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Abstract. When modeling temperature fields in details of different geom-
etry on the basis of the obtained calculations, the graphs of temperature de-

pendence on the power of the source and the thickness of the deposited layer, 
non-contact measurement of temperatures in the working area and the sub-
sequent calculation of temperature fields allow describing the thermal pro-
cesses in the electromagnetic surfacing in the first approximation. The de-
termination of temperatures should be carried out taking into account the 
accumulation of heat by an infinite cylinder with a constant source evenly 
distributed over its lateral surface. 

1 Research technique 

This work is devoted to the modeling of temperature fields in details of different geometry.  
If the sizes of the restored parts are not large, and the heat sink is not intense enough, then 

we can consider the accumulation of heat, leading to an increase in the temperature of the 

workpiece in the recovery process. To do this, imagine that the fast-moving source moves 

along the surface of a solid cylinder along the helix of a small step 2b0 and makes several 

turns (Fig.1). 

 

Fig. 1. Scheme of temperature fields from the strip fast-moving heat source 
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Then the temperature of an arbitrary point on the surface by radius will be expressed as the 

sum of temperatures from instantaneous annular sources, which can be described by the fol-

lowing relation: 
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where c - mass heat capacity, J/(kg · ºC); ρ - density of matter, kg/m3, cρ -volume heat ca-

pacity, J/(cm3 · ºC); λ - coefficient of thermal diffusivity, cm2/c;  υ - speed of movement of 

the source, cm/c; τn - time of movement of the source, c; Rк - instantaneous coordinates of 

the considered point, cm; q - point source of heat of constant power, J/c;  

                                                             𝑞 =  𝜂 ∙ 𝑉 ∙ 𝐼                                                    (2) 

where η - the efficiency of the heat source; V - voltage, V; I - current strength, A. 

When determining the optimum temperature of the metal coating, after the termination of 

the surfacing process, it is necessary to proceed from the fact that the processing of a solid 

cylinder along the helix with a small step should be considered as heating by a fast-moving 

point source moving along its surface [1-3]. 

This assumption means that the heat is distributed only in a line bounded by two non-

heat-permeable planes and passing through the axis of the cylinder and the outer surface from 

which the heat transfer occurs. It is taken into account that the angle of rise of the helix when 

surfacing with a small step is relatively small, the distribution of heat in this case can be 

equated to the case of its propagation from an instantaneous annular source with linear energy 
on the surface of the cylinder. Then the temperature of an arbitrary point on the surface with 

radius R will be expressed as a sum of temperatures from instantaneous annular sources, 

which can be described by the ratio: 

                                         𝑇к =  
2𝑞к

𝜐𝑛𝑐𝜌𝑅
∙ ∑ ФП(𝑟, 𝜏)𝑁

𝑛=1
𝑒

−𝑥𝑛
2 −𝐵𝜏𝑛
4𝜔𝜏

√4𝜋𝜔𝜏𝑛
                                  (3) 

where qк/υn - heat input from the instant of the annular source; cρ - the specific heat of the 

material J/cm3·grad; r - the current radius, cm; R - the estimated radius of the part after weld-

ing, cm; ω - thermal diffusivity, cm2/c ; τn - the time elapsed from the moment of crossing 

the heat source of the plane I-I in respective passageways (Fig.2), zn - the distance from the 

heat source to the point in the plane under consideration at different passes , i.e. at z1, z2, 

z3….., cm; B - temperature coefficient, 1º/c; Фп(r,τ) - function describing the process of heat 

equalization in a thin round disk without heat transfer at instantaneous heat release along the 

ring on its outer surface. 
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where 𝐽0,   𝐽1 - Bessel functions of the first kind of the first order, 𝜇𝑘 the roots of the equation 

𝐽1(𝜇𝑘) = 0, (𝜇1 = 0; 𝜇2 = 3.83; 𝜇3 = 7.02) 
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Fig. 2. Scheme of motion and location of heat sources when heating a solid cylinder on a small step 
helical line 

The values ФП(𝑟, 𝜏)
 
can also be determined by the nomogram given in [1] depending on 

𝑟

𝑅
 и 

𝜏 =
𝜔𝑡

𝑅2 . 

