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Abstract

The analysis of equations for determining the grinding temperature taking into
account the curvature of the grinding profile, is performed. Mathematical models of
the temperature field were proposed, which makes it possible to identify the influence
of the curvature radius of the surface to be ground on the grinding temperature in the
range from a semicircular profile to a linear one as the radius of the semicircular
profile tends to infinity. The variation range of the curvature radius is established, in
which the curvature of the profile being ground can be neglected when calculating the
grinding temperature. The influence of the profile curvature radius on the maximum
grinding temperature was established using both direct calculating and computer
simulating of the temperature field by the analytical model and the finite element
method (FEM), respectively. Grinding temperature FEM simulation results differ by
no more than 0.5% compared to the analytical model under otherwise similar
conditions. It is established that the FEM simulation is more suitable due to its greater
sophistication, which makes it possible considering the individual geometric features
of the surface to be ground as well as any instantaneous distribution of the heat flux
in the grinding zone. At the same time, an analytical model for direct calculating of
the grinding temperature takes much less time to get a result and can be used in
computer monitoring and grinding diagnosing of subsystems on CNC machines.
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In [25-27] sequentially considered one-dimensional thermal schemes in a
cylindrical coordinate system. It was found the following equation [26]

where r is the current radius vector of the surface point; F, =ac/R?is the Fourier
number; < is the heat source time, s; q is the heat flux density, W/m?; r is the radius
of the limiting cylindrical surface (the radius of the cylindrical heat source); » is
thermal conductivity of the material, W/(m-°C); J,,3, are the Bessel functions of first

kind of zero and first order; v,,v, are the Bessel functions of second kind of zero and

first order; ¢ is integration variable.

Eqution (1) is the solution of the following one-dimensional differential equation of
heat conduction [26]

For example, eqution (1) one can be used for the grinding temperature
determination in the semicircular thread profile grinding under the second kind
boundary condition and zero initial condition, i.e.

In turn, equation (1) is the closest analogue of the following solution of one-
dimensional differential equation of heat conduction whenr - «, to wit [24]:
where x is the current coordinate which is perpendicular to the heat source surface;
ais the thermal diffusivity of the material, m*/c.

To determine the depth x of the temperature penetration into the thread surface layer
it is necessary to take into account the formula

Equation (1) we can write in the form

It is performed a temperature calculation using the formula (3) for the different
depth of the surface layer, i.e. for different radius of the profile being ground, to wit
for 1<r<e6 mm (Fig. 1) and for different values o<x<o06(Fig. 2). To solve this
problem in the MathCAD 2000 Professional environment, it is necessary to specify
three groups of input parameters: the thermal («,2), geometric (r,x) and energetic
(q,<) ones. The calculation were performed for =30 W/(m-°C), q=40-10° W/m?,
and the duration of the heat source acting = 0.1s.

It can be seen that a change in radius r from 1 to 3 mm significantly affects the
surface temperature (x= 0) and its distribution over the surface layer depth (Fig. 1).
At the same time, a change in radius r from 4 to 6 mm slightly affects the
temperature (Fig. 1). For example, a change in radius r from 4 to 6 mm on the surface
(x=0) leads to an increase in the grinding temperature from 1120 °C to 1136 °C (by
3.1%), and with an increase rfrom 1 to 3 mm the temperature increases from 1003
°C t0 1219 °C (by 21.5%).

Fig. 1 shows the temperature distribution over the depth of the surface layer,
obtained by the equation (2) for a flat heat source withr —«. This dependence r=« is
the limiting case of the calculation by equation (3) withr —«. Thus, the curves in Fig.
2 show the close agreement of equations (2) and (3). You can see at what values of
the radius rthe thermophysical calculations for the semicircular thread profile can be
carried out using equation (2), obtained for a flat heat source. So, for example, at r-6
mm, the difference in calculations according to equations (2) and (3) at a depth of a
double temperature drop (x= 0.6 mm) is 724.06 ° C and 653.9 °C, respectively, i.e.



no more than 11% (Fig. 1), which is acceptable for engineering calculations at the
grinding operation design stage.

Equation (3) describes the temperature on an ideal cylinder at a constant heat flux
and can be used to describe the temperature field in the area of the contact zone
which is remote from this zone. To describe the temperature field at all points of the
contact zone you can use the simulation method, for example, implemented in the
COMSOL Multiphysics program.

To solve the problem the following sequence of actions may be used.

1. Selecting the dimension of the model. It is selected in the Model Wizard window
the following: 3D, 2D Axisymmetric; 2D, 1D Axisymmetric; and 1D, 0OD.

2. Selecting the physical section: Heat Transfer in Solids, Heat Transfer in Fluids,
Diffusion, Fluid Dynamics, Structural Mechanics, Acoustics, etc.

3. Selecting a stationary (Stationary) or non-stationary (Time Dependent) process
to be studied.

4. Creating the geometric object for which simulation will be performed. This
object can be created using constructors embedded in COMSOL Multiphysics or
special programs (for example, AutoCAD) and imported into COMSOL
Multiphysics.

5. Setting the thermophysical properties of the material (thermal conductivity,
density, heat capacity at constant pressure).

6. Setting the initial conditions (Initial VValues).

7. Setting the boundary conditions (Boundary conditions).

8. Dividing the region into finite elements. By default COMSOL builds a triangular
grid in two-dimensional mode, and a tetrahedral (triangular pyramid) grid in three-
dimensional mode.

9. Choosing a solver.

10. Visualizing the results.
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