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Аннотация: В статье представлен разработанный авторами новый метод термофрикционной отрезки 
металлических заготовок с использованием импульсного охлаждения. Изучено влияние охлаждения на 
температурный режим отрезаемого материала и динамическую твердость деформируемых слоев. На 
основе анализа полученных данных предложена методика расчета температурного режима для данно-
го процесса. 
Ключевые слова: Термофрикционная отрезка, импульсное охлаждение, твердость, режущий диск. 
 

МЕТОДИКА ОПРЕДЕЛЕНИЯ ТЕМПЕРАТУРНЫХ ПАРАМЕТРОВ В ПРОЦЕССЕ 
ТЕРМОФРИКЦИОННОЙ ОТРЕЗКИ С ОХЛАЖДЕНИЕМ 

 
Абишев Кайратолла Кайроллинович, 
кандидат технических наук, профессор 
Маздубай Асылхан Владимирович, 
доктор философии (PhD), профессор 

Сулейменов Ансаган Дюсембаевич, 
доктор философии (PhD), ассоциированный профессор 

НАО «Торайгыров Университет» 
Янюшкин Александр Сергеевич 

доктор технических наук, профессор 
Чувашский государственный университет им. И. Н. Ульянова 

 
Abstract: The article presents a new method of thermal friction cutting of metal workpieces using pulse cool-
ing developed by the authors. The effect of cooling on the temperature regime of the cut material and the dy-
namic hardness of the deformable layers has been studied. Based on the analysis of the obtained data, a 
method for calculating the temperature regime for this process is proposed. 
Keywords: Thermo- friction cut, pulse cooling, hardness, cutting disc. 
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Currently, cutting metal rolling into parts with friction discs is an integral part of the Kazakhstan and for-
eign metallurgical and pipe rolling industries.The main advantage of the mentioned method, it is its technologi-
cal simplicity, low cost and high cutting performance. 

On the part of the authors, a method of thermofriction processing with economical pulsed cooling was 
created [1,  p. 33].  

Ensuring the satisfactory quality of the cut surface, characterized by the size of the blades during cutting 
by the degree and depth of hardening, as well as by the method of thermofriction cutting with the use of Pulse 
cooling, determines the possibility of expanding the area of its application [2, 3].  

The specified quality indicators are influenced by many factors. The average temperature at the junction 
of the workpiece with the edge of the cutting disc will undoubtedly have a significant impact on the grid. The 
need to maintain this temperature in the range of 400-600 ° C was experimentally established by the authors 
[4, p. 26]. 

The control of the average temperature in the junction area can be understood by the diagram given in 
Figure 1 of the grid, where the section l1 determines the Tmaх value of the maximum temperature with the coor-
dinates y3 and y2 (at a given sliding speed and the constituent cutting forces determined from the experiment). 

 

 
1-cutting disc; 2-material to be cut. 

Fig. 1. Diagram of the connection of the cutting disc with the workpiece 
 
For engineering calculations, its magnitude can be determined by the following Formula (1): 

V

gаH
T








 2)22( 5,0

max                                                           
(1) 

where, H - the relative half – width of the section l1. 

a

lV
H






2

1  

where,а - temperature conductivity coefficient of the material to be cut;  

g - is the density of the thermal current. 

S

VP
g z   

where, zP  - the transmission force;  

V  -sliding speed;  

S - the junction area of site l1;  
  – coefficient of thermal conductivity. 

The value of the average temperature depends on the minimum temperature corresponding to the coor-
dinate point Tmax and y1. 



24 НАУЧНОЕ ОБОЗРЕНИЕ 

 

XIV международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

For example: it is necessary to cool from Tmax to Tmin 600 0C. For calculations, it will be necessary to de-
termine the heat shift coefficient at. Obtaining accurate solutions is possible only for ideal situations. However, 
solutions that are closer to some specific forms allow you to estimate the heat transfer coefficient with the ac-
curacy required for engineering tasks. Let's look at a brief description of the signs used in relationships that 
interest us. 

The pekle similarity sign (
a

LV
Pe






2
) is the magnitude of the ratio of heat transfer due to thermal con-

ductivity to heat transfer due to convection. If we put it in our conditions, that is, in the process of cutting, this 
sign characterizes the temperature distribution. If the cutting process is performed with two transfer rates that 
have differences from each other, but the re sign is the same, the temperature distribution will be the same in 
both cases.  

The main similarity signs that determine the course of the heat dissipation process when cutting using 
lubricating and cooling liquid will be the following: 

v

LV
Rе


 - Reynolds symbol describing the hydrodynamic mode of coolant flow. It is the relation-

ship between the force of inertia and the magnitude of molecular friction. Where: V is the speed of fluid flow 
equal to the circular speed of the cutting disc; L is the linear size; v is the kinematic viscosity coefficient. 

a

V
Рr   - Prandtl sign, which is a measure of similarity of temperature and velocity fields in the flow of 

a liquid.  



