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ABSTRACT

Actuality of theme. Drilling is the most common method of obtaining holes
in a solid material. Drilling produces through and non-through (deaf) holes and
process previously obtained holes in order to increase their size, increase accuracy
and reduce surface roughness.

Drilling is carried out by combining the rotational movement of the tool
around the axis - the main cutting movement and its translational movement along
the axis - the feed movement. Both movements on the drilling machine inform the
tool.

The cutting process during drilling takes place in more difficult conditions
than during turning. In the process of cutting it is difficult to drain the chips and
supply coolant to the cutting edges of the tool. When removing the chips is
rubbing it against the surface of the grooves of the drill and the drill against the
surface of the hole. As a result, the deformation of chips and heat increase. The
increase in chip deformation is influenced by the change in the speed of the main
cutting motion along the cutting edge from the maximum value at the periphery
of the drill to zero value in the center.

The purpose of the study is to improve the manufacturing process of the
the case 052093-35.00.000 with the study of the power characteristics of the
drilling process

The object of study - the technological process of manufacturing the case
0520d3-35.00.000.

The subject of research - technological parameters of the drilling process.

Research methods. The work was performed using modern provisions of
mechanical engineering technology, as well as new technological equipment.

Scientific novelty: The optimal modes of drilling process for this part are
determined, cutting modes, time norms and operational machining are determined
for the new TP, the existing ones are modernized and new technological

equipment is designed.



Practical significance. The technology of manufacturing of the case
0520d3-35.00.000 with research of power characteristics of process of drilling is
developed and economically substantiated

Approbation of the results of the master's qualification work. Material
of the IV International student scientific and technical conference NATURAL
AND HUMANITIES. CURRENT ISSUES April 28-29, 2021p.

The structure and scope of the master’s qualification work. The work consists
of an introduction, four sections, a list of used sources and appendices. The full
volume of the master's qualification work is 79 pages, including 24 figures, 11

tables, bibliographies from 20 sources to two pages.
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INTRODUCTION

Production efficiency, its technological progress, quality of manufactured
products depend to a large extent on the advance development of the production of
new equipment, machines, machines and apparatus, on the broadest implementation
of technical and economic analysis methods, which ensures the solution of technical
problems and the economic efficiency of technological and design developments.

The importance of answering all these questions in the training of skilled
personnel of production specialists who have fully mastered the engineering
methods of designing production processes is obvious. And the diploma work
consolidates, deepens and generalizes the knowledge gained by the student during
the lectures and practical classes in the course "Mechanical Engineering”. In the
course of the diploma design the student performs a complex task of analyzing the
design of the part, its manufacturability, the design of the technological process of
its manufacture, the choice of technological equipment for its manufacture, the
calculation of the economic efficiency of the decisions made. Life safety issues are
also addressed. All this is in preparation for the duties of a production engineer.

In diploma design, special attention is paid to the independent work of the
graduate to develop his initiative in solving technical and organizational problems,
as well as a detailed and creative analysis of existing technological processes. The
main task is to make proposals for the improvement of existing technology,
equipment, organization and economy of production, which are significantly ahead
of the modern production process of manufacturing parts for which the task was
issued.

Therefore, it is necessary to study the progressive directions of the
development of technological methods and tools, and on the basis of the analysis
and establishment of qualitative indicators to give their suggestions and
recommendations for the optimum process of manufacturing this part. Considerable
attention should be paid to the economic feasibility of blanks, the choice of process

options in order to be offered and used the best option.



ANALYTICAL PART

1.1. Analysis of the state of the issue according to literary and other sources.

Relevance of the topic of work

Modern directions of drilling intensification are associated with new research
of the technological process, including the development of new special designs of
drills from high-speed and carbide materials; expansion of the size range of small
and large diameters with different lengths of the working part and angles of
inclination of the helical grooves o =28, 29, 31, 45, 600; special forms of sharpening
of the cutting part of drills with concave, convex and wavy cutting blades;
development of tools with various types of wear-resistant coatings; the supply of
coolant under high pressure and its increased consumption through the working part
of the drill directly into the cutting zone, etc. However, the technical literature and
catalogs do not sufficiently highlight the problems associated directly with cutting
processes during drilling; optimization of the cutting part, rigidity characteristics of
drills and oscillatory processes accompanying drilling with tools with long working
part lengths; the accuracy of the holes obtained and the quality of the surfaces
obtained.

