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Abstract—The study considers the principles of creating a disc brake, promoting consistently high friction in
a wide range of brake temperatures. The selection of friction materials for thermally insulated friction units is
carried out according to the principle of mutual compensation of the negative properties of one friction unit
due to the positive properties of another one. For example, for a cast iron–35GS steel disc brake, when heated
to 300°C, the friction coefficient changes from 0.38 to 0.17, while for a carbon–35GS steel disc brake, the
reverse effect of a coefficient variation from 0.17 to 0.58 is observed. A combination of the given tribological
systems provides an acceptably high friction coefficient in the entire brake temperature range. A disc brake
with two heat-insulated friction units makes it possible to improve the rolling stock braking efficiency. The
cost of the new disc brake (compared to a disc brake based on a composite carbon–carbon friction material)
is expected to be lower by about 30%.
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INTRODUCTION
An increase in braking energy is one of the main

trends in the development of ground rail and road
transport, due to the increase in speed and the need to
improve the level of vehicle safety [1–3].

Currently, the development of new friction materi-
als with improved performance properties is the main
direction for improving disc brakes, but development
is a long and costly process and does not guarantee
achievement of the initially specified disk brake fric-
tion characteristics [4–7].

In this regard, it is relevant to search for new
approaches to improve disk brake efficiency, reliabil-
ity, and durability, which could give tangible results in
solving this urgent scientific and technical problem
already in the short term [8–12].

As one of these new directions, it should be noted
the achievement of the specified operational proper-
ties of disc brakes by using several friction materials
(three or more) in the friction unit [13]. The imple-
mentation of this direction does not require significant
capital investments and is an alternative to the creation
of new friction materials.

However, a simple combination of several friction
materials in one friction unit does not provide suffi-
cient braking efficiency, since the brake disc, which is
a common friction element for them and has, as a rule,

high thermal conductivity, leads to the same tempera-
ture regime of interaction for all friction materials
involved in braking. As a result, it is not possible to
achieve the optimal temperature regime of operation,
as well as the maximum friction coefficient for each
friction pair, which is the reason for the insufficiently
high efficiency of this method.

Objective—To experimentally confirm the effec-
tiveness of a new disc brake based on two thermally
insulated friction units that have different frictional
properties.

MATERIALS AND METHODS

Figure 1 shows a diagram of a disc brake with two
thermally insulated friction units A and B, which have
different frictional properties [14]. Discs 1 and 2 are
thermally insulated from each other due to thermal
insulating element 5. Each of the discs has the ability
to interact with brake pads 3 and 4. Disc 1 and pad 3
form friction unit A, disk 2 and pad 4 form friction
unit B.

The main principle of selecting friction materials
for friction units A and B of the disc brake is that due
to the frictional properties of one friction pair operat-
ing, for example, in friction unit A, it would be possi-
ble to compensate for the disadvantages of the fric-
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tional properties of the second friction pair operating
in friction unit B.

Examples of such friction materials are carbon and
cast iron. Carbon has a high coefficient of friction in
the temperature range of 300–1000°C, but at lower
temperatures the friction characteristics are reduced to
an unacceptable level, which is a disadvantage. Cast
iron has a high friction coefficient in the initial tem-
perature range, and with a further increase in tempera-
ture, its frictional properties weaken.

With this in mind, carbon is located in friction
unit A, where it works in tandem with 35GS steel,
which is used to manufacture brake discs. Cast iron is
placed in friction unit B in which it also works in tan-
dem with 35GS steel. Since friction units A and B are

thermally isolated from each other, therefore, each of
them operates in a separate temperature regime, due
to its natural properties, compatibility of materials,
and the level of energy supplied, which contributes to
an increase in braking efficiency [12, 13].

The novelty of the problem statement implied the
creation of a friction machine constructively providing
thermal insulation of double-disc brake friction units
with different frictional properties. The effectiveness
of the proposed principles for creating a new disc
brake was tested experimentally on a specially
designed friction machine (Fig. 2) [15].

Rings 12 and 13, when interacting, perform brake
disc functions. The rings are fixed on table 3 using per-
manent magnets 4 and 5, which are placed in the
recesses made on table 3.

This solution made it possible to compensate for
the thermal expansion of the rings when they are
heated from an external heat source. Heat-insulating
material 16 is laid between the permanent magnets
and the rings. The set temperature for rings 12 and 13
was achieved due to external heat sources (gas burn-
ers), since the realized braking energy did not allow
heating the friction units to the required level.

The experiments were performed in accordance
with the following algorithm:

(A) Friction elements 14 and 15 were installed on
rings 12 and 13 and fixed relative to the loading sys-
tem. The materials of friction elements 14 and 15 are
taken in accordance with Table 1.

(B) The electric motor was turned on.
(C) Normal loading of friction elements was cre-

ated by normal forces F1 = F2 = 6 N (Fig. 2).
(D) Rings 12 and 13 were heated by gas burners to

the temperatures specified in Table 1. The intensity of

Fig. 1. Schematic diagram of the disc brake with two ther-
mally insulated friction units with different frictional prop-
erties: (A) 1st friction unit; (B) 2nd friction unit; (1, 2)
brake discs; (3, 4) brake pads; (5) thermal insulating ele-
ment; (6) hub.
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Fig. 2. Structural diagram of the friction test machine for studying interaction of the disc brake working elements with two ther-
mally insulated friction units with different frictional properties: (1) electric motor; (2) gear box; (3) table; (4, 5) magnets;
(6) drive; (7) discriminator; (8) regulator; (9) amplifier; (10) analog-to-digital converter; (11) computer; (12, 13) rings;
(14, 15) brake pads; (16) thermal insulating element.
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each of the burners was set such that the temperature
level according to Table 1 was simultaneously reached.

