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Abstract 

The aim of the study is to propose a modified method of determining temperature distribu-
tion in thin surface layers of friction members and obtain data on the temperature, its gradient 
and distribution in depth of the layers. The optical-electron scanning technique was used to 
study temperature distribution in depth of rubbing bodies. The material of surface layers is 
shown to undergo severe thermal loading (the temperature gradient along the normal to the in-
terface reaches 104 K/mm). Three kinds of temperature distribution in depth of the material 
have been registered and the existence of a subsurface heat source has been proved. 
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1. INTRODUCTION 

The repeated simultaneous thermal and me-
chanical loading of mated materials at friction 
and machining causes friction-induced thermal 
fatigue. It appears as cracks on the material sur-
faces due to the accumulation of irreversible 
transformations occurring in the materials. 
When machining such inorganic materials as 
diamond, silicon, and ceramics thermal phe-
nomena play a leading role in their failure which 
results mainly from thermal cracking. For ex-
ample, the lack of data on temperature fields in 
the zone of cutting of natural diamonds in-
creases rejects by 5 – 7%. Therefore, the knowl-
edge of temperature fields in the zone of contact 
between the tool and material being cut is neces-
sary to use effectively such materials and to im-
prove the quality of articles made of them. 

Thermal processes in the zone of abrasive 
machining of hard inorganic materials deserve 
comprehensive study. Experimental investiga-
tions carried out using thermocouples [1] and 
thermography methods [2, 3] give data for esti-

mating the average surface temperature. How-
ever, the most share of liberated heat is localized  
within the surface layers adjacent to contact 
spots. It is the share which governs the mode 
and rate of material failure. So, the study of 
temperature distribution in depth of surface lay-
ers of mated materials is of practical importance. 
These studies are also vital for theoretical re-
search in tribological heat problems based on the 
assumption of heat source location. To predict 
the operation of a friction unit it is necessary to 
know the heat partition factor. This implies the 
study of the distribution of heat between the 
friction members.So, the study of the processes 
of heat energy generation and distribution in thin 
surface layers of rubbing bodies at high sliding 
velocities is a challenging task to be solved to 
refine our understanding of the wear of materials 
susceptible to thermal cracking and to improve 
their wear resistance as well as to propose meth-
ods of controlling thermal conditions at high-
speed operation of friction units. The aim of the 
present study is to find regularities of thermal 
processes in thin surface layers of inorganic 
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materials at high sliding velocities to reduce 
their friction-induced thermal fatigue. 

 

 

2. EXPERIMENTAL TECHNIQUE 

The geometry like “plane-on-plane” is used 
when measuring temperature distribution in 
depth of rubbing bodies. A sapphire plate 1 mm 
thick or a glass one 3 mm thick contacts the flat 
surface of a rotating metallic or glass disc 7 mm 
thick and 180 mm in diameter. 

The set-up developed to study temperature 
fields in the friction zone consists of two main 
units which are a high-speed friction machine 
and a system of temperature field registration. 
The friction machine allows the sliding velocity 
to be smoothly varied within 1-100 m/s range. 
The friction coefficient is measured by strain 
gages connected to an amplifier transmitting the 
signal to an oscillograph. 

The registration system incorporates an op-
tical-electron transducer (OET), a monitoring 
device (MD), a video tape-recorder (VTR), an 
amplifier (A), a device to form oscillograms of 
image brightness (DFO), and a digital oscil-
lograph (DO). 

The optical-electron transducer comprises a 
turret head, an accessory lens fastened to the 
head, and a TV camera whose optical axis coin-
cides with the lens axis. The transducer is locked 
to a rack which makes it possible to move the 
transducer in the vertical and horizontal direc-
tions. 

The monitoring device is a TV monitor with 
the low-frequency signal connected to OET 
through an amplifying and commutating unit. 

