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ABSTRACT

The master degree diploma project on the theme "Development of project of
machine shop section for cover KS6-57.017 manufacturing technology with research
microgeometrical deviations of cutting tool in cutting process by finite elements
method" involves designing the technological process of machining parts, technological
equipment for its manufacturing (adaptations, adjustment, cutting and measuring tools),
development of measures for labor protection and technology safety, as well as
substantiation of the economic efficiency of the adopted design and technological
solutions.

The analytical part of the project includes an analysis of the technical
requirements for the component, the analysis of the basic technological process and the
formulation of the problem of graduation design.

The technological part includes a description of the type and organizational form
of production, the justification of the method of procurement, the manufacturing route
of the part, the cutting and normalization of operations of the technological process,
calculating the forces of fastening the workpiece.

In the design part the choice of equipment, machines and bases for the design
variant of the technological process of manufacture for the cover was substantiated,
designing on the basis of technical tasks of technological and control devices and a
cutting tool was carried out.

In the special part the block diagram of the algorithm of automated design of the
process of manufacturing the case is developed.

Techno-economic substantiation of the design technology was carried out, issues
of the ecology and organization of labor protection at work, ways of elimination of

harmful production factors were considered.
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INTRODUCTION

The basis of each industrially developed country is to meet the needs of the
national economy and the population in high-quality products, provide technical
re-equipment and intensify all branches. The qualitative fulfillment of these tasks
Is impossible without the wide introduction in the manufacturing sector of the
latest achievements of domestic and foreign science, technology, production
organization, which in turn should ensure the growth of production of industrial
products of the required quality to a large extent due to increased productivity. The
accelerated pace of scientific and technological progress objectively leads to
corresponding changes in the production process, that is, there is a steady growth
in the role of machine building products, since this sector itself has a leading role
in both the reconstruction and technical re-equipment of the entire national
economic complex of the country.

In the process of mechanical machining of machine parts, there are many
problems associated with the need to meet the technical requirements and
conditions set by the designer before production. The process of machining is
associated with the operation of complex equipment -metal-cutting machine tools.
The practicality and cost of machining is much greater than at other stages of the
manufacture of machines.

The machine-building technology combines the machine tool, the device, the
cutting tool and the machined part by constructing the most rational machining
processes of the machine parts, requiring the exact selection of equipment. The
efficiency of production, its technical progress, the quality of manufactured
products largely depends on the development of production of new equipment,
machines, machine tools and devices, from the wide introduction of modern

methods of technical and economic analysis, which provide the solution of
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technical issues and the economic efficiency of technological and design
developments.

The prevailing trend in the development of technology in automated
production is the introduction of low-waste and low-operating technology, the use
of precise blanks close to shape and size to finished products, which contributes to
the economy of metal, reducing the amount of machining, reducing the production
cycle of parts manufacturing and reducing the cost of production in general.

In this regard, the diploma project focuses on an initiative approach to the
solution of technical and organizational tasks, as well as a detailed and creative
analysis of existing technological and engineering proposals, taking into account
current priorities and trends. At the same time, attention is given to the technical
substantiation of the decisions taken in order to ultimately find the optimal solution

to the problem.
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1. ANALYTIC CHAPTER

1.1. Primary objectives and characteristics of object of production.

Technical analysis of product specification.

The part - cover refers to the bodies of rotation (such as a hollow cylinder).
The cover is produced from aluminum AK7M2 (AL14B) GOST 2685-75 is
manufactured by casting method, so the configuration of the outer contour and
internal surfaces does not cause significant complications in obtaining the
workpiece. Nevertheless, the formation of the workpiece in this case should be
made using the rods that form the inner cavity.

The part - cover is included in the assembly unit of the undercarriage of the
beet-harvesting combine. Its functional purpose is that it serves as a basic part for
the installation of a wheel shaft and tapered bearings.

Table 1.1 presents the technical requirements for the part and methods of
their implementation, as well as tools for controlling the sizes of the surfaces to be
treated. These data clearly define its configuration and indicate the possible
methods for obtaining the workpiece and the processing methods.

On the drawing of part are all the necessary dimensions, tolerances, and
roughness parameters of the machining surfaces. Specific technological
requirements for roughness, purity of processing are not put forward in part, which
allows the use of publicly available equipment, cutting tools, universal jigs and
control methods in rate and mass production. The working surfaces of the cover,
which are in contact with the working surfaces of other parts during operation,
have increased precision, their required sizes and tolerances are obtained as a result

of technological measures and sequential machining operations.
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Table 1.1 - Specifications and requirements, methods of their implementation

Marking of

the surface

Content of technical re-

quirements

Treatment after

receipt

Method of control

A

b,B,I

3 3

Bore the surface

Plunge the ends

Turn the outer diameter

Bore the holes

?139,2 H8
@124 P7

@119,2 HS

@85 H8

Rough turning

Rough turning

Finish turning

Rough boring

Diamond

boring

Caliper L] - 111

Caliper LT - 11

Caliper LLIT - 11

Tap (9140)
8140-016HS8
I'OCT 9823-89

Tap (2120)
8140-0157
GOST 14823-89

Tap (285)
8136-0017
GOST 14816-89

Tap (@124)
8142-0107
GOST 14822-89
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1.2. Characteristics of the workpiece material. Analysis of chemical and

mechanical properties.

Taking into account the design features of the part, its shape, as well as technical
requirements, as a material for its manufacture, an alloy based on AK7M2 (AL14B) is
used. Chemical and mechanical properties of the alloy are given in Table. 1.2, 1.3.

Table 1.2 - Chemical composition of aluminum AL14B,%

Cu Mn Ti Fe Si Mg Zn Mg Ni Zr | Others

4-5 . 700,2| 1,0 1,2 | 0,03 | 0,2 0,1 - - 2,2

Table 1.3 - Mechanical properties of the material

os, MPa o, mPa S, % Hardness HB

20 21 6 60

Alloys based on AK7M2 (AL14B) have a high overall corrosion resistance, are
not subject to corrosion cracking and intercrystalline corrosion.

Corrosion resistance essentially depends on the technology of making semi-
finished products, mainly from annealing temperature. Improvement of corrosion
resistance is possible by using annealing at temperatures of 265-285°C. Satisfactory
corrosion resistance can be obtained after annealing at temperature of 310-335 ° C.

Alloys AK7M2 (AL14B) are well treated with cutting, which means that the
processing of the part does not consume additional energy, which allows for the use of

alternative types of energy to reduce its cost.
1.3. Analysis of part’s technological design.
The possibility of machining a part with the maximum productivity and

minimum cost allows us to consider the part as a technological one. The main tasks

of the solution in the analysis of the machinability of the part are reduced to a
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possible reduction of labor intensity and material consumption of its processing.
Improvement of technological design allows you to reduce the cost of
manufacturing parts without compromising on official use.

Replacement of this part in a built-up or welded construction is
economically inexpedient, since the cost of manufacturing covers the cost of
manufacturing the workpiece.

Performance analysis includes qualitative and quantitative indicators.
Qualitative indicators include:

- material of part;

- basing and fixing;

- setting sizes;

- form and location tolerances;

- structural non-technological elements.

The quantitative performance indicators include:
- coefficient of using of workpiece and material;
- coefficient of accuracy;

- coefficient of roughness;

Technology is considered the construction, which processing is possible
with maximum productivity and minimum cost.

Due to the fact that the main machining is done by rough turning and drilling
holes, with the simple simplicity of the construction of the detail, it is allowed to
use high-performance processing methods. Such as: drill heads, turning multi-tool
semiautomated machine, etc.

In the case of internal surfaces, they must be made at the boundary of the
specified deviations and the radial beating should not exceed 0,025 mm.

The only method for achieving such precision is the finish boring on
diamond cutting machines.

Technological design of the part - cover characterize the following

quantitative indicators:
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1. The coefficient of precision of the processing is determined by the

dependence [5, p.35]:

Ky =1-1/T, =1- M (1.1)

~2Tn,  n+2n,+3n, +...
Tooyn om0+

Where T — middle class of precision machining;

n; — the number of dimensions of the corresponding a precision class;

T — class of precision;

T - 1.4+2-2+3-4+4-10+5-16
¥ 4+2+4+10+16
Kry =1-1/3,88 = 0,74.

=3,88;

2. The technological level of construction on the surface roughness is

determined by the formula [5, p. 34] :

K =1--—1 (1.2)

cp
Where 11, - middle class of roughness [5, p. 34];

)77 ALY +2n, +...+14n,,

» n+n, +...+n,,

(1.3)

Where n; - the number of surfaces with the corresponding numerical value of the
roughness parameter;
L, = (Tx8+5x3+3x6+2x3) / (8+3+6+3) = 4,75.

Determine the coefficient of roughness by dependence:

K =1-—* -079.
4,75
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Consequently, according to the roughness factor, the design of the parts is
technological.

3. The coefficient of material use [5, p. 39] is determined by the formula:
Kei=Ma/M,=4,7414,99 =0,94; (1.4)

Where M3 = 4,74 kg —weight of part;
M, = 4,99 kg — weight of workpiece.

A more detailed analysis of this issue is considered in the organizational and
economic chapter of the diploma project.

4. The level of technological capability of the construction design by the
labor intensity of the manufacturing is characterized by the coefficient of labor

intensity:
Knp=Ty/T5=13/17=0,77,; (1.5)

Where T,,, Ts— accordingly, the calculated and basic labor intensity of the part.
The calculations show that the part is sufficiently technological and allows
the use of high-performance cutting modes, has acceptable base surfaces for initial
operations and is quite simple in design.
Based on qualitative and quantitative estimates of the technological detail, it
can be concluded that the main tasks of improving existing technology are the

introduction of low-waste and low-operating technology.

1.4. Analysis of the basic technological process of manufacturing the

part.

The technological process of manufacturing the cover KS6-57.017 is
characterized by a sufficiently long basic time required for the manufacture of this
part. In this regard, we carry out the replacement in the technological process of

the main metal-cutting equipment on a more productive one.
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In addition, the manufacture of the cover - part on the base machines is
carried out with huge economic costs, which is irrational to the modern

requirements of the economy.

1.5. Modern achievements in the field of technology, machines and

equipment in the manufacture of similar products.

Type design practice of technological processes is one of the most
progressive directions of improvement of technology of mechanical engineering.
Among the various parts of the machine-building industry, a large number of
details of a similar configuration, similar in precision, materials, requirements that
are advanced to the quality of processing their main surfaces can be found. Quite
often, such parts are manufactured at different plants, factories, in different shops
(sometimes in one shop), on various equipment from different workpieces, by
various technological methods with varying productivity and cost-effectiveness.

The typing of technological processes for configurations similar to the
technological features of the parts involves their manufacturing according to the
same technological processes, which are based on the application of the most
advanced methods of processing, which ensure the achievement of the highest
productivity.

Typing of technological processes can be performed in three directions:

1) processing of individual surfaces;

2) processing of individual (typical) combinations of surfaces;

3) processing of workpieces.

Further typing of technological processes led to the creation of group

processing methods, which occupy an important place in the conditions of

production.
The main feature for combining blanks into groups for individual

technological operations is a set of surfaces to be processed or their combinations.
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The group method does not necessarily provide a complete similarity of
operations for all the parts that are include in the group. Parts from one group may
have differences in the technology route, duration of operations, etc. A
characteristic feature is the presence of group operations.

To generalize the features of the shape of the parts that are include in a
group and are processed on the same machine tools, drawings of a generalized part,
which is called complex. Technological processes are developed for the processing
of a complex part. When processing other parts of the group, unnecessary
operations are excluded from the technological process.

Group debugging expands the ability to use high-performance technological
methods in the rate production of parts, the ability to achieve a higher load of
machines and reduce the time for re-debugging.

Group debugging can be used with multi-spindle drill heads on conventional
drilling machines. Part of the spindles can be used to drill some parts, another part
of the spindles - for drilling holes other parts. Group debugging creates favorable

conditions for the implementation of group technological processes.

1.6. Conclusions and problem statement for a diploma project.

From the analysis of the technological design and designation of the parts,
the following conclusions can be drawn:

1. The part is technological and the obtaining of the workpiece is not
difficult.

2. There is no specific technological requirements to the part - cover for
roughness, cleanliness of the processing, which allows the use of publicly available
equipment.

3. Operations for the turning process are accompanied by sufficiently large

time costs, therefore, there is a need for optimization of the technological process.
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Lastly the main task of diploma designing is to improve the basic
technological process with the condition of ensuring all technical requirements,
maximum efficiency when more efficient using of equipment.

The prevailing trend in the development of technology in automated
production, which contributes to the economy of metal, reducing the volume of
mechanical is the introduction of low-waste and low-operating technology, the
using of precise blanks close to the shape and size of finished products, reducing
the production cycle of parts manufacturing and reducing the cost of production in
general.

Therefore, the relevance of the diploma project is due to the importance
and need to improve the technological processes of manufacturing such parts, the
development of appropriate machines and equipment for machining, assembly and
control operations in order to increase their technological and operational

properties.
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2. SCIENTIFIC RESEARCH CHAPTER

2.1. Investigation of the factors that influence the change of the

geometrical parameters of the cutting tool during the machining process.

Improving the performance of a cutting tool is a multifaceted problem that
involves solving several interrelated problems. These include the formation of
optimal geometry and microgeometry of the working elements of the cutting tool,
provided that the corresponding reinforcement. Their solution lies in a
comprehensive approach to machining processes, in particular, at the final stages
of tool making. It is important to take into account the interrelated technological
aspects of machining, such as the degree of hardening, the microgeometric
parameters of the cutting tool working elements, and especially the thin, sharpened
cutting edges. Traditionally, the sharper the cutting edge, the less effort will be
made when using the tool.

When performing an instrument of its functions, geometrical parameters
may change for subjective or objective reasons. When subjectively affecting the
geometry of the tool, it is possible to change the back or front angles by
positioning the top of the tool above or below the center of the workpiece (Fig.
2.1).

When the tip of the cutter is moved above the axis of the workpiece, the
front angle y increases and the rear angle « decreases, and for the inner surfaces:
the front y decreases, the rear o increases. When you set the top below the center,
the angles are reversed relative to those considered.

Due to the positioning of the cutter, the main angle in the plan ¢ and the
auxiliary @1 angles in the plan are changed, changing the position of the main

cutting edge relative to the working plane Ps when installing the tool (Fig. 2.2).
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Fig. 2.1 - Effect of displacement of the tip of the cutter on the value of the front

and rear corners

Fy P

Fig. 2.2 - Change of the main and auxiliary angles in the plan depending on the

errors of the position of the cutter relative to the axis of the workpiece

In the same way, by changing the position of the cutting edge when
installing the tool, you can change the value of the angle. An objective change in
the geometry of the tool occurs in the kinematics (in the cutting process),
depending on the change in the cutting speed V, the feed rate S and the diameter of
the workpiece D. In this case, the angles in the main cutting plane Pr are
considered in the kinematic coordinate system in which the kinematic cutting plane
Pnk deviates from the static Pnc by the angle » and the values of the rear and front
angles accordingly change. The magnitudes of the angles can be determined by the

following dependencies:

a’=o-n,y =vy+n,n=arctg S/(x D). (2.1)
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The reduction of the rear angle is primarily taken into account when working
with large feeds S (Fig. 2.3).

When machining shaped profiles on CNC machines, depending on the shape

of the surface being treated, the tool trajectory changes (Fig. 2.4). This changes the

position of the working plane Ps. In this case, the angles in the plan ¢ and @1 may

be increased or decreased. This situation should be taken into account when

machining parts on CNC machines and copy machines, as angles ¢ and ¢; close to

Zero or negative may occur.

It should be borne in mind that in the areas of "lifting" of the workpiece

(when the radius of the machined surface r; increases) the kinematic head angle in

the plan ¢ decreases, and in the areas of "recession” (when the radius of the

machined surface r;j decreases) there is an increase in the head angle in the plan ¢.

In addition, when you change the angles of the plan, the cutting forces also change,

which results in machining errors.
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Fig. 2.3 - Diagram of the change of the posterior angle in kinematic

coordinate system

The magnitudes of the angles have a significant impact on the chip cutting

process. The main rear angle a reduces the friction of the back surface of the cutter

about the cutting surface, o =

6-12° for machining steel and cast iron parts,

increasing this angle leads to a weakening of the cutting edge.
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Fig. 2.4 - Scheme of change of angles in plan in the process of processing of

shaped surfaces

The leading front angle y influences the process of cutting the cutting edge
into the material being machined. Cutters with large positive front angles are better
cut into the workpiece, but have a weak cutting part, and therefore are used for
processing plastic materials. Thus, when processing low carbon steel y = 8-20
about. The larger this angle, the better the surface cleanliness. Cutters with small
positive and even negative angles are used for the processing of solid and brittle
materials. Most often, the value of the front angle is taken from -10° to + 20°.
When machining very hard steels, this angle is y = -5°-10°.

The two angles considered are correlated with the acute angle S in a directly
proportional relationship.

The main angle in the plan ¢ affects the stability of the cutter and the purity
of the machined surface, it is assigned within 30-90°, as this angle determines the
relationship between the radial and axial cutting forces. When processing parts of
low elasticity, the angle ¢ take close to or equal to 90°, since in this case the radial
force that causes the bend of the workpiece is minimal. The most common angle ¢
when machining on universal lathes 45°.

The auxiliary angle in plan ¢, affects the friction and the rising of the chip.

This angle is in the range 0-45°. The most common angle ¢; = 12-15°.
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The angle of inclination of the main cutting edge A determines the direction
of descent of the chips. With a positive value of 4, the shavings descend on the
treated surface, and on the negative surface - on the treated surface. The angle 4 is
often taken equal to 0. In finishing, the angle A is not recommended to be positive,
as chips can reduce the purity of the surface being treated.

The magnitude of the angles is also affected by the placement of the tip of
the cutter relative to the center of rotation of the workpiece. When machining the
outer surface of the cutter whose top is above the workpiece axis, the front angle y
increases and the rear one decreases with respect to the angles a and y of the cutter,
whose top is exactly on the workpiece axis being machined.

By placing the tip of the cutter below the workpiece axis, the angle y
decreases and the angle a increases. When drilling the hole, the impact of the
height cutter on the angle y and o is reversed. When installing the cutter above the
center, the front angle y decreases and the rear a increases (Fig. 2.5).

When the top of the cutter is placed below the center, the front angle y
increases and the rear o decreases.

When installing the cutter axis perpendicular to the workpiece axis, the main
and auxiliary angles in the plan also change accordingly.

Therefore, if you need to change the cutting angles, it is not necessary to
sharpen the cutters, just raise or lower the tip of the cutter relative to the center of

rotation of the workpiece.

Fig. 2.5 - Placing the top of the cutter above the axis of rotation of the workpiece

when boring
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2.2. Modeling of microgeometry of cutting tool by finite element
method.

The power of modern personal computers and mobile devices, as well as
new software technologies allow to improve the output block of calculations,
providing design engineers with the means of three-dimensional visualization of
results.

To study the change in the geometrical parameters of the cutting tool, we
apply the finite element method, which is a powerful tool that allows to model the
distributions of displacements, deformations, resizing in the structures of tools for
metal cutting.

The basic idea behind this method is that any continuous value
(displacement, force, pressure, temperature, etc.) can be approximated by a model
made up of individual elements. On each of these elements, the investigated
continuous value is approximated by a partially continuous function that is
constructed from the values of the investigated continuous value in a finite number
of points belonging to the investigated element.

Many different software systems (ANSYS, NX Nastran, SolidWorks
Simulation, etc.) have been developed to implement the finite element method,
most of which are general purpose systems. The simplest to use when modeling
such tasks is the SolidWorks software suite with its Simulation add-on. Regardless
of what task is solved in the course of finite element analysis in SolidWorks
Simylation, there are three stages of the process: preliminary (preprocessing) -
model preparation; applying loads and getting resolved; postprocessor - processing
of the obtained results [7].

In the pre-processor preparation stage, a geometric 3D model is constructed,
the calculation type is selected, and all the initial conditions necessary for the
solution of the problem are specified: the type of coordinate system, the physical
and mechanical properties of the material. In the second stage, the finite element

grid is built, the necessary actions are performed on its nodes and elements, the
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loads are applied, the boundary conditions are set and the problem is solved. At the
post-processing stage, it is possible to refer to the results obtained and output them
as necessary. The most effective method of visual representation of numerical data
obtained by the finite element method is the image of the model of the three-
dimensional framework of the investigated structure, so the result of the program at
the post-processing stage is a graphical and tabular representation of the obtained
results, both in individual sections and their distribution throughout the structure.

The practice of operating tools shows that its performance is largely
determined by the tool material, the geometrical parameters of the cutting element,
cutting modes, as well as the method of mounting and securing the tool.

Analyzing the nature and causes of changes in the microgeometry of cutting
tools, they can be divided into the following groups depending on the nature of the
destruction [22]:

a) plastic deformation and wear on the back surface occurs at a very high
cutting speed;

b) crater wear is the most common type of wear that occurs on the front
surface of the tool due to the critically high temperature in the cutting area;

c) the buildup that occurs during the processing of low carbon or stainless
steels;

d) cutting of the cutting edge, which may occur due to inconsistency of the
axis of the tool and the axis of its rotation;

e) removal of the tool, feed or cutting depth; insufficient rigidity of the tool
as a result of improper mounting.

The existing methods aimed at achieving optimal parameters of the initial
condition of the tool in order to improve its performance (strength, efficiency,
productivity, etc.) can be divided into stages:

- choice - the development and improvement of existing tool materials, the
application of surface hardening methods of the cutting part of the tool, which

provide increased durability and efficiency;
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- design - improvement of design and optimization of geometrical
parameters of the cutting part of the tool;
- operation - optimization of cutting modes is carried out in order to increase

the durability of the tool.

2.3. The results of the study of the deviations of the microgeometry of

the cutter in the cutting process.

The purpose of scientific research is to determine the deviation of the
geometrical parameters of the cutting tool that result from the application of
cutting forces. The cutting force is determined by the feed, depth, speed, and also
by the geometrical parameters of the cutting tool, such as the cutting angle, the
planes, the angle of the cutting edge, and the ratio between the angle of inclination
and the forward angle of the cutter in the plan.

The use of the finite element method to determine the deviation of the
cutting tool in the machining process allowed to obtain the optimum values of the
parameters that affect the change in the geometry of the cutter.

