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Abstract

Tire inflation pressure of vehicle affects various factors such as fuel economy, tread wear, rolling resistance, Contact patch area
and braking distance etc. This research study the effect of tire inflation pressure on rolling resistance, contact patch area and
braking distance of vehicle. Two tests were conducted for measuring rolling resistance and contact patch area with variation in
tire inflation pressure. It was observed that the contact patch area of tire and rolling resistance of vehicle are inversely
proportional to the tire inflation pressure. Test result indirectly proves that braking distance is directly proportional to the tire
inflation pressure and it was verified with the theoretical data.
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I. INTRODUCTION

This work deals with the study of effect of tire inflation pressure on rolling resistance, contact patch area of tire and braking
distance. Study includes two independent tests, one for finding rolling resistance and other for contact patch area of tire.

As the inflation pressure reduces, it results in more contact of tire with pavement. This results in increase in adhesion [1] and
hysteresis [2] between tire and road. This entire factor contributes to the increase in resistive forces experienced by vehicle in
motion. Fuel economy [3] also reduces with reduction in tire inflation pressure but reduction in inflation pressure increases the
rolling resistance [4] which contributes to the reduction in braking distance.

Ultimately this research aims to study contribution of tire inflation pressure on braking distance of vehicle.

Il. TESTING METHODS

For both the tests, vehicle which was used was Maruti Suzuki — Alto 800 LXI (4-seater, petrol engine, tubeless 145/80R12 tires
and front wheel drive). Both the test was performed by varying inflation pressure in range of maximum 40 psi and minimum 10
psi. For every condition 5 iterations were performed to nullify human error.

A. Test 1: Area of Contact Patch

In this test contact patch of front right tire was imprinted on plain A4 sized white papers with help of carbon paper. Pavement
was flat and smooth. At first wheel was cleaned and inflation pressure of every wheel was set at 40 psi.

Vehicle was jacked up using a manual screw jack. White paper was kept on pavement just under the wheel and above this
paper carbon paper was placed and then vehicle was jacked down slowly and when vehicle was on its own, jack was removed
due to which contact patch of tire was imprinted on paper. Again vehicle was jacked up and paper was removed. This paper
contains the print of contact patch of tire.

This process was repeated for getting print of contact patch at various other interval of inflation pressure. Prints were taken at
interval of every 5 psi in between 40 psi and 10 psi including both limits.
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Fig. 1: Contact patch at 10 Psi; (b) Contact patch at 40Psi

For clear and effective print on paper, each time a fresh carbon paper was used. During the whole testing period brakes were
kept applied.

#. Test 2: Rolling Resistance Test

Test was conducted on straight and dry asphalt road. Test was conducted at 40 psi, 25 psi and 15 psi. For each pressure 5
iterations were performed. Every possible safety measure was taken during this test. Total weight of the vehicle at time of testing
was 1100 kg including driver’s weight.

First of all, pressure in all the tires was set to 40 psi. One reference point was established on road.

Vehicle was driven at a constant speed of 30 km/h and this speed was maintained. When vehicle approached the reference
point and when vehicle crossed the reference point, at that moment engine was disengaged by using clutch and vehicle moved on
its own freely without any power from engine till it stopped on its own.

Stopping time and distance were measured. Meanwhile no brakes were applied at any instance of time in the test. Vehicle
stopped on its own. Same procedure was repeated for every other iteration.

I1l. RESULTS

It was found that area of contact patch increases with decrease in inflation pressure also rolling resistance increases with decrease
in inflation pressure.
Results and discussion from test 1
Area of print on paper was calculated manually and also theoretical area was calculated with the equation,
A=W/P 1)
A= Area of contact patch of tire
W=Weight of Vehicle
P= contact pressure =~ inflation pressure
Table -1
Contact Patch area of tire at different inflation pressure.