Heat radiation induced in the friction zone 
passes the lens then the camera generates the 
electric signal. The latter is converted into the 
high-frequency signal and input in MD forming 
a TV image of the contact zone. The image is 
recorded by VTR. DFO connected to VTR out-
put forms the image brightness distribution 
along two sections (for example, along and per-
pendicular the sliding direction) which is dis-
played by DO as the signal in millivolts.  

With the test geometry used it is possible to 
determine the temperature under the surfaces of 
both stationary and moving specimens. The 
temperature is measured along the marker line 
perpendicular to the sliding direction. The 
marker line can be moved along the sliding ve-
locity over the image of the contact area site be-
ing examined [4]. In reality the profiles of the 

mated surfaces are not seen since the linear reso-
lution of the measuring system is 5 µm that is by 
an order or two larger the profile arithmetic av-
erage roughness. Thus, we fail to determine the 
marker line location whether it is within the con-
tact spot or between the spots. The section of the 
friction track corresponding to the marker posi-
tion may contain several spots hence the tem-
perature averaged over these spots is registered. 

The measuring system is calibrated with a 
pyrometer which is used as a standard radiation 
source and mounted in the visual field of OET 
instead of the friction pair. The brightness tem-
perature of the source is converted into the real 
temperature with account for the reflection ca-
pacity of the materials under study. The mean 
error of subsurface temperature measurement is 
about 2%. 

3. RESULTS AND DISCUSSION 

The distribution of the temperature in depth 
of friction member surface layers and the posi-
tion of the distribution curve maximum are gov-
erned by the properties of the mated materials 
and the load and velocity conditions. When the 
silica glass stationary specimen rubs against the 
titanium rotating disc the dependencies of the 
temperature under the glass surface on the depth 
are represented as monotonous curves (Fig. 1, 
curve 1). This proves that heat is generated 
within a very thin (a few micrometers thick) sur-
face layer of glass. 

The silica glass – aluminum pair also dem-
onstrates the dependencies without subsurface 
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Fig. 1: Temperature distribution in depth of sil-
ica glass stationary specimen rubbing against 
titanium (1, V = 18 m/s), aluminum (2, V = 22 

m/s), and steel (3, V = 20 m/s) discs; 
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temperature maxima within the whole load and 
velocity range being used. At the velocity 
≤ 45 m/s the temperature distribution in depth 
can be conventionally divided into two portions 
(Fig. 1, curve 2); temperature gradients for the 
portions can differ several times. The thickness 
of the severely heated and deformed surface 
layer can be roughly estimated by the position of 
the conventional boundary between the steeper 
and more flat portions of the curve. It diminishes 
with decreasing nominal pressure and increasing 
sliding velocity. This can be attributed to a less 
deep penetration of counterface asperities into 
the glass surface layer and a shorter lifetime of 
friction junctions. 

At the velocity > 45 m/s the flat portion of 
the distribution curve is not registered because 
plastic deformation occurs within very thin sur-
face layers of glass. 

In this friction pair silica glass contacts 
mainly with the alumina film whose microas-
perities deform the surface layer of much softer 
glass. Therefore, deep layers are involved in the 
process of deformation and heat is generated 
within the whole volume being deformed. So, 
we can conclude than both surface and volume 
heat sources exist in this case; the latter is lo-
cated within the softer material and produces the 
surface temperature maximum. 

The temperature distribution having a sub-
surface maximum is typical for the silica glass – 
steel pair. The maximum is located approxi-
mately 5 µm beneath the glass friction surface 
(Fig. 1, curve 3). At the velocity ≤ 20 m/s the 
friction coefficient for this pair is below 0.25. 
Saverin’s studies [5] show that in this case the 
zone of maximal tangential stresses lies under 
the surface, at a depth of 10 – 12 µm taking into 
account that the average diameter of a contact 
spot equals 25 – 30 µm within the used load and 
velocity ranges. Therefore, we can suppose that 
maximum heat generation occurs under the glass 
surface in the zone where tangential stresses are 
maximal. 