In the case of a steady-state process, when the number of passes N is large, the summation 

of temperatures according to the formula (3) should be carried out to the value n = N0, while 

it ФП(r, τ) differs from one by 3-5 %. In this case, the temperature 𝑇𝑁0
, will be obtained 

which is determined by the formula: 

                                            𝑇𝑁0
=
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The remainder of the sum of equation (3) at n  N0, when ФП(𝑟, 𝜏) ≅ 1  is produced using 

the integral: 
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where 𝜏𝑁0
− the time since the intersection of the plane I-I, when passing n = N0 

𝜏𝑠 − the time spent on a single pass with a step s, (Fig. 2); 

𝑥0 −  coordinate of the point A or b (Fig. 2) in relation to the moving heat source Q; 

𝜐𝑧 −  component of the velocity of the heat source along the axis of the cylinder z. 

Integral (6) describes the process of temperature equalization from a flat heat source, i.e.: 

                                                         𝑇𝑁−𝑁0
= 𝑇пр(1 − 𝜓1),                                 (7) 

where ψ is determined by the nomogram [1], a Тпр: 
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Finally get: 

                                     𝑇 = 𝑇𝑁0
+ 𝑇𝑁−𝑁0

= 𝑇𝑁0
+ 𝑇пр(1 − 𝜓1),                           (9) 

On the basis of the obtained formulas, to determine the theoretical distribution of the temper-

ature field in the surfacing of solid cylindrical parts in the Mathcad system, we take the fol-

lowing values of thermal coefficients taking into account the average heating temperature of 
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600 ºC: cρ = 5 J/cm3·grad; ω = 0.07cm2/c; λ = 0.3 J/cm2·c· grad; α = 6·10-3 J/cm3·c·grad; η 

= 0.7. 

 The calculation of the power source depends on the following values of the discharge 

current I=120,130,140,150 A, voltage 22 V. The thickness of the cladding is taken 100, 200, 

300, 400 microns. The calculations are made for the temperature of the point located at a 

depth of 3.5 mm from the surface, taking into account the deposited layer and at a distance 

of 30 mm behind the heat source for a solid cylinder with a diameter of 6.5 cm, taking into 

account more than 3 welding passes.  

2 Results 

On the basis of the obtained calculations, the graphs of temperature dependence on the power 
of the source and the thickness of the deposited layer are constructed (Fig.3.4). 

 

Fig. 3. The graph of temperature change in the invested point from the change of power source by 

increasing the current with a coating thickness of 400 microns 

 
Fig. 4. The graph of temperature change in the test point from the coating thickness change at a constant 
power source current of 120A 

As can be seen from figure 3, the temperature at the test point increases proportionally with 

increasing power source and at the same time decreases proportionally depending on the 

thickness of the coating at a constant power source of heat (Fig.4).  

With a large number of passes  ФП(𝑟, 𝜏) > 1means that the cylinder is almost completely 

warmed up in thickness, thereby violating the accepted scheme of the process and the calcu-

lation of temperature fields according to the formulas (7-9) is impractical. 
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In this case, the determination of temperatures should be carried out taking into account 

the accumulation of heat by an infinite cylinder with a constant source evenly distributed 

over its side surface. Then, provided that the heat exchange with the environment is estab-

lished and the temperatures on the side surface are aligned, it is possible to consider a non-

stationary one-dimensional problem with boundary conditions of the first kind, in which the 

heating source is represented by a permanent and annular. The differential equation of ther-

mal conductivity in this case will be presented: 

                                              
𝜕𝑇
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= 𝜔 (
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𝜕𝑟2 +
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where 𝜏 > 0,0 < 𝑟 < 𝑅  initial conditions 𝑇(𝑟, 0) = 𝑇0 = 𝑐𝑜𝑛𝑠𝑡
 
and boundary conditions 

𝑇(𝑟, 0) = 𝑇𝑐 = 𝑐𝑜𝑛𝑠𝑡,
𝜕𝑇(0,𝜏)

𝜕𝑟
= 0, 𝑇(0, 𝜏) ≠ ∞. 

The latter condition means that the temperature in the center of the ring throughout the heat 

exchange process must be finite. 

The solution of the equation (10) is similar to the solution of the temperature equalization 

problem (4): 
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where 𝜇𝑛 = (2𝑛 − 1)𝜋/2. 
In cases where the end surfaces are restored and the length of the cylindrical surface is 

small, the heat accumulation process should be considered with a steady heat exchange for a 

limited cylinder with constant temperatures on its side and end surfaces. 

3 Conclusions 

1. On the basis of the obtained calculations, the graphs of temperature dependence on the 

power of the source and the thickness of the deposited layer are constructed. 

2. Non-contact measurement of temperatures in the working area and the subsequent 

calculation of temperature fields allow describing thermal processes at the electromagnetic 

surfacing in the first approximation. 

3. Determination of temperatures should be carried out taking into account the accumulation 

of heat by an infinite cylinder with a constant source evenly distributed over its side surface. 
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