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Abstract: This paper examines thermophysics of the drilling process of polymeric composite materials, such as carbon-
fibre-reinforced plastics (CFRP) and fibreglass by tubular diamond drill bits. Features of the COMSOL Multiphysics engi-
neering software package were used. We employed Fourier heat equations, which express the intensity of heat gain by a 
mobile source in a moving coordinate system. The research was performed using the proprietary method of modelling 
spatial thermal action upon drilling polymer composite materials (fibreglass and carbon-fibre-reinforced plastics) in the 
COMSOL Multiphysics software environment. A tubular diamond drill bit with a diameter of 10 mm with two slots was 
chosen as a model cutting tool. Solid plates with a thickness of 5.5 mm made of layered fibrous polymer composite mate-
rials (fibreglass, carbon-fibre-reinforced plastic) were used as a preform. As a result of computer calculations, we ob-
tained temperature fields of fibreglass and carbon-fibre-reinforced plastic during diamond drilling with a tubular tool. 
When studying the thermal behaviour of fibreglass and carbon-fibre-reinforced plastics, maximum temperature fields 
were located. The study revealed that the temperature reaches 413.6 and 448.7 K during CFRP and fibreglass drilling, 
respectively. It was shown that the distance of heat transfer from the edge of the hole into the preform was 6.42 and 6.40 
mm for CFRP and fibreglass, respectively. A method of modelling the thermal effects when cutting polymer composite 
materials developed in the COMSOL Multiphysics environment allows complex analytical calculations of temperatures 
induced by drilling to be simplified. In addition, its use prevents overheating of a preform during drilling, allows assessing 
the depth of heat distribution inside the preform from the edge of the formed hole in different polymer composite materi-
als. These measures increase the machining quality of polymer composite materials . 
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Исследование теплофизики при алмазном сверлении  
стеклопластиков и углепластиков 
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Пермский национальный исследовательский политехнический университет, г. Пермь, Россия 
 

Резюме: Цель – исследование теплофизики процесса сверления трубчатыми алмазными сверлами полимерных 
композиционных материалов типа углепластиков, стеклопластиков на основании возможностей инженерного па-
кета Comsol Multiphysics. В работе использованы уравнения теплопроводности Фурье, выражающие интенсив-
ность притока теплоты движущимся источником в подвижных координатах. Исследования проводились с приме-
нением авторской методики моделирования пространственного термического воздействия при сверлении поли-
мерных композиционных материалов (стеклопластиков и углепластиков) в среде Comsol Multiphysics. В качестве 
модели режущего инструмента была выбрана конструкция алмазного сверла трубчатого типа диаметром 10 мм с 
двумя прорезями. В качестве модели заготовки были спроектированы твердотельные модели пластин толщиной 
5,5 мм из слоистых волокнистых полимерных композиционных материалов: стеклопластика, углепластика. В ре-
зультате компьютерного расчета были получены температурные поля стеклопластика и углепластика при свер-
лении алмазным трубчатым инструментом. При изучении термического воздействия стеклопластиков и углепла-
стиков установлены дислокации максимальных температурных полей. В проведенном исследовании было выяв-
лено, что температура при сверлении углепластика достигает 413,6 К, а температура при сверлении стеклопла-
стика – 448,7 К. Показано, что расстояние, на которое распространяется тепло от краев отверстия внутрь заго-
товки, у углепластика составляет 6,42 мм, а у стеклопластика – 6,40 мм. Разработанная методика моделирова-
ния термического воздействия резания полимерных композиционных материалов в среде COMSOL Multiphysics 
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позволяет значительно упростить сложные аналитические расчеты возникающих при сверлении температур, 
помогает избежать перегрева заготовки при сверлении, позволяет оценить глубины распространения теплоты 
внутрь заготовки от края образованного отверстия различных типов полимерных композиционных материалов, 
что повышает качество механической обработки деталей из полимерных композиционных материалов. 
 

