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Introduction
UDC 62

The efficiency of any machining process is
primarily characterized by the stability of the
parameters of the treated surface. In relation to the
process of diamond gear teeth honing hydraulic
pumps it can be interpreted as providing qualitative
and quantitative characteristics of the surface
roughness of the teeth in their large-scale and mass
production. Tooth honing refers to a group of methods
that perform micro-cutting of solid surface layers of
teeth by a large number of cutting elements that are
not oriented in space [1]. The process of diamond
tooth honing the surface of the teeth of gears is low-
speed (V = 0.5-5 m / s) and, as a consequence, is
characterized by high tool life, which, in turn, should
have a positive impact on the stability of the results of
mechanical treatment of surfaces. The processing
modes and the quality of the supplied blanks for their
further machining are also components of the diamond
tooth honing process. Determining the impact of the
quality of the surfaces of gears before diamond gear
honing and processing modes is an urgent task. The

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2019.10.78.124

aim of the work is to determine the influence of the
parameters of the worm diamond hone and processing
modes on the roughness of the processed gear wheel.
To determine the degree of influence of the above
qualitative and quantitative parameters of the parts
and the honing process, tests were carried out
according to the following method.

This article discusses the creation of a more
economical and effective method of eliminating
defects of locomotive gears. The life of the gear is
approximately 60 % of the life of the wheel. In this
regard, the new gear has to be installed in a pair with
a gear wheel that has significant wear. Because of this,
the working conditions of the gear train deteriorate
significantly - the wear of the contacting surfaces of
the gear teeth and the wheel increases; - dynamic loads
increase, negatively affecting the operation of the
traction drive, including the traction motor. In
practice, the gear wheel in this case is not processed at
all or processed manually with a grinding wheel, and
also produce processing honing, lapping[2]. This
treatment decreases the thickness of the surface
hardening of teeth of the ring gear wheel, a reduction
of the tooth thickness and the distortion of involute
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profile. Transmitting high traction loads, the gear is
subjected to significant dynamic effects from the
railway track, as well as high-frequency vibrations
caused by kinematic errors of the gear. At repeated
influences of the contact stresses arising each time at
an input of a tooth in gearing, there is an origin and
growth of fatigue micro cracks on a surface which
appearance is caused by insufficient thickness of a
lubricating layer and metal contact of separate
projections of surfaces of teeth. With a significant
growth of individual cracks and their subsequent
unification, the separation from the surface of the
damaged layer of the micro-volume of the material
and the formation of micro-cracks occurs. Further
growth of shells is accompanied by their merger and
increase in the area of the damaged surface. The
reason for the destruction of the gears can serve as the
presence of cracks grinding character, insufficient
thickness and uneven distribution of the hardened
layer as a result of non-compliance with the cutting
conditions of workers. Currently, for the treatment of
gear wheels during their repair uses different methods:
savingjane, grinding, lapping, honing, break-in
period. These methods of Metalworking have their
drawbacks, such as:

— when shevingovanii wheels made of materials
of high hardness, there is increased wear of the shaver.
Too low of a stock for savingjane (less than 0.06 mm)
leads to the fact that the shaver cannot fully correct the
existing errors of the wheels, and too large (more than
0.25 mm) allowance leads to a decrease in durability
of the shaver and to the deterioration of the processing
accuracy of the wheels;

—when lapping the material of the work piece are
embedded abrasive grains of the lapping; the grinding
allowance is not more than 0.03 mm; requires a large
adjustment of the machine;

— grinding cracks great depth, a considerable
number of wheels rejected for shlifovan piagam and
shlifovan cracks. The most promising method is laser
surface treatment, which has a number of advantages
- high concentration and locality of the supplied
energy in a limited (millisecond) time range allows
processing only the surface layer with high heating
and cooling rates without significant heating, adjacent
layers, and therefore without violating their structure
and properties;

- the possibility of wide regulation of laser
treatment modes allows for an extensive range of
surface changes in the structure, phase composition
and mechanophysical properties;

— the ability to process in normal atmospheric
conditions, in the absence of harmful emissions, high
manufacturability of the process;