Cutting tool deviation studies are important based on accuracy. Cutter
deflections cause various types of deformation: axial, tangential, radial and
deformation caused by cutting forces that occur during cutting.

Also the accuracy of perfect geometry is affected by cutting depth, cutting
speed and feed rate. However, the deviation of the geometrical parameters of the
tool under the action of cutting forces may be higher than acceptable, especially
when the stability of the tool during machining changes.

Over the years, many researchers have focused on the compensation of many
different factors that have been influenced by cutting forces and changes in tool
geometry. Full wear of the cutting tool due to the efforts with different angles of
the cutting edge can be calculated using the displacement area during the cutting
process. The cutting force varies with cutting conditions such as cutting width,

cutting thickness, feed, cutting depth and cutting angle of the tool. Therefore,
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cutting forces are influenced not only by the cutting conditions, but also by the
geometry of the cutting edge and the workpiece material [4].

Cutting parameters (cutting speed, feed rate and cutting depth) affect the tool
temperature, tool wear, cutting force and roughness of the cutting surface of the
tool. The deviation of the microgeometry of the tool affects its service life, surface
roughness and size accuracy. The results of this relationship can be calculated
using the finite element method using the CAD model. Such a model predicts finite
element-like deviation similar to a finite element. The projected deviations in the
axial, radial, tangential directions using the finite element method are compared
with the results of the CAD model with different angles of cutting edge and an
increase in the cutting angle of the cutter.

Finite element analysis is performed to study the deviation of the angle of
inclination of the cutting tool in three directions, for example, axial, radial and
tangential directions due to the simultaneous action of all three cutting forces,
namely axial Fa, radial Fr and tangential force Ft. The experimental values of
forces were obtained using a dynamometer [22]. To measure the force used a
workpiece mounted in the cartridge and a cutter mounted on a dynamometer. The
values of axial cutting force acting on the X-axis, radial cutting force acting on the
Y-axis and tangent acting on the Z-axis were obtained. The results are presented in
Fig. 2.6.

Table 2.1 shows the characteristics of the geometrical parameters of tools
with different angles of cutting edge [7].

In Fig. 2.7, and shows a CAD model of a single-blade cutting tool. The
complete geometry of the cutting tool is represented by tetrahedral elements with a
finite element grid (Fig. 2.9b). Axial, radial, tangential forces applied to the cutting
edge at different angles are applied with different d = 0.5, 0.75 and 1 mm, constant

feed f = 0.3 mm / min and cutting speed N = 160 rev. /min.
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Fig.2.6 - Graphs of dependence of cutting forces for different angles of inclination

of the cutting edge of a single-tool [20, 22]
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Table 2.1

Cutter microgeometry parameters

Total Width 15 mm
Total Height 15 mm
Total Length 70 mm
Flank Length 10 mm
Fixed Shank Length 45 mm
Nose Radius 0.5 mm
Table 2.2
Angle cutter parameters with cutting angle of 20°
Angle Tool 1 Tool 2 Tool 3
End Relief Angle 10 10 10
Side Rake Angle 10 20 30
Side Relief Angle 10 10 10
Side Cutting Edge Angle 20 20 20
End Cutting Edge Angle 15 15 15
Back Rake Angle 10 10 10
Table 2.3
Cutter angular parameters with cutting angle of 30 °
Angle Tool 1 Tool 2 Tool 3
End Relief Angle 10 10 10
Side Rake Angle 10 20 30
Side Relief Angle 10 10 10
Side Cutting Edge Angle 30 30 30
End Cutting Edge Angle 15 15 15
Back Rake Angle 10 10 10
Table 2.4
Cutter angular parameters with cutting edge 40°
Angle Tool 1 Tool 2 Tool 3
End Relief Angle 10 10 10
Side Rake Angle 10 20 30
Side Relief Angle 10 10 10
Side Cutting Edge Angle 40 40 40
End Cutting Edge Angle 15 15 15
Back Rake Angle 10 10 10
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Deviations of the tool are predicted by the finite element method while
changing the angle of inclination of the cutting edge. The average values of the
measured forces are used to calculate the deviation of the tool.

After modeling, the deviations in the axial da, radial ér and tangential o¢
directions are taken and compared with the results of the CAD model.

The results obtained experimentally show that the cutting force increases

with increasing cutting depth, as does the angle of inclination of the cutting edge.

CAD model finite element mesh
axial force radial forces tangential force

Fig. 2.7 - Presentation of the conditions of finite element study
of deviations [24,26]

CAD Modelling. Cutting forces are measured on a cutting tool during
machining with different cutting depths and are used to predict deviations. The

elastic strain energy due to the cutting forces is stored in the tool. The tool is
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deformed by this elastic energy, and this deformation can be detected using the
Castigliano theorem.

The effort-cutting model of the tool has been designed to represent it as a
cantilever beam with forces and moments [7].

The total deformation U, stored in the tool with length L, cross-sectional

area A and Young's modulus E due to the axial force F;is equal to:

dx. (2.2)

a

T Fa’

0 2AE
The total deformation U, which is stored in the instrument with the moment

of inertia I due to the moment of bending M, is determined by the dependence of:

F 2

oL dx. 2.3
2AG 23)

L
u,=J
0

The total deformation stored by U in the tool with polar moment of inertia J

due to torsion is:

2
“L“m. (2.4)

L
Utzgz

The total deformation stored by U in an instrument with polar moment of

inertia J due to friction forces is determined by the dependence of:

T 2
2GJ

U, :T dx. (2.5)

The total deformation is calculated:
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2
LFa 2 2

dx+j =
) OAE 2AG 2EI } 263 ¢

Fa’L FF° . F JF 2L +Ft2L3+Ft L3

= + :
2AE  2AG 2AG GEl 6EI  6GJ
According to Castigliano's theorem, the displacement for the various

U, =

(2.6)

components of the cutting force is determined by the dependencies [24]:

5 =M _KL 2.7)
oF, AE
3
5 - _FL FL 2.8)
oF  AG @ 3EI

r

3 3
50U _FL _FL FL 29)
6F. AG 3El 3GJ

The results of the analysis show a decrease in axial deflection, an increase in
radial and tangential deflection with an increase in the angle of inclination of the

cutting edge. In Fig. 2.8 presents the results of a sample of the predicted deviations

predicted by the finite element method.
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Fig. 2.8 - Sampling of deviations depending on axial, radial and

tangential components [24, 26]
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Therefore, the condition of the cutting part of the tool largely determines the
quality of the cutting. It is characterized by a set of parameters and, first of all, the
geometrical parameters of the cutting part. Wearing occurs during processing. This
leads to significant changes in the parameters due to the appearance of wear zones
on the front and back surfaces, displacements of the cutting edges and changes in
their shape.

Lack of control over cutting tools leads to gradual or sudden failures; the
destruction of tools and the possibility of machine crashes. Modern metal-cutting
machines work with the limited involvement of the operator, which necessitates
the creation of automated systems for monitoring these changes in geometric
parameters and diagnosing tool states. An important part of this process is the
development of new control methods for tools that provide the formation of
information parameter sets that reflect their state; mathematical and information
support, creation of software complexes of classification - recognition of states of

tools and their failures.
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3. TECHNOLOGICAL CHAPTER

3.1. Determination of the type and organizational form of production.

The type of production is characterized by the coefficient of consocoveration
of operations:

1<K330<10 — full-rate production;

10<K3p<20 — medium-rate production;

20<K39<40 — low-rate production.

The coefficient of fixed operations is determined by the formula [7]:
K, = O/P, (3.2)

where O — the number of different operations assigned to one workplace;
P — number of working places with different operations.

The total number of operations O on the basic variant of the technological
process is determined by the summing up of various operations O,.,, fixed at the
working place.

Determine the number of operations that are performed on each working
place [7, p.35]:

Op.0=(60"F. K 1m)/(Tuum.r*Na), 3.2)
where F,, — monthly working time fund with two-way mode;
F,=4055:12=337,9 hours;
K, — the average coefficient of execution of works, for machine building is equal -
K:=1,3;
nm - Standard load coefficient for two-shift work and low-rate production, is
nm=0,8 - 0,9; for medium-rate »»=0,75 - 0,85; for full-rate and mass production
7m= 0,65 - 0,75;
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T.umx - artificially-calculating time of operations on this machine;

N,, — monthly release program N,,=1200 pcs.

Basic and - component time on operations are summarized in Table 3.1.

Table 3.1 - Processing time (base version)

Ne operation The name of the operation T,, min

Tum, MIN

005 Turning-screw 1,0

2,0

010 Turning with CNC 53

10,3

015 Turning with CNC 4,93

5,6

020 Turning- screw 1,7

3,1

025 Diamond cutting 2,1

3,6

030 Radial-drilling 1,84

3,1

035 Metalworking 1,1

1,1

040 Radial-drilling 1,8

3,5

We calculate:

Operation 005:
0,.,=(60x337,9x1,3x0,70)/(2,0x 1200)=7,69.
Operation 010:
0,.,=(60x337,9x1,3x0,70)/(10,3x 1200)=1,49.
Operation 015:
0,.,~=(60x337,9x1,3x0,70)/(5,6 x 1200)=2,75.
Operation 020:
0,.,=(60x337,9x1,3x0,70)/(3,1x1200)=4,96.
Operation 025:
0,.,=(60x337,9x1,3x0,70)/(3,6 x 1200)=4,27.
Operation 030:
0,.,=(60x337,9x1,3x0,70)/(3,1x1200)=4,96.
Operation 035:
0,.,=(60x337,9x1,3x0,70)/(1,1x1200)=13,98.
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Operation 040:
0,.,=(60x337,9x1,3x0,70)/(3,5x1200)=4,39.

Hence

K;o=(7,69+1,49+2,75+4,96+4,27+4,96+13,98+4,39)/5=8,9.

Since K;,>1, the type of production of the manufacture of the part-cover is

full-rate.

3.2. Choosing a method for obtaining of workpiece.

The choice of the method for obtaining a workpiece has an impact: the
material of part, its purpose and technical requirements for manufacturing, volume
and rate of release, shape and dimensions of the surface of the part.

From an economic point of view, the method of procurement the workpiece
should be cheaper. From the technological point of view, the workpiece should
have minimal but permissible allowances for machining, since this reduces the
labor intensity of machining and increases the coefficient of material use.

The optimal option for obtaining a workpiece must provide the lowest cost
of the finished product at a given quality of the product, that is, the cost of the
material, the manufacturing of the workpiece and the subsequent machining
together with the overhead should be minimal.

The optimal method for obtaining a workpiece is determined on the basis of
the analysis of the mentioned factors and the technical and economic calculation of
the technological cost of the parts.

To develop rational technology it is necessary to analyze the existing method
of obtaining the workpiece in the enterprise. In this case, it is necessary to analyze
the positive and negative aspects of the methods, the quality of workpiece, the
causes of the shortage and the possibility of reducing it. It is also necessary to
calculate the economic indicators for obtaining the workpiece in production: cost,

labor intensity, productivity and material consumption.
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In modern production calculations of mechanical processing parameters are
based on the use of rough blanks with economic structural forms, which provide
the possibility of using the most rational and economic methods of their treatment
on metal cutting machines, that is, machining with the highest productivity and the
smallest waste of metal in the chips.

This direction requires continuous improvement of the precision and class of
surface cleanliness of the billets with the approach of their structural shapes and
sizes to the finished part, which allows correspondingly to reduce the area of
application of cutting machining, limiting it in some cases by ended finishing
operations.

It must be understood that the methods of manufacturing the billets also
depend on the type of production, since the number of manufactured billets and the
frequency of their repetition involves the cost of production, and, accordingly, the
level of its equipment.

In this particular case, taking into account the design features of the part,
material and other indicators, it is possible to recommend consideration of several
basic types for obtaining the billets, namely castings.

In the medium-rate, full-rate and mass productions it is already possible to
apply machine molding on wooden or metal models.

For obtaining high precision of casting with simultaneous reduction of
allowance on mechanical processing it is possible to achieve casting in shell molds.
This method is based on the properties of a thermosetting resin-bonded mixture,
which takes the form of a heated metal model and creates a dense and quickly
hardening shell. However, this method is more expensive, although in some cases
such casting requires a slight mechanical treatment. This method allows us to
obtain precision 4-5 grades and Ra 2,5 surface finish.

For progressive methods and more expensive, can be attributed casting in
dies (chill molds), which in turn exclude the formation process and the process of
processing and transportation of molding ground associated with it, providing

good cooling conditions and the simple removal of the workpiece from the mold.
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Having considered the above-mentioned methods, taking into account the

design features of the part, material, programmer of production of parts,

advantages and disadvantages of each method for obtaining the workpieces, we

conduct a feasibility study of the choice of method for obtaining the workpiece in

two versions:

- investment casting;

- chill casting.

Table 3.2 - Comparative table of methods for obtaining the workpiece in two

variants
Name of metrics Investment casting Chill casting

Group of rate 1 2
Group of complexity 3 3

Bulk weight, kg 4,69 4,56
Weight of part, kg 3,82 3,82
Cost of 1 tonne of billets, UAH 167430 167430
Cost of 1 tonne of chips Sor, UAH 8314 8314

Determine the cost of comparable workpieces:

- the cost of the workpiece obtained by investment casting is found by the

formula;

S,0:=(C51000xQx K, x k, x K, x K, x K, )-(Q-0) x Ssiax/ 1000, (3.3)

where C; - base cost 1 tonne of billets, UAH:

k, =1 — coefficient, which depends on the precision class;

k ,=5,1 — coefficient depending on the material,

k,=0,96 — coefficient, which depends on mass;

k.=1,0 — coefficient, which depends on the complexity group;
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k =0,77 — coefficient, which depends on the volume of production;
Q - weight of workpiece, Q = 4,69 kg;
g —weight of part, g = 3,82 kg.

Determine the cost of the workpiece for this variant by the formula (3.3):

Syee 1=(167430/1000x 1,0x5,1x 1,0x 0,96x 0,77)-(4,69-3,82) 8314 x/1000=
=623,97 UAH:;

- the cost of the workpiece obtained by chill castinging is equal to:
S:e=(Csl1000x Qx K, x Kk, x kg x k; x K, )-(Q-0) xSsiax/ 1000, (3.4)

where C; - base cost 1 tonne of billets, UAH;

k, =1 — coefficient depending on the precision class;

k ,=5,1 — coefficient depending on the material;

k,=0,96 - coefficient, depending on mass;

k.=1,0 — coefficient depending on the complexity group;
k ,=0,9 - depends on the volume of production;

Q — weight of workpiece, Q = 4,56 kg;
g — weight of part, g = 3,82 kg.

Substituting output and tabular datas into the formula, we get:

S, 1=(167430/1000x 1,0x5,1x 1,0x 0,96 x 0,9)-(4,56-3,82) x 8314/1000=
=731,6 UAH.

An economic effect for the ratio of methods for obtaining the workpieces,
provided that the technological process of processing does not change, can be

found by dependence:
E:(S3a21[_ S3azl) xN. (35)
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Determine the economic effect of choosing the workpiece, taking into

account the size of the batch of parts:
E=(731,6-623,97) x14400= 15500 UAH.

Thus, the preform produced by casting according to the first variant is more

economical. The annual economic effect is 15500 UAH.

3.3. Development of the technological process of processing the part.

During the analysis of the basic technological process of machining, the
details revealed a number of demerits in connection with the proposed two variants
of the technological route.

In this case, the choice of the variant of the technological route for the given
conditions of processing is made on the basis of comparison of options at cost and
labor intensity. According to the provision on the assessment of the effectiveness
of the new technology, the more effective variant of the current and reduced costs
per unit of product is considered to be the most effective. The sum of these costs,
attributed to the operating time of the equipment, is called hourly reduced costs.

The changes made in the process of the technological process:

- in the first variant - on operations 010, 015 boring of holes and grooves,
plunging faces, removal of chamfers on a lathe model 171611;

- in the second variant - on operations 010, 015 treatment of holes and
grooves, plunging faces, removal of chamfers is carried out on a turning machine
with a CNC mod. 16K20.
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Table 3.3 - Basic version

Ne Operation name and processing steps Ty_pe of
oper. equipment
005 | Turning-screw: Turning-screw-

1. Cut surface in size (1). lathe.16K20

010 | Turning: Lathe

1. Plunge faces in sizes (1) (2) (3). tool.17161]
2. Bore holes in sizes (7) (10) (5) (11) (15), chamfers in
size (9).
3. Bore grooves in sizes (8) (13) (10) (6) (14) (12) (16)
(11) (17).
015 | Turning: Lathe tool.
1. Plunge faces in size (1). 171611
2. Bore holes in sizes (5) (2) (6) (3), chamfers in size (7)
(4).
3. Bore grooves in size (8) (9).
020 | Turning-screw: Turning-screw-
1. Plunge faces in size (4). milling
2. Bore grooves in sizes (1) (2) (3). machine.16K20
025 | Diamond cutting: Machine tool
1. Bore two holes in sizes (1) (2) (3) (4). OC 2425
2. Bore hole in sizes (5) (6).
030 | Radial Drill: Radial-drilling
1. Drill 8 holes in size (1) (2) (3) at a time. machine.
2M55
040 | Radial Drill: Radial-drilling
1. Drill consecutively 2 holes in sizes (3) (4) (5). machine.
2. Counter-drill consecutively 2 chamfers in size (1). 2M55

3. Cut thread in 2 holes in sizes (2) (5).
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Table 3.4 - Project version

Ne /i Operation name and processing steps Type of
Op. equipment
005 Turning-screw: Turning-screw-
1. Cut the surface in size (1). lathe.
16K20
010 CNC Turning: Lathe with CNC
1. Plunge faces in sizes (1) (2) (3). tool.
2. Cut surface in sizes (4) (3). 16K20
3. Bore holes in sizes (7) (10) (5) (11) (15), chamfers in
size (9).
4. Bore grooves in sizes (8) (13) (10) (6) (14)
(12) (16) (17) (11).
015 | CNC Turning: Lathe with CNC
1. Plunge face in size (1). tool.
2. Bore hole and chamber in sizes (5) (2) (6) (3) (7) (4). | 16K20
3. Bore the groove in size (8) (9).
020 | Turning-screw: Turning-screw-
1. Plunge face in size (4). lathe.16K20
2. Bore grooves in sizes (1) (2) (3).
025 | Diamond cutting: Machine tool
1. Bore two holes in size (1) (2) (3) (4). OC 2425
2. Bore hole in size (5) (6).
Radial Drill: Radial-drilling
030 | 1. Drill 8 holes in size (1) (2) (3) at a time. machine. 2M55
040 | Radial Drill: Radial-drilling

1. Drill consecutively 2 holes in sizes (3) (4) (5).
2. Counter-drill consecutively 2 chamfers in size (1).
3. Cut thread in 2 holes in sizes (2) (5).

machine. 2M55
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The choice of the technological version for the given conditions of
processing is made on the basis of comparison of options at cost and labor
intensity. According to the provision on the assessment of the effectiveness of the
new technology, the more effective variant of the current and reduced costs per
unit of output is considered to be minimum. The sum of these costs attributed to
the work time of equipment is called the hourly reduced costs C,

In order to choose the best of two treatment options, a feasibility study is
required. The criterion of optimality is the minimum of reduced costs per unit of a
part .

The changes made in the process of the technological process:

- in the first variant - the machining of the part on the turning-screw lathe of
the mod. 16A20 on two operations;

- in the second variant - the machining of the part on two operations on the
turning multi-tool copier semiautomated machine mod. 171611,

The value of hourly reduced costs is determined by the dependence:

n.s.

C,, = % +C,,+E, (K, +K;) kop./hour, (3.6)

where C, — the basic and additional wages with accrual, as well as deductibles for social
contribution to operator and installer for the physical operating time of servicing
machines, kop./hour;

M — multi-machine coefficient, applied at the actual state of the shop;

C. ,— hourly expenses on the operation of the workplace;

E,,—normative coefficient of economic efficiency of capital investments;

E,=0.2;

K, — per unit hourly capital investments in the machine tool;

K5 — per unit hourly capital investments in the building.

The basic and additional wages with accruals are determined by dependence:

C;=Cn. ¢ 1,53 k; kop./hour, (3.7)
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where C,, 4 — hourly wage rate of machine-tool operator of the corresponding
category, kop./hour;
1,53 — total coefficient taking into account the wage of the installer, the implementation
of the rules, additional wage, deductions for social insur deductibles for social
contribution;
k — coefficient, taking into account the wage of the installer, in conditions of mass or
full-rate production, k = 1,1-1,5.

Hourly costs for the operation of the working place are determined by the

dependence:

C.>= C”" ki, kop./hour, (3.8)

where C’* — practical adjusted time costs at the base working place;

k,, — machine-coefficient, which shows how many times the costs associated with the
operation of this machine exceed the similar costs of the base machine; k,, = 1,5;

C%" =110 kop./hour;

C.,=110-1,5 =165 kop./hour.

Capital investments in the machine tool and building are accordingly

determined by dependencies:

K, = [[-100’ kop./hour, (3.9)
3200
F-75-100
=———— kop./hour, 3.10
6 3200 p (3.10)

where 1] — book value of the machine, UAH;

F — production area occupied by the machine with gangways:

F=f-k, m? (3.11)

where f — the production area occupied by the machine tool;
ki — coefficient which takes into account the additional production area.
Technological cost of mechanical processing on the considered operation is

determined by the dependence:
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C, :% kop., (3.12)
where 7., — component time on operations, min.
We carry out the calculation of the basic version of the manufacturing
process of the cover.
In this case, we use the turning-screw lathe of model 16A20 with CNC.
We determine the basic and additional wages, taking into account the hourly
wage rate and the coefficient that affects on the wage of the installer:

C;=Cp p*x 1,53 x k=479 x 1,53 x 1 = 73,3 kop./hour.

We determine the hourly expenses for the use of the working place by

dependence:

C.,= C”' k, = 110,0x1,5=132 kop./hour.

The book value of the machine is: 7/=230000 x 1,1=25300 UAH.

The production area is: f= 3,0x1,6 = 4,8 m?,

The production area F, which is occupied by the machine tool, taking into
account gangways, is: F =4,8 x 3,0=14,4 m?,

Multi-machine coefficient M = 2.