Ключевые слова: теплофизика, сверление, резание, полимерные композиционные материалы, температура, 
теплоемкость 
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INTRODUCTION 

Polymeric composites are multi-component 
materials comprising a plastic matrix and a filler 
– reinforcing fibres with a high strength, stiffness 
and other properties. Combining different source 
components yields an advanced composite ma-
terial with new properties uncharacteristic of its 
original constituents. One can obtain a wide 
range of polymer composite materials with the 
required properties by varying the composition 
of the matrix and filler, their ratio, the orientation 
of reinforcing fibres. Many polymer composite 
materials (PCM) surpass conventional engineer-
ing materials and alloys not only in their me-
chanical properties, but also lightness. Using 
polymer composite materials allows the weight 
of the constructions to be reduced while main-
taining or improving their mechanical character-
istics. 

According to Melentyev et al., machining, in 
particular, PCM drilling, has a number of specific 
characteristics, determined by particularities of 
their structure, mechanical and thermophysical 
properties [1–4]. Nevertheless, PCM machining 
is accompanied by the same phenomena as that 
of metals, i.e., chip formation, power and ther-
mal effects, intensive wear of the cutting tool. 
Each of these phenomena has its own specifics 
when cutting metals; therefore, it is necessary to 
evaluate the thermophysical effects of PCM cut-
ting to control the entire process [4, 5]. 

 
AIM 

Mechanical processing of PCM has been 
poorly studied for several reasons1 [6]. Thermal 

effects play an important role in the machining 
process. 

PCMs have a pronounced anisotropy of not 
only physical-mechanical but also thermophysi-
cal properties, which complicates the problem. 

The aim of this study was to determine tem-
peratures in the cutting zone of polymer compo-
site materials, i.e. fibreglass and carbon-fibre-
reinforced plastic (CFRP), drilled with a diamond 
tool, as well as to establish the depth of heat 
distribution from the edge of the hole inside var-
ious PCM samples. 

Thermophysical analysis conducted to man-
age thermal processes during operation is a 
possible approach to product quality improve-
ment [7].  

The temperature in the cutting zone can be 
determined experimentally or calculated. Two 
numerical methods are used to calculate tem-
perature fields in the cutting zone: finite element 
method and finite difference method [8]. 

The thermal solution during cutting is con-
sidered time-consuming [9–16]. For the fibrous 
polymer composite parts, the complexity in-
creases manifold [17, 18]. Engineering packag-
es such as computer-aided engineering (CAE) 
ANSYS, Abaqus, COMSOL Multiphysics and 
other computer-aided design systems have 
been developed to facilitate thermal and other 
related problems.  

The above-mentioned CAEs interpret the 
process of solving engineering and scientific 
problems using numerical methods. Add-in 
modules contain specialised tools for modelling 
the processes and effects in electrodynamics 

___________________________________ 

1
Dudarev AS. Increasing the efficiency and quality of machining the holes based on stabilising the drilling of the polymer 

composite materials: thesis … PhD Tech.: 05.02.08. Perm, 2009. 170 p. / Дударев А.С. Повышение эффективности 
и качества обработки отверстий на основе стабилизации процесса сверления изделий из полимерных компози-
ционных материалов: дис. … канд. техн. наук: 05.02.08. Пермь, 2009. 170 с. 
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and optics, mechanics and acoustics, hydrody-
namics and heat transfer, chemistry and elec-
trochemistry, etc. 

A numerical simulation of drilling was per-
formed in the COMSOL Multiphysics engineer-
ing package. 

Numerical simulation of cutting during ma-
chining gives the following advantages in com-
parison with analytical and experimental re-
search methods [19]: 

– timely, three-dimensional representation of 
power characteristics and heat transfer pro-
cesses; 

– consideration of the effect of temperature 
and its propagation rate on the physical and 
mechanical properties of materials when model-
ling the moulding process; 

– relatively low-budget research.  
 

RESEARCH METHOD 
The COMSOL Multiphysics environment was 

used to simulate thermal effects when drilling 
polymer composite materials.  

A tubular diamond drill bit with a diameter of 
10 mm with two slots was chosen as a model 
cutting tool (fig. 1). The structure was subjected 
to preliminary industrial tests [20]. 

 

 
 

Fig. 1. Example of tubular drill bit (diameter of 10 mm)  
Рис. 1. Общий вид трубчатого сверла (диаметр 10 мм) 

 
Constructing the geometry is one of the first 

steps in developing a machining process. The 
COMSOL package offers various geometric op-
erations, tools and functions to render geometry, 
including inbuilt geometry primitives, as well as 
logical, splitting and other CAD operations. 

