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Abstract: This paper analyzes the braking force on a tester device with rotary rollers for checking and control of the automobile braking force under conditions of static testing. There was considered the influence of structural sizes of tester device with rotary rollers on automobile braking force. Investigation of influential factors of tester device on braking force was done with experiment plan of 33 form. The factors were changed at three levels: the automobile’s wheel diameter, the rotary roller diameter and the axial distance of rotary rollers. The results show deviations between the braking force of front and rear wheel up to 10%, and due to differences in design characteristics of tester device, the braking force can vary up to 20% of force intensity.  
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1. INTRODUCTION 
The braking force is a key indicator and the main control element for testing the safety performances of vehicles. It is examined mainly by using devices with rotary rollers. However, if the vehicle is tested on several different devices with rotary rollers, braking force results are also different.  
A number of parameters are involved in the process of braking as the coefficient of friction between the car wheel and the surface, pressure in pneumatics, pneumatic wear, design features of braking devices, etc. To simplify the equations to determine the braking force, many parameters are taken in an ideal form. In the work [1], influential parameters of braking force are described in details where the friction coefficient between the wheels and rotary rollers and the friction coefficient between the non-testing wheel and the type of surface which the wheel leans on. It has been shown that there is a difference of up to 10% of braking force between the front and rear wheels. 
2. MATHEMATICAL MODEL OF THE BRAKING FORCE OF AUTOMOBILE WHEEL ON A DEVICE WITH ROTARY ROLLERS  
The analysis of automobile braking force on a device with rotary rollers is provided for the front and rear wheels, so the mathematical models are provided individually. In the process of analyzing the braking force it is assumed that the centre of the front and rear wheels is placed at the same level. The impacts caused by the rolling resistance and elasticity of the wheels on the force measurement system are ignored. The analysis of braking force of the front wheels on the tester device with rotary rollers for brakes is shown in Figure 1. The elements of the device for testing automobile braking force that were used in modelling are: wheel diameter – D (mm); roller diameter – d [mm]; axial distance of rotary rollers – L [mm]; a formed angle ― α [(]; load of the front and rare wheels - G1, G2  [N]; normal force of the front and rare wheels - NA1, NB1, NC2, NA2, NB2, NC1  [N]; friction force of the front and rare wheels to rollers - FA1, FB1, FA2, FB2, [N] friction coefficient between testing wheels and rollers - (1;  friction coefficient between non-testing wheels and floor - (2; friction force of floor to the front and rare wheels - FC1, FC2 [N]. 
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	Figure 1: Analysis of braking force of the front wheels to test rollers for brakes [1]
	Figure 2: Analysis of braking force of the rare wheels to test rollers for brakes [1]


Static equilibrium equations are set for the system of the front and rear wheels, Figure 1. From equilibrium equations it is obtained the force NA1 and NB1. Assuming that there is no move backwards, i.e., NA1 = 0, and if the tested wheels are locked after leaving the rotary roller devices, the maximum braking force of the automobile’s front  wheels is:  
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By setting the equilibrium equations for the front and rear wheels according to Figure 2, we obtain forces NA1 and NB1. Assuming that there is no move backwards, i.e. that NA2 = 0, and if the tested wheels are locked after leaving the rotary roller device, the maximum braking force of the automobile’s front wheels is: 
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According to the regulations for testing the braking force or vehicles up to 3 tons, the rotary roller tester’s diameter should be 245 mm and the rotary rollers’ axial distance from the centre should be 430 mm. Take a light truck for example where individual weights of front and rear axles are 1700 kg and 1400 kg, its tire model type is 7.50-16, the friction coefficient between the wheels and rotary rollers is (1 = 0.6 ~ 0.95 and the friction coefficient between the non-testing wheels and floor is (2 = 0.7 [2]. According to the characteristics of the device with rotary rollers and the selected diameter of pneumatics, we obtain that the overall angle is ( = 31(. The calculation results are given in Figure 3.  
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Figure 3: The front and rare braking force as a function of friction coefficient [image: image11.png]u,





The maximum value of the front and rare braking force as a function of friction coefficient (1 can be represented by quadratic equation:  
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From Figure 3, it is clear that the difference of braking force between (1 = 0.6 and (1 = 0.95 is up to about 4000 N, which reflects the fact that the braking performances are affected by (1. As the rollers may be worn more or less after a long use, the value of (1 will decrease. Regarding the front and rear braking force when     (1 = 0.75 as a reference value, some comparisons are made between (1 = 0.65 and   (1 = 0.75. It can be concluded that with the increase of friction coefficient between wheels and rollers, the braking force to front and rear wheels will increase up to 10%. It is, therefore, necessary to ensure a value of the friction (1 as higher as possible. 
3. IMPACT OF STRUCTURAL SIZES OF TESTER DEVICE WITH ROTARY ROLLERS ON BRAKING FORCE  
After analyzing the structural sizes of tester device, it has been found that they are different and that they depend on the manufacturer of device. Below we consider the influence of structural sizes of the tester device with rotary rollers on automobile braking force. Investigation of influential factors of tester device on braking force was done with experiment plan of 33 form. The factors were changed at three levels: the automobile’s wheel diameter, the rotary roller diameter and the axial distance of rotary rollers. Since there is a slight difference in braking force between the front and rear wheels, the paper examined only the braking force to the front wheels of vehicles. The experiment plan included: the outer diameter of pneumatics, the diameter of rotary roller and the axial distance of rotary rollers, Table 1: 
       Table 1: Varying structural factors of tester device  
	Factors
	X1
	X2
	X3