Capital investments for a machine and building for rate production:

K, = 1]x100/3200 = 253000x100/3200 = 7906 kop./hour;
K, = Fx75x100/3200 = 14,4x75%100/3200 = 33,75 kop./hour.

Determine the value of reduced costs:

n.s.

C,., = 224 C B, (K, + K,;) = =T3312+132+0,2(7906+33,75)-

=1756,4 UAH/hour.

The cost of machining for this basic operation

Page

MP 18-602.00.00

Ch.

Pagel Ne docum. Signat. | Data




C,=(C . Tum)l60=(1756,4x10,3)/60=301,5 UAH.

We calculate the design variant of the manufacturing process of the cover.
In this case we use the turning multi-tool copier semiautomated machine model
171611.
We determine the basic and additional wages, taking into account the hourly
wage rate and the coefficient that affects on the wage of the installer:
Ci=Cn g% 1,5x k=479 x 1,5 x 1=71,85 kop./hour.

We determine the hourly expenses for the operation of the workplace by

dependence:

C.,= C’" k, = 110,0x1,5=132 kop./hour.

The book value of the machine is: 7{=128000x1,1=140800 UAH.
The production area is: f=3,0x 1,48=4,44 m?,
The production area F, which is occupied by the machine, taking into
account passageways, is equal: F =4,44 x 3,0=13,32 m?.
Capital investments for the machine tool and building for serial production
K, = 11x100/3200 = 140800%100/3200 = 4400 kop./hour;
Ks = Fx75%100/3200 = 13,32x75x100/3200 = 31,2 kop./hour.

Determine the value of reduced costs:

n.s.

C =g+cg +E (K, +K,) =
IR
= 71,85/2+132+0,2(4400+31,2)=1054,2 UAH/hour.
The cost of machining for this basic operation is:

C,=(C, «Tum)/60=(1054,2x10,3)/60=144,1 UAH.,

The economic effect of comparing the basic and design variants of the

manufacturing process of the component is:
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E=(C,—-C,)-N, (3.13)

where Cyn — technological cost of the first variant of the technological process of
manufacturing parts;
Co2 — technological cost of the second variant of the technological process of

manufacturing parts;
E =(301,5-144,1)-14400 =22667,8 UAH.

Consequently, the design version of the technological process of
manufacturing the cover is more beneficial, since the economic effect of its
implementation is 22667,8 UAH.

3.4. Determination of allowances and interoperational sizes.

Calculation of allowances for mechanical processing we carry out the
calculation-analytical method and according to the tables. Calculation of
allowances and determination of their values by tables can be carried out only after
selecting the optimal for the given conditions of the technological route and the
choice of method for obtaining the workpiece.

The workpiece is a casting of the 1st grade of precision with a mass of
4.99kg.

The technological route of the treatment of the hole consists of two
operations: roughing and finishing.

Calculation of allowances for processing 120N8 is carried out by
constructing a table. 3.5, in which we enter the technological route of the treatment

of the hole and all the values of the elements of the allowance.
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Table 3.5 - Calculation of allowances for processing

Limit value
8 < | Release elements £ Limit size, mm of
oc
puli=) N allowances
S o S
i 3| 8 =
o omo % o e e
Lo = O ¥ BN)
TR o 2 e ®
= = I o a
”Q © c s = c . E‘ =
2« | Rz | T S s = O < £ s £ g
B £ =
e g D
SRS L
Work— 200 | 100 | 226 - (118,518 | - 118,518 {118,718 | - -
piece
Rough
cut 50 | 50 | 16 |2x696 (119,688 | 200 |119,688 {119,828 |1110 | 1170
Dia-
mond - - - |21x12 (120,049 | 80 |120,049 |120,054 | 226 | 361
cut

The total deviation of spatial deviations is determined by the formula:

P3 = Prop + Pou

where p.,, — Size of the distortion of the hole;

(3.14)

Lo = (AKOD? + (AKI)? =4/(0,9-12)% +(0,9- 29)* =350,1 mkm;

where AK — specific curvature of the workpiece, 41K=0,9;

d - diameter of the treated surface;

| — length of the working surface;

psu - total deviation of the hole in the casting according to the external surface;

0
p. = \/(”?)2 Jr(g)2 =,/18412 + 2162 = 268 mkm,
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P, =68% +246% =255 mkm,

p, =005 p, =12,7 mkm.

formula [1, cT.68]:

ZZmin = 2(K21—1 +Ti—1 + \' IOim2 + 82 '

Minimum allowance for boring:
- rough

27 min2=2%(200+100+2552)=1110 mkm;
- diamond

27 mina=2%(80+50+13)=226 mkm.
Design diameters:
- rough
dp2=0smax-2Zmin3=120,054-0,226=119,828 mm;

- workpieces dp1= dp2-2Zmin2=119,828-1,110=118,718 mm.

Minimum diameters:
dimin= 0p1-01=118,718-0,2=118,518 mm;
domin= dp2-92=119,828-0,14=119,688 mm;
damin= damax-93=120,054-0,05=120,049 mm.

Limit values of allowances:
2Zmaxs= U3amax- O2max=120,054-119,828=226 mm;
2Zmax3= U3min- d2min=120,049-119,688=361 mm.
- rough boring:
2Zmin2= Uomax- d1max=119,828-118,718=1110 mm;
2Zmax2= U2min- d1min=119,688-118,518=1170 mm.

General allowances:
ZZOmin:ZZOmin2+220min3:1110+226:1336 mm,

The calculation of minimum values of allowances is carried out using the

(3.15)
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ZZOmaXZZZOmaxz'l' 220max3:.1170+361: 1534 mm.

Total control allowance:
27 min=2Zomin+B3-B>=1336+200-19=1517 mm;
d,0.=02x0n-200x0,=120-1,517=118,843 mm.

We conduct verification of the correctness of the calculations:
Zmax3-Zmin3=361-226=135 mkm;
Zmax2- Zminz=1534-1336=200 mkm;
03-0,=200-65=135 mkm;
01-9,=400-200=200 mkm.

Table 3.6 - Calculation of allowances and boundary sizes for processing the

size 1=107%°mm

q') c
8 E =
= ™ ~ e Boundary
4o Release = ] 2 .
= s | = Boundary size |  values of
QT elements = N |
o E = B @ allowances
n © © e c
o L o Q <
c + Q © )
2 © e S
D § 2 =~
S 7 |
A~ Rz T P Imin ImaX Zmax p Zmin p
Work-
) 200 | 300 | 52 - 112,008 | 800 | 12,008 | 12,008 - -
piece
Rougheut |1 | 3 |508|11,008|400| 121 | 121 | 908 | 508
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dmax Of diamond boring 120,054 mm

dmiz Of diamond boring 120,049 mm
tolerance for diamond boring 50 mkm ~ ]

dmax Of rough boring 119,828 mm
dmin Of rough boring 119,628 mm
tolerance for of rough boring 200 mkm
dmax Of workpiece 118,718 mm

dwon OF workpiece 118,518 mm
dmin Of workpiece 114,312 mm

tolerance of workpiece, mm

v

[
»

N\
N\
N
N\

%

2Zmax Of rough boring 1534 mkm

2Zmin Of rough boring 1336 mkm

27 max Of finishing boring 361 mkm

2Zmin ON clean boring of finishing boring 226 mkm

Figure 3.1 - Graphic calculation of allowances

Calculation of minimum values of allowances.

Define a scalar deviation:

P2 =Py + P

where p.,=AKy= 0,8%x10 =8 mm;
Pem = 0;

p=8 mm;

pa= 82=8 mm.

(3.16)
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For rough cutting:
p=0,06% p3=0,06x8=0,48 mm.
We calculate the minimum values of allowances by the formula:
Znin=RZzj1+Tia+ pia;

Zmin= 200+300+8 = 508 mm.

We find the estimated sizes:
Ip3=|max+Zmin= 10,5+O,508 = 11,008 mm.

Maximum sizes:
l> max=11,008+1,0=12,008 mm:;
I]_ max=10,5+0,6=11,1 mm.

Boundary values of allowances:
Zmax:|3 max”~ I]_ max:12,008'11,1 = 908 mm,
Zmin:|3 min'l]_ min:11,008'10,520,508 = 508 mm.

We conduct verification of the correctness of the calculation:
Zmax'Zmin:908‘508:4oo mkm,
03-02=1000-600=400 mkm.

Total nominal allowance:
Zyow=ZmintH3+H;=508+500+0=1008 mkm;
I3 wom=ld nop*tZuow=10+1,008=11,008 mm.

On other processing surfaces of the cover, we select the allowances and

tolerances according to Table. 3.7.
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Table 3.7 — Allowances on sizes and tolerances for machining

Tabular Estimated
] Tolerance,

Surface Size, mm allowance, allowance,

mkm
mkm mkm

A 0275-1 2-4 - +-0,63
b 10+0,5 2 - +-0,5
B 34+0,1 2 - +-0,9
r 104*0,4 3 1,008 +1,1
H ?124-0,3 2*0,8 - +-0,6
7 ?139+0,01 2*1,5 +- 0,54
K ?12070.059 2*1,5 2*1,517 +-0,63
I (850048 2*1,5 +- 0,86

lvax OFf workpiece 12,008 mm

l.on OF workpiece 11,608 mm

lin Of workpiece 11,008 mm

| _tolerance of workpiece 1000 mkm

lwax OF rough cuttinging 11,1 mm

lwin OF rough turning10,5 mm

tolerance for rough turning 600 mkm

_

2Z\ax Of rough boring 1534 mkm

2Zin Of rough boring 1336 mkm

Figure 3.2 - Scheme of graphical placement of allowances and tolerances in

the processing of linear size
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3.5. Calculation of cutting modes.

3.5.1. Calculation of the cutting modes for the internal cylindrical
surface 6120mm, 6130mm, e140mm.
Boring operation:
1. Depth of cutting - the length of the working stroke of the support is:
Lo =L, +Y+L,,, (3.17)

where L,;= 41 mm — length of cutting;
y =1 mm — supply, cut off tool;
Looo=0;
L,,=41+1=42mm.

2. Assign the feed of the support on the spindle spin So, mm/rev.
Cutter for deaf holes.

Material — BKS.

Depth of cutting t=1,518 mm.

S$=0,18 mm/rev.

S=0,12 (for diamond boring).

3. Determine the stability of the tool:

T =T, -4, (3.18)

where T,, — stability in minutes of machine work, 7,,, =200.
A - coefficient of time of cutting;

A=z AL 0,97. (3.19)
42

p.X

Hence, 7,,=7,=200 min.
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4. We calculate the cutting speed by predefined cutting parameters:

C

L= -Kuo, 3.20
60TmtX1)8YU ( )

where C — coefficient that characterizes the processing material and the conditions
of treatment, C=1680;

T — period of stability, min;

t - cutting depth, mm;

S - feed, mm/rev;

Xv, Yv, m - exponents of power; Xv=0,12; Yv=0,5; m=0,29;

Kv — correction factor; Kv =102,

1680

Y7 2000 272 .0 2% +1,2=93,8-1,02 =96 m/min.

The number of revolutions of spindle is equal to:
0 ~1000-v  1000-96

= =218 rev/min.
7-D 314-14,0
Determine axial force and cutting forces:
P,=10-C,-S’-0"-K,, (3.22)

where C,=40; x=1; y=0,75; n=0; K,=0,91,

P, =10-40-1,5*.0,2°" .96° . 0,91=218,4 N.

Cutting power is:
P,-o  2184-96

N = = =0,34 kW.
?1020-60 1020-60
Calculation of the main machine time:
L. )
t =—"—=279 min. (3.23)

S -n

0
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3.5.2. Calculation of cutting modes for drilling 8 holes ¢11mm.

1. Depth of cutting t = 5,5 mm.

The material of the drill is high-speed steel P6M6.

2. Feed S=0,3mm/rev.

3. Determination of the stability of the tool in machining with 8 drills:
T,~140.

4. We calculate the cutting speed and the number of revolutions of spindle:

v=——""K", m/min; (3.24)

where Cv=32,6; q=025; y=0,2; m=0,125;

32,6-11°%

L= 100 052 =18,7 m/min.

Hence

o 100001000187 o) L
r-D  314-11

Determine the number of revolutions of spindle of the machine. So, as at the
same time the drilling of 8 holes is carried out, then through a drill head with a

gearing ratio

n,, =18-n, =18-522 =939 rev/min.
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5. Determination of rolling torque and axial force:

M,, =10C, -D%-S% K ;Nm, (3.25)

P, :1OCP-Dqz .§% ‘KN,
Where C,=0,005; C,=9,8; q:=2,0; 9.=1,0; y1=0,8; y.=0,7;

60
K =K =(—
" (150

p

)05 =111; (3.26)

M,, =10-0,005 -11%-0,5°%-111=3,8 Nm,

P,=10-98-111-05"" -111 =741 N.

6. Determine the power of cutting:

M,,
N, = ; KW,
9750

38-939
“ 9750

=0,36; kW. (3.27)

Since simultaneously we drill 8 holes, then, correspondingly, the power
Increases:
N, =0,36-8=2,88kW.

c3ae

Calculate the main machine processing time:

L
T, =—"2—= 11 =0,24 min.
n -S,S 522.05

The rest of the cutting modes for other operations of machining of the part

are summarized in Table. 3.8.
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Table 3.8 - Summary table of the cutting modes

S
The name of the L., = | Vo, | Sh,
. t, =, T | So | na To, | N
operation, Lox 2 Vo, | mm/ _
mm Tn |mm/ | rev/ _ _ min | kW
processing step mm ~[M/min| min
rev min
1 2 3 4 5 6 7 8 9 | 10 | 11
005 Turning-
SCrew. 2 | 10 | 067|210 |0,15| 100 | 85 |125| 1,0 | 0,86
1.Hone the surface
in size (1) 13 200 | 0,15 | 140 | 94 | 7 10
010 Turning: 4 | 70 |0,81] 210 | 0,78 | 133 | 116 | 32,4 | 2,01 | 0,51
1. Plunge the ends 16 200 | 031 | 160 | 150 | 8 185
in size (1)(2)(3)
2. Bore the holes 15 [ 120 10,73 210 | 02 | 218 | 96 | 19,2 | 2,79 | 0,49
Insize 126 200 | 0,2 | 160 | 126 18,5
(7)(10)(5)(11)(15)
3. Bore the 15| 5 | 09 ] 210016 109 | 49 |7,84 0,280,221
grooves In size 7 200 | 0,2 | 140 | 57 18,5
(8)(13)(10)(6)(14)
(12)
015 Turning:
1. Plungetheend | 5 | 54 | 06 | 210 | 028 | 281 | 115 | 32,2 | 0,68 | 0.24
in size (1)
59 200 | 0,3 | 280 | 160 18,5
2. Boring the holes | 10 | 40 [0,83] 210 [ 0,25 260 | 92 | 23 [ 0,69 | 0.3
in size (5)(2)(6)(3) 45 200 | 0,3 | 280 | 96 185
3. Bore the groove | 1,3 5 08 | 210 | 0,15 198 | 49 |7,35|0,24 | 0,16
in size 9 200 | 0,15 | 190 | 56 185
(8)(9)
020 Turning- 2 | 70 10,81] 210|210 ]0,78 | 133 | 32,4 2,01 | 0,51
SCrew. 16 200 | 200 | 0,31 | 160 | 8 18,5
1. Plunge the end
in size (1)
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End of table. 3.8

1 2 3 4 5 6 7 8 9 10 11
2. Hone the groove 5 6 09 | 210 |PYYU| 200 | 63 |hand | 0,25 | 0,1
in size (4)(2)(3) 9 200 190 | 63 10
025 Diamond 1 40 | 0,64 | 180 | 0,08 | 650 | 286 | 22,8 | 0,84 | 0,3
cutting: 44 160 | 0,08 | 640 | 270 | 8 4,5
1. Bore the holes in
size (1)(2)
2. Bore the holes in 1 15 |1 0,46 | 180 | 0,03 | 580 | 256 | 7,68 | 0,7 | 0,25
size (3)(4) 19 160 | 0,035 640 | 270 45
030 Radial drilling: | 55| 11 | 0,83 | 140 | 0,3 | 522 | 58 | 54 | 0,24 | 2,88
size (1)(2)
040 Radial drilling: [2,5| 22 | 0,46 | 140 |hand| 880 | 14 |hand| 0,8 | 0,96
size (5)(4)

3.6. Choice of cutting and measuring tools.

The choice of the cutting tool is carried out taking into account the latest

achievements of tool manufacturing, the characteristics of the precision of the

machined surfaces of the parts, as well as the size of the product release program.

The choice of instrument should be carried out with the maximum possible use of

cheaper standard tools.

The choice of a measuring instrument must be carried out with the

maximum possible application of modern universal and special technical means of

measurement, which allow to carry out qualitative control of the product being

processed at minimal expenses of time.

Control and measuring instruments for machining operations are included in

the table. 3.9.
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Table 3.9 - Summary table of cutting and measuring instruments

Ne Name of . .
: : Cutting tool Measuring tool
operations operations
005 Turning-screw Straight-turning tool Caliper I11-1-125-0,1
GOST 18877-13 (T'OCT 166-89)
010 Turning Facing tool T Caliper IIIIT -1-125-0,1
2102-4095 (GOST 166-89)
Straight-turning tool Micrometer MK25-2
2102-4099 Clip GOST 16776-71
Internal boring tool
(2pcs.) Chamfer gauge GOST
2102-4190 10365-16
Internal boring tool
2128-430618 Templet GOST 2675-78
015 Turning Facing tool 2102-4095 | Templet GOST 1845 - 78
Internal boring tool Caliper 11T -1-125-0,1
GOST 16365-76 (2 (GOST 166-89)
pcs.) Micrometer MK25-2
Internal boring
grooving tool Templet GOST 1584 - 89
GOST 1873 - 79
020 Turning-screw Facing tool Caliper I11-1-125-0,1
GOST 18877-73 (T'OCT166-89)
Boring grooving tool
GOST 17837 - 78
025 Diamond cutting | Boring tool with Caliper 1II] -2-0-320-0,1
diamond insert (4pcs.) | (GOST166-89)
Stopper (0140)
GOST 14815 - 89
Stopper (0120)
GOST 14815 - 89
Stopper (290)
Stopper (D86)
030 Radial-drilling Drill (011) Clearance gage (911)
GOST 10903 - 71 GOST 15875-79
Drill (06)
GOST 1090 - 87
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3.7. Characteristics of equipment.
3.7.1. Turning-screw lathe 16K20.

On this lathe, the processing of the base surface for the next turning

operation is carried out on a turning multi-tool copier semiautomated machine

1716C, on which the part is fixed on the surface to be machined in the self-

centering jaw chuck. This allows you to reduce the margin of error when fixing.

Technical characteristics:

The largest diameter of the workpiece, mm:

- 0Ver the Ded PIate.........ccooveiiiic s e 400
= OVET the SUPPOIT....veiiieiie ettt ettt 200
The largest length of the workpiece, mm ........ i, 2000
Height of the cutter installed in the toolholder, mm ........ ..ccccoveiiiiiinn, 25
ENGINe POWET, KW ..ot ettt 10

Spindle rotational speed, reV / min ........ccccces veviieevie i e, 12,5-1600
Longitudinal feed, rev/ min .......cccccoooieeiiii s e 0.05-2,8
Cross feed, reV / MIN ... e 0.025-1,4

3.7.2. Lathe multistage semi-automatic model of 1716 TS.

The treatment on a turning multi-tool semiautomated machine is reduced to

the principle of simultaneous actions. The treatment is carried out simultaneously

by the supply of several cutters, which significantly reduces the processing time, as

well as allows you to process both internal (rough boring) and external (facing) of

the surface.
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Technical characteristics:

The largest sizess of the workpiece, mm:

-over the bed plate.........oovee i 400
- OVEr the DANNET ..o 200
Product 1eNgLN ......oeeeee s e 750
Maximum displacement of the support, mm:

- longitudinal or Vertical ...... oo 820
S NOMIZONTAL ..o e e ————— 100
Spindle speed, revimin L - 100-2000
Working feed, mm / min:

= COPIBT ettt e e e 5-1250
= CFOSS wetiiiiiiiitiii ettt eise eeieereees rerees eee e 10-600
Speed of rapid transfer of the support, m/ min: ........cccooeviiiniiiiinnene, 4,5

= COPIBT wrviiii e ivi i it eeere e —an e ————————————————— 4.5
= CFOSS evveerieeesiesiesiesisiesesiess eaeseaes eneeseeee e e re bt arenes 4
Power of the electric MOTOT ..o s 18.5

Overall sizes, mm:

SHENGEN Lo .3000

S WIAEN Lo e 1 1480
S NBIGNT Lo e ———————— 2200
WERIGNT, KQ vt et e 4500

3.7.3. Diamond cutting machine O0S2425.

This machine is horizontal two-way, which means that the machining is

carried out on both sides at the same time and independently. The diamond cutting

machine has independent drives on both spindles, which makes it possible

treatment in different cutting modes simultaneously.
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Technical characteristics:

Maximum diameter of drilling, Mm ... e 150
Maximum force of feed platten, Kg ......ccoovveiriiiiiiic e v 250
Distance from the end of the mandrel to the platen .........c.ccccceet vovivivcinennn, 800
Distance from the end of the mandrel to the plate ...........ccccocvvvees e, 100-1250
NUMDET OF SPEEAS ...ttt et e e e sraeenr e nee e 12
(070) 3 S (0] 6] <SPPSR No5
Feed for one table reVOIULION ........ooooieeieeeee e e 0,05-2,2
PIAtEN SIZES, MM et e e e e e e e e e e e s sesrbrenees 500 1220
Power of the electric MOtor, KW ......cooooiiieceeee e e e e e e e e e e 45

Overall sizes, mm:

S HENGEN Lo ———————————————— 1600
S WIAEN Lo e e earens 975
WEIGNE, KQ vttt ettt ettt et e nree eeanees 3600

3.7.4. Radial-drilling machine model 2M55.

Technical characteristics:
The largest diameter of the drilling, MM ..., 50

Maximum displacement, mm:

S VEIEICAL e 750

= NOMIZONTAL ... s 1225
Morse cone of spindle hole ... e No. 5
Number of SpIndle SPEEAS ... ...vveiiiiiiie e e 21
Spindle speed, reV/MIN ... e 20-2000
NUMDET OF TREAS ..o e e 12
SPINAIE TEEA ... e 0.56 -2,5
Maximum feeding force, NM ... e 20
Power of the electric motor, KW ..o e 55
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Overall sizes, mm:

S HBNGEN Lo ———————— 2665
S WAL e e e e 1020
S NBIGNT Lo ey 2aree 3430
WEIGNE, KG oottt ceree et e e e e esrae e 2ne srees 4700

3.8. Technical normalization of the developed technological process.

Technical norms of time in production conditions are determined by the
calculation and analytical method:

Determine the norm of component time, [1, p. 111]:

+7T

gion"

r,=T,+T +T

obcn

(3.28)

The calculation is given for a turning operation, which is executed on a
turning multi-tool semiautomated machine model 171611,

The main time on the boundary position is 2,79 min.

