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    Abstract: Comprehensive theoretical and experimental studies 
are presented in the field of developing a progressive technology 
for the manufacture of shafts from hard-to-handle materials with 
preliminary heating of the treated surface. A theoretical 
justi-fication is given for increasing the efficiency of combined 
cutting processing with simultaneous heating of the surface layer 
by creating and using new combined structural schemes and 
device designs. Which provide improved conditions for heat 
removal from the cutting zone and are simple, cheap and safe 
during pro-cessing. 
 

Keywords : process, handling, means, heating, surface, 
technology, requirements, method, de-tail, surface layer, strength 

I. INTRODUCTION 

Blade processing of structural materials (carbon, 
alloyed and other steels) and, in particular, the turning process 
occupies a significant place in the practice of 
machine-building production. Therefore, increasing its 
productivity, and tool life at specified parameters of accuracy 
and surface quality at both roughing and finishing stages is an 
urgent task.The problem is complicated by the constant 
increase in the deficit and cost of refractory components of the 
material of the cutting tool, its manufacture or purchase 
abroad. For these reasons, the task of increasing tool life by 
reducing the cutting force at a given productivity becomes 
important.The various methods used in the industry to 
intensify the cutting process, including preheating the surface 
layer of the workpiece, are not always effective, especially in 
the current context of the establishment and development of 
small enterprises and repair bases. Therefore, it remains 
important to find and implement new, more promising ways to 
improve cutting conditions that significantly improve 
productivity, durability, surface quality and reliability of 
tools. In this regard, we developed a method [3] of processing 
parts such as shafts, axles, sleeves and tools [1]  
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ensuring high processing performance under the specified 
drawing surface layer quality parameters (roughness, 
hardness, metal structure, etc.). 

II.  THEORETICAL AND METHODOLOGICAL 

APPROACHES 

The essence of the proposed method is that before 
removing material from the surface on the part, for example a 
shaft, the surface layer is heated with a gas flame burner to a 
depth of 1-4 mm, depending on the assigned mode. A cutting 
process is carried out by a solid alloy cutter equipped with a 
special chamber where cooled emulsion (water) is fed to 
improve the heat sink from the cutting area. In addition, the 
surface is heated by adjusting the flame temperature so that 
the flame torch at the points of contact with the surface has a 
temperature of 800-1000°C, and the distance from the center 
of the spot of heating prior to cutting the metal was 
maintained with  the hardening temperature in the cut layer 
Tcp = 400-600°C, while the burner is placed at an angle to the 
surface of heated part [5]. 

Such execution of the method allows to preserve the 
structure of the pro-cessed metal and reduce heating of the 
cutting tool by emission. 

Reducing the temperature of the flame below 800 ° C 
increases the heating time and creates instability in the cutting 
zone. 

Increase in the temperature of the torch more than 
1000° C causes recrystal-lization of the metal. 

Reducing the temperature in the cut layer below 400°C 
leads to increased dynamic loads and reduced cutting 
efficiency. 

Increase in the temperature in the cut layer above 600° 
C leads to a change in the structure of the metal. 

The original device (Fig. 1) [3] has been developed to 
ensure the specified processing conditions. 

It includes standard gas-flame burner type 1 PM, 
MZG-49 or GKZ-1-58, control unit 2 over heating of the 
workpiece surface and control panel 3, which are mounted on 
a cross caliper of lathe. 

The heating temperature control unit 2 of workpiece 5 
is a spring-loaded bimetallic element 15 and 16 (spring) 
connected to the induction sensor axis 17 and connected by a 
conductor through amplifier 18 with a control unit 19 gas 
flame burner mixing chamber and control panel 3 devices. 

Device Control Panel 3 contains three pairs of 
switches that control the movements of caliper 4 and cutter 
holder 8. At the same time, one pair of 20 and 21 closes and 
breaks the supply chain of the motor 14 drive (through 
reducer  
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13) longitudinal movement of the caliper on screw 12. 
Two other switches 22 and 23 - respectively for control (via 
control unit 19) of burner power and transverse caliper 
movement speed 8. The third pair of switches 24 and 25 is 
designed to turn on and off the chain of cross-feed of the 
cutter holder (electric motor 11, reducer 10, screw 9). 

 

 
Figure 1 - Device for COP with NPS: 1 — flame 

burner; 2 — control unit; 3 — control panel; 4 — cross caliper; 5 — 
workpiece; 6 — turning cutter; 7 — water-cooled chamber; 8 — 
cutter holder; 9 - screw; 10 - reducer; 11 - electric motor; 12 - screw; 
13 - reducer; 14 — drive motor; 15 — bimetallic element; 16 — 
spring; 17 - induction sensor; 18 - conductor amplifier; 19 - control 
block; 20-21 — 1st pair of switches; 22-23 — 2nd pair of switches; 
24-25 — 3rd pair of switchesA developed device provides 
automatic control of the process of combined machining by 
cutting with preheating of the surface layer (SOP with NPS) 
of the workpiece. As the control parameter received by one of 
the physical parameters of the process, namely, the 
temperature in the cutting zone. The developed system allows 
mechanical machining with constant (specified) temperature 
in the cutting area, which ultimately improves productivity, 
processing quality, and maximum tool life, etc. [4]. 