 L
Nu


  - Nusselt sign, which characterizes the heat exchange condition at the border of a solid 

body and a liquid. Where,  - the coefficient of thermal conductivity of the cooling medium. 
It is better to emphasize that the pecle sign in our case includes the characteristics of the metal to be 

cut, and the values Re, Pr and Nu include the parameters of the cooling fluid. The value of the heat coefficient 

 of interest to us is included in the nusselt sign Nu. The solution of the equations of hydrodynamics for heat 
exchange in the form of a sign is as follows: 

 ,,РrRеfNu                                                              (2) 

For the average coefficient of heat exchange during the laminar flow of the liquid: 

,664,0 5,033,0 RеРrNu                                                    (3) 

For turbulent flow: 

,664,0 8,033,0 RеРrNu                                                    (4) 

 
The nature of fluid leakage can be determined by the magnitude of the Re sign. The transition from lam-

inar to turbulent flow mode corresponds to the following number: 
64 10410 Rе  

When cooling the cutting area with a water – based liquid (lubricating and cooling liquid - 8 is such), the 

number of Prandtl is close to one. For example, at 100 0C 75,1
a

V
Рr ; аt 180 0C – 1.0; at 350 0C – 1.6. 

In the case of blowing with air for the entire temperature range Pr  0,75. 

To calculate the temperature during cooling, it will be necessary not the coefficient , but the – complex 

in the form of a ratio 
V

a







2
 of two dimensionless complexes: 



 L
Bi


 (Bio)                     

a

LV
Рe






2
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The Bio symbol describes the relationship between the temperature field in a solid and the heat transfer 
conditions on its surface. Or you can compare with internal and external thermal resistances. The bio tag is 
similar to Nu at first glance, but since the tag in it is a characteristic of the metal to be cut, there will be signifi-

cant differences between them. In the nusselt sign,  - a liquid characteristic.  
The liquid used for cooling boils at 100 0C. Accordingly, the following can be assumed: 

,75,1
a

V
Рr  = 0,683 W/mdeg it is also known that; 

a = 1.6910-7m2 /s; V = 2.9510-7m2/s, then the Nusselt number for the turbulent flow will be Nu = 

0.043Re0.8. 
So, the calculation of the heat exchange coefficient can be carried out dimensionally according to the 

following formula: 

4,04,02,0

2

8,0

035,0
VaL

V







 cal/cm2cdeg.                                              (5) 

Or 
8,04106 V  W/m2deg, where V is the flow rate of lubricating and cooling liquid, m/s; the 

length (y2 – y1) is put as the determining measure-that is, the length of the cooling zone L2 (see Fig.1). 

For example, if the fluid velocity is 10 m/s and L2 = 10 mm, the coefficient e = 2.5 Cal/(cmc deg) will be 
equal.  

We consider the process of temperature reduction during the passage of L2 through the cooling zone. 
The duration of the cycle can be determined: 

V

L
tохл

2 sec, 

where V is the circular velocity on the disk edge: 

100060 




nD
V u

 m/s 

where uD  is the diameter of the disk,  

n  - speed of rotation, rpm.  

From this, 

nD

L
t

u

охл






2

4106
                                                              (6) 

For example, for uD  = 320 mm, n  – 3000 rpm, L2 = 10 mm, t=5e 10-4 s. 

In it, the complex called Tikhonov sign ta 



in the theory of heat transfer, taking into account the 

dimensions, will look like this: 

5,610104,1
104,1

10 43

3



 


ta 




                                     (7) 

From this, if we limit ourselves to the law of changing the temperature of the cooled surface over time, 

the solution to the task is a function (we take the temperature of the liquid equal to 0С). 







































 taerftaеxpTT








1

2

                                (8) 

By substituting the resulting value of the Tikhonov sign in the equation (8), we get the following: 

T = Texp(6,5)2[1 - erf(6,5)]=Tсрexp(6,5)2[erfc(6,5)] 
 
Given a fairly large value of the argument, one can limit oneself to the first term of the distribution series 
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when solving: 

expи2erfc 













 

53 4

3

2

111

иии
и


 

The final result will look like this: 
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When cooling occurs, within 10-4 sec the surface cools so that its temperature is about 9% of the initial 
temperature at the coordinate point y1 (see Fig.1). at the exit from the point y2, the temperature T = 1600 °C, 

then after cooling we get  160С. 
In the process of preparing this article, the authors came to the following conclusions. To determine the 

effect of thermal state on the quality of cutting, it is necessary to determine the cutting order and geometry of 
the cutting part of the tool, which provides TSR<600, C when cutting steel. Using the proposed calculation 
methodology, the mentioned task can be solved. 
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