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Abstract: One of the most important criteria for the use of a brake in the mechanical brake system on high-speed rail 

vehicles is the temperature of the brake friction elements (chok - wheel or brake disc - friction pad).  The disc brake 

eliminates the action of the brake blocks on the wheel tread during the braking process and provides the possibility of 

greater energy dissipations during braking due to use of materials to make friction coupler components with optimum 

physical-mechanical characteristics.  This work presents an analysis of the thermal regime (thermal flow and 

temperature) of the components of the disc brake friction coupler.  Also to show the influence of the brake disc friction 

surface size on the thermal regime were considered four sizes of the brake disc friction surface (Sd = 0,2 m2;  Sd = 0,25 

m2,  Sd = 0,3 m2,  Sd = 0,35 m2).   Thus, it was concluded that the use of unventilated brake disc leads to a lighter thermal 

regime (thermal flow and, consequently, lower temperature of the disc brake friction coupler components) regardless of 

the type of friction lining used.  
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1. INTRODUCTION  
 
The braking of railway vehicles from high 
speeds is by means of braking systems which are 

dependant (disc brake, rotary eddy current 
brake, etc.) on or independant of wheel adhesion 
— the rail (electromagnetic rail brake, linear 
eddy current brake, etc.).  In order to make best 
use of the coefficient of adhesion, high-speed 
rail vehicles have been fitted with a combination 
of these braking systems, usually an adhesion-
dependant brake (disc brake) and a brake whose 
action is independant of adhesion 
(electromagnetic brake on rail).  
Regardless of the type of braking of the railway 
vehicle, its kinetic energy is dissipated by the 
braking system components (mechanical, 
electrical, fluid, etc.).  In the case of high-speed 
vehicles where the main brake in most cases is 
part of the mechanical braking system, the 
conversion of their kinetic energy shall be 
carried out by means of the elements of the 

friction clutches as shown in the diagram in the 
following figure (1) [2]:  

 
Fig. 1. The mode of kinetic energy dissipation of the 

railway vehicle  
 
On a microscopic analysis of the surfaces of the 
components of the friction coupling, which 
come into direct contact, it has been found that 
they consist of "micro-mountains" (protrusions) 
and "micro-valleys" (recesses) (Figure 2):  
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Fig. 2. The contact surface of the components of the 

friction coupling of the disc brake  
(microscopic analysis)  

 
It follows that the kinetic energy of the vehicle 
is converted primarily into mechanical 
deformation work (elastic and plastic) of these 
lugs and finally into heat, thus increasing the 
temperature of the friction coupler components.  
It is also noted that the effective contact surface 
of both components is different from the 
nominal surface, i.e. only a part of it determined 
by the sum of the surfaces of the projections in 
contact  (1):  
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Since high speed driving involves kinetic energy 
of such large vehicles, it is very important to 
determine the heat regime of the friction coupler 
components which come into direct contact and 
which are storage components and heat 
dissipators.  
In the following figure (3) the contact area of 
two different solid bodies was shown on an 
enlarged scale as material highlighting the 
thermal flow lines.  
It is noted that the effective contact surface is 
significantly lower than the nominal surface [13] 
[16-18], the heat transfer being almost entirely 
carried out through the projections of the two 
surfaces.  The interstitions between contact areas 
have more or less regular forms, in which air is 
found in this case.  
Thus it can be claimed that heat transfer between 
two solid bodies of different materials (λ1≠ λ2) 
takes place through a combined mechanism, 
namely:  
• conducting through actual contact areas;   
• conduction through fluid (air) in 

interstitions;  
• convection and radiation through this fluid.  

•  
Fig. 3. The contact area of two solid bodies different in 

material 
 

Due to the small size of the interstitions and the 
high contact pressure, the effect of convection in 
the air in them can be neglected.  Also, the 
existence of a small temperature difference 
between the two surfaces causes a decrease in 
the share of thermal radiation.  As a result, heat 
transfer between two solid contact bodies occurs 
mainly through conduction both through the 
effective contact areas and through the fluid in 
the interstitions.  
The temperature of the friction elements of a 
brake is one of the important criteria for using 
this brake on high-speed rail vehicles.  
Current trends in the design and construction of 
high-speed vehicles converge toward:  
• The reduction of the vehicle mass as much 

as possible;  
• An aerodynamic shape of the vehicle that 

does not require high power consumption 
for traction;  

• Use of materials with mechanical and 
physico-chemical characteristics that ensure 
maximum operational safety and high 
reliability.  

