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Abstract. This work evaluates the stress state and strength of the cutting tool
under the combined action of external factors. At the same time, a numerical
method for calculating the stress state of the complex shaped carbide tool’s cutting
part for machining railway wheels was used, taking into account the hardening
chamfer and various values of its front surface angle. The changes in the physical
and mechanical properties of the tool material under the temperature field influence
and various laws of loads distribution on the tool contact surfaces, leading not only
to elastic, but also to plastic deformations of the hard alloy, are taken into account.
The article evaluates the static strength of the cutting tool when processing the
wheels of different hardness, taking into account temperature and power effects.
The technology of reuse of cutting tools for machining railway wheelsets has also
been presented.
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1 Introduction

The role of railway transport in the economic system of any country is growing every
year. To meet the growing needs for the transportation of goods, it is necessary to take
into account the operational reliability and traffic safety on the railways [1-3]. This
largely depends on the trouble-free operation of wheelsets, which are one of the main
rolling stock elements [4-9].

During the rolling stock operation, wear and damage to its chassis and, in particular,
the profile of the wheelsets’ rolling surface occurs. The worn profile of the rolling
surface is periodically restored by machining using a cutting tool equipped with carbide
plates. Statistical data on the machine tools use indicate that a significant proportion
of equipment downtime (up to 40%) occurs due to low tool life and reliability. An
increase in the hardness and strength characteristics of wheel steel also leads to a decrease
in the cutting tool durability, which causes an increased consumption of it and, as a
consequence, increases the repairing wheels’ cost. All this, together with fluctuations in
the cut and hardness depth, causes a change in temperature and power loads in the process
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of restoring the wheel profile over a wide range, which together negatively affects the
cutting tool, equipment and, in general, the processing process productivity.

One of the directions of improving the technological process of restoring wheelsets
and saving the wheel and tool resource is to ensure its reliability [10—15]. The paper
evaluates the stress-strain state and strength of the cutting tool in the process of
temperature-force loading on the basis of a systematic approach under various operating
conditions.

2 Assessment of the Stress State and Strength of the Cutting Tool
Under Force Action from External Factors

In general, the forceful nature of the tool cutting edge loading is due to the resistance
reaction to the cutting tool into the wheel body. This factor depends on the physical
and mechanical characteristics of the processed wheel material, first of all, on the wheel
hardness fluctuation along the depth and contour of cutting due to the presence of hard-
to-machine defects on the rolling surface.

The removal (exploration) of the modeling data was carried out in a checkerboard
pattern near the plate top, in the places where its configuration changes along the front
and back surfaces, as well as in the places of maximum equivalent stresses concentrations

(Fig. 1).
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Fig. 1. Static nodal principal stresses in the main cutting plane of the wedge: a) o1; b) 03; ¢) 03;
d) section of the main cutting plane with indication of exploration locations

The point samples with probable contours of equal equivalent stresses o, and the
idealized picture of their distribution under the force action on the cutting plate of differ-
ent configuration when restoring the wheel profile with the parameters: v = 20 m/min,
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t =5 mm., s = 1.1 mm/rev are graphically presented in Fig. 2 (a - stress isolines, c -
stress distribution pattern).

Based on the analysis of the equal equivalent stresses isolines o5 and the idealized
picture of their distribution under force (Fig. 2), it was found that there is a contact
stresses’ high concentration region in the cutting tool.

This area is about 1/4 — 1/3 width of the hardening chamfer and is located vertically
below it at the depth of 1...3 values of the wheel contact on the rear surface of the tool.
This zone extends deep into the coulter body approximately along the bisector of the
tapering angle closer to the back surface of the tool to a depth (6—7)- A, and horizontally it
is equal to approximately half of the cutting waste contact length along the front surface,
where the approximate maximum is located (Fig. 3).

