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ABSTRACT



In this paper we present a comparative analysis of the braking systems used on high-speed railway vehicles. The analysis parameters are:

· The frictional coefficient (();

· The braking space (Sf);

· The braking deceleration (af);

· The temperature of the friction coupling elements.
The frictional coefficient


The braking of railway vehicles from high speed is done with the help of some braking systems, the action of which is dependent (the disk-brake, the Foucault rotative currents brake, etc.) or independent (the electromagnetic brake on rail, the Foucault linear currents brake, etc) of the wheel-rail adherence. In order to use the coefficient of adherence in the best way, the high speed railway coaches have been provided with a combination of those braking systems, generally a brake dependent on the adherence (the disk-brake) and a brake the action of which is independent of the adherence (the electromagnetic brake on rail).


The main conditions imposed to the braking systems of high-speed railway vehicles are the following:

· To assure a slow braking in the limits of admitted decelerations;

· To assure braking in braking spaces which should be as reduced as possible;

· To require action forces which should be as weak as possible;

· To offer safety in functioning and to be long-lasting;

· To be simple from the point of view of construction and at a moderate price at the same time;

· To exclude the phenomenon of self-braking.

These conditions, though sometimes antagonistic, can be observed by choosing and applying the best elements of the braking systems, taking into consideration both the materials to be used and the constructive point of view,

The comparative analysis of the braking systems used on high-speed railway vehicles is done by taking into consideration the following parameters:

· The frictional coefficient between the elements of the friction coupling of the braking system;
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· The absorption factor of the energy of the vehicle by the elements of the friction coupling belonging to the braking system;

· The braking space achieved by a high-speed vehicle or train by means of the described braking systems;

· The deceleration of the high-speed vehicle or train;

· The temperature of the friction face of the elements of the friction coupling, obtained when braking and halting by using the the described braking systems;

· The wear of the friction coupling.

In figure 1, [2], we show the dependence upon speed of the frictional coefficient  and the wheel – rail adherence 1, between the elements of the friction coupling of the mechanical braking systems (one-step 8 and two-step 2) and of the electric braking-system (the rheostatic brake 4, the Foucault rotative 5 and linear 6 currents brakes, etc):
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Fig. 1


Analyzing the figure, one can see that the braking systems, the action of which is independent of the wheel-rail adherence, cannot be used as main brakes, but only as additional, because, on certain speed intervals, the variation of the frictional coefficient does not allow the halt of the vehicle.


Figure 1 shows that the only braking system that can really halt the high-speed railway vehicle is the mechanical system, the best effect of which manifests itself in the (0…50) km/h speed interval.


 In order to profit as much as possible by the wheel-rail adherence in certain weather conditions (wet rail or rail covered with a thin ice-sheet), the high-speed railway vehicle are equipped with antis kidding devices which come to action in the very moment in which the braking force exceeds the adhesive force.


The high-speed propulsive vehicles are equipped with three types of brakes (the electrical, rheostatic or recouping; the disk-brake; the electromagnetic brake on rail), thus having the possibility of halting with at least two of these brakes by using for traction the asynchronous electric motors which allow an electrical braking that brings the vehicle to a halt.



The braking space and the deceleration


An important parameter to be taken into consideration when performing a comparative analysis of the braking system is the braking space, a decrees of which can be seen due to the combination of the braking system with which the respective high-speed vehicle is equipped.


For comparison, table 1 shows the braking space determined for the high-speed vehicle taken into consideration, in three different situations:

· The use of only the disk-brake, at a pressing force of the set on the brake disk             Fb = 20 kN (Sfd);

· The use of only the electromagnetic brake on rail (Sfem);

· The use of both braking types (Sfc).

Table 1

	Speed

[km/h]
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200

	Braking space Sfd [m]
	19
	57
	127
	227
	353
	517
	687
	877
	1080
	1300

	Braking space Sfem [m]
	18
	53
	147
	257
	413
	633
	853
	1107
	1393
	1687

	Braking space Sfc [m]
	15
	33
	67
	127
	200
	293
	413
	547
	700
	853



With the help of the values calculated in table 1, figure 2 shows the variation of the braking spaces depending on speed, in the three situations mentioned above.


