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The life cycle of a product is a sequence of hypothetical models with their
subsequent implementation. Thus, the consumer forms a functional and parametric
order, the designer turns it into a design model, and then the technologist can
implement it as a physical model, using a variety of technological methods. The
physical model is tested by operation, which evaluates all previous engineering
work.

In most mechanical systems, reliability and ressources depend on wear and
tear phenomena, and the causes of failure are most often formed at the

manufacturing stage, at the technological stage [1, p. 178-186; 2, p. 182-184].
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It seems expedient to analyze and control the reliability problems of science-
intensive mechanical systems at the stage of testing the design for manufacturability
by introducing the section of testing for tribotechnologicalcapability [3, p. 21-22, 4,
p. 17-18, 5, p. 3-7]. Tribotechnology is a surface property (friction pair, unit,
machine as a whole) necessary and sufficient to provide a given resource at
minimum costs for design, manufacturing and operation of the product. In this case,
special attention should be paid to knowledge-intensive mechanical systems [6, p.
51-58].

A knowledge-intensive product (KIP) can be characterized by a number of
similarattributes:

- Functional requirements of different physical nature are provided by a
complex interconnected complex of systems and units;

- A wide range of parts, systems and units with an extreme design and
technological complexity of the parts (a marine Gas-turbine engines have over
5,000 component names);

- Complicated types of part loadings due to high values of complicated types of
component loading due to high values of operating process parameters (pressure,
temperature and speed), which complicated types of part loadings due to high
values of the operation process parameters

- Ensuring reliability of the KIP requires an adequate response
tribotechnologies: the design and technology are more rigid in terms of precision,
use of a wide range of materials with specific. The use of a wide range of materials
with specific properties (alloyed, high-strength, high-temperature steels non-ferrous
and titanium alloys) and technologies for hardeningfriction pair surfaces (nitriding,
cementation, hardening, and HFI);

- Creation of the KIP at each stage of the life cycle (engineering,
manufacturing of the KIP at each stage of the life cycle (design, production and
finishing of a prototype, serial production, operation, repair and disposal) is

continuously accompanied by each stage of the lifecycle (engineering, production,
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prototype development, serial production, operation, repair and disposal) is
continuously accompanied by cooperation with research organizations. Dozens of
modifications are made to the operating parameters, engineering and technology
during the life cycle.

- The applied experimental-docking complexes require modern control and
measuring equipment and automated testing systems.

The qualitative algorithm for testing the KIP for tribotechnologies is the

following sequence:
Analysis loads of the tested units: type, nature of the impact, limit values, exposure
time, etc. Loads as mechanical and other types of loads (thermal, chemical, etc.).

Analysis of damage types of KIP parts and assemblies, Fig. 1.

Types of damage to parts and assemblies of the KIP

Fatigue damage

| [ [
Viscous fractures Increased deformation
(plastic deformation) Fragile Destruction (loss of stability)
Thermal cracks and Contact pitting and
warping wear Corrosion Erosion

Fig. 1. Types of damage to parts and assemblies

- Identifying types of friction — by kinematic feature and by the presence of
lubricant.

- Identifying types of wear and tear. It is important to identify the leading
typewear and tear, and it is necessary to exclude the unacceptable, as well
asaccidental, caused by irregularities in design, production andoperating
conditions, lubricant grade, etc. After determining the type of friction and type
of wear it is desirable to experimental verification of the hypothesis of the
leading type of wear, which islt is especially important for units working in

non-stationary conditions, under the influence of a multitude of changing
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factors (ingress of abrasives, high temperature, aggressive environment,
alternating loads, lubrication interruptions, etc. intermittent lubrication, etc.).
Determination of the main friction pair and the pair of the minimum resource of
the mechanism [7, p. 41-46]. The main friction pair determines the occurrence
of a parametrical failure, the pair of minimal resource — failure functioning.
Determination of tribotechnological principle which will allow to solve the
problem of a resource and selection of a direction of optimization - that
characteristic which change will give the necessary result. It can be reduction of
friction coefficient, contact stresses, increase of surface wear resistance,
reduction of temperature in the friction zone, introduction of reserve properties,
etc.

Selection of an optimization zone (body, counterbody, lubricant) where it is
easier, cheaper and more effective to make changes structurally and
technologically.

Choice of tribotechnological quality optimization method, etc. method of
changing the properties of the body, counterbody or lubricant. For example, to
reduce the friction coefficient, it is possible to change the material (gray cast
iron can be replaced with high-strength), change the material properties
(hardness), surface properties (micro- and macrogeometry), lubrication
conditions, lubricant, additive to it, etc.

Calculation of parameters and characteristics of the technological process,
providing the necessary properties (modes of cutting, hardening, other types of
processing, tools, technological environment, equipment, etc.).

Development of material and technical support of technological process. This
includes designing and manufacturing of machining and inspection tools,
tooling, equipment.

Production and testing of a product prototype (unit, friction pair, etc.).
Development of the technological process of the pilot batch of the product.

Determination of tribotechnological indicators of the product.



- Making adjustments to the adopted technical solutions. Preparation for serial
production of the product.
The above qualitative algorithm for testing the product for tribotechnological

properties gives a general idea. A specific product will require refinement.
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