As the main functions of the drive wheel are 

support and guidance and because of the 
relatively high temperatures reached when 
braking at speeds above 160 km/h, the shoe 
brake is not suitable for use on high-speed rail 
vehicles as a main brake but only as an 

additional (parking) brake.  
Reduction in the temperature of brake disc 

friction coupler components — lining can be 
achieved by:  
• Increase the number of discs per axle;  
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• The use of high-configuration (non-ventilated) 
discs and low-density (aluminum-based alloys) 
or ceramic materials (see the figure 4);  

• Use of the disc brake with a brake whose action 
is independent of the wheel-rail adhesion. 

 
Fig. 4. Location of unventilated brake discs on the a axle 

non-electric high-speed rail vehicle 

 
By increasing the number of self-centered cast 
iron discs placed on the axle, the unsuspended 
mass of the vehicle is increased with negative 
effects on the service life of the wheelset and 
indirectly on the reliability of the vehicle as a 
whole.  By using unventilated disks (see figure 
4) made of high elasticity alloy steel, lower 
temperatures are achieved compared to self-
ovated discs and the considerable reduction in 
aerodynamic resistance due to the rotational 
movement of self-oventylated brake discs in 
traction mode (this resistance leads to a 
consumption of approximately 3 % of the 
installed power for traction, [2], [4], [9-11]). 
  
2. DETERMINATION OF THE THERMAL 
REGIME OF THE DISC BRAKE 
 
When determining the friction surface 
temperature of the brake disc/lining friction 
coupling elements, the following assumptions 
were taken into account:  
• The vehicle speed varies linearly with the 

time when a stop is applied;  
• The  stopping times considered for the 

calculation are: tb = 30;  40;  50 and 60 
seconds;  

• The variation in brake power as a function 
of speed is determined by the peak of the 
diagram V= f(t);  

• neglect of the influence of radiation and 
heat convection at stopping braking due to 
its short duration;  

• Coefficient of friction between the brake 
disc and the lining as determined by 
Karwatsky’s formula [12] for three lining 
contact forces: FB1 = 20 KN , FB2 = 45 
KN , FB3 = 50 KN (force Fb2 is the contact 
force in the experimental tests, [2]).  

  
2.1 Determination of the unit thermal flow  
 

The unit thermal flow (q) on the friction surface 
of the friction elements at linear velocity change 
with time (duration of braking) shall be 
determined with the relationship, [2-4]: 
 

 
[W/m2]                      (2) 

 
 
where:  
Pmfd – braking power from a brake disc, [W];  
 Sd – total brake disc friction surface, [m2]. 
Considering that a stopping brake is carried out 
using only the disc brake, the braking power on 
the disc (Pmfd) is given by the following 
relationship (3) [2]: 
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By replacing the relationship (3) in (2), the 
following expression (3) is obtained for the unit 
heat flow q, [11]:  
 

 
 
 

[W/m2]        (4) 
 
 
 
 

where:  
m – mass of the vehicle, [t]; 
tb – braking time, [s]; 
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nd – number of brake discs (in calculation of nd 
= 1;  2;  3 and 4); 
a + b·V(t) + c·V2(t) – General expression of the 
running resistance of the railway vehicle whose 
coefficients are experimentally determined, [5-
6].  
By means of the relationship (4), the unit heat 
flow q [W/m2] has been determined for the 
proposed brake disc surfaces (Sd = 0.2 m2;  Sd = 
0.25 m2,  Sd = 0.3 m2,  Sd = 0.35 m2) the values 
of which are given in Table 1 and figures 5, 6, 7 
and 8 represent its variation with the initial brake 
speed. 
It is noted that at the same friction surface of the 
brake disc (Sd), the thermal flow decreases as 
the braking duration increases, thus increasing 
the braking space.  For example, with an initial 
brake speed of 200 km/h taking a brake duration 
tb = 30 s and the brake disc friction surface Sd = 
0,3 m2, a unit thermal flow q = 1.583106⋅ W/m2 
is obtained. At the same speed and the brake disc 
friction surface at a braking time tb = 60 s, a 
lower unit thermal flux is obtained q = 
0.3959106⋅ W/m2.  
This variation in the unit heat flow with the 
friction surface of the brake disc and with the 
duration of the braking may be explained by the 
fact that with the increase in the brake lining 
force on the disc, the friction coefficient and the 
effective heat transmission area to the two 
friction coupler components (brake disc and 
lining) shall be subtracted.  

