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Concurrent Coplanar Systems.
The Free-Body Diagram.
Pulley, cables and Spring.

Examples

A geaal) BN} (s g8 o
Al acal) hhads o
ol (3 S (Juall o
Alia) o
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* A Particle is at equilibrium if:

- At rest, or

- Moving at constant velocity.
« Newton’s second law of motion: Y = ma,

where ) F is the vector sum of all the forces acting on the particle
Condition for the Equilibrium of a Particle: Y F .
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}Acceleration must vanish: a = 0
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_2 Concurrent Coplanar Systems 48Ul ‘UM‘ s Al ddas 2 [Zv

A particle is subjected to coplanar forces in the x-y plane. OJLLOJ,
The vector equilibrium condition is: . F,

YF=0.: F=Fi+Fj
Resolve into x and y components for equilibrium [\‘

YF, =0 & YF, =0

Scalar equations of equilibrium require that
the algebraic sum of the x & y components
to equal to zero. F,
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YF,=0 & YF,=0

4/21/2025 (il ALl 3




3. The Free-Body Diagram Py

* Best representation of all the forces \
(>F ) which acts on a body (particle).

* A sketch showing the particle “free” |
from the surroundings with all the é
forces acting on it.

e Consider two common connections T
in this subject:
— Cables with or without Pulley. o

— Spring or rubber cord.
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3. The Free-Body Diagram ... common connections IZ\
Cables and Pulley

 (Cables (or cords) are assumed of negligible

weight & cannot stretch. “_E‘T_
 Tension always acts in the direction of the cable. ’
 Tension force must have a constant magnitude /

for equilibrium >

 For any angle 0, the cable is subjected to a Y

constant tension T o i |
(Cable 15 in tension
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3. The Free-Body Diagram ... common connections 2

Spring or Rubber Cord.

* Linear elastic spring: change in length is o
directly proportional to the force actingonit.

 Spring constant or stiffness k : defines the
elasticity of the spring.

 Magnitude of force when spring is elongated
or compressed, is: FF = ks =k(l—1,)
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F=ks=k(-1)
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Example 1. A sphere has a mass of 6kg and
is supported. Draw a free-body diagram of
the sphere, cord CE and the knot at C.

FBD of Sphere. Fig. b.
Two forces acting, weight and the force on cord CE. Fc (Force of knot acting on cord CE)

F.; (Force of cord CE acting on sphere A
Weight of 6kg (9.81m/s?) = 58.9N |
FBD of Cord CE. Fig. c.
Two forces acting: sphere and knot. Newton’s 3™ LaW: ., e s scineon hene |

(b) F ¢ (Force of sphere acting on cord CE)

F.c and F.. pull the cord in tension
For equilibrium, F; = F. (©

F g4 (Force of cord CBA acting on knot)

FBD at Knot. Fig. d.

il C
3 forces acting: cord CBA, cord CE and spring CD. gt Lo Lt
Important to know that the weight of the sphere does not Y o
¢ |Force of cord CE acting on knot)

act directly on the knot but subjected to by the cord CE. @)
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Example 2 . Determine the tension in cables BA and BC
necessary to support the 60-kg cylinder in Fig.a.

Solution

Free-Body Diagrams.

The tension in cable BD, acting on the cylinder in addition to
its weight, is shown in the free-body diagram (Fig.b.). Due to
equilibrium, this tension is T;,=60(9.81)N= 589 N.

The forces in cables BA, BC can be determined by @
investigating the equilibrium of ring B. Its free-body r,-600syn
diagram is shown in Fig.c.

The magnitudes of T, and T, are unknown, but their
directions are known. From the Eq. Egs.

45°
4 4
‘¥B

Y Ty = 60 (9.81) N
60 (9.81) N

(b) (c)

Equilibrium Equations (Eq. Eqgs.).
>F,=0:—-T,(4/5)+T,cos45°=0

| 3F, = 0: T,(3/5)+T,sin45 ° —589=0
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- Solvingtoget T,=420N & T, =476N




Exam |e 3. .- ‘ 2m . P
1. Determine the two forces 7,,& 7, -that the spring AB & the cord AC apply to the o A

AB S —
ring A, if the spring AB stays horizontal and the mass of the suspended lamp is 8 kg. \?;\_\ @J& s ((:f'um_j
2. Determine the length of the cord ACif the undeformed length of the spring ABis A T e
195=0.4 m, and the its stiffness is k=300N/m.

Solution 1. i

FBD of Ring A

Three forces acting, force by cable AC, force in spring AB and weight of the lamp: )

=gm=(9.81)(8)=78.5N
T,
Eq. Egs. h
YF, = 0; Tyy- Tyoc0s302 = 0 N
Solving to get 7= 157N and 7,,= 136N AT —
S F, = 0; T,.sin30° - 785N =0 5065 fac Az | L
| B
Solution 2. W=185N
If force on cable AB is known, stretch of the spring is found by: (b)

Typ=kpS s > 136=300s,,; = s,,=0.453m

For stretched length, /,,=1°5+ S,5= 1,5=0.4m+0.453m=0.853m For horizontal distance BC,
2m=1,,-.c0s30°+ 0.853m = /,=1.32m
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Ex.1. If the mass of cylinder Cis 40 kg, determine the

mass of cylinder A in order to hold the assembly in

the position shown.

40 kg

Ex.2. The 200-kg crate is suspended using the ropes AB, AC and AD.

Each rope can withstand a maximum force of 10kN before it

breaks.

If AB remains horizontal, determine the smallest angle O to which

the crate can be suspended before one of the ropes breaks.
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Ex.3. If the 5-kg block is suspended from the | 0.4 m
pulley Band the sag of the cord is d=0.15 m, | | IZV
determine the force in cord ABC. Neglect the

size of the pulley.

Ex.4.If cable CB is subjected to a tension that is twice
that of cable CA, determine the angle for equilibrium
of the 10-kg cylinder. Also, what are the tensions in
wires CAand CB?
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Ex.5. The unstretched length of spring | " o i IZV
AB is 3 m. If the block is held in the ~elC 295

equilibrium position shown, determine
the mass of the block at D and the

unstretched length of spring AC.

Ex.6. The block has a mass of 5 kg and rests on the smooth

plane. Determine the unstretched |ength of the spring.
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Ex.7. Determine the tension in cables A8,
BC,and CD, necessary to support the 10-kg
and 15-kg traffic lights at 8 and C ,

respectively. Also, find the angle %)

4/21/2025

Ex.8. (1) Determine the tension developed in each
cord required for equilibrium of the 20-kg lamp.

(2) Determine the maximum mass of the lamp that
the cord system can support so that no single cord

develops a tension exceeding 600 N.

eigd) dilaal) 13



Ex. 9. Cable ABC has a length of 5 m. Determine

the position x and the tension developed in ABC 't deola
0.75m o= — 6)liali

required for equilibrium of the 100-kg sack. | - a
A

Neglect the size of the pulley at 5.

Ex.10. (1) The springs BA and BC each have a stiffness of 500

N/ m and an unstretched length of 3 m. Determine the

horizontal force F applied to the cord which is attached to the
small ring B so that the displacement of the ring from the wall
is d=15m.

(2) The springs BA and BC each have a stiffness of 500 N/ m

and an unstretched |ength of 3 m. Determine the displacement c = 500 N/

6n

d of the cord from the wall when a force F/=175 N is applied K3

to the cord. y
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