MULTI-SURFACE BRAKING
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Kinetic energy of car = ½mu2
During braking, this energy is expanded as heat in the brakes, tyres and road surface.

Work done  =  force x distance




=   m x a x distance




=   mg(( x distance)

Work done by fos tyre = 

0.3mg(0.7x16 + 0.4x12)

Work done by fns tyre =

0.3mg(0.7x8 + 0.4x20)

Work done by ros tyre =

0.2mg(0.7x(16+2.5) + 0.4x(12-2.5)) 

Work done by rns tyre =



0.2mg(0.7x(8+2.5) + 0.4x(20-2.5))

Total work done = mg(4.8+4.08+3.35+2.87)

or 

  ½mu2 = mx9.81x(15.1)

or


  u = 17.2 ms-1 = 38.5 mph

GRADIENTS

                                                                       (mgcos(
                                       
                                       mgsin(

                        (
                                                                      mgcos(
                                                           mg

Frictional force = ( x (normal reaction)

The normal reaction is the component of the vehicle's weight acting at right angles to the road = mg.cos(
Frictional force = (.mg.cos(
However, there is a component of the vehicle's weight acting down the hill =    

                     mg.sin(
Resultant force slowing down vehicle =

          (.mg.cos( - mg.sin(
Force/mass = acceleration

Deceleration rate, a = (gcos( - gsin(


a = g((cos( - sin()
When ( is small, 

cos( (1 and tan( (sin( and so

a = g(( - gradient)
Example: A car is travelling at 30 mph on a down-hill gradient of 20%. The road is covered with snow with ( = 0.25. 

What is the braking distance?

( is not small, therefore 

a = g((cos( - sin()

tan( = 0.2,  

( = 11.3o, sin( = 0.196, cos( = 0.980



a = 9.81(0.25 x 0.980 - 0.196)



a = 0.48 ms-2

      v2 = u2 + 2as


      0  =
13.42 - 2x0.48xs

or
       s = 187 metres

The braking distance is 187 metres
(Simplified equation gives 183 metres)

Notes: 
(a) When gradient = (, vehicle continues at 

     same speed.

(b) When gradient > (, vehicle accelerates.

Critical speeds on bends
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                                                 mv2/R ( (mg

Centripetal force = mv2/R

This force is supplied by the frictional force at the tyres ( (mg

Therefore, 
mv2/R ( (mg

If 
mv2/R > (mg    then the frictional forces at the tyres cannot keep the vehicle on its curved path. The vehicle will slide tangentially in a straight line.

The critical case is when     mv2/R = (mg

or when




Vc = ((R(g)




 

Example: A bend has a radius of curvature of 100 metres. What is the fastest speed at which the bend can be taken?

(Assume that the vehicle follows the curvature of the road, a = 7 ms-2, no camber)

a = (g  and so Vc = 26.5 ms-1 = 59.2 mph

HILL BROWS





The centripetal force is supplied by the weight of the car


If the required centripetal force exceeds mg then the car 

will take off.

This will happen when   V2/R = g  or when 
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At lower speeds, the frictional force is no longer (mg since some of the weight is used to supply the centripetal force.

In those circumstances, the frictional force is given by

((mg - mV2/R) and therefore the maximum deceleration rate is ((mg - mV2/R)/m = ((g - V2/R)

Note: 

(a)
This deceleration rate depends on V2 and so does not remain constant as the car slows down.

(b)
The car may take off at any point, not just at the brow.

Example:

A car is driven over a hump backed bridge. The vertical radius of curvature is found to be 50 metres. At what speed will the car take off ?
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                                            =  22.1 ms-1
                                            =  49.5 mph

The car will leave the ground at a speed of 49.5 mph.

(This assumes that the suspension is rigid).

Example: A car is travelling 20 ms-1 over a hill brow with a vertical radius of curvature of 200 metres. If the coefficient between the tyres and a flat road surface is 0.7, what will be the braking distance in those circumstances ?

Answer is 35 metres using an iterative process at intervals of 1 metre,

For comparison, the braking distance on a flat surface is 29 metres.

mV2/R ( mg
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