Calculate the duration of added work and time for its implementation.

Installing the workpiece and removing it from the machine at one position is
0.3 minutes, and another loading time is 0.31 minutes. In general, 0,31 + 0,30 =
0,61 min.

Measuring of the part is 0,24 x 2 = 0,48 min.

The time spent on management, advance and removal of the tool we find by
the formula:

T,=T1+Tr+T3=4,6+1,45=6,05 c=0,1 min.,

where T — time for transporting the workpiece from the load to the working
position, 71=4,6 c.;

T», T - time of advance and removal of the support.
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Values of L, 1L, (mm) at a speed of 1.5m / min. we find by dependence [7,
p. 85]:
T, + T5=0,017(Ln+L,)=0,017(45+40,4)=1,45 c.

The time for the measurement and replacement of the workpiece is:
0,61+0,48=1,09 min.

overlapping the main time on the boundary position. In this case, the added time is
0,1 min.
The operating time is:
T =T, +T,=2,79+0.1=2,89 min.

In determining the time of maintenance of the working place, it includes
time to replace the blunt instrument, as the time on chip control overlaps with
machine time.

The tool kit contains 11 cutters.

Time to replace cutters is 1.03 x 11 = 11.33 min.

The time to replace the grooving tools is 1.5 + 3 = 4.5 minutes.

Then the time to replace the tool kit is:

T;,=11,33+4,5=15,83 min.

We calculate the stability and basic time of tools:

; _T.T,_1583-279

=0,22 min.
e T 200

The operating time for the maintenance of working place is 2,4% of the
operating time:

T 2,89-2,4

ope =0,069 min.
100

The time for rest and personal needs is 6% of the operating time:

2,89-6

ion = =017 min.
100
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As a result, the component time for an operation is equal to:

T, =T, +T,.~+ Tope +T

8ion

=2,89+0,22 = 0,069 + 0,17 = 3,35 min. (3.29)

We will conduct technical normalization for an internal cylindrical stepped
surface, the processing of which is carried out on a diamond-boring machine model
0S2425.

Basic time at boundary position 7,=0,84 min.

The added time that goes on installing and removing the part is 7,,,=0,13
min.

Time to control the machine is equal 7,=0,25 min.

The time taken to measure the precision of the part is 7,=0,22 min.

The operational time will be determined by the formula:

r, =17+T,, +T +T,=084+013+0,25+0,22 =144 min.

on

The tool kit contains 5 internal boring tools.
Time to replace is 7.,,=1,03x5=5,15 min. Since they work simultaneously,
then:

T = T-T, _515-084 = 0,023 min.
e 200 200

The operating time for the working place is 2,4% T,,:

144-24
»* 100

=0,034 min.

Time for rest and personal needs we accept 6% from the operational time:

 1,44-6

wion = =0,086 min.
100

Component time for operation is:
T..m=0,84+0,034+0,22+0,086=1,18 min.
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3.9. Choice of equipment and determination of its quantity.

Proper choice of equipment means its rational use in time.

To this end, determine the use of time in line with other technical and
economic indicators, the criteria that show the degree of use in time of each
individual machine and all together on the developed technological process.

The coefficient of the machine loading will be determined by dependence:

m

My =—", (3.30)
m

n

where m - estimated number of machines;

m, — accepted number of machines:

m, = Lun (3.31)

The calculations are performed on operations:

- 005 turning-screw:

2,0 15
m =—=15; n,=—=0,75%,
»T133 BT ’
- 010 turning:
m, :@:2,5; 1, :E:O,SB%;
1,33 3
- 015 turning:
m, =£:0,82; 13 :%:0,82%;
1,33 1
- 020 turning-screw:
m, =@:0,72; 1, :Ezo,n%;
1,33 1
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- 025 diamond cutting:

m, =ﬁ:0,88; 1, :%zo,%%;
1,33 1

- 030 radial drilling:

0.4 0.3
m =——=03;n7.=—=03%;
P =133 s = ’

- 040 radial drilling:

35 26
m =——=26;n =—=086;
P 133 =3

The coefficient of use for basic time 7,indicates the proportion of machine

time depending on the total operating time of the machine:

- 005 turning-screw: 7, = % =0,5;

i 2,79
- 010 turning: =——=0,83;
9. 1, 335

i 0,93
- 015 turning: =—"—=0,62;
971 =748

- 020 turning-screw: 7, = 0,25 =0,26;
0,96

- 025 diamond cutting: 77, = 084 =0,71;
118

- 030 radial drilling: 7, = % =0,6.

- 040 radial drilling: 77, :% =04.

(3.32)
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Determine the use of the machine on the power of the drive. This parameter

Is characterized by the coefficient of equipment usage:

n =" (3.33)

where N,, — the power of the machine drive, which is necessary for the cutting
process.
Nos — power of the electric motor.

Accordingly for each operation:

- 005 turning-screw: n = % =0,086;

1,21

- 010 turning: n, =——=0,06;
18,5

- 015 turning: n, =£:0,03;
18,5

- 020 turning-screw: n = Ol—gl =0,061;

- 025 diamond cutting: n, = 04—555 =0,12;

- 030 radial drilling: n, :%20,52;

- 040 radial drilling: n, :%

=017.

For a more visual presentation of the evaluation of the technical and
economic efficiency of the developed technological process, it is advisable to
construct the following graphs:

- loading equipment;

- -loading equipment for the main time;

- loading equipment by power.
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Equipment load factor #;

0,75

0,83

0,42

0,72

0,88

0,86

0,30

005

010

015

020

025

030

040

0,5

0,83

0,62

0,71

0,26

0,6

Operation number
Figure 3.3 - Schedule of equipment load on operations

0,4

005

010

015

020

025

030

040

Figure 3.4 - The schedule for loading equipment for the main time
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0,86

0,6

0,3

0,61

0,12

0,52

0,17

005

010

015

020

025

030

040

Operation number

Figure 3.5 - Load schedule for power equipment
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4. DESIGNING CHAPTER

4.1. Jig for boring holes 692HS8, 6120HS8, 6140HS.

Design description.

The offered diamond-boring jig allows simultaneous fixing of two products,
for simultaneous processing on a two-sided diamond-boring machine 0S2425.
This jig is installed on the platten of the machine tool in longitudinal fixtures using
bolts. The jig is equipped with two power cylinders, on which a clamp of products
Is carried out.

The jig consists of a body 1, to which, with the help of screws 14, a barrel 8
is fixed, in which the workpiece must be based. The finger 3 acts as a pusher,
which transfers the moment to the lever 5. After this, the lever presses on the
clamp 6, which in turn fastens the workpiece in the barrel.

The lever 5 is located on the axis 7, which is respectively contained in the
sleeve 9.

How it works.

The product is installed in a vertical position, so that the product axis is
placed horizontally. The power clamp is made by a clamping, which is firmly fixed
on the shaft axis. The barrel is installed in such a way that there is no scrolling of
the workpiece during the boring process. Calculation of clamping force.

We calculate the condition:

Q, >K-P, (4.1)

0

where K — coefficient ratio, K=1,4...2,6 [10, p.32];

P, — axial force.
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P, =10-C, t*-s'-0"-K,,

where C,=60; x=1,1; y=0,18; n=0;

K,=K, K, K, K,K,,

where K, =(H,/150)" - (60/150) = 0,4;

when n=1: K, =1,19; K,=1;

K,=0,4-1,19-1-1-1=0,476.

Axial force equals:

P, =10-60-1,0".0,2°.98°.0,47 = 2115 Nm.

Considering, that P,;=P,;, - axial forces do not exist.

We deduce the formula for calculating the clamping force of the part.

(4.2)

(4.3)

In order for the part to be screwed, the cutting moment must be less than or

equal to the clamping force of the part M, <M, .

For a greater probability, the coefficient K is introduced:

2Myi=K"M,yp.
The result is:
K, -2 _F, . 4.4
Py .7_ mp J ( . )
where F, =Q- f - frictional force.
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Considering
K-M, =f-Q-d, (4.5)

We receive the formula for determining the clamping force:

Q=——2", (4.6)

where M,,;; — cutting moment;
f — coefficient of friction.

Determine the moment of cutting:

M, =P -2 (4.7)

where d¢, — average diameter of boring holes.

The value of the cutting force is determined by the dependence:

P,=10-C, -t*-s'-0" - K,, (4.8)

where C,=100; x=1; y=0,75; n=0.
Substituting data gives:

P, =10-100-0,25"-0,15%" .98° .1,56 = 94 Nm.

Since, P, =P, than:
M, =0,4-0,0635=5 Nm,
M,,,=0,4-0,055 =514 Nm.
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Given that the moments of cutting act in different directions, then:

M, = MW — M[m1 =514 -5=014 Nm.
Hence:
Q= ﬂ =544 N,
0,25-0,057

Q,.=3-Q=16324 N.

4.2. Conductor rotary for drilling 8 holes o611M.

Description of the jig.

The designed conductor makes it possible to fasten the product on already
treated surfaces. It works in pairs with an 8-spindle head, through which the
processing is carried out on all 8 holes simultaneously.

The conductor consists of a body 1, on which the stand 3 is mounted, which,
in turn, must be based on the workpiece. On the workpiece from above, the
conductive plate 6, which is mounted on the axis 5. In order to have the product
centered, a finger 7 is attached to the axis, which is attached to the conducting plate
by means of a screw 18 and pins 21. The conductor plate contains 8 sleeves 32,
through which are directly carried out and the processing of holes. The plate is
fixed with a nut 16. Disk 8, like a finger, serves for the main product base.

Calculation of clamping force.

We calculate the clamping force that is required for installing the part. To do

this, we determine the coefficient of safety by the formula:

K=Ky K, Ky ks K, -Ke - Ke, (4.9)

where ko =1,5;

k1 — take into account the state of the surface of the workpiece ki=1,2;
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ko — take into account an increase in the cutting force from the blunt tool k,=1,5;

ks — take into account an increase in the cutting force during continuous cutting
ks=1,2;

k4 — take into account the continuity of the clamping force ks=1,0;

ks = 1,0;

ks — take into account the method of fixing the drill ke=1.

So
k=15-12-15-12-1-1-1=3,24.

The force of the clamp Q is determined by the formula:

_2M kR

Q_d-f-PO o

(4.10)

where M — torque of the drill 13,403 Nm;
R — distance from center of drill to center of workpiece, R =125 mm;
d — diameter of the drill, d=11 mm;
f — coefficient of friction, f =0,25;
P, — axial force 747,55 N.
Hence:

Q= 2:13403-324-0125 /.00 o550
0,011.-0,25-0,1157

4.3. Jig for controlling radial beats.

Description of the jig.

The jig for controlling radial beats provides the ability to control radial beats
relative to the surface A. The jig consists of a plate 2, to which the indicator 25 is
attached. The part is attached to the stopper 3, which consists of a plunger 8 used

for clamping the product. The plate is attached to the edge by 4 screws 21 and 12.
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Also, the stand 6 is attached to the plate, which in turn is fixed by a movable
lever 7 and indicator 25. The indicator is fixed by screw 15. And the lever to the
stand is fastened by a pin 19, the indicator 1 is used to control the end beating.

The principle of the operation of the jig.

The part is installed on the stopper 3 and pressed against the walls of the
plunger. 8 The part is based on the surface of the stopper. Radial beats are
controlled by lever 7. Since the angle of inclination of the edge - 15° then when
placed on a horizontal surface of the deviation will be clearly visible on the
indicators 25. The jig works in such a way that, in the case of a radial beat, the part
will, when deviating, push on the levers which will be crushed on the fingers of the
indicators.

Determine the permissible radial beating of the surface (@140mm).

To calculate we use the dependence:

£, SO - k\/g&2 +E +E, FE &, T(KT@) (4.11)

3HOW

where & - deviation to the corresponding size of the processed surfaces of the
product; §=0,12 mm;

k —coefficient that takes into account the possible deviation from the normal
distribution of these components; k=0,2;

&5 - baseline error; ¢,=0;

&, - bonding error, £,=0,08 mm [4, p. 40];

g -installation error; ¢

yem yem

=0,017 mm;
E,... - Wearerror; g =0;

g, - transition and offset error; &, =0;

@ - error value based on economic precision for this method; #=0,5 mm.

&,, =012— 0,2\/02 +0,08% +0,017% + 0,07% = 0,043 mkm.

Therefore, the deviation in radial beating is within the normal range.
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5. SPECIAL CHAPTER

5.1. Structure and composition of CAD.

Structural elements CAD, which are rigidly associated with the
organizational structure of the design organization are subsystems, which, through
the use of specialized sets of measures, is solved a functionally completed
sequence of CAD tasks.

As the basic CAD structure, they adopt a design subsystem that has all the
properties of a system that is object orientation and implements the design
functions.

The second structural part of the CAD is a subsystem of service that has
common systems of use and serves to support the design system, as well as the
execution of data transmission and output. Each of the subsystems CAD consists
of components combined by a common target function, which ensure the
functioning of the target system.

The component is a security element that performs a specific function in the
subsystem. Depending on the type of security, the following components are
distinguished:

- mathematical support: methods, mathematical models, algorithms;

- linguistic support: terminology;

- technical support: computing and office equipment, storage and data
transmission devices;

- information support: documents describing standard procedures, typical
elements and typical solutions;

- software: documents with program texts, programs on carriers and

operational documents;
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- methodical support: documents, which reflect the composition, rules of
choice and operation of software;

- organizational support: regulations, instructions, orders and other
documents regulating the organizational structure of the design organization in the
functioning of CAD,;

- legal support: documents regulating the legal relations of the parties when
creating, implementing and operating CAD.

The structural unity of each of the subsystems is ensured by links between
the components of different types of security, and the timely pooling of subsystems
in the system is ensured by the links between the components.

To determine the structure of CAD and subsystems, all system-based
principles are distinguished, including the principles of compatibility, systemic
unity, standardization and development.

The principle of compatibility is that the languages, symbols, codes,
information and technical characteristics of the structural links between the
components of CAD should be coordinated in such a way as to ensure the
interoperability of the system and maintain the open structure of the system as a
whole. In addition, when creating a CAD, it is necessary to ensure compatibility of
automated and unmanned control of subsystems CAD and CAD with the external
environment.

The principle of system unity is that at all stages of the creation and
operation of CAD, the development of all types of security should be carried out so
that all components form the system.

The principle of standardization is that all components and complexes of
devices are brought in line with industry standards, in addition, all elements must
be designed so that they can be used without significant changes for any design
object.

The principle of development lies in the fact that CAD should function as a

system that is improved, allows for renewal and improvement.
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In the process of exploitation, CAD should be improved not only by
expanding the nomenclature of technological design documentation, but also by
improve the quality and automation of design, which is to use multivariate

(optimization of technical solutions).

5.2. The main components and types of CAD information support.

Information support CAD - documents that contain descriptions of standard
design procedures, typical design decisions, typical elements, component parts,
materials and other data, as well as files and units of data on carriers with the
recording of these documents.

The basis of information support CAD (CAD) are data that are used by
designers in the design process directly to develop a design solution. A database in
CAD means a set of interrelated data stored together in the external memory of a
computer and is usually used by more than one software component or user of
CAD.

These data, given their complexity and the multidimensionality of the CAD
itself, can be presented in a variety of ways. These can be program modules
(programs), output and intermediate results of calculations (numbers) and various
reference normative data, standard solutions, intermediate and final design
decisions, etc.

All functions related to organization, maintenance and access to the database
are performed using special software called database management system
(DBMS).

The set of data used by all components of the CAD is called the CAD
information resource.

The purpose of informational provision of CAD is to realize the information
needs of all structural elements (subsystems) CAD.

The main function of CAD information provision is to manage an
information fund, that is, to provide, support and organize data access. Thus, the
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information security CAD - a collection of information fund and its means of
conducting.

2. Composition of the CAD information fund.

The structure of the information fund CAD includes:

1. Software modules stored in the form of program texts and associated
object modules, respectively. Typically, these data vary little during the lifecycle
of CAD, they have fixed sizes and appear at the stage of creation of information
support CAD. Users of this data have monitors of various CAD subsystems and
instrumental software complexes.

2. Output and result data that are needed to execute program modules during
the transformation process. These data often change during the design process, but
their type is constant and is fully determined by the appropriate software model.
Users of these subsystems are program modules of procedural subsystems.

3. Normative reference project documentation (NDPD) - which includes
reference data on materials, elements of schemes in unified nodes and designs.
These data are usually well structured and can be categorized as factual. The NAP
also includes State and industry standards, guidance materials and guidance,
typical design decisions (poorly structured documentary data). Users - program
modules of projecting subsystems.

4. The content of the display screens, which is a connected set of data that
defines the shape of the frame, and accordingly - they allow displaying information
on the screen for the purpose of organizing the dialogue interaction during the
design. As a rule, these data do not change during the life cycle CAD, have a fixed
size and in their characteristics occupy an intermediate position between program
modules and output data. Users - CAD system dialogs.

5. Current project documentation - shows the status and progress of the
project. Typically, these data are poorly structured, often changing in the design
process and placed in the form of text documents. Users

- program modules of projecting subsystems CAD.
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Distinguish the following ways of maintaining an information fund CAD:
1) the use of the file system;
2) construction of libraries;
3) use of data banks;
4) creation of information programs - adapters.

The use of the file system and the construction of libraries is widespread in
the organization of information support of computing systems, as supported by
standard system-wide tools and operating systems. In the appendix to the CAD
they are used in the preservation of program modules in symbolic and object
codes, dialogue scenarios to maintain the design process, the initial input of large
arrays of output data; saving text documents.

But to provide quick access to the reference data; saving of data variables;
maintenance of current project documentation; search of necessary text documents;
organizing the interaction between multilingual modules, these methods are
ineffective.

A file system is a collection of files organized using data management tools
that are available in the computing system. A file is a collection of data that
consists of logical records pertaining to a single topic, or - is an ordered area of
memory on external magnetic storage media (disks) that consists of individual
records. To manipulate with records or integer files (viewing, deletion, correction,
etc.) you need to create special programs or use only computer systems.

The library is the same set of files, but combined into some group for some
functional attributes. For example: a PPP library for designing and constructing
drilling machines and auxiliary equipment.

In CAD applications, these two methods are used only to store program
modules, output and object codes, content display screens, initial input of large
arrays of output data, save text documents, although the use of these methods is
excluded in the organization of an information fund for the whole CAD for simple
objects. However, it should be noted that these methods are ineffective in order to
provide quick access to the reference data, save fast-moving data, enter current
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project documentation, search for the required text documents, and organize
interactions between multilingual software modules.

Method 3: Using Data Banks. It is the basis and the most important form of
organization of the information fund, and the data bank, in turn, constitutes the
largest part of information support CAD compared with other types of organization
and data management. This method allows you to:

- Centralize CAD information resource;

- to structure data in a way that is convenient for the designer;

- provide quick search of normative reference and design documentation;

- Simplify the organization of the intermodule interface by unifying
intermediate data.

5.3.  Methodology of designing technological processes for

manufacturing parts using a package of applied software of the CAD-CAM.

The application package (EPT) of the CCI CAD is used to design the
technological processes of manufacturing parts, especially in the conditions of
small-series and unit production, when there is no need for detailed design of
technological processes.

Description of operations of the technological process in this CAD is divided
into two parts: constant and variable. The permanent part of the description is
common to all the details of the group. This part of the description includes the
names of operations, the description of transitions, for individual transitions in the
form of constant information can be recorded cutting and measuring instrument,
devices. Actually, it also makes up the content of a typical technological process.
The variable part of the description of operations and transitions is formed
according to the specific conditions of each detail of this group when developing
the working process. This is primarily the executive dimensions, the characteristics
of the used cutting tools, machine models. Variable parts can include attributes of

technological equipment.
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The technological process, as an element of the CAD information provision,
Is a sequential description of operations made up of transitions and their detailed
description.

Work with the package is carried out in dialog mode. The technologist forms
the structure of the route operational process, selects operations and transitions,
and in memory of the computer introduced only a variable part of the descriptions,
which is marked with special icons on the display screen. In addition, typical
process that are stored in the information retrieval subsystem CAD are widely used
for work.

Despite the small share of tasks that are solved by the computer, the use of
CAD of route technological processes on the basis of the standard technology
gives the company a significant effect. Terms of manufacturability are reduced on

average 3-4 times.

5.3.1. Preparing the source information.

Jlns hopMyBaHHS MapHIIpyTy MEXaHIYHOTO0 OOpOOJICHHS JeTasli HeOOX1THUMI
MOBHUM OMHUC JeTali (KoayBaHHs) 3aco0aMu SKoi-HeOyab (opMaTi3oBaHOT MOBH.

In a situation where the range of products that are produced is large, coding
can be very laborious procedure. Therefore, at a low level of complexity of the part
it is expedient to leave behind the technologist the stage of formation of the
structure of the route technological process. For downtime, the details of the
technologist are easier and quicker to set the computer structure of the route than to
describe the design details, all sizes and technical requirements in the formalized
language.

With this approach, the technologist himself analyzes the typical
technological process, chooses the necessary operations and transitions, and in the
computer he introduces only the variable parts of the descriptions, that is, the
description of those operations of the project variant of the technological process,

which made changes.
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1. For the development of the technological process of machining with the help of

CIM "CAD CAM" the following output information is required:

2. Basic process of manufacturing parts.

3. Typical technological process, executed on the forms of route technological

cards.

