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Abstract:

The protection of one's health and the safety of others on the road is now a top priority. The authors address tire
adhesion issues resulting from ground contact during vehicle braking. Tire pressure is only one of many
parameters that affect road grip and braking force. The article discusses how tire pressure affects road grip and
braking force. It was put to the test in two likely under pressure and two likely over pressure scenarios.
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I.  Introduction

Wheels and tires are components that link the tire tread with the vehicle. The evaluation of numerous
variables that influence the effect of wheel components on the vehicle running condition [1] is possible.

In conjunction with the track, the tire's duty is to bear the vertical loads and generate tangential forces
to accelerate or decelerate the vehicle, as well as side forces to guide it. The wrong tire pressure reduces the
tire's capability to provide suitable traction. This will lead to asymmetrical and excessive tire wear and will also
have a significant influence on the tire, potentially posing a hazard, particularly in high-speed turns.

Two factors affect the contact patch between the road and the tire: tire pressure and wheel loads [2,3].
Based on the rim size, tire size, and load on the wheel, the manufacturer recommends appropriate pressures for
the vehicle's front and rear tires [4]. When the tire pressure is low, the larger the contact surface between the tire
and the road, the greater the rolling resistance. This has a detrimental effect on the tire, resulting in increased
heating and wear [5]. When the tire pressure is too high, the center portion of the tire wears out faster, and when
the pressure is too high, the tire blows out.

An automated technical inspection is made up of various tests. The braking systemis the most crucial
mechanism of a vehicle's safety system and helps to reduce fatalities and financial losses. The braking system's
performance has a significant impact on vehicle safety, handling, and dynamics [7]. The significance of braking
efficiency increases in cases where certain drivers react slowlyin taking emergency braking decisions. They
could be frightened or distracted and not braking hard enough to bring the car to a stop [8]. Other research, some
of which are listed below, have investigated the significance of car brakes and related issues. [9,10,11,12].

The braking acceleration is measured with a roller brake tester at a technical inspection facility. The
rate of deceleration of the vehicle per unit time when braking is known as braking acceleration. Newton's second
law and Equation 1 [13] are used to calculate the braking acceleration:

F=ma—a=F/(1)
Where a represents the braking acceleration, F represents the sum of the braking forces, and m represents the
vehicle's entire mass. The braking acceleration, on the other hand, is computed using Equation 2 [14]:
a=(v2—v02)/2d(2)
Where a represents the braking acceleration, v represents the final velocity, vO represents the initial velocity, and
d is the stopping distance. The stopping distance is the thinking distance (response time) plus the braking
distance, although in this article, the braking distance is considered the same as the stopping distance due to the
driver's mental preparation to brake in a specific location. The braking efficiency is also obtained from Equation
3[15, 16]:
E=Flmg — E =al(3)
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Where E represents braking efficiency, a represents braking acceleration, and g represents gravity acceleration.
We get the following results from Equations 1, 2, and 3:

A) Braking force and stopping distance are inversely proportional.

B) Brake efficiency and braking acceleration are inversely proportional.

1. MEASURING DEVICE
Test has been run on the break tester rolling stand which is endowment by the public authority of
applied education and training (PAAET) in Kuwait withRoller Set With precise strain gauge sensors for brake
testing of passenger cars, overdrive load up to 4,0 to %, testing load=3,5 t = 7,5 kN, braking force/wheel %
Brake roller: @ 205 mm, axle distance 381 mm, silicon-sand surface, super elevation of rear rollers over front
rollers 25 mm % for track width up to 2200 mm.[17]

1. MEASURING CONDITION
The recommended pressure for the 235/60 R18 tire type with full loaded driver and his luggage is 33 PSI for the
wheels of both axel pressure was measured [18] using DIYCO D1 Digital Tire Pressure Gauge with accuracy of
+/-1% PSI.
The pressure in the tires of front wheels was changed from the nominal value of 33 PSI downward to 17 PSI and
25 PSI and upward to 33 PSI to 41 PSI and 49 PSI respectively. For each pressure value, 6 tests were performed
total of 30 samples.
The test is applied on:
Type size and model: continental 235/60 R18
Power train: All wheel drive (AWD) SUV 5 speed Automatic Gear Box
Power unit: V6 3.5 L petrol compression-ignition engine.
Prior to performing tests, the condition of the components of the braking system, particularly brake discs and
pads is evaluated by technicians of the official representative of the automobile manufacturer. Being critical
components of the braking system, they transmit braking energy to the axle and tires, allowing the vehicle to
reduce speed or stop. Experts from authorized representatives of the vehicle manufacturer also examine the
roller brake tester's calibration.