This figure shows that, be using simultaneously or consecutively in time, both braking systems, shorter braking spaces can be obtained, in the limits of the admitted decelerations.


At the same time, one can see that, by using only the disk-brake, the signalling distance of 1000 m can be observed only when circulating at a  speed lower than 160 km/h. In the case of using the electromagnetic brake on rail as well, at the same speed, the braking space is reduced with aproximately 330 m, and at a speed of 200 km/h, with aproximately 500 m.


Table 2 shows the deceleration values for the considered vehicle for which the braking space shown in table 1 have been obtained.

Table 2

	Speed

[km/h]
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200

	 afd [m/s2]
	0,382
	0,563
	0,674
	0,739
	0,771
	0,811
	0,805
	0,797
	0,784
	0,77

	 afem [m/s2]
	0,446
	0,685
	0,818
	0,891
	0,956
	1,009
	1,025
	1,031
	1,034
	1,021

	 afc [m/s2]
	0,112
	0,174
	0,242
	0,314
	0,374
	0,407
	0,443
	0,463
	0,48
	0,481
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                       Fig. 2

With the help of the values calculated, deceleration depending on speed in the mentioned situations (braking using only the disk-brake, braking using only the electromagnetic brake on rail, and the combined braking) is shown in figure 3.


It falows from this figure that, by using only the electromagnetic brake on rail, the obtained decelerations are higher, up to 1,034 m/s2 , at a speed of 180 km/h. At the same speed, but using both types of brakes (the disk-brake and the electromagnetic brake on rail), a deceleration of 0,48 m/s2 is obtained, with aproximatelly 50 % lower than the precedent one.
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                   Fig. 3
The use of only the disk-brake would not create important problems from the point of view of deceleration which harmonise with the limits imposed by the U.I.C., but the elements of the friction coupling (braking disk-friction set) are forced to thermic conditions which alter their physical and mechanical properties.


The temperature of  the elements of the friction coupling of a brake represents one of the important criteria to be taken into consideration in using this type of brake on high-speed railway vehicles.


The actual tendencies in designing and building high-speed vehicles converge towards:

· Reducing the weight of the vehicle as much as possible;

· An airodynamic shape of the vehicle, which should not required high power consumption for traction;

· The use of certain materials with mechanical, physical and chemical characteristics capable of assuring both maximum safety in exploitation, and long lasting.

Because the  main functions of the rolling wheel are to sustain and to guide the vehicle , and because  of rather high temperatures reached when braking from speed higher than 160 km/h, the shoe-brake is not suitable to be used as main brake on high-speed railway vehicles, but only as an additional brake.

For example, for a halt braking with a duration tb = 30 s of a vehicle having an axle load 2Q = 20000 daN, the temperature of the elements of the friction coupling of a shoe-brake is of aproximately 315( C, and for the elements of the friction coupling of a disk-brake, under the same conditions, considering two disks on the axle, the temperature is of aproximately 177( C [1], [3].

One can see a reduction with aproximately 56 % of the temperature of the friction face of the elements of the disk-brake coupling, which brings to higher long-lasting and very high security in use; thus, the danger of wheel heating is eliminated.

The lowering of the temperature of the friction coupling elements (friction disk-friction set) can be obtained by :

· Increasing the number of disks on the axle;

· The use of disks having a different configuration (unventilated) and being made of materials having low density (alloyages based on aluminium);

· The use of the disk-brakes together with another brake, the action of which is independent of the wheel-rail adherence.

By inceasing the number of self-ventilated disks, made of iron, located on the axle, the unsuspended mass of the vehicle increases, bringing negative efects on the utilization term of the installed axle, and, indirectly, on the vehicle as a whole.

By using alloyed steel unventiladed disks having a high elastic limit, one can obtain lower temperatures as compared with those obtained in the case of self-ventilated disks, as well as aconsiderable reduction of the aerodynamic resistance given by the rolling movement of the self-ventilated brake disks in tracking conditions (this resistance brings to the use of aproximately 3% of the installed tracking power).
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