 

Fig. 5. Variation of thermal flow at speed at different 
brake disc friction surfaces 

(q11 → Sd1 = 0,2 m2;  tb = 30 s, nd1 =1; q12 → Sd2 = 0,25 
m2;  tb = 30 s, nd1 =1; q13 → Sd3 = 0,3 m2;    tb = 30 s, nd1 

=1; q14 → Sd4 = 0,35 m2;  tb = 30 s, nd1 =1) 

Table 1. The unit heat flow values for the different 

friction surfaces of the brake disc 

 
 

 
Fig. 6. Variation of thermal flow at speed at different 

brake disc friction surfaces  
 (q21 → Sd1 = 0,2 m2;  tb = 40 s, nd2 =2; q22 → Sd2 = 0,25 
m2;  tb = 40 s, nd2 =2; q23 → Sd3 = 0,3 m2;   tb = 40 s, nd2 

= 2; q24 → Sd4 = 0,35 m2;  tb = 40 s, nd2 =2) 
 

 
Fig. 7. Variation of thermal flow at speed at different 

brake disc friction surfaces 
 (q31 → Sd1 = 0,2 m2;  tb = 50 s, nd3 =3; q32 → Sd2 = 0,25 
m2;  tb = 50 s, nd3 =3; q33 → Sd3 = 0,3 m2;   tb = 50 s, nd3 

= 3; q34 → Sd4 = 0,35 m2;  tb = 50 s, nd3 =3) 
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Fig. 8.Variation of thermal flow at speed at different 

brake disc friction surfaces 
(q41 → Sd1 = 0,2 m2;  tb = 60 s, nd4 =4; q42 → Sd2 = 0,25 
m2;  tb = 60 s, nd4 =4; q43 → Sd3 = 0,3 m2;    tb = 60 s, nd4 

=4; q44 → Sd4 = 0,35 m2;  tb = 60 s, nd4 =4) 
 
2.2. Determination of the temperature 
Once the unit heat flow of the surface is known, 
the average temperature of the friction surface 
(5) can be determined:  

 
                 (5) 

 
Using the expressions of the quantities in 
relation (5) and taking into account their 
variation with temperature, the following 
expression of the medium temperature of the 
brake disc friction surface (6) is obtained:  
 

 
 
 
 

[oC]        (6) 
 

 
 
 
 
 
 

 
For sizes in the relationship (6) the following 
values were taken as the actual calculation of the 
mean brake disc friction surface temperature:  
• brake cylinder compressed-air filling time, 

tu = 4 seconds; 

Table 2. The values of the f (T) function for braking 

times  (tb = 30 s; 40 s; 50 s; 60 s) 

 
 
• total brake disc friction surface, Sd = 0,2; 

0,25; 0,3; 0,35 m2; 
• specific running resistance, rt = 20 N/kN; 
• brake disc friction lining force, Fb = 20 kN, 

Fb = 45 kN și Fb = 50 kN; 
• braking time: tb = 30 s;  tb = 40 s;  tb = 50 s;  

tb = 60 s; 
• the experimentally determined running 

resistance is: Rt = 250 + 3,256·V(t) + 
0,0572·V2(t), [5-6]. 

• the physical properties (density  ρ , cd- 
specific heat and thermal conductivity λ) of 
the materials of which the friction elements 
are made were considered to be constant 
with temperature (in the range 0 to 350° C 
they vary with temperature), the following 
values were used in the calculations, [14-
15]:  
 for non-ventilated alloy steel brake disc 

30MoCrNi20; ρd2 = 7840      kg / m3; cd2 
= 465  J / kg·°C;  λd2 = 49,8  W / m·°C; 

 for the friction lining: ρg = (1000 – 2800)  
kg / m3; cg = (628,05 - 2093,5) J / kg·°C;  
λg = (0,16282 - 1,01181) W / m·°C. 

The average frictional surface temperature 
values of the disc brake friction elements 
calculated using the MathCad utility are 
shown in table 3 and figure 9 shows the 
variation of temperature as a function of time 
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(braking time) for the different friction 
surfaces of the brake disc.   
 

Table 3. Temperature values during fanfare for different 

brake disc friction surfaces and braking times  

 
 

 
Fig. 9. Variation of the average friction surface 

temperature during braking for different brake disc 
friction surfaces  

 (Tm12 → q12 (nd = 1; Sd = 0,25 m2); Tm13 → q13 (nd = 1; 
Sd = 0,3 m2); Tm22 → q22 (nd = 2; Sd = 0,25 m2); Tm23 → 
q23 (nd = 2; Sd = 0,3 m2); Tm32 → q32 (nd = 3; Sd = 0,25 
m2); Tm33 → q33 (nd = 3;          Sd = 0,3 m2); Tm42 → q42 
(nd = 4; Sd = 0,25 m2); Tm43 → q43(nd = 4; Sd = 0,3 m2)) 

 
Note that a lower thermal regime (lower 

average temperature values) is achieved in the 
case of a larger friction surface of the brake disc 
when braking with a longer duration (e.g. for a 
value Sd = 0,25 m2, at tb = 30 s an average 
temperature of 481.535 °C  is obtained and, with 
the same friction surfaces, at a brake time tb = 50 
s the temperature obtained is 394.016 °C. The 

excessive increase in braking time (tb >60 s) 
leads to a steady deceleration increase in braking 
space for high-speed trains with negative side 
effects on road safety.  The best solution in this 
situation is to combine brakes, i.e. to use, in 
addition to the disc brake, another brake whose 
effect does not depend on wheel adhesion - rail: 
electric brake and/or electromagnetic brake on 
the rail.   
 