Groups of general principles (1-4) are chip crushing in the cutting area (1);
providing low-frequency (300 ... 350) Hz oscillations of the cutting blades (2); screw
removal of chips from the cutting zone (3); selection of criteria for optimizing the
cutting process when drilling (4). General principles 1 and 2 include the principles
of designing special twist drills (5), realizing the possibility of dividing the working
part of the drill into cutting and transporting (6) with subsequent optimization of the
shape and parameters of the cutting part of the drill (7), optimization of the

transporting part (volumes, profiles, angles slope of helical grooves), coolant supply
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(8), introduction of structural elements or equipment to ensure oscillation of cutting

blades with a given frequency (9).

Principles of drilling intensification

J_/_'_’_-"'_/_'_FF " \\"\-\.\k \\-\"‘x_\
1.Crushing 2.Providing low-frequency || 3.Screw removal 4.Selection of
chips in the oscillations of the drill of shavings from optimization
cutting zone a cutting zone criteria

,f’ﬁ \mx ,f/
5.Principles of designing the working | | 10. Principles of optimization of
and cutting part of drills technological parameters of drilling

Ve g / \‘x

6.Dividing the working 11. Optimization of cutting 12 Reduction of auxiliary time
part of the drill into modes at a given stability of

cutting and transporting the cutter

13. Increase productivity and
reduce production costs

7

the

of

transporting part of the drill

7.Optimization of the shape

of the front of the drill

9.Introduction of structural

elements

8.Optimization

Figure 1.1 - Principles of intensification of the drilling process

General principles 3 and 4 include the principles of optimization of
technological parameters of the drilling process (10), optimization of cutting
conditions for a given durability and precision parameters of processing (11),
reduction of auxiliary times due to stable removal of crushed chips (12). Ultimately,

the implementation of these principles makes it possible to increase productivity and
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reduce the cost of drilling deep holes in plastic materials. In the works of N.N. Zorev,
G.l. Granovsky, M.I. Klushina, V.N. Poduraeva, V.F. Bobrova, E.G. Konovalova,
A.M. Guskova, S.A. Voronova, H. Paris, G. Moraru and others reflect different
approaches to the description, analysis of systems, models and cutting schemes [1-
3]. Professor NN Zorev, for example, developed a scheme of interaction of the main
factors accompanying the process of rectangular free cutting, in which the following
assumptions were made: a) shear deformations are concentrated along the
conditional shear plane; b) the cutting process is carried out without build-up; c)
some minor factors accompanying the cutting process are omitted. Professor G.I.
Granovsky proposed kinematic cutting schemes, which not only reflect various
methods of metal cutting, but also make it possible to develop new processes of
mechanical processing by V.N. Poduraev developed general structural schemes of
processing with primary parameters set by designers and secondary ones that
determine the results of processing.

In the future, the principles of combining kinematic schemes were used as the
basis for the development of new metalworking methods. Typical mathematical
models and algorithms for calculating optimal modes for single-tool cutting of
materials are known. Structural diagrams, systems and models of the cutting process
describe the variety of connections between individual elements. These connections
can complement or weaken each other, the connection itself can be indirect or direct.
The cutting process is accompanied by elastic and plastic deformations of the
processed material, destruction in the cutting zone, friction in the contact zones of
the tool with the workpiece and chips, thermal processes, adhesion, abrasive,
diffusion and other types of interaction between the tool and the processed material.
A variant of the cutting system for drilling is shown in Fig. 1.2. A feature of deep
drilling processes is that in order to exclude periodic withdrawal of the drill from the
hole to remove chips, it is necessary first of all to ensure its crushing in the cutting
zone. For auger-type drills, the principles of intensifying the process of deep hole
drilling in steels at 1 / d< 40 include: dividing the working part of the tool into a
cutting and transporting part, a combination of trapezoidal sharpening of the cutting
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part of a drill for crushing chips with low-frequency oscillations of the cutting edges

along a helical line, stable crushing and chip evacuation from the cutting zone due

E Input parameters

3<d=<30-Ld=S _100- A-3-E-R-

" r I

Cutting schemes Z{_ Finishing materials 1 _ Vibrating cutting
T

1 1 Block2
. o— F=fusdkl Plig=fv.s.dhl L 05
3 - Ch|p removal : Deformation of the
: E . * ° tool
: : BN ;  Optimal tool L7 :
'+ = Contact processes parameters — Rigidity
J J :
i o, X i
Shaving movement/ \ :‘ Tool voltage ;
3 ll ’
Vi=fisdhl A=fizdh E

Cutting modes

///’/"’"/ —

l7 Performance properties of the part | The quality of the details

to the design of the helical grooves of the drill with an angle ® > 600 .