4. The variable information is presented in the form of tables 5.1 and 5.2.
Table 5.1 - General details of the item

Marking Part
technological -

the process Marking Name Mass
KC6 57-017 KC6 57-017 Cover 4,74

Material, name and Workpiece
brand Kind Profile and size Mass

: Foldable
AK7M2(AJI14B) Casting . 4,99

profile
Table 5.2 - Input information for technological design
the manufacturing process of the part
Number Code of .
Workers operation Equipment Technological
Shop Places P S quip equipment
places transition

1 01 005 41211X 16K20 Adaptation
1 01 010 0090 171611 Adaptation
1 01 015 4212 171611 Adaptation
1 01 020 4212 16K20 Adaptation
1 01 025 4262 Ol 2425 Adaptation
1 01 030 0090 2M55 Adaptation
1 01 040 4214 2MS55 Adaptation
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5.3.2. Block diagram of the algorithm for automated design of the

technological process.

PPP "CCIl CAD" contains maintenance subsystems for input and control of
source information, documentation, adaptation, information retrieval. Information
retrieval subsystem stores the typical technological processes and their search. The
source document is a route description of the technological process. The subsystem
of CAD adaptation serves to introduce new typical processes into the archive and
delete unnecessary ones.

An enlarged block diagram of the algorithm of the subsystem design is
shown in Fig. 5.1. To reduce machine-time designing, first search for the typical
process and re-write it into the computer memory. In the fourth block, the
formation of the transition for the work process is performed. To do this, in the
description of the transition or operation (constant part), taken from the archive of
operations and transitions, the corresponding information (variable part) from the
original document is entered. After designing and processing the first record of the
source document, the transition to the next and so on until the end of the document

Ooccurs.
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( Beginning )
2

Search the archive of the system for
a typical process

3

Create working archives

4
Search by the record code in the
source document of the
corresponding record in the

5

Combining constant and variable
parts of the record

6
Design of the technological
process
7 No
All records
Yes
8 +
Printing
results

Figure 5.1 - Block diagram of the algorithm of the design subsystem of CClI
CAD
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5.4. Analysis of the technological process, obtained with the help of
CAD of the TP.

After analyzing the technological process for machining the guides,
obtained using CAD of the TP, we conclude that the construction of operations and
the choice of technological bases are carried out correctly.At the first operation, the
preparation of the base surfaces for the next treatment is carried out.

The first operations are cutting the ends, boring of the base surfaces,
milling, drilling and cutting, and after that the control of the treated surfaces.

The devices, cutting and measuring tools are selected correctly taking into
account the type of production and the provision of minimum operating time.

The tool for processing is chosen to allow the use of high-performance
processing methods.

The developed technological process is real, provides the qualitative detail in
accordance with the working drawings and technical requirements and can be used

in the current production.
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6. PLANNING CHAPTER

6.1. Specification of production program.

The main objective of this section is to design a site that would provide the

product of this program and the required quality, while achieving the lowest

possible cost of production, taking into account all requirements for compliance

with occupational safety and fire safety.

The production program of the site is determined based on the production

program of the enterprise, taking into account the established percentage of spare

parts. It should be kept in mind that often parts and assembly units are

manufactured by adjacent factories. Detailed production program at the site is

formalized in the form of table 6.1.

Table 6.1 - A detailed annual production program for manufacturing parts

Weight per
Ne o |5 Number of Mass,
_ - | 8 |< £ program,
drawing | o | & | & |£ < parts kg
Elao|= |8 e kg
Ne cls | 2588
wn ..GE_-,’ E ‘45 ) 7 2 8 L wn wn 0 n
2 = = [ 3 g o o @ « f_j v = 4 =
o | £ = | S|5 8|2 go|= |8 & | &
= S = =z 8 = 94| m |3 o o
e |©
)
i S
o = = | B 2 o o © ©
L 51318 |t]-|g|lglg e|e| 3|8
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6.2. Calculation of complexity and machine-tool manufacturing of

products on the basis of developed technological processes.

Considering the availability of baseline data and the depth of development of
technological solutions, the design of the site is carried out by integrated methods.
The main source data in this case will be:

— annual release program;

— weight of the product;

— artificial time of processing of details on each operation.

The complexity of machining in detailed design is determined by the
technological process according to the recommendations, as the sum of artificial

times for all operations:

TM = ZTmm ' (61)
T,, =2.00+3.35+1.48+0.96+1.18+ 0.4 +3.5=12.87 min.

6.3. Determination of the annual need for technological equipment.

Compilation of equipment summary.

The quantity of the main technological equipment of the site is determined
by the technological process in accordance with the selected type of production
and the form of production organization.

The specification of the basic process equipment of the machine shop
section for the manufacture of the cover is given in Table 6.2.

In addition to the main, the station is located auxiliary equipment:

— device for removing the burrs;

— flushing unit;

— control table.
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Table 6.2 - Specification of the basic processing equipment of the machine shop

section for the manufacture of the cover

Ne The name of the Name and model of | Quantity, | Dimensions,
n/m operation equipment items. mm
005 _ Screw-cutting mod

Screw-cutting 2 2785%x1165
020 16K20
010

Lathe Lathe 1716C 2 3000-1480
015

_ ) Diamond boring
025 | Diamond-boring 1 1600x975
mod. 0S2425

030 _ o Radial-drilling

Radial drilling 2 2665x1020
040 mod.2M55

Total i 7 -

6.4. Determining the number of staff at the site.

The following categories of workers are involved in the projected section
during the production process:

— production workers;

— support workers;

— engineering and technical workers;

— junior support staff;

— office staff.

The number of production workers machine-tools of mechanical department

Is determined depending on the number of machines by the formula:

B (6.2)
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where Cpp — quantity of equipment accepted,;

F — vacover annual equipment operating time fund with accepted operating mode,
F; = 4015 year.;

k; — equipment load factor, k, = 0,12;

Fo» — vacover annual working time fund of workers, F,, =1820 hours;

ks — multilevel service factor, k; = 1;

p _ 7-4015-0,73
5 2250-1,3

=7 person.
We accept P, = 7 men.
The number of working other categories is accepted according to the

recommendations, the results are recorded in Table 6.3.

Table 6.3 - Statement of the composition of the employees of the site

Working Category Determination Percer.1tage Number
Method ratio

1 2 3 4
Workbenches by the formula (6.2) — 7
Locksmiths B % ratio 1...3 —
Auxiliary hardeners B % ratio 35...50 1
MOII B % ratio 2..3 —
ITII B % ratio 10...13 —
JIKTI B % ratio 4..5 —
Total 8

The number of controllers VTK is accepted in mass production 8 ... 10% of
the number of production workers of the mechanical department. We accept the

number of controllers - 1.
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6.5. Determining the size of the main and auxiliary areas of the shop.

Determination of the total area of the site of the assembly shop is based on

data on the complexity of the work on the technological process of manufacturing

the part in the conditions of production of the base enterprise. Output data:

— the total number of machine tools of the shop — 7 pieces;

— number of grinding machines — 2 pieces;

— number of machines of the workshop repair base — 3 pieces;

— number of machines of the equipment repair station — 2 pieces;
— number of control tables — 3 pieces;

— dimensions of all machines — medium.

The production area of the site, which is determined by the specific area per

unit of equipment according to technological design standards, is equal to:

Sy, =N-S,, (6.3)

where N — number of machines, pcs.;

S;7— specific area for one machine, Sy = 18...25 m?.

S, =17-25=425 m?

The area of the assembly and test compartment according to the

recommendations is accepted within 30 ... 40% of the area of the mechanical

compartment. We accept 30% Bix 425 m? = 127,5 m?.

The auxiliary area consists of the areas occupied by the subsidiary offices:
1. Tool sharpening department.

Number of grinding machines —2, specific area — 8...10 m?.

So, the area of the grinding department = 20 m.

2. Workshop repair base.

Number of CRB machines - 3, specific area — 20 m?.

So the total area = 60 m2.
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3. Control department.

Branch area is determined at the rate of 5 ... 6 m? per controller.

Therefore, the area of the control department is 1x6 = 6 m?.

4. Compositions of materials and blanks.

The area of composition of materials and workpieces is determined by

dependence:

F3 = MZ L ) (64)
260-q-kg

where Ms— mass of material and billets of annual output, M> = 122.5 ton;

t — number of working days of storage of blanks in storage, t =12;

q — permissible load per 1 m? of warehouse floor area, q = 1,4 ton/m?;

ks — storage area utilization factor, ks = 0,3...0,4.

122.5-12

= =11,46 m”.
260-1,4-0,39

5. The intermediate composition.
The intermediate composition is intended for the interoperable accumulation

of nodes and parts and its area is determined by the formula (6.4).

azigﬁﬁi=m%m%
260-1,4-0,3

6. Department for preparation and distribution of coolants, lubricants
composition.
The area of this compartment is determined by the recommendations

depending on the number of machines and is assumed to be 30 m?.
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7. Chips collection and processing department.

The area of this compartment is determined similarly to the previous one and

is assumed to be 60 m?.

8. Instrument-distribution pantry.

The rules for calculating the area of this compartment depend on the number

of machines of the mechanical compartment. Take an area of 34 m?.

Office space is assumed to be 25 ... 30% of the area. We accept an area of
25%, and therefore it is 184.3 m?.

The area of the site depends on the size and weight of the machines and is

accepted for light machines within 14 ... 18 m?, for medium - 18 ... 22 m?, for

heavy - 22 ... 30 m?,

Table 6.4 - Area of the site for manufacturing parts

_ _ Dimensions, Accepted
Equipment (machine) Model Type specific area,
mm 2
1 2 3 4 5
Screw-cutting 16K20 | 2785x1165 | average 6,48
Lathe 171611 | 3000x1480 | average 8,88
Diamond-boring 0C2425 | 1600x975 | average 1,56
Radial drilling 2M55 2665x1020 | average 5,44
Control table — 2000x1000 — 6
Seats warehouse. blanks and
— — — 13,46
parts
The total area of the machining section 41,82
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Table 6.5 - Area Notices

:I\/@H Branch name Area, m?
1 | Mechanical 425
2 | Assembly 127,5
3 | Sharpening 20
4 | Workshop Repair Base (CRB) 60
5 | Equipment and tools 22
6 | Control 60
7 | Composition of materials and blanks 11,50
8 | The intermediate composition 13,46
9 | The composition of lubricating and cooling liquids 30
10 | (MPA) 60
11 | Chips processing department 34

Instrument Distribution Room (IRC)
Total 864

1 Main thoroughfares (12 ... 15% of the area of all branches 130

of the shop)
Total 994

13 | Office premises 184,3

Total 1178,3

6.6. Determining the basic dimensions and choosing the type and

construction of the building.

The basic dimensions are chosen based on the design area based on the use
of standard type sections. The production areas of the workshop are housed in a
single-storey, non-crane rectangular building with a grid of columns of 18 x 12 m.

The height of the spanis 7.2 m.
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Auxiliary facilities were added to the side of the shop with a width of 12 m,
a grid of columns 6 x 6 and the number of floors 2. The height of the floors is
assumed to be 4.2 m. Total area - 1152 m?,

In the frame structure of the building is used precast concrete foundation
glass type. It rests on columns and foundation beams. Uniform reinforced concrete
columns are accepted dimensions of 500 x 500 x 6900 mm.

Half-timbered columns are also reinforced concrete, as six-meter wall panels
use three-layer reinforced concrete. In the standard type sections, only one truss
with a span length of 18 m is foreseen for rafters and supporting structures and 12
meters for rafters.

For side windows, window frames made of steel and plastic materials are
used to fill them with large-sized sheet glass, using sunscreens.

Scovering gates, wooden with iron frame - 4 x 4,2 m, equipped with air
thermal curtains. The doors are 1.5 x 2.4 m in size and are placed at equal distances
along the perimeter of the building.

The roof is pitched, made of 3 x 6 m reinforced concrete slabs. The boards
are made of wood-fiber boards. Asphalt screed is laid on the insulation boards, on
which a waterproofing carpet of 5 layers of rolled materials is glued with the help
of mastic, the 3 lower layers are made of tal-skin, the upper 2 - of roofing material.

The floor is made of polymer-cement coating, which allows for
technological loading of 3..5 t / m?, use of water, mineral oils and emulsions and

has low cleaning efficiency.

6.7. Development of layout plan.

The purpose of the layout plan is the interconnection of shops, departments
and divisions that are part of the building, the choice of optimal directions of the
production process, internal transport, cargo and human flows, as well as auxiliary

and office premises.
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The initial data for drawing up the layout plan are: technological scheme of
the master plan and scheme of cargo flows; the composition of the workshops and
the size of the areas of all offices and premises; the scheme of the building is
accepted; basic building parameters and general layout of the building.

The layout with the help of conventional symbols shows: the main walls;
workshop and site boundaries, ancillary equipment and structures; basic lifting and
transport vehicles; main aisles and passageways; tunnels, passageways with
elevation marks for them relative to the floor of the first floor. A cross-section of
the production building span, made on a scale of 1: 100, is added to the layout
plan. All departments of the workshop are located in the direction of the total
production flow in the following sequence:

a) blanks are located at the beginning of each production line;

b) the sites for storing the finished parts are located at the end of the machine
lines after the technical control units;

c) in the composition of the workpieces are located machine compartments;

d) at the end of the machine compartments, a transverse passage of 4 m wide
IS envisaged;

e) on the way there are offices of technical control;

f) The sharpening compartment, toolbox and other auxiliary compartments
shall be located on the side of the stream so as not to interfere with the movement
of parts.

Warehouses in the shop (material and billet composition, intermediate
warehouse, distribution and toolbox) are separated from the machine compartment
by a grid height of 2.5 m, and the control and sharpening compartment - by a glass

partition.

6.8. Elaboration of the layout of the equipment.

The layout of the equipment is developed on the basis and in accordance

with the layout of the shop and the location of the building elements of the
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building. Development of the equipment layout plan was performed in an
AutoCAD environment using flat templates.

The basic principle in drawing up the layout of equipment at the machining
section is to ensure the accuracy of the movement of parts in the process of
processing in accordance with the technological process, as well as to establish the
optimal distances between the equipment, columns, walls.

As the type of production is a multi-series, the recommended way to place
equipment is in the process.

Prior to loading, the equipment is made by processing other parts
manufactured in the shop at this site.

The equipment at the site is placed sequentially during the technological
process along the span. The coordinate axes of the building on the plan coincide
with the designations adopted on the layout plan. The distance between the
machines - 900 mm, from the passage to the front of the machine - 1000 mm, from
the walls, columns to the back of the machine - 700 mm.

The plan of placement of equipment at the site is accompanied by a cross-
section of the span of the industrial building, in which it is located indicating the
height of the span, the total height, equipment and vehicles, elevation markings of
clean floor and channels for removal of chips, contours of the bases of columns,
foundations with the sizes of anchoring equipment to coordinate axes and

structural elements of the building.

6.9. Development of technical specification for technological preparation

of production.

After designing the product to identify the necessary equipment, equipment
and tools, information is collected about their need.

The equipment group is engaged in the technological equipment together
with the service of the chief mechanic. They select the equipment from the

warehouses available and free in the shops of the enterprise, which meets the
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technological accuracy requirements of the technological process and carries out, if
necessary, control of its repair.

The draft order for the transfer of equipment from the shop to the shop
agrees with the chief specialist and is submitted to the chief engineer for approval.

The manufacturer of the new equipment at the plant and beyond is
determined, the technological documentation related to the ordering and
manufacturing of the equipment is drawn up through the capital construction
department, the terms of delivery and testing are determined.

Special equipment, cutting tools, and controls are manufactured according to
the tasks provided by the technological services to their design units. These units
include design offices for tooling, tooling, casting, hot and cold stamping.

When designing technical equipment, the requirements of ESCD should be
sought, striving for structural rationality and perfection of the design at the lowest

possible cost of production and operation.
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7. ECONOMIC BACKGROUND

7.1. Organization and efficiency of equipment repair at machine shop

section.

The organizational and production structure of repair services depends on a
number of factors: the type and volume of production, its technological
characteristics, the development of co-operation when performing repair work. The
repair industry of a large engineering enterprise includes a repair and construction
workshop, which performs repairs of buildings and structures, subordinate to the
department or the management of capital construction; electric repair shop, which
carries out repair of energy equipment and subordinate to the main power
engineering; repair and mechanical workshop, which carries out repair of
technological and other types of equipment, manufacturing of variable parts and is
subordinate to the chief mechanic. Repair base of the chief mechanic, except repair
and mechanical shop, includes lubrication and emulsion economy, warehouses of
equipment and spare parts. In large workshops there are also repair bases or
workshops that are subordinated to the mechanics of the shop.

Modern machine-molding enterprises are equipped with expensive and
varied equipment, automated parts. For uninterrupted operation of equipment with
specified precission characteristics, systematic maintenance, performance of
repairs and measures for technical diagnostics are necessary.

The organization of maintenance and equipment maintenance is based on the
system of planned and preventive repairs.

The system of planned and preventive repair of equipment is a set of planned
organizational and technical measures for the care, supervision of the equipment, its

maintenance and repair.
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The main objective of these measures is to prevent progressively deteriorating
wear, prevent accidents and maintain equipment in a state of constant readiness for
work. This system includes maintenance and planned repairs - current and capital.

Maintenance is a complex operations for maintaining the equipment's
performance when used for its intended purpose, while maintaining and
transporting. In the process of maintenance, periodic repetitive operations-
inspections, flushing, and precission checks are performed according to a pre-
designed schedule. In addition, production workers, metalworkers, electricians,
lubricants daily monitor the equipment state, adhere to the rules of its operation, and
eliminate minor malfunctions. Some regulated maintenance operations may be
combined in time, for example, a change in lubrication with overviews.

Current repairs are carried out during the operation of the equipment. In this type
of repair are replaced and restored individual parts of the equipment and is regulated its
mechanisms. The purpose of such repairs is to ensure the efficiency of the equipment and
adjustments to the pre-planned repairs. Major repairs are carried out to restore a full or
close to full resource. Usually it is accompanied by the modernization of equipment..

Repairs caused by failures in work and equipment failures are called
unplanned or emergency. With a well-organized system of maintenance service and
a high culture of operation of the equipment, the need for unplanned repairs, as a
rule, does not arise.

The system of repair and maintenance depending on the nature and operating
conditions of the equipment can function in various organizational forms: in the
form of a post-inspection system, periodic repair systems or a system of standard
repairs. In the system of after-care repairs in accordance with the pre-drawn
schedule performed inspections of equipment in the process of which evaluates its
condition and consists of a roll of defects.

Based on the survey data, the terms and contents of future repairs are

determined. The system of periodic repairs and normative part of the basis for a
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typical system maintenance and repair of metal and woodworking equipment. At
this system, the terms and volumes of repair works of all types are planned.
However, the actual amount of work is adjusted when viewed. This system is most
widely used in machine molding. With the system of standard repairs, the volume
and content of them are planned and strictly adhere regardless of the actual
condition of the equipment. This system is based on well established standards and
apply to equipment, unplanned stops is unacceptable.

The standards of the typical system are differentiated according to the
equipment groups. The most important of them are: repair cycles and their structure,
repair complexity categories, laboriness and material consumption of repair works,
spare parts, units and aggregates. On the basis of calculations of these standards,
develop annual schedules of planned and preventive repairs, determine the labor
intensity of future work and establish the staff of repair staff.

Repair and maintenance of technological equipment at machine-molding
enterprises are carried out by repair-mechanical shops and repair shopsof the
enterprise. Depending on the proportion of work performed by the industrial repair
and mechanical workshops and guild repair services, there are three forms of
organization of repair: centralized, decentralized and mixed. In the centralized form,
all types of repairs are performed by the repair and mechanical workshop of the
enterprise. When decentralized, they are executed by the workshop repair bases. On
these bases, new and reconditioned worn parts are manufactured. In the mixed form,
the most labor-intensive works are carried out in the repair and mechanical workshop,
and maintenance and repairs - by the workshop repair bases, complex groups of
metalworkings, which are fixed at separate sections.

The main directions of improvement of the repair industry are: introduction of
advanced methods, technological processes and organizational forms of work,
application of modern means of technical diagnostics of the state of equipment,
complex mechanization of works, introduction of advanced technological processes,

factory certification of works, specialization of repair teams by type of equipment.
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In order to carry out repair works in the structure of the machine-assembly

workshop it is recommended to install a workshop repair base (WRB).

The WRB area is determined by the specific area, which falls on the unit of

installed equipment. The number of WRB machines is determined by the

dependence:

S=—=2_;
Fam771

where T — Total time for repair of all equipment, h.;
Fo — vacover annual work time fund;

m — the number of changes;

n - load factor of equipment.

12848

therefore, S=——— =2.
4015-2-0.8

The volume of repairs per year for the entire number of equipment:

Qg = E_kN;
where E, — number of units of repair complexity;
k — coefficient of cyclical performance of repair work;

N — number of units of equipment.

Hence

Qe =10 x 1.2 x 104 = 1248 (units of repair complexity).

(7.1)

(7.2)

The quantity of materials necessary for the performance of repair works is

determined by the indicators established by the practice.

Detailed design of the shop repair base is considered in the project part.

7.2. Drawing up of network scheduling of works on the machine shop

section.

The grid graph is a graphical method for planning technological preparation

of production.
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Before plotting the schedule, we compile a list of events from the original to

the final and put in Table 7.1.

Table7.1 - List of production preparation events

Event numbers

Event content

ordinal previous

1 - The task for designing is accepted

2 1 Approval drawing of the parts for machinability

3 2 Presentation of a drawing for preparation of the part

4 3 Development of a technological route for the
manufacture of parts

5 Development of production training schedule

6 Design of the technological process

7 Development of the task for the design of equipment
and tools

8 7 Design of equipment and tools

9 8 Manufacturing of equipment and tools

10 4 Development of standards for material dispersion

11 10 Approval of supplies with materials and workpieces

12 4 Development of a task for the supply of equipment

13 12 Planning for equipment installation

14 13 Supply of equipment

15 11 Delivery of billets to the enterprise

16 6 Reproduction and provision of technological
documentation of workplaces

17 9 Testing equipment and its refinement

18 14 Installation of equipment and its launch

19 15,16,17, 18| Implementation of the technological process

20 19 Manufacturing of the first industrial party

21 20 Organization of serial production

We evaluate each event according to the schedule with time.