	
	The outer diameter of pneumatics,
D (mm)
	The diameter of rotary roller,  
d (mm)
	Axial distance of rotary rollers, 

L (mm)

	Basic level X0 (mm)
	570
	245
	450

	Variation interval (mm)
	13
	45
	70


The braking force of the vehicle of total weight of 31280 N was investigated. The measurements showed that: the load of front wheels is G1 = 17160 N, the load of the rare wheels G2 = 14120 N, the friction coefficient between testing wheels and rollers is (1 = 1 and friction coefficient between non-testing wheels and floor is (2 = 0.7. 
According to the force analysis in Figure 1 and Figure 2, it can be seen that the formed angle “α” is related to the wheel diameter D, the roller diameter d, axial distance from the roller centre L. Based on Table 2, we notice that various braking forces for the same vehicle are on testers with other structural characteristics which can lead to wrong conclusions about the automobile braking force. The calculation results for the braking force with varying structural factors are given in Table 2.

If the braking force, which is as a function of axial distance of rotary rollers, is introduced as an equation, then the maximum deviation is 9.7%, Figure 4.   
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When the braking force as a function of rotary roller diameter (Figure 5) is represented as an equation for the examined variation interval, then the maximum deviation is  17%.
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Table 2: The results of braking force 

	X1
	X2
	X3
	Result 1
	Result 2

	The outer diameter of wheel pneumatics, 
D (mm)
	Roller diameter of tester  device, d  (mm)
	Axial distance of rotary rollers,  
L  (mm)
	Braking force of front wheels  
Fr,  (N)
	Braking force of rare wheels,

Fr,  (N)

	(-1)
	D = 557

155/65 R 14


	(-1)
	200
	(-1)
	380
	15631,96
	15104,81

	
	
	
	
	(0)
	450
	16810,88
	16243,97

	
	
	
	
	(+1)
	520
	18628,44
	18000,24

	
	
	(0)
	245
	(-1)
	380
	15345,44
	14827,95

	
	
	
	
	(0)
	450
	16332,18
	15781,41

	
	
	
	
	(+1)
	520
	17753,40
	17154,71

	
	
	(+1)
	290
	(-1)
	380
	15127,50
	14617,36

	
	
	
	
	(0)
	450
	15957,70
	15419,56

	
	
	
	
	(+1)
	520
	17124,88
	16547,38

	(0)
	D = 570

165/65 R 14


	(-1)
	200
	(-1)
	380
	15544,63
	15020,42

	
	
	
	
	(0)
	450
	16659,75
	16097,94

	
	
	
	
	(+1)
	520
	18325,36
	17707,37

	
	
	(0)
	245
	(-1)
	380
	15282,95
	14767,56

	
	
	
	
	(0)
	450
	16229,34
	15682,04

	
	
	
	
	(+1)
	520
	17554,39
	16962,40

	
	
	(+1)
	290
	( -1)
	380
	15071,22
	14562,98

	
	
	
	
	(0)
	450
	15864,75
	15329,74

	
	
	
	
	(+1)
	520
	16971,90
	16399,56

	(+1)
	D = 583

175/65 R 14


	(-1)
	200
	(-1)
	380
	15462,72
	14941,27

	
	
	
	
	(0)
	450
	16517,86
	15960,83

	
	
	
	
	(+1)
	520
	18079,31
	17469,63

	
	
	(0)
	245
	(-1)
	380
	15216,37
	14703,23

	
	
	
	
	(0)
	450
	16105,51
	15562,39

	
	
	
	
	(+1)
	520
	17370,21
	16784,44

	
	
	(+1)
	290
	(-1)
	380
	15017,47
	14511,04

	
	
	
	
	(0)
	450
	15775,92
	15243,92

	
	
	
	
	(+1)
	520
	16828,24
	16260,75


The braking force as a function of pneumatic diameter, Figure 6, is represented in an equation as:
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In this case, we obtain maximum braking force deviation of 18.8%.
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	Figure 4: Braking force as a function of the axial distance of rotary rollers
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Figure 5: Braking force as a function of the diameter of rotary rollers
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Figure 6: Braking force as a function of pneumatic diameter



4. CONCLUSION 

Combining the structural characteristics of the device for testing the braking force, the braking force can be analyzed and calculated theoretically in a short time with the help of mathematical models. It is possible to conclude that the conduction of comparative tests of various devices for testing the braking force is required and that the test results are different. From Table 2, we notice that the difference between the maximum and minimum of braking force is 19.4%. The minimum of braking force will appear on the vehicle with a larger diameter of wheel – pneumatic, when the vehicle is tested on the device with a larger diameter of rotary rollers and with smaller axial distance.
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