Figure 2.1 - Diagram of the optimization of the deep hole drilling process.

Output parameters: d-drill diameter; L is the depth of the hole; A-offset of the
hole axis; 6-hole breakout; E-errors in the shape of the hole in the longitudinal
section; R-roughness of the hole surface; Qproductivity; 0-cutting temperature; v-

cutting speed; s-feed; h-tool wear; | drill out; A-precision parameters of the hole.

1.2. Methods of solving the problem

An unbalanced radial cutting force is one of the factors that determine hole

accuracy when drilling. AP, . It is believed that with perfect sharpening of the drill,
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the radial cutting forces Py, acting on each of the tool teeth are equal to each other
and counterbalance each other.

In real practice, an unbalanced radial cutting force occurs due to asymmetric
sharpening of the drill. AP, , causing bending of the tool and leading to additional
errors in the longitudinal section of the holes being machined. Currently, there is no
generally accepted method for determining strength AP, . The paper attempts to
show that this force depends not only on the hardness of the material being processed
(which is widely known), but also on the design parameters of the cutting tool and
the accepted processing modes.

Analysis of the forces arising during cutting shows that the radial cutting force
Py can be determined from Fig. 3.1 dependency [1]:

Analysis of the forces arising during cutting shows that the radial cutting force
Py can be determined from Fig. 1 addiction [1]:

P, = Pycos(p £ 4) , (1.1)
where Py - the component of the cutting force directed along the normal to the
cutting edge of the tool; ¢ — main angle, A — chip deflection angle. Take: plus sign
for negative angle ¢ , and a minus sign for a positive angle ¢ .

Dependence (1) for determining the radial force does not take into account
changes in the geometric parameters of the tool along the cutting edge, which is
typical for a drill.

The force Py is one of the components of the force Pz and can be calculated
[1, 2] by the expression

Py = P,;tg(45° — 0), (1.2)

where Pz — force acting in the direction of the main movement; 8 — cleavage
angle. When processing plastic materials, you can take in calculations

0 =254y, (1.3)

where y,, —the front angle in the normal secant plane.
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- O
Figure 1.3 — K definition of strength Py: a — negative angle A ; 6 — negative angle

A.

Force Pz can be determined from the expression

P, = 0.9035S,t(1 + ctgh) , (1.4)
where o — tensile strength of the processed material; Sz - feed per tooth of
the drill; t - cutting depth.
The depth of cut when drilling [3] is taken equal to the radius of the machined
surface: t=0,5D, where D — drilling diameter.
Consider the definition of the chip deflection angle ¢ , which is one of the
parameters in determining the radial component of the cutting force Py. With a non-

free cut and an angle of inclination of the main cutting edged # 0,,

P, = 0.905S,t(1 + ctgh) , (1.5)
whereA” — auxiliary design angle, the value of which is determined by the
dependency

A= arctg Sasin”e (1.6)

t+S sin2@-ctg(p+¢qy’

where ¢, - auxiliary angle in the plan; when drilling: ¢; = 0.
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It is known that some parameters characterizing the cutting process are
variable depending on the position of an arbitrary point A of the cutting edge of the

drill, in which they are measured. Angle size u determined by dependency

sinu =1./1, , (1.7)
where rc and ry — respectively, the radius of the core of the drill and the current radius
of an arbitrary point of the cutting edge. w — the angle of inclination of the chip
groove.

Calculated dependences of geometric parameters required for subsequent
analysis A, and y, determined on the basis of these works [4, 5].

The angle of inclination of the main cutting edge:

sind = [(r/T)sing’]/(r /1), (1.8)
where ¢ — drill tip angle.
angles ¢ and ¢ related by the relationship:

tgp = tgy’ |1~ (:ﬁ:)z ortge = tge’ |1~ (:—)2 , (1.9)

The front angle in the normal secant plane (Fig. 2) is determined from the expression

YN =VY2 V3, (1.10)
where are the angles y, and y; determined on the basis of some other design
parameters of the drill. Angle expression y, depends on the type of the front surface
of the drill.