III. RESULTS OF THE STUDY 

Let us analyze the modeling of the temperature field 
when heating a rotating billet with a gas burner. 

Solutions of differential equations of thermal 
conductivity in linear formulation lead to analytical 
dependences, simple and convenient for engineering 
calculations. It is assumed that the thermophysical properties 
of the material, such as the coefficient of thermal conductivity 
t and the volume heat capacity c, as well as the coefficient of 
heat transfer from surfaces t do not depend on the 
temperature. A number of solutions in the theory of thermal 
processes in welding, developed by N. Rykalin, can be 

directly used for the analysis of thermal processes when the 
surface is heated by a gas burner.  

When treating the surface with focused radiation in the 
form of a single pulse or continuous action for a short period 
of time, you can use the formula for instantaneous of the 
concentrated source. A process of propagation of the heat of 
the instantaneous concentrated source Q, isolated on the 
surface of the semi-infinite body at the initial time t = 0 at the 
point O (instantaneous point source) is expressed by the 
equation: 
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where T is the temperature at the considered point with 
coordinates x, y, z; t — time calculated from the moment of 
introduction of heat; 2222 zyxR   — the square of the 

distance from the source of heat Q. to considered point of the 
body with coordinates x, y, z;  сa т

— coefficient of 

temperature conductivity; Т0 — ambient temperature, i.e. 
initial temperature of the material before heating 
(conditionally accepted T0 = 0) [2]. 

Heat dissipation from the surface of хОz is not taken 
into account, as its influence on thermal processes in a 
semi-infinite body is incomparably less compared to the 
propagation of heat in the body by thermal conductivity. 

From the formula (1) it follows that the temperature 
of the body points at any time t is directly proportional to the 
amount of introduced heat. 

The temperature change at points at different 
distances R from O is the same: temperature rise at the initial 
stage, maximum values and subsequent reduction (Figure 2). 
At the same time, at more distant points, the maximum 
temperature has a lower value and is reached later. At the 
point O, where an instantaneous source of heat is applied, at 
the initial time t = 0 temperature tends to infinity. The 
temperatures of all points of the semi-infinite body tend to 
zero over time. 

With a long-term action of a point source for an 
arbitrary time t, one can use the principle of superposition of 
temperatures, which consists in the corresponding integration 
of expression (1) over time t. For this, the action time t of a 
continuous source is represented as a set 

 

Figure 2 — Dependence of cutting speed on cutting 
temperature 
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infinitely small elements d t'. Then at the point O for the 
element of time d t' through t’ after the beginning of the 
action, an elementary amount of heat will be allocated: 

  ttqQ  dd , (2) 

where  tq   is the function of changing the intensity of the 

source in time. 
The elementary amount of heat dQ (2), propagating 

in the body over time tt  , leads to an increase in 
temperature to time t, calculated according to the formula (1): 
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To determine the temperature T (R, t) at moment t 
when a continuous point source is acting on the surface, the 
expression (3) over time t must be integrated: 
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Substitute (2) and (3) in integral (4) and we have: 
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Since the processing of a rotating workpiece is 
carried out at relatively high speeds, it becomes possible to 
consider the heating process from the so-called powerful 
fast-moving sources (Fig. 3). In this case, the calculation 
formulas are simplified: the heat fluxes in the direction 
parallel to the Oz axis are insignificant in comparison with the 
heat fluxes in the Oy and OX directions. 

 
Figure 3 - Powerful fast-moving point source on the 

surface of semi-infinite body 
An equation of the limiting state of the heat 

propagation process of a powerful fast-moving point source in 
a semi-infinite body has the following form: 
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For most technological sources of billet heating, the 
change in power density is described by the law of normal 
distribution. Then: 

   2
00 exp rKqrq  , cal/cm2 with,      (7) 

where q0 is the maximum flow density on the flame axis; K0 is 
the concentration coefficient characterizing the shape of the 
normal distribution curve; r is the radius of a heating spot. 

The intensity of the heating source, i.e. its thermal 
power Q is determined by the integration of the heat flow 
density over the  rq surface 
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  (8) 

With a uniform distribution of the flux 
density   0qrq   over the heating spot, the thermal power of 

the source Q is determined by the volume of the cylinder with 
radius r on ordinate q0 (Fig. 4)  

0
2qrQ  .                   (9) 

 
Figure 4 — Normal Flow Density Distribution 

in the radial direction. 
The temperature distribution calculated according to the 

formula (6) is shown in Figure 5. Consider the definition of 
rational parameters of SOP with the NPS billet with 
theoretical-experimental method.Efficiency of application of 
flame mechanical treatment of hard-to-machining structural 
materials depends on a large extent on the correct choice of 
heating parameters and cutting. The combination of these 
parameters should be such that, on the one hand, the layer 
being cut is heated to a temperature at which the hardness and 
tensile strength of the processed material are sufficiently 
reduced, and on the other hand, the temperature on the treated 
surface should not exceed values that would disrupt the 
structure surface layer. This implies that the improvement of 
PMO parameters associated with the strict coordination of the 
impact on the cutting surface of a torch flame and a cutting 
tool requires accurate calculation of the temperature fields 
that occur in the workpieces when heating their surfaces. 

