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TECHNOLOGICAL PRINCIPLES OF IMPLEMENTING THE PROCESS OF LASER
THERMAL DEFORMATION SINTERING OF DIAMOND TOOLS

To implement the process of laser synthesis of abrasive tool composites by laser sintering, it is
necessary to determine the technological principles of transferring (delivering) components to the
zone of laser radiation. Today, the main and most common methods of delivering powder materials
are dispensers, which provide smooth regulation of the supply of powder materials in a wide range
of 0.001-10 kg/h and more, of various fractions (10-150 microns) and mainly spherical shape.
There are different principles, but the main one is the transportation of dosed powder material by
transporting gas (argon, nitrogen) [1].

The purpose of this work is the synthesis of a tool abrasive layer on the working surface of a
grinding drum. Therefore, it is necessary to form the main requirements for its design and
composition.

The basis of the design of an abrasive tool, based on superhard materials (SHM), for processing
metallic and non-metallic materials, for example, composites and PCM, by the method of external
grinding, in which the new design and design of inserts will provide a highly productive grinding
process, highly efficient removal of destruction products, and the use of laser sintering will allow
expanding the range of bonds used as a matrix, which in turn will increase the technological
capabilities of the proposed abrasive tool. In addition, both the design and the method of forming
the abrasive layer are possible with the use of various abrasive materials (SHM), which in turn can
have metallization, which increases the stability of the tool, the quality of processing and makes it
possible to reduce the cost of expensive abrasives.

The developed design of the prefabricated abrasive wheel is characterized by manufacturability
[2], namely, it minimizes equipment downtime due to the quick replacement of worn inserts with
new ones, as well as the restoration of already worn ones. It allows you to visually monitor the
wear of the inserts, namely the height of the protrusion of the working layer of the insert relative
to the body, thereby increasing the safety of the grinding drum.

To feed abrasive materials to the synthesis zone, it is necessary to develop a special device that
controls the SHM grain feed system, after which they enter the focusing and sintering zone, where
the main process of the entire system takes place, namely the synthesis of the abrasive layer on the
surface of the insert. In order to control and program the number of NTM grains that enter the feed
system, a system was modeled (Fig. 1), which includes a binder feed system, a laser radiation
transport and focusing system, a system for accounting and regulated feed of abrasive grains.

The tool 1s manufactured using laser sintering technology using technological laser complexes
with different wavelengths.

Also, a computer and a control system control the coordinate table. On our experimental table
there is a working plane that can move in 2 coordinates, in particular (X and Y), using electric
motors, in which you can adjust the speed of their movement, limit the working stroke, and make
adjustments to other operating parameters.

The sintering process is carried out using fiber or blue lasers by directional heating of the
substrate with laser radiation of a mixture of powders to temperatures of 1500-1600°C for 0.2-0.4
seconds, which allows avoiding the phenomenon of graphitization and preserving the initial
strength of diamonds [3].
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Fig. 1 — System for supplying laser radiation, binder powder and SHM grains to the zone of laser
synthesis of the abrasive layer

Depending on the selected typesetting plate and other components, the laser radiation power to
ensure this process is in the range of 1.0 - 2.5 kW. The diameter of the focusing zone is 0.7-2.0
mm. The scanning amplitude of the laser beam is 7 mm. The scanning frequency is 150-200 Hz.
The speed of relative movement of the laser beam and the matrix is (0.2-2.0) m/min. Our device
has the ability to adjust the focal distance of the laser beam relative to the typesetting plate. This
adjustment is carried out automatically in a mechanical way.

An integral part of the entire complex is a gas station with inert gas (nitrogen or argon) to ensure
the purity of the feed and melting environment. The required amount of gas is dosed using a
solenoid valve that opens or closes the feed, and also regulates its intensity when necessary,
depending on the selected mode. The gas supply is located in close proximity to the laser beam
focusing system.
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