Thus, using the above dependencies, it is possible to determine the radial
component of the cutting force Py. With strictly symmetrical sharpening of the drill,
these components of the cutting force act among themselves. However, in the
practical manufacture of drills, a certain amount of axial runout of the cutting edges
of the tool is allowed [6], which leads to the emergence of an unbalanced radial
component of the cutting force Py.

One of the parameters affecting the magnitude of the force Pz, and hence the force
Py, is the feed to the tooth of the drill Sz, defined as
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s, = a/sing , (1.11)

Asymmetrical drill sharpening leads to a change in Aa the thickness of the cut
layer, and, consequently, to a change in Sz: feed per tooth of the drill. As a result,
vibrations occur APz— tangential component of the cutting force, which ultimately
leads to the appearance of an unbalanced radial component of the cutting forceAPy .

Let's find an analytical relationship to determine this component of the cutting force.

To do this, we will use some of the above dependencies, namely, expressions for
determining those parameters of the cutting process that change in the presence of

asymmetric sharpening of the drill.

Figure 1.4 - Cutting elements in the normal secant plane

Calculations show that the fluctuations of the unbalanced force APy  are
commensurate with the absolute value Py of the radial component of the cutting
force, and sometimes may exceed this force. This significantly affects the position

of the tool axis and, consequently, the error of the machined holes.
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1.3 Conclusions and setting tasks for qualifying work

The work thesis presents the task to develop the technological process of
manufacturing the "Hull", to analyze the possibilities of using multioperational
machines, to introduce a more productive way of obtaining the workpiece, to
choose the devices that increase the productivity of manufacturing parts.

The task is to develop the technological process of manufacturing parts, to analyze
the possibilities of using multi-operational machines, to introduce a more
productive way to obtain the workpiece, to choose devices that increase the
productivity of parts, to investigate the power characteristics of drilling and
reaming and to determine experimental dependences of axial force and torque.

parameters of cutting modes, design a production shop



17

2. RESEARCH PART

2.1. Characteristics of the object or subject of research

Drilling is a common method of making holes in solid material. Through
drilling, through and blind holes are obtained and the previously obtained holes are
processed in order to increase their dimensions, increase accuracy and reduce
surface roughness.

Drilling is carried out with a combination of the rotary movement of the tool
around the axis - the main movement and its translational movement along the axis
- the movement of the feed. Both movements on the drill press impart to the tool.

The cutting process when drilling takes place in more difficult conditions than
when turning. During the cutting process, it is difficult to evacuate chips and supply
coolant to the cutting blades of the tool. When the chips are removed, they rub
against the surface of the grooves of the drill and drill against the surface of the
hole. This results in increased chip deformation and heat generation. The increase
in chip deformation is affected by the change in cutting speed along the cutting
blade from the maximum value at the periphery of the drill to zero value at the

center.

Drilling is a type of machining of materials by cutting, in which, using a
special rotating cutting tool (drill), holes of various diameters and depths, or

polyhedral holes of various sections and depths are obtained.

-

3 T e
\‘:.":‘3“...-‘-

- =
B gy S

Figure 2.1 - Technological process of drilling
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When machining a hole, the drill is inside the workpiece, which makes
it impossible to observe the cutting process. Chip control is very important.
Unobstructed chip evacuation is important for hole quality, tool life and
repeatability.

Drilling depth (11) determines the choice of tool by length. For example: max.
depth I, =5 x D,

4

Figure 2.2 - Determination of driIIin depth

When analyzing equipment, it is necessary to take into account:

Rigidity of the machine;

Rotation frequency;

Coolant supply;

Coolant pressure;

Clamping the workpiece;

Horizontal or vertical spindle;

Power and moment;

Tool store.

Different ways to get a hole:

1. Drilling and boring. Advantages - Simple standard tool, relatively flexible.
Disadvantages - two tools, adapter and basic equipment, two tool positions

are required.
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Figure 2.3 - Tools for drilling and boring

2. Step drilling. Benefits - Simple Tailor Made tool, Fast hole making.

Disadvantages - Requires high power and rigidity, low flexibility.