Our study included surface modelling of a 
cutting tool and polymer composite preforms 

(fibreglass and CFRP). Then the interconnection 
was established, and the calculation began.  

A three-dimensional model of the tubular di-
amond drill bit with a diameter 10 of mm is 
shown in fig. 2. 

 

 
 

Fig. 2. Three-dimensional model of a tubular drill bit 
(diameter of 10 mm)  

Рис. 2. Трехмерная модель трубчатого сверла 
(диаметр 10 мм) 

 
When creating a preform model in the form 

of a PCM plate (polymer binding matrix and rein-
forcing fibres), a Rectangle command was used. 
Cross-section of PCMs comprises a laminated 
structure of fibres and a matrix; therefore using 
simple cylinders and rectangles in the cross-
section model is reliable. Using simple figures, 
we built a layered plate structure with a total 
height of 5.5 mm and set cohesion bonds be-
tween the layers. The plates comprised reinforc-
ing glass fibres with a binder and carbon fibres 
with the binder. The thickness of the binder was 
50 μm, the thickness and diameter of fibres 
were 150 μm.  

A processing model was created first in the 
form of a 2D rough drawing in 2D Axisymmetric 
(fig. 3). Further, the obtained rough drawing was 
turned through 360°, thus creating a 3D surface 
of a slot. 

The Point command was utilised to separate 
the block scope of the figure through the bound-
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aries. A separate boundary was formed for fur-
ther application of the thermal effects.  

To simulate the heat effect, the Heat Trans-
fer submenu was selected in the physics sec-
tion. The Heat Transfer interface and thermal 
multi-physical links were used to simulate heat 
transfer by thermal conductivity, convection and 
conjugated heat transfer. 

Heat Transfer in Solids function is based on 
the Fourier Law. The stationary mode was se-
lected. For heat transfer, the stationary mode is 
used to calculate the temperature field at ther-
mal equilibrium.  

The inbuilt COMSOL library allows material 
with the characteristics and properties of a pol-
ymer composite to be used. Each material is 
characterised by properties and defined func-
tions. The library provides 24 main temperature-
dependent characteristics. In the COMSOL 
software complex, material properties can be 
presented in a graph, and new components can 
be added to the library. 

For models of the contact problem arising 
from the interaction of a diamond-tube tool with 
various polymer composite preforms, it is nec-
essary to choose fibreglass and carbon-fibre-
reinforced plastic.  

As known [21], polymer composite materials 
comprise the layers of filler (fibreglass, carbon 
fibre) and binder (epoxy resin matrices). There-
fore, we build the layers, set the properties (ta-
ble) layer by layer and the cohesion bonds be-
tween them.  

In addition, thermophysical properties of pol-
ymeric composite materials (glass and carbon 
fibres, binder) were assigned average values 
(table).  

Heat-balance calculations for diamond drill-
ing of polymer composite materials were per-
formed using the thermal conductivity equation 
for deformed bodies. This heat equation - the 
energy equation - is derived from the law of 
thermodynamics [22]. 

 

 
 

Fig. 3. Longitudinal section of a half drill bit and a polymer composite preform  
Рис. 3. Продольное сечение половины сверла и заготовки из полимерных композиционных материал ов 
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Thermophysical properties of polymer composite materials 
Теплофизические свойства полимерных композиционных материалов 
 

Material Heat capacity Ср, J / (kg K) Density r, kg / m
3
 

Thermal conduction  
coefficient λ, W / (m K) 

Binder 
(epoxy resin) 

1110 1200 0,5 

Glass fibre 1700 2580 40 

Carbon fibre 1100 1200 100 

 
The COMSOL Multiphysics heat equation is 

as follows: 
 

,p p

T
С C T Q

t
 


   


u q   (1) 

 
where   is the density, kg/m3; 

pС  is the specif-

ic heat, J/(kg·°C); u is the velocity vector, m/s; 

T  is the temperature gradient, °C/m; q is the 
heat flow vector, W/m2; Q is the power of heat 
source per unit volume, W/m3. 