3. CONCLUSIONS 
 
With the increasing speed of trains running on 
high-speed rail networks in the world (currently 
running at commercial speeds of 350 km/h) the 
kinetic energy which has to be dissipated by 
braking systems is very high.  Thus, for braking 
these trains (speed reduction, constant speed and 
stopping), both brakes are used, the effect of 
which depends on the adhesion between the 
wheel and the rail, and brakes independant of 
this adhesion.   
The disc brake is used on both conventional and 
high-speed rail vehicles.  The friction elements 
of this type of brake (friction linings and brake 
disc) are different in terms of both the materials 
from which they are made and the geometric 
configuration (shape, volume).   
This work has presented, by means of 
calculations and diagrams, a proposal to 
decrease the heat regime to which the elements 
of the disc brake friction coupling are subject, 
i.e. to increase the friction surface of the brake 
disc, taking into account the limits imposed by 
the railway gauge.   
From the analysis of the tables and diagrams 
presented, the following conclusions can be 
drawn:  
• it is possible to increase the friction surface 

of the brake disc by increasing its actual 
diameter (self-ventilated brake discs with 
diameters of 590 and 640 mm are currently 
used, as well as non-ventilated discs with 
smaller diameters), [2-4];  

• by increasing the friction surface of the 
brake disc, the heat rating of the friction 
coupling elements: brake disc — lining will 
be lower.  Thus, for example, at an initial 
brake speed of 200 km/h, considering a 
brake disc friction surface Sd = 0,2 m2 and 
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a braking time tb = 30 s, a unit thermal flow 
q = 2,375106⋅ W/m2 is obtained, And for a 
larger friction surface Sd = 0,3 m2, at the 
same brake duration, q = 1,583106⋅ W/m2;  

• the increase in the number of discs per axle 
(nd > 2), without increasing the 
unsuspended mass of the axle, is practically 
only feasible when non-ventilated alloy 
steel discs are used, which have a simpler 
configuration and a smaller mass than those 
made of perlitic gray cast iron (high 
density);  

• increase the number of discs per axle from 
nd = 1 (case shown above) to nd = 3 non-
ventilated disks, for Sd = 0,2 m2 a unit heat 
flow q = 0.7917106⋅ W/m2 is obtained. In 
the case of a larger friction surface Sd = 0,3 
m2, the unit thermal flow shall be reduced to 
q = 0.5278106⋅ W/m2;  

• temperature of the brake disc friction clutch 
components decreases with the increase of 
the disc friction surface and braking time 
(tb). Thus, at a brake disc surface Sd = 0,3 
m2 for a braking time tb = 40 s, a 
temperature of 434,738oC is obtained and 
for a braking time tb = 60 s the temperature 
is reduced to 354,962 oC. 
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Influența dimensiunii suprafeței de frecare a discului de frână asupra regimului termic al 
frânei cu disc a vehiculelor feroviare de mare viteză 

 
Rezumat: Unul dintre cele mai importante criterii pentru utilizarea unei frâne din sistemul mecanic 
de frânare în cazul vehiculelor feroviare de mare viteză este temperatura elementelor cuplei de  frecare 
ale frânei (sabot - roată sau disc de frână - plăcuță de frecare ). Frâna cu disc elimină acțiunea saboților 
de frână asupra suprafaței de rulare a roții, în timpul procesului de frânare și prezintă posibilitatea 
unei disipări mai mari a energiei pe durata frânării datorită                                                                
utilizării  materialelor  pentru  realizarea elementelor cuplei de frecare cu caracteristicile fizico-
mecanice optime. În această lucrare se prezintă o analiză a regimului termic (flux termic și 
temperatură) al elementelor cuplei de frecare a frânei cu disc. De asemenea pentru a pune în evidență 
influența dimensiunii suprafeței de frecare a discului de frână asupra regimului termic s-au considerat 
patru mărimi ale suprafeței de frecare a discului de frână (Sd = 0,2 m2; Sd = 0,25 m2; Sd = 0,3 m2; Sd 
= 0,35 m2).  Astfel,  s-a ajuns la concluzia că utilizarea discului de frână neventilat conduce la un 
regim termic mai ușor (flux termic și, implicit, temperaturi mai scăzute ale elementelor cuplei de 
frecare ale frânei cu disc) indiferent de tipul garniturii de frecare utilizate. 
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