The duration of the events is indicated in weeks (table. 7.2).
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Table 7.2 - Event duration (in weeks)

Event numbers Ways
the initial the final

one one 1 2 3 4

1 2 3 4 5 6

1 2 0,5 0,5 0,5 0,5

2 3 0,5 0,5 0,5 0,5

3 4 0,5 0,5 0,5 0,5

4 5 0,5

4 7 0,5

4 10 0,5

4 12 0,5

5 6 2

6 16 1,5

7 8 2,5

8 9 4

9 17 1

10 11 0,5

11 15 1,5

12 13 0,5

13 14 2,5

14 18 1,5

15 19 1

16 19 1

17 19 1

18 19 1

19 20 1 1 1 1

20 21 0,5 0,5 0,5 0,5
Duration 12 10 6,5 9

Summing up the duration of events along the paths, we conclude that the

critical way is the first.
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Based on these results, we build a network schedule for planning the

technological preparation of the product (Fig. 7.1).
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Figure 7.1 - Grid scheduling of technological preparation of production
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7.3. Determination of the economic efficiency of the decisions taken in the

project.

Organizational and economic planning of production involves the calculation
of the number of main technological equipment and the number of employees
working in the shop based on the data received in the technological part, the
determination of the size of all the cash costs for construction, equipping the
workshop (site) and its operation.

Execution calculations allow us to draw conclusions about technical
feasibility and cost-effectiveness of developments.

It determines:

the magnitude of capital investments;
- production losses;
- cost per unit of production;
- Major normalized working capital;
- technical and economic indicators of the shop.
Output data for calculation are:
- annual release program;
- type of production;
- number of machining operations;
- characteristics of operations: artificial time, power, cost and category of

repair equipment, the level of work;

weight of parts, type of workpiece, cost of material and waste;

prices for electric power, water, steam, compressed air.
Characteristics of the technological process and the composition of the
technological equipment are made in the form of tables 7.1, 7.2.

The estimated number of jobs is determined by the formula:
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where T — laboriness of mechanical processing;
7— release rate, determined in the technological part.

The resulting estimated value is rounded to the nearest integer and the main data
defines the load factor of the equipment.

The number of basic production workers is determined by the formula:

; (7.3)

where C, — accepted amount of equipment;

F» — a vacover annual operating time of equipment;
k; — load factor of equipment;

Fop- working time all workers;

ks — coefficient of multi-level equipment.

The number of auxiliary workers is determined in percentage terms to the
main workers and taken 35-50% in large-scale and mass production, 18-25% in rate
and unit.

The number of junior staff is 2-3%, engineering staff is 10-13%, accounting
staff 4-5% of the total number of employees.

The results of calculations are made as table 7.3.

When conducting economic analysis, the life cycle of technology and
technological cost is determined - a set of costs associated with the implementation
of technology.

Technological cost of operation of the technological process in the general

case is determined by the formula, UAH.:

Coro=Mom+ 11+ Ep+ 35+ 3+ Bpo+ (7.4)

+ Bnp +BiH +B@uM+Bnq +Bnﬂ +Bi1

where M,,, — cost of auxiliary materials for technological purposes;

I1,, — cost of technological fuel;
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E,, — the cost of technological energy;
3,p — wages of the main production workers with deductions;
3;, — wages with deductions from other categories of workers who directly provide
the technological process;
B, — cost of maintenance and operation of process equipment;
By, — the cost of maintaining and operating auxiliary equipment that directly
provides this process;
B,, — maintenance and operation costs of equipments;
B, — the cost of the cutting tool;
Beuu — the cost of measuring instrument and tools;
B, — the cost of preparing programs for CNC machines and industrial robots;
B, — maintenance and operation costs of production areas;
B; — other cost elements.
Technological production cost of a part is the sum of the technological cost of

operation for all workshops and sections, UAH / part.:
Crso =2Co. (7.5)
Technological cost of parts, UAH / part.:
Cio = M, + 2Cp0; (7.6)

where M, — the cost of the main materials with deductions for the cost of waste that
Is being sold.

In the practical activities of the technological engineer, the ability to correctly
estimate the costs associated with the execution of the technological operation is of
paramount importance..

Calculation of costs associated with the implementation of technological
operations is performed on the basis of the standards of different costs, which
account for 1 hour of equipment operation.

For machining operations, the technological cost of operation, UAH.:
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Cyno = ZH T,/60 100, (7.7)

where T, — the standard time for performing the operation, min.;
2H — amount of standards, kop. / hour, which includes:
H.,, — standard of labor costs of machine tool operator;
H., — standard of labor costs for the installer;

H.. — electricity consumption standard,;

Ho, — standard of expenses for auxiliary materials;

H,, — equipment cost benchmark;

H.... - the cost standard for a measuring instrument;

H,; — Cutting cost costing standard;

H., — standard of depreciation of equipment;

H.,.. — standard cost per square.

For operations with defined features (special equipment or equipment, labor-
intensive or machine-tool operations, expensive unique equipment, DHW, RTC,
automatic lines, high energy consumption, etc.), the most comprehensible is the
detailed calculation of individual elements of technological cost, which allows taking
into account all the individual features of this technology. and conditions for its
implementation.

7.3.1. Expenditures on basic materials, UAH.:
M, 0o— HSOMKI’I’BLlM -B Ei()XH 601

where H,,,,— the rate of consumption of the main material, kg;
K»s— transport and purchasing cost factor (1,05-1,10);
L], — list price 1 kg of material, UAH;
Bgiox - mass of waste, kg;
Lo - the price of 1kg of waste, UAH.
The price of waste is determined depending on the nature of their utilization.
It is equal:

- the full cost of the initial material, if the waste is used as a conditional raw
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material;
— the reduced price of the source material when it comes to non-conforming
raw materials;
— - prices of scrap, chips, if the waste appears as secondary raw materials.
Prices for materials and waste are taken at the appropriate price list.
7.3.2. Costs for auxiliary materials for technological purposes (alkali,
alcohols, inert gases, etc.) are taken into account in all their nomenclature, which is

used in the design technological process, UAH.:
Mdm = ZHGOM HOM Km31

where H,,, — the amount of material consumption on the process, operation;
L1,,, — the price of the unit of material consumption.

Fuel consumption technological (for heating, melting and other processes),
UAH.:

Hm: H@nUnKms;

where H,,— the rate of fuel consumption on the process, operation;
L1, — the price list of the corresponding fuel unit, UAH..
7.3.3. Electricity costs for technological purposes (heating, melting,
electrophysical and electrochemical processes, testing, etc.), UAH.:
En = Hgelle;

where H,.— amount of electricity consumption, kWh;
I].— price (average tariff) of one kWh of electricity for the base enterprise.
7.3.4. Labor costs (with deductions) of the main workers who provide this

technological process are determined by dependence, UAH.:
30p = THchq6pK0nK03KCC/6OHO6 ) (78)

where T, — standard time for process execution, operations (in mass production 7,,,=
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=Tumx), MIN.;
I — hourly tariff rate of the corresponding tariff rate of execution of the process,
UAH.;
Y5, — the number of people in the brigade who provide this technological process;
Ky, — coefficient of surcharges for the worked time;
Ky — pay-as-you-go coefficient;
K.. —the ratio of deductions for social and health insurance;
H,; — labor costs with deductions from other categories of workers, which directly
ensure the performance of the technological process, are determined in accordance
with the specific situation:

a) if the regulator pays for each adjusted equipment, then the costs for one

operation will be, UAH.:
3l'p = THaﬂFmCKHK()nK()@KC/ qp ) (79)

where T, — setting time, year;
I'ne —hourly rate of the adjuster, UAH.;
K, — number of adjustments per year;
4, — annual volume of transactions.
b) if the operation is performed on a machine, on which the regulator is
permanently fixed, UAH.:
3ip = Dopl K onKoaK oo/ Hos ) (7.10)

where @,, — annual fund of work time of the installer, h .;
H,; — the amount of servicing the installer of a group of similar machines.

B) if the operation is carried out on equipment, the work of which is directly
provided by several employees, the labor costs are increased (for example, in the
case of a processing center, the need for the work of the operator, the installer, the
electronics, the metalworker is taken into account).

The calculation of the annual salary fund is made in the form of table 7.5.
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7.3.5. The costs for maintenance and operation of process equipment are

complex and include the following elements, UAH.:
BmozBa+Bp+ Be+Ba, (711)

where B, — depreciation costs of equipment;

B, — maintenance and repair costs;

B. — energy costs;

B, — the cost of supporting materials for the maintenance of equipment.

These cost elements refer to the technological cost of performing the operation
in different ways:

— - if the operation carried out on a particular detail is performed on a
universal equipment, which is also used for other operations carried out on other
parts, then the costs of operating the equipment are assigned to the cost of the
operation in proportion to the time T, for its execution;

— if the operation is performed on a specially designed and manufactured
equipment, specialized or universal in case of impossibility of loading it with other
parts, then all the expenses for such equipment refer only to the cost of this operation.

Amortization deductions for universal equipment for operation, UAH.:

By = BsHpE,/ @y, 60 100 | (7.12)

where B; — balance cost of equipment (including transport, installation and start-up
and adjustment works), UAH.;
H,, — rate of depreciation of equipment for renovation,%;
@,, — annual fund time of equipment, year.
Amortization deductions on special and equivalent equipment, UAH:
Bac = BsHap/9,100 . (7.13)

Values are adopted by normative documents or according to the data of the
base enterprise.

Maintenance and repair costs cover all types of repairs, inter-repair services
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and inspections. These costs are determined, UAH.:

— for universal equipment
pr = (PCMHGM + PeoHge + Hen)TH/@Oo6O; (714)

— for special equipment
ch = (PCMHGM + PC€H6€ + HKH)TH/L[ 1 (715)

where P., — group (category) repair complexity of the mechanical part of the
equipment in repair units;
P..— group of repairing complexity of electrical part of equipment in repair units;
H,. — amount of annual expenses on the one of the repair complexity of the
mechanical part, UAH.;
H,, — standard annual maintenance and repair cost of software management unit,
UAH.

Values of standards P.., P.. Hsu Hen Hg are accepted according to the
normative documents.

Energy costs not included in previous calculations (electricity, steam, gas,
compressed air, water for technical needs) depend on the type of energy used.

In particular, the cost of power energy per transaction is determined by
dependence, UAH.:

Beo = IT,T,K.K,L[./ KsK,60, . (7.16)

where 11, — total power of electric motors of equipment, KW,
K., i K, — coefficients of the use of engines in time and power;
K, 1 K,, — coefficients of efficiency of electric motors and networks, K, = 0.8 — 0.9,
K, =0,9-0,94.

The power of electric motors is taken according to the passport data of the
equipment, the value of the coefficients K, i K, are accepted from the reference
literature or according to the data of the base enterprise.

Costs of compressed air per transaction are UAH:
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Ben = Hynol [ 1000 = H,,. T, I1..,/1000 60, (7.17)

where H,,, — air flow rate per transaction,m?;
H,,.. — hourly rate of compressed air consumption, m3;
I]., — the price of 1000 m? of compressed air, UAH (accepted for price lists or data
of the base enterprise).

Expenditures for support materials for maintenance of equipment (lubricating
and rubbing, oils for hydraulic drives, MW, etc.) are determined from the standard
of these costs for 1 repair unit, 1 machine, per unit of vehicles.

For universal equipment, UAH:
Boy = HeonilPer T/ @y, 60. (7.18)
For special equipment, UAH:
Boc = HeonilPer/ 9 (7.19)

where H,,, — standard annual cost per unit of repair complexity.

Calculation of expenses for materials and semi-finished products is made in
the form of a table 7.8.

7.3.6. Costs of operation of technological equipment used in the operation, it
Is advisable to consider only the complex and expensive tools and instrumentss.
These costs per transaction are UAH.:

— for universal tools
Bupy = BonpKepTy/ @0 T460, (7.20)
— for special tools:
Bipe = KoBonpKep/ D1, (7.21)

where Bs,, — book value of the tools, UAH;

K, — the cost factor for maintenance and repair;
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T, — term of depreciation, years;
Ky — number of snap equipment.

The book value of the universal equipment is determined by its price list and
transportation and purchase costs, special

- Estimated cost of design, fabrication and adjustment.

The values of the Qur and Ta standards are taken according to the data of the
base enterprise. The value of Ta for special tools should not exceed the duration of
the life cycle.

In the case of using a universal assembly equipment, the cost of it is
determined as the cost of its hire.

If universal equipment is used only in the course of this operation and it is
impossible to use it in other technological processes, then the costs for it are defined

as for special equipment.

7.3.7. The cost of the cutting tool that is involved in the operation includes the
costs of sharpening, repair and restoration. These costs are UAH.:

— on a universal cutting tool:
Biny = (UinK;6Kp + Bnep) Tnau/ Tem(Knep + 1)60; (7.22)
— special cutting tool:
Bine = (UinKs6Kep + KnepBnep)/9pTa, (7.23)

where 1];, — cost of the tool (including transport and procurement costs), UAH.;
K5 — accidental loss ratio;
Kiep — nUMber of redoings;
B¢, — redevelopment costs, UAH.;
Tvaw - Machine run time, min.;
T — Instrument firmness, year.
The prices for the tool are shown in the respective pricelists. Standards

K6, Kuep, Tem are accepted according to the data of the base enterprise.
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Expenses for re-equipment of the instrument, UAH:

Buep = Tnepl mcKonKosKceKis, (7.24)
where T,., — average rate of time for re-tooling, min.;
K,=1,8-2,2 — coefficient taking into account overhead costs.

When calculating the cost of re-erasing a special instrument, not the
maximum possible number of refinements is taken into account, but due to the
annual volume of work (operations).

The above formulas focus on a socover tool. For a build-up tool, further
interpretation of these formulas is required. If the nature of the use of a universal
instrument is similar to the use of a special one, then the costs of its operation are
calculated, as for a special tool.

The cost of the measuring instrument is determined by the same method as the
cost of the cutting tool. Standards are accepted according to the data of the base
enterprise.

7.3.8. The cost of developing and setting programs for CNC machines and
industrial robots depends on the complexity of the operation and the way programs
are developed. Recommendations on methods of conducting calculations and the
required standards are given in the reference books, however, one should strive to
use the methodology and standards applied at the base enterprise.

In the general case, these costs per transaction are UAH.:

Buo = BupKeo/d, T, (7.25)

where B,, — expenses for development and adjustment of programs, UAH,
Ko — a coefficient that takes into account the recovery of the program carrier;
T, — term of depreciation of expenses, years.
7.3.9. Costs of operation of production areas include depreciation, repairs,
heating, lighting and cleaning costs, calculated on the area occupied by the

workplace (including equipment) where the operation is carried out. For workplaces
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where special equipment is installed, the cost per square meter per one transaction is
UAH,.:
B = Hp.prm/ qp, (726)

for workplaces with a universal type of equipment:
Bnﬂy = HpMHanlTH/@OO6O! (727)

where I1,,, — work area, m;
H,,, — amounts of annual maintenance costs 1 m? Production space, UAH, taken
according to the data of the base enterprise.

On the basis of the results, a cost estimate is drawn up, which is executed in
the form of table 7.9.

Calculation of costs for production and unit costs is performed separately for
each item according to the cost items and is executed in the form of tables 7.10 and
7.11, respectively.

Other elements of expenditure that are directly related to a particular
operation are determined based on the specific conditions for the operation to be
performed..

The results of all calculations for determining the main technical and
economic indicators are made in the form of table 7.12.

Table 7.13 compares the options for basic and project technological processes.

The calculation of the technological cost of the operation (a set of operations,
the processing of the part as a whole) on different versions of the technology allows
us to give the most reasonable answer to the question which of the options is optimal
for specific technical and economic conditions. The best option is to provide the
least technological cost.

If technological options require high capital expenditures (the purchase of
expensive equipment, reconstruction of sites, etc.) and it is about design variants of
technology, and not about existing and design, then the optimal version of

technology should be sought on the criterion of minimum costs:
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where €7,,, — annual technological cost for the i-th version of the technology, UAH,
€, — normative coefficient of efficiency of capital investments;
K; — capital investments for this option.

Normative coefficient of efficiency of capital investments €, reflects the
minimum allowable return on 1 UAH of additional capital investments, which, in
turn, determines the normative (maximally permissible) term of their return at the

expense of them caused by additional profits:

T,=1/€,.

Coefficient €, is determined by the scale and nature of the design decisions
that are considered. When it comes to measures of the economic level associated
with significant capital construction,€,= 0,12 (7= 8,3 years).

If there are significant investments in new equipment, then €,= 0,15 (7,= 6,7
years). For local technological measures at the workshop level, enterprises may set
more stringent pay-as-you-go costings (up to 2-3 years).

For technological measures that have a limited duration,
T < Ty
Annual technological cost is UAH:
CPy= CpU,

where C,, - technological cost of the operation, processing of parts, UAH,
Y, — annual volume of operations (parts).

When it comes to the optimal design option, which is intended to replace the
base version of technology and provides less current costs, then the estimated annual

savings from cost reduction will be, in UAH:

EKp:(Cmb' - Cmnp) 4 )
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where C,s, Cumnp — technological cost according to the basic and project variants of
operation (parts), UAH.
The expected annual effect from the introduction of a new technology option,
UAMH, is determined:
E, =Ey — €, Kooo,

where K,,0 — additional capital investments related to the implementation of the
project option (including losses from the elimination of the underlying), UAH.
The payback period of additional capital expenditures, years
Tox = Kooo/ Exp.
Approved payback period of capital expenditures for modernization of

technological processes - two or three years. Anyway T, < Ty

Table 7.3.1 - Characteristics of the basic version of the technological process

Ne | Program Toum, Work (n/h) Y . Job
m/m | release min. On the part on the eﬁ,ﬂg{;ﬁ: rank
program

1 14400 2,000 0,033 480,00 100 4
2 14400 10,300 0,172 2472,00 100 4
3 14400 5,600 0,093 1344,00 100 4
4 14400 3,100 0,052 744,00 100 4
5 14400 3,100 0,052 744,00 100 4
6 14400 3,600 0,060 864,00 100 4
7 14400 1,100 0,018 264,00 100 4
8 14400 3,500 0,058 840,00 100 4
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Table 7.3.2 - Characteristics of the design variant of the technological process

Ne | Program Toum, Work (n/h) v . Job
wn | release min. on the execution | oy
On the part program numbers

1 | 14400 2,000 0,033 480,00 100 4
2 | 14400 3,350 0,056 804,00 100 4
3 | 14400 1,100 0,018 264,00 100 4
4 | 14400 0,960 0,016 230,40 100 4
5 | 14400 1,180 0,020 283,20 100 4
6 | 14400 0,400 0,007 96,00 100 4
7 | 14400 2,060 0,043 624,00 100 4

Table 7.4.1 - The composition of the technological equipment of the basic version the

manufacturing process of the cover

Ne | Number | Power of the | The cost of machine | — - =T
electric motor = ° 2 |2 5‘:

w/n | of seats | machines, kW tools 59 = > X S~
222 |35 |Eg

UAH S8E |g@eg |32

2 'S 8 |ES

one | all one all = < X%
1 1 10,0 | 10,0 14000 14000 1400,0 | 15400,0 16
2 1 12,0 | 12,0 18000 18000 1800,0 | 19800,0 21
3 1 12,0 | 12,0 18000 18000 | 1800,0 19800,0 21
4 1 10,0 | 10,0 14000 14000 | 1400,0 15400,0 16
5 1 10,0 | 10,0 14000 14000 | 1400,0 15400,0 16
6 1 4,5 4,5 12000 12000 | 1200,0 13200,0 4
7 1 5,5 5,5 10000 10000 1000,0 | 11000,0 16
8 1 5,5 5,5 10000 10000 1000,0 | 11000,0 16
) 7 - 69,5 - 110000,0 | 11000,0 | 121000,0 -
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Table 7.4.2 - The composition of technological equipment of the design

variant of the process of manufacturing the cover

Ne | Numbe | Power of the | The cost of machine - T
electric motor ST |5 > | =<
wi | rof | machines, kw tools 582 |28 | B
| one all £ | S 8 £ 8
one a sz <5
1 1 10,0 | 10,0 14000 14000 1400,0 | 15400,0 16
2 1 18,5 | 18,5 21000 21000 2100,0 | 23100,0 21
3 1 18,5 | 18,5 21000 21000 2100,0 | 23100,0 21
4 1 10,0 | 10,0 14000 14000 1400,0 | 15400,0 16
5 1 4,5 4,5 12000 12000 1200,0 | 13200,0 18
6 1 5,5 5,5 10000 10000 1000,0 | 11000,0 16
7 1 5,5 55 10000 10000 1000,0 | 11000,0 16
) 7 - 72,5 - 102000,0 | 10200,0 | 112200,0 -
Table 7.5.1 - Summary of the composition of the employees in the basic version
of the manufacturing process of the cover
No
Category of work Number | %
/11
1 | Production workers 13 -
2 | Auxiliary workers 5 40
3 | Junior Staff 1 2-3
4 | Engineering and technical staff 2 10-13
5 | Clerical and office staff 1 4-5
Total workers 22 -
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Table 7.5.2 - Summary of the composition of the employees in the design version of the
manufacturing process of the cover

Ne Category of work Number | %
/1
1 | Production workers 11 -
2 | Auxiliary workers 5 40
3 | Junior Staff 1 2-3
4 | Engineering and technical staff 2 10-13
5 | Clerical and office staff 1 4-5
Total workers 20 -

Table 7.6.1 - Capital expenditures on fixed assets of the basic version of the
manufacturing process of the cover

Amortization Spe?iﬁf:
Ne Title of the main assets Cost, UAH gravity In
n/m Numberl  Cost the general
fund
1 | Buildings:
a) production facilities 24,00 2,4 576,00 2,09
b) auxiliary premises 10,88 2,4 261,12 0,95
¢) administrative-household 9,60 2,4 230,40 0,84
Total: 44,48 1067,52 3,87
2 Buildings and transmitting
Rooms 3,11 3,1 96,52 0,35
3 | Equipment:
a) production 110,00 14,1 | 15510,00 56,26
b) energy 2,78 2,7 75,06 0,27
C) transport 11,00 16,6 1826,00 6,62
d) control and measuring 5,50 8,5 467,50 1,70
Total 129,28 17878,56 64,85
4 Instrument and devices 27,50 30,0 8250,00 29,93
5 | Industrial and economic
Inventory 2,20 12,5 275,00 1,00
Total 206,57 27567,60
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Table 7.6.2 - Capital expenditures on fixed assets of the design variant of the

technological process of manufacturing the cover

No _ _ Amortization gsrs\?ﬁgi?n
i Title of the main assets Cost, UAH N the general
umber|  Cost fund