The friction coefficient rises with increasing 
velocity and the zone of maximal tangential 
stresses approaches the glass friction surface. 
Because of this heat is generated within a very 
thin surface layer of the material at higher ve-
locities and the dependence of the temperature 
on the depth becomes monotonically descend-
ing. 

When the pressure is increased the differ-
ence between the surface and subsurface tem-
peratures rises. This proves a higher share of 

subsurface heat generation. The point where the 
temperature is maximal shifts inward the glass 
specimen. Further pressure increase causes the 
friction coefficient to grow and the temperature 
to decrease monotonically. 

The temperature distribution in depth of the 
stationary (plate) and rotating (disc) members of 
the friction pair (Fig. 2) made of silica glass has 
been studied at various velocities and pressures. 
The distribution curves for both disc and plate 
are similar despite the fact that conditions of 
cooling of their materials differ. Since similar 
materials are in contact they are deformed plas-
tically before single adhesion bonds rupture. 
Therefore, in both members heat is generated in 
a volume beneath the material friction surface 
and the temperature distribution in depth is di-
vided into two portions with different tempera-
ture gradients along the normal to the interface 
(Fig. 2, b). As the sliding velocity increases, the 
material volumes being deformed adjacent to 
adhesion bonds apparently become smaller and 
the flat portion of the distribution curve is not 
registered (Fig. 2, a). 

The temperature gradient along the normal 
to the interface for the rotating disc may exceed 
by 50% that for the stationary specimen despite 
the fact that both materials have the same heat 

Fig. 2: Temperature distribution in depth of 
members of silica glass – silica glass pair at 
ра = 0.1 MPа, V = 50 m/s (а) and ра = 0.3 
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conductivities. The reason is that the disc mate-
rial near the friction surface is “cool” when en-
tering the contact zone while the plate material 
is being continuously heated. 

4. CONCLUSIONS 

1. The temperature distribution in thin sur-
face layers of rubbing bodies has been 
experimentally studied at high sliding velocities. 
It has been shown that heat generation occurs in 
surface layers tens micrometers thick (the silica 
glass – aluminum pair) when the hardnesses of 
the mated materials are much different. This is 
explained by the penetration of plastic deforma-
tion deeper into the softer material of the pair. A 
similar pattern of heat generation is typical for 
the contact of like materials (the glass – glass 
pair) and can be attributed to the plastic defor-
mation induced by strong adhesion and being 
spread over thick material layers. As the normal 
load increases, the depth of the volume heat 
source rises while it decreases with increasing 
velocity. 

2. A subsurface heat source may exist in the 
silica glass – steel pair. It has the temperature 
maximum below the glass friction surface and 
with increasing velocity > 20 m/s transforms to 
the surface source. 
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State Fundamental Research Foundation for the 
financial support of the study (project 
T04M-205). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. REFERENCES 

[1]. V.A. Balakin. Friction and Wear at High 
Sliding Velocities, Mashinostroenie, Mos-
cow, 1980. 

[2]. J. Sadowski. Badania termowizyjne otoc-
zenia obszaru kontaktu tracych sie cia // Za-
gadnienia eksploatacji maszyn, 1986, no. 3, 
pp. 461 – 470. 

[3]. D. Reungoat and B. Tournerie. Application 
de la thermographie infrarouge a l etude 
d’un contact annulaire lubrifie // Mec., ma-
ter., elec., 1991, vol. 438, pp. 31 – 32. 

[4]. D.V. Tkachuk, P.N. Bogdanovich, and 
V.M. Belov. Method of determining tem-
perature fields in rubbing solid contacts // 
Tribotest Journal, 2004, vol. 11, no. 2, 
pp. 125–135. 

[5]. M.M. Saverin. Contact Strength of Material 
under Simultaneous Action of Normal and 
Tangential Loads, Mashgiz Publishers, 
Moscow, 1946. 
 