(E) During the heating process, the operating
parameters of the friction machine were recorded.

With allowance for the design features of the stand,
friction force Ffr was determined by expression:

(1)

where Mengine is the torque; jrd is the gearbox ratio; ηrd
is the reduction gear efficiency; Midl is the static
moment of idling losses (determined experimentally);
and R is the average radius of the friction force appli-
cation.

The friction coefficient was calculated as the ratio
of friction force Ffr to normal load F1.

In accordance with the above algorithm, the exper-
iments were performed for the friction units and oper-
ating temperatures presented in Table 1.

Due to the fact that for series of measurement
No. 3 there was no integral operating temperature of
the tribosystem (for friction units A and B, the tem-
perature regime is individual), all graphs were plotted
as a function of heating time t, which was the same for
all measurements, and for measurements No. 1 and 2
was identical to the generated temperature.

The experiments included three series of measure-
ments for the conditions of interaction of the friction
elements, summarized in Table 1.
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M j M
F
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=

The 1st and 2nd second series of measurements
simulated the interaction scheme of a traditional disc
brake, with the only difference that in the first case,
cast iron was chosen as the brake pad material, and in
the second, a carbon-based material was chosen. Tak-
ing this into account, in each of the two series of mea-
surements, the interaction temperature in friction
units A and B was the same.

The third series of measurements simulated the
interaction conditions under which friction units A
and B were thermally isolated from each other and had
different frictional properties.

RESULTS AND DISCUSSION
The experimental results are shown in Fig. 3.
It follows from the results that for the scheme of

interaction of working elements corresponding to a
traditional disc brake, the friction coefficient, depend-
ing on the heating time of rings 12 and 13, friction
pairs of cast iron–35GS steel (curve 1), operating
simultaneously in friction units A and B decreased at
the same temperature.

For the same scheme of a traditional disc brake,
when the friction pairs carbon–35GS steel (curve 2) in
friction units A and B at the same temperature regime,
the friction coefficient tended to increase. Moreover,
for the first approximately 30% of the heating time of
rings 12 and 13, the friction coefficient increased
slightly and had an insufficient value for effective
braking.

Under the conditions of thermal insulation of fric-
tion units A and B for the combination of friction
materials in friction unit A carbon–35GS steel and in
friction unit B cast iron–35GS steel (curve 3), an
acceptable level of friction coefficient was provided in
the entire range of heating of rings 12 and 13. In this
case, the friction coefficient varied from 0.27 to 0.43.

The friction materials that were used in the experi-
ments (carbon, cast iron, and 35GS steel) are not rec-
ommended for the final formation of friction units,
but only serve as an example of the possibilities of a
promising disc brake with thermally insulated friction
units having different friction properties.

Bearing in mind that there is half as much expen-
sive carbon-based friction material used in the disc
brake design, therefore, the total cost of the disc brake
based on the proposed principles will be at least 30%
less compared to a similar carbon-based one.

Table 1. Experimental conditions

No. Friction unit А Friction unit A temperature, °С Friction unit В Friction unit B temperature, °С

1 Cast iron–steel 20–200 Cast iron–steel 20–200
2 Carbon–steel 20–400 Carbon–steel 20–400
3 Carbon–steel 20–400 Cast iron–steel 20–200

Fig. 3. Dependance of friction factor f on heating time t:
(1) traditional disc brake (cast iron–35GS steel friction
pairs); (2) conventional disc brake (the carbon–35GS steel
friction pairs); (3) disc brake with thermally insulated fric-
tion units (cast iron–35GS steel and carbon–35GS steel
friction pairs).
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The implementation of the proposed principle of a
new disc brake will provide a given characteristic of the
friction coefficient on the braking time, as well as on
the temperature in the contact area.

CONCLUSIONS
(A) The schematic diagram of the disc brake with

two thermally insulated friction units with different
friction properties is proposed. As a result, the opera-
tion of friction materials is ensured under conditions
of natural temperature for each pair of friction, due to
their natural properties, compatibility, and the sup-
plied level of braking energy.

(B) The main principle of selection of friction
materials for thermally insulated disc brake friction
units is to improve the properties of friction materials
of one friction pair due to the properties of another
friction pair operating in the second friction unit. The
implementation of this principle will provide the spec-
ified friction characteristics of the disc brake based on
currently existing friction materials and eliminates the
need to create new ones.

(C) In the example of thermally insulated friction
units of the carbon–35GS steel and cast iron–35GS
steel disc brakes, it is shown that the proposed princi-
ple is effective and ensures the elimination of the dis-
advantage of the carbon–35GS steel friction unit
associated with a low friction coefficient in the initial
period of friction heating and provides an acceptable
level of friction coefficient over the entire temperature
range.

NOTATION
F1 and F2 is the normal force
Ffr is the friction force
Mengine is the torque
jrd is the gearbox ratio
ηrd is the reduction gear efficiency
Midl is the static moment of idle losses
R is the average radius of the friction

force application
f is the friction coefficient
t is the heating time
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