For solid bodies, heat equation (1) has a 
slightly different form in the COMSOL Multiphys-
ics program window: 
 

,p tedС u T q Q Q        (2) 

 

where tedQ  is the correction for change from an 

external thermal source, W/m3. 
The velocity vector can be rewritten in the 

following form: 
 

,x y zu u u  u i j k     (3) 

 
where 

x y zu ,u ,u  is the component of the motion 

speed of the point in a thermally conductive me-
dium, m/s; , ,i j k  are the unit vectors in the Car-

tesian coordinate system. 

A temperature gradient T  is a vector di-
rected normally to the isothermal surface to-
wards the temperature increase and numerically 
equal to temperature change per unit length.  
 

,
T

T
n


 


n  

 

where n  is the unit vector; n is a normal;   is 
the Hamiltonian (Nabla), a symbolic vector that 
replaces a gradient symbol. 

Based on (2), T  can be expressed as  
follows: 
 

.
T

T
x


 


 

 
In case heat is distributed along three axes: 

 

.
T T T

T
x y z

  
   

  
 

 

A vector of heat flow rate: q Т   , 

where λ is the thermal conduction coefficient, 
W/m °C. 

Analysis of the thermal field during diamond 
drilling is based on solving the Fourier three-
dimensional differential heat equation using 
common descriptions of heat flows from instan-
taneous point heat source.  

To calculate heat fields, we selected heat-
load lines applied to the polymer composite pre-
forms from a cutting grit of the tool and set heat 
flow values: q = 40 · 10 6 W/m2. The heat flow 
value was taken from the following work [2]. The 
other used constants are shown in the table; the 
following additional literature sources were 
used. [23–25]. 

 
RESULTS 

A solution to the discussed complex practical 
problem was derived based on solving the Fou-
rier heat equation (2) for a three-dimensional 
case.  

As a result of calculating the drilling process, 
performed on carbon-fibre-reinforced plastic, the 
temperature fields in the hole were obtained  
(fig. 4). The temperature distribution plot in the 
material from the edge of the hole is demon-
strated in fig. 5. 
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Fig. 4. Results of thermal field distribution in the cross-section of the hole in carbon-fibre-reinforced plastic  
Рис. 4. Результаты распределения тепловых полей в сечении отверстия углепластика 

 

 
 

Fig. 5. Temperature as a function of hole boundary in carbon-fibre-reinforced plastic  
Рис. 5. Зависимость температуры от границы отверстия в углепластике 

 
As a result of calculating the drilling process, 

performed on fibreglass, the temperature fields 
in the hole were obtained (fig. 6). The tempera-

ture distribution plot in the material from the 
edge of the hole is demonstrated in fig. 7. 
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Fig. 6. Results of thermal field distribution in a cross-section of a hole in fibreglass 
Рис. 6. Результаты распределения тепловых полей в сечении отверстия стеклопластика 

 

 
 

Fig. 7. Temperature as a function of hole boundary in fibreglass 
Рис. 7. Зависимость температуры от границы отверстия в стеклопластике 

 
When comparing fig. 5 and fig.7, one can no-

tice a slightly deeper heat distribution in the fi-
breglass preform in fig. 7 and a higher tempera-

ture than that in the CFRP when the tubular drill 
bit is used. 
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CONCLUSIONS 
As a result of computer calculations, we ob-

tained temperature fields for fibreglass and car-
bon-fibre-reinforced plastic. The temperature 
field of fibreglass has a higher distribution 
through the preform volume owing to the higher 
thermal conduction coefficient of fibreglass (100 
W/(m·K)) than that of carbon-fibre-reinforced 
plastic (40 W/(m·K)). 

The temperature of the carbon-fibre-
reinforced composite and fibreglass reaches 
413.6 and 448.7 K, respectively. The distance of 

the heat distribution from the hole boundary for 
carbon-fibre-reinforced composite and fibreglass 
was 6.42 and 6.40 mm, respectively. Therefore, 
the difference in the depth of heat distribution for 
the described materials is insignificant. 

The developed method of simulating the 
thermal effect of cutting polymer compound ma-
terials in the COMSOL Multiphysics environment 
allows possible overheating to be assessed. The 
overheating of the preform during processing 
can be avoided, resulting in higher processing 
quality. 
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