1 | Buildings:
a) production facilities 21,00 2,4 504,00 1,98
b) auxiliary premises 9,52 2,4 228,48 0,90
¢) administrative-household 8,40 2,4 201,60 0,79

Total: 38,92 934,08 3,66

2 Buildings and transmitting 2,72 3,1 84,46 0,33
premises

3 | Equipment:
a) production 102,00 14,1 | 14382,00 56,38
b) energy 2,90 2,7 78,30 0,31
c) transport 10,20 16,6 | 1693,20 6,64
g) control and measuring 5,10 8,5 433,50 1,70

Total 120,20 16587,00 65,02

4 Instrument and devices 25,50 30,0 | 7650,00 29,99

5 | Industrial and economic 2,04 12,5 255,00 1,00
Inventory

Total 25510,54
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Table 7.8.1 - Consocoverated statement of the annual salary fund of the basic
variant of the manufacturing process of the cover

Categories Basic | Additional Total Awards and Total Average
of workers salary, w/o fund /n rewards, salary, monthly
UAH. UAH. UAH. UAH. UAH salary,
UAH
Workers
- the main 5,6 2,0 7,5 446,52 8,0 511,60
ones
- auxiliary 4,8 1,4 6,3 482,30 6,8 1125,40
ITIT 2,9 1008,00 3888,0 | 1620,00
JIKII 1,1 216,00 1296,0 | 1080,00
MOII 0,8 84,00 924,0 770,00
Total 20841,7
Deductions on social insurance, in the pension fund,
11462,9
employment funds, etc.
Total 32304,6

Table 7.8.2 - Summary of the annual salary fund of the design variant of the
manufacturing process of the cover

Categories Basic | Additional | Total Awards and Total Average
of workers | salary, w/o fund /n rewards, salary, monthly

UAH UAH. UAH. UAH. UAH salary,

UAH
Workers
- the main 2,0 0,7 2,7 160,22 2,9 21,70
ones
- auxiliary 4,8 1,4 6,3 482,30 6,8 1125,40
ITIT 2,9 1008,00 3888,0 1620,00
JIKTI 1,1 216,00 1296,0 1080,00
MOII 0,8 84,00 924,0 770,00
Total 15724,1
Deductions on social insurance, in the pension fund,
8648,3

employment funds, etc.
Total 24372,4
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Table 7.8.1 - A statement of the cost of materials for the basic version of the

technological process of manufacturing the cover

Part Annual General Total | Total cost
Ne , of the . Cost, . cost of of the
Material | expenditure, transportation .
/1 item, tone UAH costs. UAH waste, | material,
kg ’ UAH UAH
1 | Basic
materials 5,10 73 1982880 198288 22766 | 2158402
2 | Auxiliary
materials - - - - - 32376
Table 7.8.2 - A statement of expenses for materials of a design variant of a
technological process of manufacturing the cover
partar [S00 Gorer [ 798 [T
n/ | Material the P Cost, UAH| transportation ial
N item, kg ure, costs. UAH waste, material,
’ tone ’ | UAH UAH
1 | Basic
materials 5,10 73 1982880 198288 22766 2158402
2 | Auxiliary
materials - - - - - 32376
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Tabmuus 7.9.1 - Estimated cost of the basic version of the technological

process of manufacturing the cover

No Name of cost items Cost, Tuc.
/o UAH.
A. The maintenance and operation of equipment
1 | Depreciation of equipment 27,57
2 | Operation of equipment
a) auxiliary materials 32,38
b) electricity 16,02
c) compressed air 2,04
d) water for production needs 6,13
e) steam for production needs 2,19
e) the salary is basic and additional 4,05
3 | Regular repair
a) equipment 7,70
b) a valuable tool 4,13
4 | Internal movement of goods 14,7
5 | Depreciation of a low-value and worn-out tool 44,00
Total in section A 146,22
B. General workshop costs
1 | Maintenance of the shop management machine
a) ITP 3,89
0) employees 1,30
2 | Retaining the rest of the shop staff
a) JSS 0,92
0) auxiliary workers not listed in section A 2,70
3 | Depreciation of buildings and equipment 1,07
4 | Maintenance of buildings, structures and inventory
a) Electricity for lighting 19,10
b) steam for heating 6,74
c¢) water for household needs 16,66
d) material and other expenses 1,33
e) inventory 1,54
5 | Another repair of buildings, structures, inventory 1,33
6 | Tests, experiments and research rationalization and
Invention 0,66
7 | Safety practice 0,44
8 | Depreciation of low-value and high-wearing implements 0,44
9 | Other witts 2,91
Total section B 61,03
Total workshop (side) costs 207,25
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the process of manufacturing the cover

Table 7.9.2 - Estimates of craft costs of the design version of the technological

é\/ri Name of cost items COSXEI(.)US'
A. The maintenance and operation of equipment
1 | Depreciation of equipment 25,51
2 | Excrutyarariist o0maiHaHHS
a) costing 32,28
b) electricity 16,02
c) compressed air 1,79
d) water for production needs 5,37
e) steam for production needs 2,19
f) the salary is basic and additional 4,05
3 | Regular repair
a) equipment 7,14
b) a valuable tool 3,83
4 | Internal movement of goods 14,7
5 | Depreciation of a low-value and worn-out tool 40,80
Total in section A 139,08
B. General workshop costs
1 | Maintenance of the shop management machine
a) ITP 3,89
b) employees 1,30
2 | Retaining the rest of the shop staff
a) JSS 0,92
b) auxiliary workers not listed in section A 2,70
3 | Depreciation of buildings and equipment 0,93
4 | Maintenance of buildings, structures and inventory
a) electricity for lighting 16,71
b) steam for heating 5,89
c¢) water for household needs 15,15
d) material and other expenses 1,17
e) inventory 1,41
5 | Another repair of buildings, structures, inventory 1,17
6 | Tests, experiments and research rationalization and
Invention 0,60
7 | Safety practice 0,40
8 | Depreciation of low-value and high-wearing implements 0,40
9 | Other expenses 2,63
Total section B 55,27
Total workshop (side) costs 194,35
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Table 7.10.1 - Cost estimates for the production of the production of the basic version of

the manufacturing process of the cover

No Cost, thous.
Name of cost items
/1 UAH.
1 | Basic materials, taking into account transport costs and net
waste 1960,11
2 | The main salary of the main production workers 5,58
3 | Additional salary of the main production workers 1,95
4 | Deductions on social insurance from the salaries of the main
production workers 3,01
5 | Costs of operation and maintenance of equipment 146,22
6 | Total business expenses 61,03
Total shop floor costs 2177,92
7 | Total production costs 2,79
Total production cost 2180,71
8 | Output costs 65,42
Total full cost 2246,13
9 | Planned profit 179,69
Total issue in wholesale prices of the enterprise 2425,82

Table 7.10.2 - Estimates of production costs of the design version of the manufacturing

process of the cover

15{1 Name of cost items COSXL'IC_)US'
1 | Basic materials, taking into account transport costs and net
waste 1960,11
2 | The main salary of the main production workers 2,00
3 | Additional salary of the main production workers 0,70
4 | Deductions on social insurance from the salaries of the main
production workers 1,98
5 | Costs of operation and maintenance of equipment 139,08
6 | Total business expenses 55,27
Total shop floor costs 2158,25
7 | Total production costs 1,00
Total production cost 2159,25
8 | Output costs 64,78
Total full cost 2224,03
9 | Estimated profit 177,92
Total issue in wholesale prices of the enterprise 2401,95
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Table 7.11.1 - Cost calculation of the unit of production of the basic version of the

manufacturing process of the cover

éf; Name of cost items ASXLIJ\TL
1 | Basic materials, taking into account transport costs and net
waste 136,12
2 | The main salary of the main production workers 0,39
3 | Additional salary of the main production workers 0,14
4 | Deductions on social insurance from the salaries of the main
production workers 0,21
5 | Costs for the maintenance and operation of equipment 10,15
6 | Total business expenses 4,24
Total shop floor costs 151,24
7 | Total production costs 0,19
Total production cost 151,44
8 | Output costs 4,54
Total full cost 1555,98
9 | Planned profit 12,48
Total issue in wholesale prices of the enterprise 168,46

Table 7.11.2 - Cost calculation of the unit of production of the design variant of the

manufacturing process of the cover

IJJ}I Name of cost items ALTZ%]L
1 | Basic materials, taking into account transport costs and net
waste 136,12
2 | The main salary of the main production workers 0,14
3 | Additional salary of the main production workers 0,05
4 | Deductions on social insurance from the salaries of the main
production workers 0,08
5 | Costs for the maintenance and operation of equipment 9,66
6 | Total shop costs 3,84
Total shop floor costs 149,88
7 | Total production costs 0,0149,957
Total production cost 4,5154,450
8 | Output costs 12,36
Total full cost 166,80
9 | Planned profit 16,21
Total issue in wholesale prices of the enterprise 148,54
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7.4. Basic technical and economic indicators of the machine shop section.

Table 7.12.1 - Basic technical and economic indicators of the basic version of the
manufacturing process of the cover

Ne mi/mt . i Cost,
Normative indicators Unit UAN
1 Annual output:
a) in physical terms pc, 14400
b) in value terms UAH. 2425818,05
2 Capital expenditures:
a) general thousand,
UAH. 207,25
b) specific UAH./pc 14,39
c) total production area M2 160
d) the number of machines pC. 8
e) power capacity of the equipment KW. 69,50
3 Rolled circulating assets thousand.
UAH. 272,24
4 Total number of employees people 22
5 Annual salary fund thousand.
UAH. 32,30
6 Average monthly salary:
a) production workers UAH. 51,16
0) ITP UAH. 162,00
110,267 | Production per one working T

UAH./T. 110,26

8 Production output:

a) for one UAH, fixed assets UAH. 11,74

b) per square meter of area UAH. 15161,36
9 Machine loading % 20,92
10 Cost of parts UAH. 155,98
11 Side-effects of the workshop UAH. 207253,39
12 Percentage of shop expenses % 9,23
13 The level of profitability of the shop % 8,25
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Table 7.12.2 - Basic technical and economic indicators of the design variant of
the manufacturing process of the cover

311 Normative indicators Unit 823:
1 | Annual output:
a) in physical terms pc. 14400
b) in value terms UAH 2401953,35
2 | Capital expenditures:
a) general thousand
UAH. 194,35
b) specific UAH./pc 13,50
c) total production area M? 140
d) the number of machines pc, 7
e) power capacity of the equipment KW 72,50
3 | Rolled circulating assets thousand
UAH. 269,78
4 | Total number of employees YOJI. 20
5 | Annual salary fund thousand.
UAH. 24,37
6 | Average monthly salary:
a) production workers UAH. 21,70
0) ITP UAH. 162,00
7 | Production per one working t. UAH./h. 120,10
8 | Production output:
a) for one UAH, fixed assets UAH. 12,68
b) per square meter of area UAH. 17156,81
9 | Machine loading % 15,54
10 | Cost of parts UAH. 154,45
11 | Side-effects of the workshop UAH. 194353,10
12 | Percentage of shop expenses % 8,74
13 | The level of profitability of the shop % 8,24

Table 7.14 - Determining the effectiveness of design decisions

Indicator

The value of the indicator

Cost reduction,%
Annual savings, UAH.
Annual economic effect, UAH.

9,8
22032,0
31740,0
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8. HEALTH AND SAFETY MEASURES

8.1. Measures to ensure safe working conditions of the equipment.

The shops of machine-building plants are equipped with different types of
technological equipment. Its use facilitates human labor and increase productivity.
However, in some cases, working with this equipment presents an industrial and
occupation hazard not forgetting the environmental hazards.

When designing technological equipment in mechanical engineering and
during its operation, devices that prevent and protect personnel from dangerous
zones and accidents should be considered. These devices are referred to us safety
tools.

General requirements for the means of protection are:

e maximum reduction of hazards and harmful effects at workplaces;

o reliability, durability, convenience of service of the machine and
mechanisms in general;

e taking into account the individual features of the equipment, tool,
adaptations or processes for which they are intended.

Blocking (barrier) devices — this can be used as a means of protection that
prevent people from entering a dangerous zone. Blocking devices are used for the
Isolation of drive systems (moving parts) of machines, the zone of workpiece
processing by machines, presses, stamps; barriers to current-carrying parts, zones
of intense radiation.

Blocking devices are divided into three main groups:

e stationary (non-removable)

e mobile (removable) and

e portable.
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Stationary barriers are only periodically dismantled to perform auxiliary
operations (changing the working tool, lubricating, carrying out control
measurements of parts). They are executed in such a way that they engage the
workpiece, but do not let the hands of the worker. Examples of complete barriers
are the barrier of distribution devices of electrical equipment, cases of electric
motors, pumps.

Movable (removable) barriers - the device is locked up with the working
organs of a mechanism or a machine, as a result of which it closes access to the
working area at the onset of a dangerous moment. Such barrier devices are used in
machine tools.

Portable barriers are temporary. They are used in repair and operation works
to protect against accidental touches to current-carrying parts, as well as from
mechanical injuries and burns.

The design and material of blocking devices are determined by the
peculiarities of this equipment and the technological process in general. Enclosures
are made in the form of welded and cast housings, grids, nets on a rigid housing, as
well as in the form of rigid solid shields.

Safety precautions are intended for automatic disabling of machines in the
detection of any parameter characterizing the operating mode of the equipment
beyond the limits of the permissible values. Thus, in emergency situations (release
of pressure, temperature, working speeds) the possibility of explosions,
breakdowns, flares is excluded. The compressed air is widely used in various
machine tools and equipment for fastening machined parts with clamps. Such a
device should be equipped with devices that prevent the unauthorized release of
the clamps when the pressure is switched off or with significant power influences
from the working units of the tool (cutter, milling cutter, grinding wheel). In
intermediate devices to eliminate the possibility of breaking parts, it is necessary to
adjust the clamping force in the desired range, depending on the cutting force and
the stiffness of the workpiece. For this, the device must be equipped with pressure

regulators.
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In electromagnetic plates for fixing the workpiece, lifting and transferring
various products, provision should be made for a spare wiring for feeding
electromagnets from an additional power supply. Which should be switched off
automatically when you stop power supply from the main network. This eliminates
the possibility of tearing off materials or products from an electromagnet and
injuring the worker.

To prevent breakdowns of certain parts of the equipment, which are possible
due to their transition to setting the limit, apply “stops”. They are important
because, at high speeds of the transfer of the support, the machine tool is not
always able to turn off the manual transmission and to exclude the incidence of the
cutting edges in the area of rotation of the cartridge cam. One-way, two-way stops,
which can be various stops, as well as end switches, are applied.

Technological equipment must be equipped with reliable braking devices
that allow you to quickly stop the shafts, spindles and other elements which can be
potential sources of danger in emergencies.

One of the safety devices is a weak link, that is, a component or a node that
is designed to break or not overload. These parts include: cutting pins and joints,
friction clutches, smooth fuses, discontinuous membranes. Activation of the weak
link leads to the machine stopping in emergency modes, which eliminates
breakdowns, damage and, consequently, injuries.

Blocking devices exclude the possibility of a person entering a dangerous
zone or eliminate a dangerous factor for the time of stay of a person in this zone.
Widespread use in forging machines and mechanical workshops has acquired
photovoltaic blocking, which is based on the principle of protecting the hazardous
zone by light beams. The change in the light flux that falls into the photocell is
converted into an electrical signal, which, after amplification, is fed to an emitter-
command device, which, in turn drives the actuating mechanisms of the protective
device. Such lock does not require any mechanical structures. Small in size,
reliable and convenient in operation, allows in providing protection of sufficiently

extended zones.
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The distinguishing signaling is used to isolate certain types of technological
equipment, its hazardous zone. To do this, use a system of signal colors and
security signs. The alarm system is designed to alert you to danger (switching on
equipment or supplying voltage).

The safety of the operation of lifting-transport vehicles requires the
enclosure of all moving or rotating parts of the mechanisms. It is necessary to
exclude the unpredictable contact with the movement of loads and the mechanisms
themselves during their movement, as well as provide reliable strength
mechanisms. To ensure safe operation, the machines are equipped with:

e safety devices and remote control systems, end switches that
automatically shut off the lifting mechanism of the hook or the crane moving
mechanism when approaching the extreme positions; load limiting devices that
prevent overload by switching off the lifting mechanism;

e devices preventing the slipping of cables from hooks, sound and light
signaling, which warns of the onset of a dangerous moment in the operation of the
crane;

e devices for automatically switching off unrestrained trolley wires at the
exit of the person on the site, which has the possibility of accidental contact with
trolley wires, brakes and holders (catchers).

Exclude the tension and breaking of the rope when lifting the load at an
unacceptable height and to ensure the safe operation of riggers using terminal
switches. Avoid strikes of lifting vehicles in the walls and collide with each other.

The end switches of the movement mechanism must be set in such a way that the
drive is switched off at a distance equal to at least half the braking distance of the
mechanism. For damping the impact of the support are fitted with elastic elements

of rubber and wood.
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8.2. Electrical installation safety measures.

Electrical installations protective measures can be divided into two groups:
those that provide security during normal operation of electrical installations and
those that provide security in emergency mode of operation.

Electrical insulation — This is a dielectric layer or a construction made from an
insulator that covers the surface of current-carrying conductors, or which separate
current-carrying conductors from each other.

The state of insulation is characterized by its electrical strength, dielectric
loss and electrical resistance. Isolation prevents the flow of currents through it
due to the large resistance.

In order to ensure reliable insulation work preventive measures are taken.
First of all, mechanical damage, moisture, chemical effects, pollution should be
excluded. But even under normal conditions, insulation permanently loses its
original properties with time. Over time, there are local defects, due to which the
insulation resistance begins to drastically decrease, and the current loss increases.
In the place of the defect there are partial discharges, the insulation burns out.
There is a so-called breakdown of insulation, resulting in a short circuit, which can
lead to fire or shock. In order to prevent this, a periodic and continuous control of
isolation is carried out. Periodic control of isolation involves measuring the active
resistance of insulation in the established terms (once every 3 years), as well as in
the detection of defects. Measurement of the insulation resistance is carried out at
the offset electrical installation using a megohmmeter.

The norms of isolation resistance of different electrical installations are
established. For example, insulation resistance of power and lighting electrical
wires should be at least 0.5 mQ. An effective safeguard is the use of double
isolation. In this case, in addition to the working main insulation, additional
insulation is used. It is intended for protection against electric shock in the event
of damage to the working isolation. Protective double insulation can provide
safety when operating any electrical installation. An example can be an electric
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drill with a plastic case. However, the plastic has a low mechanical strength, an
unreliable connection with the metal. Scope of double insulation - small power
plants. In the event of damage to the work isolation, the transition of the voltage
to the housing and the hit of people under the contact voltage are not possible.

However, double insulation does not exclude the risk of damage by
touching the current-carrying parts due to partial damage to the case or repairs.
Double insulation, are used in wiring equipment (distribution boxes, switches,
sockets, plugs, bulbs), portable fixtures, electrical meters, electrified hand tools
(drill, disk saw, plan, etc.) and some household appliances.

Contact with current-carrying parts is always dangerous even in a voltage
of up to 1000V with isolated neutral, with good insulation and low capacity, not
to mention the networks with grounded neutral and the network with a voltage of
more than 1000V. In the latter case, even the approach to the current-carrying
parts of an electrical installations up to 1000V, the use of insulated wires
provides adequate protection against damage when exposed to them. However,
isolated wires that are under 1000 V are no less dangerous than naked ones. In
these cases, one of the means of safety is stationary enclosures. They are divided
into solid and mesh.

Solid enclosures in the form of casings and covers are used in electrical
installations up to 1000 V. The mesh fencing has doors that are closed to the lock.
Protecting devices include temporary portable barriers (boards, insulating lining,
insulating caps, temporary portable earthing). The enclosures are equipped with
lids or doors, which are closed to the lock or equipped with locks.

The location of current-carrying parts at an unattainable height or
Inaccessible location provides security without fencing and locks. When choosing
the height of the hanging, it is necessary to take into account the possibility of
unintentional contact with parts that are under voltage, long metal objects. The
height of the hanging of the wires of the overhead lines depends on the voltage
and the passage of the line.

When working with portable power tools, as well as with a hand-held

portable lamp when the insulation is damaged and when the voltage on the case
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increases, the risk of electric shock is increased. In such cases, small voltages not
higher than 42V. When voltage is up to 42V, the current passing through the
human body is safe. Small voltages are used to power local lighting on machines,
portable lamps, power tools. When working in premises with high danger,
electrical installation can be used not only without grounding or demolition, but
also without isolating means. When working in especially dangerous premises for
feeding portable electric lamps, the voltage is not higher than 12 V.

Sources of low voltage are reducing transformers, batteries, rectifier units,
frequency converters, batteries of galvanic elements. The use of autotransformers
or rheostats for low voltages is prohibited, since in this case the low voltage
network is electrically connected to the higher voltage network. Most often
lowering transformers are used (Fig. 8.1).

Into the network

[ 1 ?
—i|t Il L To the network
—— .
B Ol aroundina
-1
51 2
all | —

To the consumer

Figure 8.1 - Installing a low voltage with a transformer:
1 - metal casing; 2 - magnet conductor; 3 - screen;

4, 5 - winding of small and higher voltage

Other low voltage sources are rarely used. The only danger of the use of
reducing transformers is the possibility of a transition of higher voltage to the side
of low voltage. To reduce this danger, the secondary winding and transformer
housing are grounded or drowned (one of the terminals or the midpoint of the low
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voltage winding) or between grounded grounded static screen.
Equalization of potentials — it is a decrease in the stresses of the touch and

step between the points of the electrical link, which can be simultaneously touch
or on which can simultaneously stand a person. Equilibrium of potentials is
achieved by artificially increasing the potential of the supporting surface of the
legs to the level of the potential of the current-carrying part, as well as in the
contour grounding.

8.3. Safety practice at thermal, electrochemical and electrophysical
treatment of parts.

In engineering, thermal, electrochemical and electrophysical metal
processing are widely used.

