Lecture No. 37

Subject:  Dry Friction
 
Objectives of Lecture:

· To introduce the concept of dry friction 
Definition of Friction

Friction may be defined as a force of resistance acting on a body, which prevents or retards slipping of the body relative to a second body or surface with which it is in contact.

Friction force always acts tangent to the surface of the body in contact to a second body or surface.

Types of Friction

· Fluid friction exists when the contacting surfaces are separated by a film of fluid (i.e. gas or liquid). Fluid friction is studied in fluid mechanics

· Dry friction or Coulomb friction occurs between the contacting surfaces of bodies in absence of a lubricating fluid.

Theory of Dry Friction

The theory of dry friction can be best explained by considering what effects are caused by pulling horizontally a block of uniform weight, W, and resting on a rough horizontal surface, as shown in Fig. 37.1(a).

Fig. 37.1

There are two equilibrium (i.e. balancing) forces developed against the pull of the block, as shown in Fig. 37.1(b).

i)
Normal force, ΔNn
(perpendicular to  the contact

  
surface to balance, W)

ii)
Frictional force, ΔFn
(tangent to  the contact

  
surface to balance, P)

Microscopic view of the point

Of applications of ΔNn &ΔFn 

 (Fig. 37.1c) 







Resultant Normal Force, N

N = ΔN1 + ΔN2 + ΔN3 +-----------ΔNn
Resultant Frictional Force, F

F = ΔF1 + ΔF2 + ΔF3 +-----------ΔFn

Equilibrium of the Block

If P is applied at a height h from the surface, as shown in Fig. 37.1d, the for equilibrium (i.e. to balance the tipping effect), we have ΣMabout o = 0.

Fig. 37.1d

· -W.x + P.h = 0

· x = P.h/W

If x = a/2 the block will be on the verge of tipping.

Impending Motion of the Block

With increase in P the F increases until it attains a certain maximum value, Fs, called the limiting frictional force, as shown in Fig. 37.1e.

Fig. 37.1e

When P = Fs the block is in unstable equilibrium because any further increase in P will cause the motion to the block. This about to move condition is called the impending motion. 

For the impending motion condition, the following relationship between F and N are experimentally determined:

Fs = μs N
Where,  μs = coefficient of static friction

   (depends upon the characteristics of      the two surfaces in contact)

Typical values of μs for different contact materials are given in the following Table:

From Fig.37.1e, the expression of the angle of static friction, øs, may be obtained as:

øs = tan-1(Fs/N) = tan-1(μs N/N)

· øs = tan-1μs
Motion of the Block

When P > Fs, Fs drops slightly to a lower value, Fk, called the kinetic friction force. 

In such a situation block will not be held in equilibrium, instead, it will begin to slide with increasing speed, as shown in Fig. 37.2.

Fig. 37.2

For the block in motion we have

Fk = μk N
Where,  μk = coefficient of kinetic friction

   (μk < μs)

       ≈ 0.75 μs
From Fig.37.2, the expression of the angle of kinetic friction, øk, may be obtained as:

Øk = tan-1(Fk/N) = tan-1(μk N/N)

· øk = tan-1μk
Graphical Representation of the State of Motion of the Block
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