting
wires, the total force supported at

C, and the lateral force D
supported at D.
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WNAAGN 9 et A
A(0,-1.5,2.5)
B(0,1.5,2.5)
C(0,0,-1)
D(0,0,0)
E(4,0,0)
F(2.5,0,0)
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. —47-157+25k) T
T1=T1nEA=T1( > i 2)= p
VA2 1152425  4.9497

(-251 +1.5]+25k) T,
V257 +15°+252  3.8406

(—41 —1.5] +2.5K)

T, =T, =T, (=2.51 +1.5] +2.5K)
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4.9497

r,xT, = (2.5 +K)x

T (257 415]+25K) =1 (-1.5(—8.75] +3.75K)
3.8406 06

3.84

WNURILUENANT (1)

T (157 -14F - 6K)+ 12 (157 —8.75] +3.75K)
4.9497 3.8406

+100(9.81)(2) j— Di =0 (2)
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LA 1.5) + T2 (-1.5)-D =0 )
4.9497 3.8406

LA (-14) + T2 (-8.75) = —100(9.81)(2) (3)
4.9497 3.8406 >

L (-6) + T2 (3.75)=0
4.9497 3.8406 D
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T,=346.83 N, T, = 430.586 N, D = -63.064 N Ans
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NNV T, uaz T, Aldazmanindouusinisaslugiinaiaaildaad

T, = 2'49233 (=41 —1.5] + 2.5k) = —280.284i —105.106 ] +175.177k
T, = 23,22150866 (-2.51 +1.5] +2.5k) = ~280.2861 +168.171] + 280.286k
> F =0 C, —280.284—280.286 =0
C, =56057 N
> F, =0 C, —105.106 +168.171—63.064 = 0
C,=0 N
> F =0] C, +175.177 +280.286 —100(9.81) = 0
C,=525537 N

Si5  C=+/560.572+0+5255372 =768.39 N Ans