Figure2.4 - Tools for step drilling



Table 2.1 - Parameters to be considered during drilling

* Tooling:
- Always use the tool with the
smallest possible overhang;
- For best stability and hole quality,
use modular tooling, hydro-

mechanical or hydraulic chucks

e Tool runout :
— - Minimal runout - the basis

for successful drilling

* Evacuation of chips and coolant:

— - Shaping and chip
evacuation is a major factor
in drilling and hole quality

e Cutting conditions

— - Optimum cutting speed and

feed - the basis for high

productivity and tool life.

speed

feed
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L%, Ar Solid carbide
|
¥ Drills for
150 4 deep
drilling
* large
- ~  Drills with diameter
t welded

5D T i parts
Drills for _
T short holes

10 20 30 40 50 60 70 80 110 D,

Figure 2.5 - Tool selection

Hole diameter and depth. Positioning of short drills. Indexable drills should
always be considered the first choice in order to reduce the cost per hole. This
is the most versatile tool.

Figure 2.6 - Drill with a replaceable plate
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Solid carbide drills are the first choice for small hole diameters and when there

Is a tight hole tolerance.

Figure 2.7 - Solid drill
Brazed insert drills are an alternative to solid carbide drills. Also used in case

of poor stability during machining (drill body made of hardened steel).

N~

Figure 2.8 - Drill with a soldered plate

Drills with replaceable plates
Types of fasteners

e

Coromant Capto®

Cylindrical shank with
coot

Whistle Notch Another modular system

Figure 2.8 — Drills with replaceable plates
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The process of obtaining accurate holes of small and medium diameters (3 -
15 mm; 7 - 9 quality; Ra = 0.4 - 3.2 um) with sufficiently stringent requirements for
the geometric shape and location of holes (deviations from roundness, straightness
and axis position) associated with certain difficulties.

The most famous technological cycle includes the following sequence of

operations: drilling, countersinking, reaming. Sometimes these operations are not
enough, and then internal grinding or honing is additionally carried out.
Analysis of the existing production, as well as preliminary studies have shown that
when using conventional multi-edge reamers, the process of obtaining accurate holes
is ineffective. This is due to the fact that, due to errors in sharpening and
resharpening of teeth, installation on the machine, unbalanced lateral forces arise,
which cause distortion of the geometric shape, breakdown and drift of the axis of the
hole being machined. When machining intermittent holes and holes with oblique
entry and exit, these errors increase sharply.

The quality and accuracy of products can be ensured by two methods, which
essentially characterize two different technical problems:

1) by improving the accuracy of technological processes;
2) by sorting already manufactured parts or products as a result of postoperative
control.

To solve the problem of increasing the efficiency of processing such holes
with high precision indicators and subsequent control in the literature, a set of studies
aimed at applying the technology of deep vibration drilling, choosing the most

effective tool design and choosing or creating the appropriate equipment and tooling.

2.2 Processing of research results

The task of increasing the accuracy, efficiency and reliability of processing
can be solved both by using methods based on improving the technological
characteristics of machines and tools, designing technological processes with a given
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accuracy, and by directly controlling cutting conditions, an elastic system, and
disturbances acting during processing.

The concept of the quality of holes obtained by drilling includes: the accuracy
of the diametrical dimension; accuracy of the geometric shape of the hole in the cross
and longitudinal sections; position accuracy and direction of the axis of the drilled
hole. The resulting radial components of the cutting force, the appearance of which
is associated with the following factors, has a decisive influence on the size of the
breakdown of the hole being machined: uneven wear of the cutting blades; tool
sharpening errors; the possibility of forming sufficiently strong adhesive bonds
between the chips and the processed material and high heat generation; significant
spatial unevenness of hardness of many types of processed materials.

According to scientific research, the magnitude of the excess unbalanced radial
force, depending on the diameter of the drill and the processing conditions, can
fluctuate within 50 ... 200 N. The errors in the shape and drift of the hole axis depend
mainly on the static and dynamic errors of the equipment, as well as on the value of
the drill overhang , due to a decrease in its rigidity. In this case, the rigidity of the
drill sharply decreases with a decrease in its diameter. If, at a given relative drill
length, the axial force is greater than the critical value determined from the buckling
conditions, deformations of the drill axis inevitably cause its drift. In addition, the
beating of the working part of the drill leads to the fact that the axial force applied
eccentrically with respect to the axis of the drill, causes its buckling, and,
consequently, the axis drift.