— the ability to transport the beam over long
distances and in hard-to-reach areas. It is known that
the peculiarity of friction surfaces subjected to laser
modification is that after processing they do not have
a grid of micro cracks characteristic of steels hardened

in the traditional way[3]. This is especially important
for gears, because stresses are concentrators of macro-
cracks, and at mutual laser processing of conjugated
pairs [4] these indicators for a number of steels
considerably increase. Laser surfacing is expedient at
the stage of restoration repair of equipment, and laser
thermal hardening - in the overhaul period of
operation. At the same time, using the same
technological laser equipment with minor adjustment
of processing modes, it is possible to conduct welding
operations, formed micro cracks, both in the gear
wheel and in the gear, as well as localization of
voltage concentrators in the areas of micro cracks by
melting them within the tolerances provided by the
repair technology. The wear resistance of the mating
friction surfaces of machine parts is crucial to improve
the durability of the product. The possibility of its
significant increase due to laser thermal hardening can
be attributed to one of the most promising solutions.
Laser thermal hardening is a process in which a thin
surface layer of a material is heated to temperatures
above the structural-phase transformation
temperatures, followed by ultra-high-speed cooling
due solely to the heat sink into the bulk of the material.
The methods of surface thermal strengthening are
based on three modes of laser heating and their
accompanying physical phenomena in the material.

The first of them is the mode of "formation of
quenching microstructure”, which does not cause
melting and any change in the parameters of surface
roughness, which does not require post-mechanical
processing. It provides heating of the surface layer of
the processed material and subsequent spontaneous
cooling.

The second is the mode of formation of the melt
zone. It differs from the first by the increased depth of
the zone of thermal influence (ZTV), more
pronounced heterogeneity of the structure of the
modified layer.

The third - "evaporative™" mode of laser action on
the material - characterizes shock hardening, requires
mandatory finishing machining with the removal of
some of the hardened layer. Laser thermal hardening,
in comparison with traditional methods of heat
treatment, is characterized by low specific energy
consumption, the possibility of local hardening of the
surface area of the required size and hard-to-reach
places, the absence of quenching media and hazardous
waste, a high level of automation; provides minimal
warping of the product. Restoration of worn parts is
an actual problem of mechanical engineering.
Significantly reduce the cost of repair becomes
possible by restoring previously operated parts[5].

Many studies have proved that the performance
and wear resistance restored by laser surfacing parts
often exceed these indicators for new parts causing
this additional reserve to reduce labor costs for
subsequent repairs and increase the level of reliability
of machines. The main advantages of laser surfacing

Philadelphia, USA

663

2 Clarivate
Analytics e



ISRA (India) =4971  SIS(USA)  =0912 ICV (Poland)  =6.630
; ISI (Dubai, UAE) =0.829  PHUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: G ¢ australia) =0564 ESJI(KZ)  =8.716  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =5.667 OAJI (USA)  =0.350

in comparison with traditional methods include a
significant reduction in residual stresses and strains of
the restored parts due to the locality and short-term
impact of the heating source, as well as a high cooling
rate due to the heat sink deep into the material. Along
with this, the high concentration of energy in the
heating zone makes it possible to conduct the process
with a significant processing speed. The possibility of
controlled formation of the deposited layer with the
specified properties is provided by optimizing the
surfacing modes and selecting the appropriate filler
material, with a slight sub-melting of the base. This,
in turn, causes a high adhesive strength of the
deposited layer and wear resistance, a minimum
thermal effect on the metal base is achieved, which is
especially important for materials undergoing
structural and phase transformations [6]. In General,
laser modification for the purpose of restoring the
working surfaces of friction includes three stages:
preparation of the powder and the surface of the part
for restoration; restoration by laser surfacing;
mechanical treatment of the restored surface.
Preparation of the powder is its drying, sometimes
calcination at a temperature of 150, respectively...200
S or 350...400 PP.

The part subjected to surfacing is cleaned of
impurities, dried, and then machined to give the
surface the necessary roughness, which significantly
affects not only the adhesion strength of the filler
material to the substrate, but also the fatigue strength.
At the same time, the details are given the correct
geometric shape, wusing traditional types of
machining[7]. Similarly, the final stage of finishing
machining of the deposited surface is realized. In laser
surfacing, as a rule, the surface layer of the substrate
is sub-melted and at the same time a gravitational
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