 
Figure 5 — Temperature distribution during the movement of a 

powerful 
fast-moving point heat source on the surface 

of massive body (Q = 15000 W, V = 1 cm/s): a — distribution 
of temperatures along lines parallel to the Ox;  

b — isotherms on the surface of the body 
Character temperature field depends on the structural and 
technological parameters of the heat source (the diameter of 
the nozzle d, composition flame forming gases and their flow 
rate G, the flame power W, 
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 the angle of inclination  surface to be treated and h 
distances from the nozzle to the surface being treated and L - 
the center of the heating strip to the top of the cutter), as well 
as the parameters of the cutting mode: speed V, feed S, depth t. 
The total temperature in the cutting zone of the heated metal 


pT  in general form can be represented by the expression: 

  ТTTp н
, (10) 

where Tn is the heating temperature of the workpiece from an 

external heat source; Т  — temperature increase due to the 
operation of the actual cutting of the heated metal. 

The optimal value 
pT  corresponds to the most 

favorable cutting, friction and tool wear conditions, which are 
found to be determined by different combinations of 
workpiece Tn and parameters (V, S , t) cutting modes that 
provide the lowest wear rate and the greatest durability of the 
tool. 

At different cutting parameters that affect the quality 
and productivity of the machining, the value Т  will change 

and to ensure the consistency of the optimal value 
pT  should 

control the process by changing the temperature Tn. 
Of (6) and (10) we have the following dependencies: 
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  ТTT pн
.           (12) 

Literature data [6, 7, 8] and the results of 
experiments (Fig. 5) confirm that the increment in the cutting 

temperature Т  approaches a value equal to the difference 
between the melting temperature Tm of the processed material 
and the temperature of its heating by the burner Tn, therefore, 
for this processing method it will be: 

   S
cV KKеTTТ 

  1нпл
, (13) 

where c is the constant of the processed material, determined 
by the formula: 
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Where  -  elongation; 

K and KS - coefficients taking into 

account the influence of front angle of the cutter. 
According to [6]: KS 1 (at Tp 600 C),  0065,01K . 

Substituting the formula (13) in (10), taking into 

account KS K  1, after the transformations we have: 

  cV
p еTTTТ   нплпл

.      (15) 

Experimental studies (Fig. 5) at different 
combinations of cutting parameters of investigated samples 
from materials 30Х13, 15ХМ, 40Х showed that the optimal 

cutting speed at the heat of the workpiece,  which determine 

the temperature

pT , corresponds to a narrow range of cutting 

temperatures equal to 780-870 C. 
If the optimal cutting temperature is known 

pT , then 

according to the formulas proposed by V.V. Tsotskhadze [7], 
you can find the value of the optimal heating temperature Tn 
from the equation [6]: 
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Location of the top of the cutter from the spot of the 
heat flare can be determined from the expression (11). Taking 

the distance 22 yxL  , we will have: 

HLTeVc

q
L




2 ,           (17) 

where HLT  — heating temperature at a predetermined point 

of heating; c  — volumetric heat capacity, cal/cm3 degrees. 

Let us define numerical characteristics of the burner. 
The value of the torch intensity can be determined by 
formulas (8), (9), as well as from the burner power (W), using 
the expressions N.N. Rykalin and A.N. Reznikov, on using 
the formula: 

 


 024,0

K
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where - the efficiency of the burner 










W

Q . 

Figure 6 shows the thermal characteristics of the 
torch flame of a burner obtained by calculation and 
experimentally by calorimetry according to the method of A. 
N. Reznikov.  

Installation parameters (modes) dc — nozzle 
diameter; h — nozzle distance from heating surface, gas flow 
(acetylene-oxygen mixture) — G are determined 
experimentally depending on the given heat capacity of the 
burner. Figure 7 shows the results of their values.  

 
Figure 6 - Thermal characteristics of a flame 

 
Figure 7 — Thermal Power Dependence  

 
from the process parameters: 1 - Qn (G) at dc = 3 mm, h = 8 mm; 
2 - Qn (dc) at G = 2.5 m3/h, h = 8 mm; 3 - Qn (h) at G = 2.5 m3/h, dc = 
4 mm 
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IV. CONCLUSION 
 

According to the above dependencies, setting the optimal 

cutting temperature within  950780pT C, rational 

constructive-technological parameters of the unit W = 10-15 kW, 
dc = 2,8-6 mm, h = 8- - L = 60-80 mm, which 
provide, as shown by experimental studies, the heating 
temperature Tn 
the cutting zone at L = 50-60 mm — 500-  
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