To perform the practical part, the application program "Drilling™ is used, which
is located on the disk, and its main interface is presented in Fig.4.3. Instructions and
explanations for working with the application appear on the additional interface
when you click the Help button.

The graphic image of the drilling animation is constructed in such a way that
when the diameter of the drill is changed, the corresponding changes are displayed
in the graphic window, and the drilling depth is displayed at the same scale as the

drill. In addition, the increase in feed causes a proportional acceleration of the drill
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in the animation window. In the process of preparing experimental studies, it is
necessary to focus on the following ranges of changes in the parameters of the
processing process, which are provided by the program.

Diameter D, drills can be selected from the following series: 5, 10, 15, 20, 25,
30, 35; cutting speed V can vary from 5m / min to 80m / min With a step of 1m/
min; supply S-in the range of 0.05 ... 1 mm / rev with a step of 05 mm / rev; drilling
length L - inthe range of 5 ... 130 mm with a step of 1 mm. The research is performed
according to the method of one-factor experiments, and the ranges of parameter
changes are selected taking into account the ranges given above, so as to maximize
some general trend. The results of measurements are recorded in the table of
experimental data, according to which it is necessary to build appropriate graphs

of dependencies in each experiment.

3anexHicTb CUNOBUX XapaKTepUCTHUK Bif CNiBBiQHOLWEHHSA AiaMeTpa oTBOpY
3aroToBKU A0 AliaMeTpa cBepAna npv po3cBepAntoBaHHi.

4000 40
3500 —— 35
3000 \'\ 30

2500 \ 25
T 2 |-=—Pag2
S 2000 Ny 20 £ A

o \\ S | —e—Pagl
1500 \ 15
1000 10

500
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0,1 0,25 0,4 0,5 0,65 0,8 0,9
D3/DcB

Figure 2.9 - Graphs of experimental dependences of axial force and torque

when drilling holes
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Figure 2.10 - Graphs of experimental dependences of axial force and torque

on the length of drilling

2.3 Conclusions and suggestions on the use of research results

Analysis of the obtained experimental dependences allows us to draw the following
conclusions that correspond to the investigated range of the mode of drilling and
reaming of the specified in the example materials of the tool, workpiece and other
invariant parameters of the cutting process:

Experiments to study the drilling process for the initial conditions of the example

show that the force characteristics of the process: axial force and torque are almost

directly proportional to the ratio D3/D.s moreover, the axial force decreases more

slowly than the torque with increasing ratio D3/D.s. This nature is explained by
the fact that during reaming the diameter of the drill did not change and does not
depend on the diameter of the workpiece, while the depth of cut on the contrary
depends on the diameter of the workpiece.

4. The dependence of the axial force and torque on the drilling depth is purely

nonlinear and the increase in force characteristics increases with increasing drilling
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depth. This nature of the ratio coincides with the practice of drilling deep holes with
twist drills. Therefore, to reduce the negative impact of drilling depth on the drilling
process, various methods are used, among which the most effective should be
considered technological - step-by-step drilling, ie with periodic removal of the drill

from the hole and tool - drilling drills of special designs for deep drilling.
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3.TECHNOLOGICAL AND DESIGN PART

3.1 Purpose and characteristics of the object of production

Detail “Housing” 6520d-3.3500011 is the basic detail of the gearbox”

0520®3-35.00.000 CK, vertical milling machine with CNC mod. 6520®-3.

The gearbox is mounted on the machine frame and is designed to provide the

required rotation speed of the machine spindle.

The following requirements are laid down to provide the machine with the

necessary technical parameters:

the tolerance of the axis perpendicularity of the central holes to the
main base plane is not more than 0,020 mm;

the tolerance of the axes axial alignment of the central openings is not
more than 0.020 mm;

the tolerance of the cylindricality and connect of the central openings
Is not more than 0.008 mm;

accuracy of the sizes of the central openings Is 7;

tolerance on the distance between the centers of the holes - 0,1 mm;

the roughness of the treated surfaces of the holes R, 1,25.