Fig. 2. Distribution of equal equivalent stresses in a tangential carbide configuration y = 7°, yy
=-15° fy = 0.5 mm, a = 6° when processing steel with hardness 300 HB

@) b)

Fig. 3. Distribution of equal equivalent stresses in a tangential carbide configuration y = 0°, yy
= -15° fy = 0.5 mm, o = 6° when processing steel with hardness 300 HB

3 Assessment of the Stress State and Strength of the Cutting Tool
Under Temperature Action from External Factors

The heat released in the process of cutting materials is one of the main indicators of
the process intensity, since it determines the cutting tool durability and the restoration
processing productivity.
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Arising as a result of the cut material deformation to be cut and friction on mat-
ing surfaces, heat, heating the cutting zone, affects the process and the tool state and
determines its strength and wear resistance. The heat of deformation occurs in a certain
volume located in the shear plane, and the heat of friction - in the layers located at
the contact surfaces. The studies on the deformation in the cutting zone show that the
areas in which heat release occurs, with an increase in cutting speed, occupy less and
less volume. Therefore, for the practically applied operating modes of the tool during
restorative machining of wheels, the heat loads distribution on the cutting tool surfaces
was taken to be concentrated flat, i.e., evenly distributed over the contact area (according
to the rectangle law). In addition, it was believed that the contact surfaces do not give
off heat to the environment, and thus the heat exchange process of the cutting zone with
the surrounding air was neglected.

The average temperatures on the tool’s contact surfaces of the (along the front and rear
surfaces) arising during the restoring machining of the wheel profile were determined on
the basis of the recommendations of the similarity theory developed by professor S.S.
Silin.

Point samples with probable contours of equal equivalent stresses om and an idealized
picture of their distribution under temperature action on a cutting plate of different
configuration when restoring the wheel profile at v =20 m/min, t =5 mm, s = 1,1 mm/rev
are graphically presented in Figs. 4 and 5 (a - stress isolines, ¢ - stress distribution pattern).

The temperature character of the loading of the cutting part of the tool is characterized
by the appearance of a second region of contact stresses’ high concentrations. This area
is located near the front surface of the cutter on the rounded lateral surface of the hole
closer to the cutting edge and is “embedded” in concentric circles and extends into the
tool body to decrease. It should be noted that under temperature exposure, the stresses’
value in absolute terms in the region of high stress concentrations is 10...15% higher
than with a separate force action.

b) ¥

Fig. 4. Distribution of equal equivalent stresses in tangential carbide configuration y = 7°, yy =
—15° fy = 0.5 mm, o = 6° when processing steel with hardness 300 HB
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Fig. 5. Distribution of equal equivalent stresses in tangential carbide configuration y = 0°, yy =
—15°, fy = 0.5 mm, a = 6° when processing steel with hardness 300 HB

4 Assessment of the Stress State and Strength of the Cutting Tool
under the Combined Action of External Factors

According to the data on the above-made stress state calculations, a complex stress state
arises in the cutting wedge. Therefore, the long-term strength under the conditions char-
acterized by isothermal creep must be selected based on the total value of the equivalent
stresses o1, obtained on the basis of the temperature fields and stress state calculation
with a constant and pulsating (for the dynamic cutting condition) component from the
force factor of loading the tool’s cutting part.

Idealized picture of the distribution of equivalent stresses ov from the total impact of
external factors on the cutting plate of different configuration when restoring the wheel
profile at v = 20 m/min, t = 5 mm, s = 1,1 mm/rev are graphically presented in Figs. 6
and 7 (a - temperature-force loading, b - dynamic cutting conditions (combined nature,
temperature-force taking into account the impact character).
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Fig. 6. Graphical model of temperature-force loading of a tangential carbide configuration y =
7°, vy =—15° fy = 0.5 mm, o = 6° when processing steel with hardness 300 HB

It follows from the calculations that the power and thermal loads on the cutting tool,
as well as the nature of their distribution, are not constant during the cutting process; a
change in loads leads to a change in the stress state of the cutting wedge. The maximum
stresses are concentrated at the leading edge near the cutting edge and are due to the
temperature loading factor. When working with a hard-alloyed tool with a difficult-to-
machine material, the impact nature of loading has a significant effect on the stress state,
the strength is limited by the cutting speed, which limits the processing productivity.
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Fig. 7. Graphical model of temperature-force loading of a tangential carbide configuration y =
0° yy =-15° fy = 0.5 mm, o = 6° when processing steel with hardness 300 HB

Sufficient tool strength (n = op/0, > 1) especially at the initial cutting stage is a
necessary, but not a sufficient condition for the tool’s effective operation. When choosing
a tool material, in addition to the strength indicator, it is necessary to take into account
the parameters of the tool material’s wear resistance in aggregate.