Pressure(psi)|Actual area(mm?)| Theoretical area = (F/P)(mm?)
10 11675 31418
15 10695 20942
20 9288 15707
25 8818 12566
30 8050 10470
35 7334 8975
40 6705 7853
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Contact patch area v/'s Inflation pressure
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Fig. 2: Contact patch area at various inflation pressure

It is noted that contact patch area at 40 psi is only 57.43% of contact patch area at 10psi. That means with reduction in
inflation pressure by 30 psi, contact patch area of tire almost gets doubled.
€. Results and discussion from test 2

It was observed that stopping time in test 2 reduces with decrease in inflation pressure. Result of iterations for same pressure was
averaged.

Table -2
Effect of tire inflation pressure on various parameters
s Tire inflation Average stopping Average stopping Deceleration Rolling Co-efficient of rolling
r.no . ; - 2 ; -
pressure (psi) time (s) distance (m) (ms2) resistance (N) resistance
1 40 64.106 209.18 0.12998 142.32 0.0132
2 25 53.300 179.23 0.15634 171.19 0.0159
3 15 39.360 128.15 0.21000 229.95 0.0214
Deceleration, Rolling resistance and coefficient of rolling resistance were found out by following equations,
d=(vi—vp/t )
F., =md (3)
Fr = Cgg W (4)
d = deceleration
vi = initial velocity (30 km/h)
vi = final velocity (0 km/h)
t = stopping time
Fr = rolling resistance force
m = mass of vehicle
Crr = coefficient of rolling resistance
W = weight of vehicle
Rolling Resistance Vs Inflation Pressure
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Fig. 3: Rolling resistances at various inflation pressure
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It is noted that rolling resistance increases by 38.3% when inflation pressure is reduced from 40 psi to 15 psi.

IV. EFFECT OF TIRE INFLATION PRESSURE ON BRAKING DISTANCE

Rolling resistance is one of the opposing forces which oppose the motion of vehicle. Hence Rolling resistance also contributes in
braking of vehicle. So if more will be the rolling resistance then more will be the braking effect.
Consider the following free body diagram of a vehicle, different force acting on a vehicle in motion is shown.

m.g

Fig. 4: Free body diagram of vehicle [5]

Fo = Drag force
a = Acceleration
Fron = Force due to rolling resistance
F, = reaction force
Fr = Tractive force

When brake is applied to the vehicle, the braking force will act in opposite direction of motion of vehicle and it will tend to
stop vehicle.

Any force which is in same direction of braking force will contribute in stopping the vehicle and will provide resistance to the
motion of vehicle. It can be observed from fig. 4 that force due to rolling resistance act in same direction as of braking force.
So total force acting of vehicle which tend to stop are as follow

Fiotal = Fprake + Fron + Fp ®)

Frotal = total braking force on vehicle
Forake = Braking force by brakes
Fron = Force due to rolling resistance
Fo = Drag force

So the resultant force which brings the vehicle at rest has rolling resistance as one of its part. So if rolling resistance increases
then Ftal increases due to which total braking distance reduces.

As inflation pressure is inversely proportional to rolling resistance and rolling resistance is inversely proportional to braking
distance so it can be concluded that tire inflation pressure is directly proportional to braking distance of vehicle.

V. CONCLUSIONS

Study was carried out ensuring precise measurements and minimum possible human error. To nullify the effect of human error,
number of iterations was more. From the results of the study conclusions are as follow:

It was observedRolling resistance of vehicle increases with decrease in inflation pressure of tire. It is also observed that rolling
resistance increases by 38.3% when pressure is reduced by 62.5 %.

It was found there is considerable difference in contact patch area at 40 psi and that of at 10 psi. It can be seen from fig 2,
contact path area increases with decrease in inflation pressure of tire. With reduction in tire pressure by 30 psi, contact patch area
of tire is increased by 42.5%.

It can be concluded braking distance of a vehicle decreases with decrease in inflation pressure of tire. One of the reasons
behind is that rolling resistance increases with decrease in inflation pressure of tire which contributes in braking of vehicle
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