V. TEST PERFORMANCE AND RESULTS
Test is performed by increasing and decreasing the pressure in 2 stages and the results are recorded for front
axle in both right and left side for road grip and braking force changes.
- Road grip (RG)
1

2 3 4 5
17psi 25psi 33psi 41psi 49psi
71% 75% 7% 74% 67%
2% 7% 78% 75% 68%
71% 7% 7% 76% 68%
70% 75% 7% 75% 69%
71% 76% 76% 74% 68%
73% 75% 78% 75% 69%

Table 1 - RG% in front axle, left side

1 2 3 4 5
17psi 25psi 33psi 41psi 49psi
71% 74% 78% 73% 66%
71% 76% 78% 75% 66%
73% 75% 7% 73% 67%
72% 76% 76% 74% 66%
70% 75% 7% 73% 68%
71% 75% 76% 75% 67%

Table 2 - RG% in front axle, Right side
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Graph 1- RG% result in each pressure test
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The graph 1 shows while the road grip is maximum level in nominal pressure which is suggested by car
manufacturer, both decreasing or increasing of pressure by 8 psi will deduct road gear percentage proportionally
from 2% to 4%

By decreasing or increasing the pressure by more 8 psi the drop in decreasing of road gear is more tangible from
6% to 10%.

Graph2- RG% changes in diffrent testing presure
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Graph 2 shows the relation between changing the inside pressure with changing of road grip is an exponential
function. While inflation of tire has more effect on decreasing the road grip than being under pressure.
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The graph shows changing of the inside tire has a similar effect on road grip of left and right axle.
- Braking force

1 2 3 4 5

17psi 25psi 33psi 41psi 49psi
3190 3180 3190 3150 3100
3190 3190 3210 3170 3220
3170 3110 3190 3190 3150
3100 3100 3190 3100 3200
3150 3190 3100 3190 3190
3190 3190 3170 3160 3150

Table 3- maxim braking force front left axel(N)

1 2 3 4 5
17psi 25psi 33psi 41psi 49psi
3190 3180 3190 3100 3100
3190 3190 3200 3110 3120
3170 3150 3200 3190 3150
3100 3140 3180 3120 3100
3050 3100 3190 3170 3160
3090 3120 3180 3180 3150

Table 3- maxim braking force front right axel(N)

Graph4 - Braking force% changes in diffrent testing
presure
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Graph 4 shows the relation between changing the inside pressure with changing of braking force is an
exponential function. While inflation of tire has a negligible effect on decreasing braking force.
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The graph shows changing of the inside tire has a similar effect on braking force of left and right axle.

V. CONCLUSION

correct inflation under inflation over inflation

In the case of inflation, the tire profile, which is consistent with the above-mentioned data, reveals less
tire contact with the earth, resulting in reduced road grip and braking force.

Maintaining proper tire inflation pressure is important for vehicle handling and braking, as well as tyre
life. It can also avoid tread separations and tyre blowouts, which can result in a vehicle's loss of control and
serious crashes like rollovers.

Changing the tire inflation pressure has a considerable impact on the corresponding wheel's road grip,
indicating an exponential link between the two parameters. As a result, if the test is conducted at a pressure that
differs from the nominal value, the results may be inaccurate, meaning that the shock absorber is defective
despite its good functioning condition.

When the tire inflation pressure is adjusted to 49psi, which is 50 percent above the manufacturer
suggested pressure, the road grip difference (RGD) reaches a minimal value. This may have an impact on the
vehicle's cornering characteristics.

When the tire inflation pressure is increased, the braking force reduces. When driving for an extended
period of time, using a lower tire inflation pressure is riskier because it might lead to tire overheating, which has
more bothersome implications.
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The experimental results showed that when altering the tire pressure, which is usually approximately 3%, the
maximum braking forces do not change much.
The pressure imbalance between the front axle's braking forces is nearly constant.
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