Thermal treatment includes annealing, quenching, nitriding, boring,
aluminum, chromium plating, coking, brining, titania, and the like.

Electrochemical and electrophysical - electrospray, electromotive pulse,
plasma, electron beam, laser and other methods of processing.

The main hazardous and harmful production factors that arise in the
specified methods of treatment to its appearance, the equipment used and working
media, can be the following:

e moving machines and mechanisms; moving elements of moving
equipment, products, workpieces, materials;

¢ increased dust and gas pollution of the working zone;

o elevated temperature of surfaces of equipment, materials and air of the
working zone, increased level of infra-red (thermal) radiation;

e increased noise and vibration in the workplace;

o elevated level of electromagnetic radiation; dangerous voltage level in the
electric circuit, etc. In this case, there is a danger of mechanical injury to workers,

poisoning by potent poisons, overheating, burns, electric shock.

In this regard, during the processes of thermal, electrochemical and

electrophysical treatment, measures should be provided for the protection of
workers from the possible action of hazardous and harmful production factors.
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Different enclosures and locks are used to protect against mechanical and
thermal hazards, as well as to comply with the relevant safety rules when
performing certain operations of the technological process.

Protection against dangerous electric current (range of voltages from 368 to
150 kV) is ensured by the use of protective grounding, grounding and electric
protective equipment in accordance with the measures of protection against electric
current.

Particular danger to the treatment methods involved are various toxic gases
and chemicals used as electrolytes and cleaning solutions.

When thermally treated, the controlled atmosphere and exhaust gases
contain toxic gases (carbon monoxide CO2, ammonia NH3, hydrogen sulfide H2S,
etc.), the appearance of which (a sharp smell) warns of malfunctions.

Electrolytes used in electrochemical treatment are solutions of strong acids
(sulfuric, phosphoric, hydrochloric, hydrofluoric, nitric, etc.), their mixtures in
various proportions, as well as solutions and melting of caustic alkalis. The heating
of conducting materials is carried out in solutions of caustic alkalis or alkali metal
salts. Ultrasonic cleaning is carried out in the environment of various solvents,
aqueous solutions of mineral and organic acids, solutions of caustic alkalis and
salts (phosphates, carbonates, fluorides, etc.). Some used salts (cyanide silver,
potassium cyanide) are strong poisons. In the presence of moisture, acids, and
carbon dioxide contained in the air, cyanide salts secrete cyanide hydrogen (strong
acid), which causes a rapid breath as a result of paralysis of the tissues of the
respiratory organs.

The most important measures that ensure the safety of the service personnel
are the following:

e mechanization and automation of processes;

e change in the composition of the electrolyte to reduce its aggressiveness;

e the device of general and local ventilation;

e the use of personal protective equipment and reliable protective devices.

The use of individual means of protection is reliable but as an additional
security measure. They need to be used as additional protection or in emergencies.
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Personal protective equipment includes: safety glasses, respirators, gas
masks, overalls, special footwear, protective pastes and ointments. From clothing
wear aprons and protective suits from acid-proof fabrics, as well as acid-resistant
gloves. Special protective hydrants in the form of a short hose with a flat tip for
water supply from the water supply network, as well as a special hydrant in the
form of a fountain of potable water, neutralizing and disinfectants (soda, boric
acid, etc.) are also referred to as protective devices. These devices are used to
quickly and easily wash sprays and drops of hazardous chemicals that hit the skin
or eyes of workers.

The use of reliable barrier devices is an appropriate measure of protection
when operating installations with potential sources of chemical hazards. The type,
shape and dimensions of the barriers must conform to the design, which is
protected.

In order to improve the safety of work with personnel, conduct general
instruction, as well as a special familiarization with the properties of all chemicals
used, a clear study of the rules of handling and storage of these substances.

In thermal, electrochemical and electrophysical treatment, there may be an
explosion and fire hazard. High danger is represented by: dissociation ammonia
(containing hydrogen), endothermic gas (containing hydrogen and carbon
monoxide), liquefied gases propane and butane, hygroscopic oils - thermal
treatments; liquid boundary hydrocarbons (kerosene, solyar and spindle oils, etc.) -
electrospray treatment; the condensation of dispersed metal on the walls of the
chamber and the formation of deposits, which in some cases have high ability to
self-engage in the air - a vacuum electron beam installation.

The main measures of explosion and fire safety are the following: the use of
non-combustible liquids or fluids with a higher flash point, maintaining the
temperature of the working fluid at a certain level; prohibition to be located near
the machine tool in overslept overalls; a device for reliable ventilation; provision
of melting furnaces with safety valves and screens of sheet steel; application of
automatic fire-prevention devices and systems of suppression of explosions; the

presence of adequate means of fire extinguishing, etc.
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9. ECOLOGY

9.1. Influence of components of machine-building complex on

environment.

9.1.1. Atmospheric pollution.

Emissions of pollutants into the atmospheric air from the activities of the
enterprises of the machine-building complex make up about 1-2% of the total
volume of industrial pollution - this is mainly the gas emissions of the
metallurgical component of the machine-building complex.

1. Foundry. The main sources of air pollution in foundry include:

melting units of foundries;
- sections of foundries associated with the storage, processing and use
of charge and mold materials;
- charge yards;
- mixing plants;
- rod forming and preparation stations, etc..

In the foundry, one ton of castings produces from 1 to 3 tonnes of waste,
which contains waste and unused mixture, slag, dust, gases. Although the major
part of the waste is waste mixtures and slags, but dust and gases are most at risk of
environmental pollution because they are difficult to capture and dispose of.

In closed furnaces-cast iron castings with a production capacity of 5-10 t / h.
an average of one ton of castings is emitted into the air: dust - 11.5 kg / t; CO - 193
kg/t; SO2 -0.4kg/t; CmHn-7.7 kg / t. In open-cast furnaces for castings of cast
iron with a production capacity of 2-25 t / h. per 1 ton of castings is vented into the

atmospheric air:
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saw — 17,0-20 kg/t; CO — 185-200 kg/t; SO, — 1,3-1,5 kg/t; CnHn — 2,1-2,6 kglt;
NOx — 0,012 kg/t.

The chemical composition of the dust of the cuticle is: SiO; — 20-50%; CaO
— 2-12%; Al;,03 — 0,5-6 %; Fe,0O3 + FeO — 10-36%; C — 30-45%. The particle size
of the dust is 5-150 microns. During casting of one ton of cast iron from the
cuttings, about 130 g of CO and 18-22 g of graphite dust are emitted into the
atmosphere.

Specific emissions per tonne of finished product pollutants in electric arc
furnaces during smelting of one ton of steel are: dust 7,6-9,5 xr/t; CO — 1,5 kg/t;
SO, — 1,4 kg/t; NOx — 0,25 kg/t; cyanides — 28,4 kg/t; fluorides — 0,56 kg/t.

In foundry gases emitted into the atmosphere, dust is composed mainly of
fine particles, and the free silicon dioxide content reaches 80%. The calculation of

pollutant emissions from the melting unit is carried out according to the formula:

IT=q Jp(1-n)

where g — specific allocation of the substance per unit of production, xr/T;
I — estimated efficiency of the unit, t/rox;

[ — correction factor for melting conditions;

n — efficiency of emission reductions (in units of units).

At the site of unloading bulk materials (foundry coke, limestone, sand, etc.),
an average of 2-2.5 kg / h is allocated to the receiving baths. dust per unit of
equipment. 0.2-0.5 kg / h of carbon monoxide, 0.10-0.15 kg / h of sulfur oxide, up
to 0.2 kg / h of nitric oxide and other substances such as acromine, formaldehyde,
etc. are released from the drying apparatus. . The dust content of gases vented from
the drying apparatus is 10-15 g / m®.

Of the toxic gases, carbon monoxide comes first. The main way to reduce
the amount of it entering the environment is through its oxidation to carbon dioxide
(IV) - COa.
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2. Forging and press production. Dust, acids and oil aerosols (fog), carbon
monoxide, sulfur dioxide and the like are released in the process of heating and
metalworking. Carbon monoxide, sulfur, nitrogen, and other combustion products
are emitted into the atmosphere when used in the forging shops to heat the metal of
flame furnaces. In order to determine the gross emissions of harmful substances
into the atmosphere from heating furnaces, it is advisable to use specific indicators
for emissions resulting from the unit of mass (t) or volume (m? or thousand m?®) of
the fuel burned.

Machining of metals. Machining of metals on machines is accompanied by
the release of dust, chips, fogs of oils and emulsions, which are released through
ventilation installations into the atmosphere. Table 9.1 provides data on the amount
of water vapor, oil mist, and emulsions emitted per hour during the operation of

machine tools per 1 kW of power of electric motors.

Table 9.1 - Dust intensity during work on machine tools

Maca, mr
Equipment money oil mist fog,
water emulsion
Oil-cooled metalworking machines - 200 -
Emulsion-cooled metalworking machines 150 - 6,3
Grinding machines with cooled emulsion 150 - 16,5
and soda solution

The dust generated in the process of abrasive machining consists of 30-40%
of the material of the abrasive wheel and 60-70% of the material to be treated. The
intensity of dust release during grinding of metal parts depends on the diameter of
the grinding wheel (Table 9.2).

Table 9.2 - Dependence of dust extraction intensity on grinding wheel diameter

The diameter of the grinding wheel, | 150 | 300 | 350 | 400 | 600 | 750 | 900
mm
Dust extraction, g/ h 117 1155|170 | 180 | 235 | 270 | 310

Page

MP 18-602.00.00

Ch.

Pagel Ne docum. Signat. | Data




Metal dust emissions from machining of metal by turning, drilling, grinding

and grinding machines are determined by the general formula:

My = AT Ky Vi, tlyear;

Where 4 — number of machines, pcs;
T —annual working time fund, h / year;
K1 — dust extraction efficiency;
V17— specific emission of metal dust from the machine, kg / h.
The emission of an aerosol emulsion from a lathe or drill is determined by

the formula:

My =A T Y1073, tlyear;

Vi — specific emission of machine-made aerosol emulsion, kg / h;
A — number of machines, pcs;
T — annual working hours of the machine, h / year.

3. Thermal workshops. Significantly pollute the environment thermal
enterprises. To give details of certain physical characteristics, they are subjected to
heat treatment (such as quenching). The essence of this process is that the metal
workpiece is first heated to a high temperature, and there is already enough
discussion of environmental pollution due to combustion of fuel or other means of
heating.

Heat treatment provides rapid cooling of the hot workpiece. In this case, the
hot part is immersed in water or in the oil, which begins to burn (and the water
evaporates) with the release of a large amount of harmful gases and metal oxides.
After heat treatment, the metal is covered with scale (a thick layer of burnt metal),
which is mechanically cleaned. Tumbling drums and sandblasting machines are

sources of noise pollution and large amounts of dust.
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The sources of atmospheric pollution include: baths, units for heat treatment,
heating furnaces running on liquid and gaseous fuels, as well as shot blasting, shot
blasting chambers. During the operation of these units and installations, vapors and
combustion products of lubricants, ammonia, cyanide hydrogen, dust, etc. are
emitted into the atmosphere. The concentration of dust in the air released from the
chambers, where the metal is cleaned after heat treatment, reaches 200-700 mg /
mS3. Up to 600 mg / h is released during cyanidation of metals. hydrogen cyanide
per unit cyanidation unit.

4. Electroplating shops. To give details of certain chemical properties (for
example, to avoid rusting), or simply to give details of attractive appearance
(nickel plating, chromium plating, zinc coating, etc.) - the details are further
chemically treated in electroplating shops. They are immersed in special baths,
which are filled with a variety of chemical compounds - acids, alkalis, salts. These
liquids are then heated and current is passed through them. The machined parts
play the role of the anode or cathode in the galvanic process. Thus, the required
surface is created on the workpiece surface. This produces a large amount of very
harmful gases and vapors of the solution in the bath. After some time, it becomes
unusable for further production and is therefore a very aggressive chemical that
needs to be disposed of. Proper chemical measures are required to dispose of it, but
it is impossible to completely eliminate it and they become very dangerous
environmental pollutants.

The main pollutants released during galvanic processes are dust, fine fog,

vapors and gases, especially in the acid and alkali melting process.

9.1.2. Hydrosphere pollution.

About 10 billion m3 of water is consumed annually for the needs of
machine-building enterprises of Ukraine, where water is used to cool (heat) raw
materials and products, parts and components of technological equipment;

preparation of various technological solutions; washing, enrichment and
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purification of starting materials or products; household and household use.

1. Foundry production. Water in foundries is used for hydraulic knocking
out of rods, transportation of forming earth at the regeneration site, as well as for
hydrotransportation of waste of burned earth and ventilation system.

The sources of wastewater pollution in foundry shops are mainly
installations of hydraulic and electrohydraulic cleaning of castings, wet air
purification, hydro-regeneration of waste mold mixtures. Wastewater recycling is
of great economic importance for the national economy.

The wastewater generated during these operations is contaminated with clay,
sand, ash residues from the burnt part of the core mixture and binder additives of
the mold mixture. The concentration of these substances in water reaches 5 kg /
me.

2. Forging and press production. The main impurities used to cool process
equipment, forgings, metal fracturing, and furnishings are dust, scale, and grease

particles.

3. Mechanical and thermal production. In mechanical shops, water is used
for the preparation of lubricating and cooling liquids, washing of painted products,
for hydraulic testing and other work.

The main wastewater pollutants are dust, metal and abrasive particles,
baking soda, oils, solvents, paints, etc.

In thermal workshops, water is used to prepare process solutions for
guenching, releasing and firing parts, washing parts and baths after throwing out
waste solutions, and so on. The main impurities of waste water are dust of mineral
origin, metal scale, heavy metals, cyanides, oils and alkalis.

4. Electroplating sites. The water at these sites is used for the preparation of
technological solutions intended for etching parts and metals, applying paints to
them, as well as for washing parts and baths after the discharge of waste solutions
and finishing the premises. The main impurities of the wastewater are dust, metal

scale, emulsion, alkalis, acids, heavy metals and cyanides.
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The purification of wastewater from solids, depending on their properties,
concentration and fractional composition in the engineering plants is carried out by
methods of filtering, settling, separation of solids in the field of centrifugal forces
and filtration. Sewage treatment of lubricants depending on their composition and
concentration is carried out at machine-building enterprises, as a rule, by settling,
hydrocyclone treatment, flotation and filtration.

The selection of lubricants in the field of centrifugal forces is carried out in
pressure hydrocyclones. The treatment of sewage from oil impurities by flotation is
to intensify the process of leakage of lubricants during entrapment of their particles
with air bubbles supplied to the sewage. Wastewater treatment of impurities

containing oil by filtration - the final stage of purification.

9.2. Rationale for environmental protection measures, selection of

equipment for dust, fog, sewage treatment.

Cleaning the air of dust, smoke and fog.

Gas emissions contain solids and various suspended particles and are
therefore called aerosols. They are divided into:

- dust (particle size 6-50 microns);

- smoke (particle size 0.1-5 microns);

- fog (0, -5 um).

In most cases, they are used dry or wet cleaning due to the use of gravity,
inertia, centrifugal forces and filtering through devices - porous sections. In wet-
cleaning apparatus, gas is contacted with the liquid, causing insoluble particles to
increase in size and soluble to disappear. It is also widely used to charge particles
and move them to opposite dry filters.

The choice of method and apparatus for trapping aerosols depends primarily
on the dispersion composition.

Aerosol cleaning equipment is divided into:

- 0,05-100 Aerosol cleaning equipment is divided into:
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- 5-1000 mxm- cyclones [Tup to 1 m - dust chips.

In addition to dispersion, the following properties play a significant role:

a) adhesive, ie the adhesion properties of the individual particles (increased
adhesion can disrupt the apparatus) the smaller the size of the particles, the greater
their specific surface area and the easier they adhere to the surface of the apparatus.
Metallic dust refers to the medium-stick.

b) abrasives that increase the destruction and failure of equipment;

c) wettability - hydrophilic (well lubricated), hydrophobic (not wettable:
graphite, coal, sulfur).

For purification from gases and vapors use: absorbers, adsorbers, thermal
oxidizers (oxidation in furnaces).

Water purification. Defending.

Periodic (contact) and continuous (flow) settling tanks are used to capture
insoluble contaminants from wastewater. Continuous settling tanks have been
widely used.

According to the direction of the fluid flow in the structure, the sumps are
divided into horizontal and vertical. Sewage wells are widely used for sewage
treatment, which is a horizontal variant.

In recent years, thin-layer sedimentation tanks have become widespread. The
peculiarity of them lies in the fact that the settling zone is divided by rod sections
and tubular elements into shallow layers, where laminar movement of illuminated
water is provided.

Depending on the purpose in the technological scheme of the treatment
plant, the sump is divided into primary and secondary. Primary sedimentation
tanks are used for pre-illumination of sewage that is being advanced for biological
or physical or chemical treatment, and secondary ones are for pre-illumination of
sewage that has undergone biological or physical or chemical treatment, in some
cases it is possible to use clarifiers with an overlying sediment layer.

Compared to urban wastewater treatment plants, local wastewater treatment

plants have lower costs - up to thousands of m®/ day.
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In view of this, as well as the cumbersome mechanism of periodic action for
scraping and removing sediment of horizontal settling tanks, it is advisable to use

vertical sumps and corridors with preliminary coagulation of suspended matter.

9.3. Assessment of environmental performance at the site of the machine

shop for the manufacture of the cover.

According to I1SO 14001, environmental performance is the measured
performance of an enterprise system associated with controlling its level of
environmental impact.

Increasing the level of ecological efficiency of the enterprise can be ensured
by the effective management of those elements of the activities of its sites,
workshops, industrial premises, which have the most significant impact on the
environment.

Environmental Performance Assessment is an internal process and
management tool designed to provide enterprise management with information on
how well an organization's environmental performance meets the set criteria.

Planned and targeted environmental criteria are one of the commonly used
indicators for assessing an enterprise's environmental performance. They provide
information on efforts made by the organization in management activities that
affect or may affect the environmental performance of the organization. Examples
of such management activities can be focused on ensuring environmental literacy
training, meeting environmental law requirements, regulating environmental
management costs, providing environmental resources with the necessary
resources and using them effectively, ensuring product sales, product development,
documentation, or corrective actions.

Management indicators can be used, for example, the number of
environmental targets achieved; the number of units within the organization that
have achieved the established environmental target criteria; the degree of

implementation of specialized environmental standards in management or
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operation practices; the number of environmental measures implemented to
prevent pollution of production areas and the environment.

The second group of indicators are performance indicators of production
functioning. They provide the management of the enterprise with information on
the environmental performance of the organization, give an idea of such
components of the enterprise as:

input material streams, such as treated, recovered, reused, or raw materials,

natural resources, energy, and services;

providing supplies for the functioning of the organization.

If the environmental performance of the workshop (site) is related to the
materials used in the functioning of the organization, then choose the following
indicators:

quantity of raw materials used for production of unit of production;

the amount of recycled, recycled or reused materials;

the number of packaging materials, new or reused, per unit of production.

If the environmental performance of the workshop (site) is related to the
total energy consumption or types of energy used, or the energy efficiency of the
organization, then the following indicators are usually chosen:

amount of energy consumed per year or per unit of output;

the amount of energy consumed in the production of annual volume or

provided to the consumer;

the amount of energy used by each species.

If the environmental performance of the workshop (site) is related to
operations that support the functioning of the organization, then choose the
following metrics:

number of cleaning components used in additional work;

the amount of hazardous materials used in operations.

If the environmental performance of the workshop (site) is related to the

material objects and the equipment used, then choose the following indicators:
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the number of structural elements of process equipment that have units

designed with ease of disassembly, recycling and reuse;

the number of hours of operation of a particular equipment per year.

If environmental performance is related to inbound (delivery) and outbound
(delivery) flows as a result of the functioning of the organization, then choose the
following metrics:

- average fuel consumption of vehicles in the workshop (at the site);

- number of cargo transportation by vehicles per day.

When the environmental performance of the plant (site) is related to the
main or ancillary products, such as non-core production materials, including
reclaimed or reused materials, which are retrieved and stored for further
commercial use, then choose the following metrics:

the number of products released on the market with less dangerous

properties;

the number of products that can be reused or renewed after the end of their

service life;

the percentage of products that can be restored or reused after the end of

their service life.

When certain works are performed at the site and the enterprise is interested
in the environmental performance of these services, then the following indicators
are selected:

the number of detergents used per square meter of area;

fuel consumption when providing a unit of transport service.

When the environmental performance of the workshop (site) is associated
with the waste generated by the operation of the organization, then choose the
following indicators:

the amount of waste per year that is per unit of output;

the amount of hazardous, recoverable or reused waste generated at the site

during the year,
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the total amount of waste disposed outside the premises of the enterprise

shop.

When environmental performance is related to emissions into the
atmosphere during production at the site, the following indicators are chosen:

amount of emissions per year;

the amount of secondary (thermal) energy released into the atmosphere;

the amount of emissions per unit of production per year.
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GENERAL CONCLUSIONS

In the thesis on the topic "Development of project of machine shop section
for cover KS6-57.017 manufacturing technology with research microgeometrical
deviations of cutting tool in cutting process by finite elements method" the design
of the technological process of machining the part - the cover, technological
equipment for its manufacture (adaptations, adjustment, cutting and measuring
tools), the substantiation of the economic efficiency of the adopted design and
technological solutions.

The scientific researches of the stability of the cutter on the criterion of
fatigue failure have been carried out, the influence of the processed material on the
process of chip formation has been studied, the energy parameters of grinding and
control are determined.

The developed technological process of manufacturing the component - the
cover is more advanced and has significant advantages over the basic technological
process. Making a workpiece by another method makes it possible to significantly
reduce the cost of its production.

The analysis of the technological process obtained with the help of CAD
was carried out, as well as the technical and economic calculations of two
technological processes were made and economically advantageous. Grouping
with the introduction of new gadgets allows you to replace two machines one by
one.

With these and other factors, it is possible to reduce the amount of
equipment used, thus reducing production areas and the number of employed key
workers. The introduction of the new machine allows processing the part for one
operation in three establishments, which increases the quality of production,
reduces the time for processing, and therefore increases the productivity with

reduction in the cost of manufacturing parts.
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