As a result of solving the optimization problem, the following final values of the
resulting geometric parameters of the optimized plate were obtained, taking into account
its installation in the holder body, determined by the plate front surface configuration
and the holder socket support surface inclination, in comparison with the standard one
(Table 1). The table also presents their calculated and predicted strength characteristics.

The geometric shape of the cutting part of the plate is shown in Fig. 8.
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Fig. 8. Geometric shape of the cutting part of the plate when it is installed in the holder at an
angle o

Thus, for the effective instrumental support organization of the rolling stock repair,
it is necessary to organize the serial production of remanufactured replaceable carbide
cutting plates of high quality and low cost. For this, a technology for restoring their
cutting ability from the plates that have worked out their resource has been developed
and successfully tested (patent for a useful model No. 139749). The utility model relates
to machine-tool construction, relates to grinding and can be used in the repair and
manufacture of hard-alloy multifaceted plates for assembled cutting tools, as well as the
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Table 1. Geometric and strength parameters of the optimized prismatic plate

Geometric and Prismatic plate
strength parameters of the prismatic plate Standard Proposed
Reinforcement chamfer angle vy, ° —15 —10
Rake angle (dimple) vy, ° -7 16
Front rake angle (step) ys, ° — —28
Reinforcement chamfer width fy, ° 0.4 0.2
Back surface bluntness width f3, mm - 0.2
Width of rake corner penetration into the plate body Lp, mm - 2.0
Apical radius 7, mm 4
Main cutting edge radius p, mm 0.1 0.04
Simulation data

Limiting stresses oy, MPa 360 326
Safety margin n, unit 1.71 1.89

Note: stresses and safety factors are calculated for machining wheel steel with hardness 300
HB with the following cutting conditions - depth = 5 mm., innings s = 1.1 mm/rev, profile

recovery rate v = 45 m/min

plates used for processing parts, mainly of railway transport. The proposed system makes
it possible to obtain a high-quality and cheap tool due to a rational approach to quality
management issues at the stage of designing remanufactured plates, their production and
subsequent operation of finished products.

The introduction of instrumental support for the rolling surface profile machining
of the rolling stock wheelsets based on the re-restoration technology of only one stan-
dard size cutting tools usage of replaceable carbide plate reduces tool costs for wheel
machining by at least four times compared to the initial costs. Thus, reducing the carbide
tool materials consumption by increasing the resource of the cutting tool for machining
during the rolling stock parts’ repair is an economically important task.

5 Conclusions

1. A plane complexly stressed state of various configuration prismatic type cutting
hard-alloy plates, used for machining railway wheels, in the section of maximum
external loads is investigated. The analysis of force and temperature-force effects
during the processing of wheels with different hardness has been carried out.

2. A picture of the ultimate stresses’ distribution in the cutting tool body has been
established, based on the analysis of which two centers of stress concentration have
been identified. In this case, the numerical value of the main focus manifests itself
when the temperature loading factor is taken into account and coincides with the
concentration place of the maximum equivalent stresses.
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The safety factors of a hard-alloy plate of a cutting part with a standard shape when
processing the wheels of different hardness are analyzed. A significant decrease in
the safety factor was revealed when taking into account the influence of temperatures
accompanying the process of restoring the wheel profile.

Asaresult of solving the optimization problem, a rational version of the configuration
that provides the smallest stresses in the body of the plate when machining wheels
has been found, taking into account the temperature and force effect.
Reconditioned (in practically applicable sizes) worn-out carbide plates by sharpening
and brought by grinding can be used in the repair and manufacture of multi-faceted
carbide plates for prefabricated cutting tools, as well as the plates used for processing
parts, mainly of railway transport. The safety margin of the investigated standard
sizes of plates (tangential and round) restored by sharpening is not inferior (within
+3%) replaceable multi-faceted plates of new manufacture.

The use of serial restoration of old-year replaceable multifaceted carbide plates
makes it possible to introduce a system of cost-effective and rational operation of
used assembled cutting tools for processing parts during rolling stock repair.
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