Also, in the manufacture of the housing, it is necessary to ensure the parallelism

of the upper plane to the plane of the base is not more than 0.030 mm and the

tolerance of perpendicularity to the plane of the base of the plane under the cover is

not more than 0.05 mm.

The chemical composition of cast iron is given in Table 3.1., And the

mechanical properties in the table 3.2.
Table 3.1 - Chemical composition of cast iron C420 'OCT 1412-85

Brand of cast C, Si, Mn, P, S,
iron % % % % %
C420
32-35|22-251]05-08 | upto0,4 | upto0,4
I'OCT 1412-85
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Table 3.2 - Mechanical properties of gray cast iron C420

Brand of cast Os, Ouy Hardness
iron MPa MPa HB
C420
200 400 163— 229
I'OCT 1412-85

Analysis of conformity of mechanical requirements and norms of accuracy of
the service appointment of the gearbox.

Output data:

- assembly drawing of the gearbox 6520d-3.35.00.000 CK;

- drawing of the corps detail 6520d-3.35.00.011.

Based on the analysis of the drawings and the literature data, service
appointment can be formulated as follows:

The gearbox is designed to provide the required rotation speed of the machine
spindle. The housing is the main part in which all others are based and fixed.

The most important problem to be solved in the manufacturing process is to
provide a lateral gap between the gear teeth, which depends on the oscillation of the
relative displacement of the wheel dividers.

Determine the actual tolerance of the link

TA, = ;TA (3.1)

TAx ¢ = 0,026+0,037+0,007+0,041+0,049+2*0,005+2*0,017+0,1 = 0,289
mm.
This tolerance is much higher than the allowable one.

Let's check the possibility of reaching the radial gap by the method of

TAA H.B. =t wM*ZAiZ;Ai ; (32)

incomplete interchangeability.
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TAAH.B.=3 \/é (0,026% +0,037% +0,007% +0,007% +0,041° +0,049° +

0,005% +0,005% + 0,017 +0,017% + 0,1 = 0,13 mm.

Thus the problem is solved by the method of incomplete interchangeability at
risk 0,27%.

Analysis of the design part manufacturability (qualitative and quantitative
characteristics)

Detail “Housing” 6520d-3.35.00.011 included in the node "gearbox™ 6520d-
3.35.00.000 CNC vertical milling machine model 6520®-3.

The detail is made by casting with box shaped of gray cast iron. The casting
Is quite simple in configuration, but requires the use of rods to form holes.

From the point of view of machining, the machined surfaces of the parts do
not represent technological complexity and, while providing the required accuracy
and roughness of the surfaces, allows for high-throughput machining to pass.

The disadvantage of the workpiece design in terms of manufacturability is the
presence of deaf threads M8-7H.

According to TOCT 14.204-83 quantitative analysis of the design of the
workpiece for the following indicators.

1. The coefficient of unification of structural elements of the workpiece:

Ky, = S (3.3)
y.r. — Qe y .

where Q, - — the number of unified structural elements of the workpiece;

Q. - the number of all structural elements of the part;
At Ky > 0,6 the design of the part is considered technological.

2. Coefficient of processing accuracy:

Kir=1 (3.4)

1 .

4,
_Ing+2n, +...+19n,4
2N, ’

where A, - average accuracy: 1;2;...19 — quality of accuracy;

(3.5)

cp
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n; — the number of dimensions of the corresponding accuracy grade.

At K. > 0,8 the design of the part is considered technological.
3. The roughness factor:
Ku=1/Bgp ;
_ 0,012n, +0,025n, +...+100n,,
0 ’
where B, — middle class surface roughness;
0,012; 0,025 ...100 — the value of the surface roughness;

n; — number of surfaces with corresponding roughness.

Bep

At Ky, < 0,32 the design of the part is considered technological.

(3.6)

(3.7)

To perform a quantitative analysis of the manufacturability of the design of

the details we compile a table.3.3.

Table 3.3 - Workability analysis of parts

Number | Number of | Quality

Ne | The name and number of - The surface
of unified of
the surface to be treated roughness
surfaces surfaces accuracy

1. | Ground plane 1 1 - 14 1,25

2. | The upper plane 3 1 - 14 1,25

3. | Side surfaces 2 4 2 - 14 1,25
Cover surface for

4. 1 - 14 2,5
attachment the cover 5

5. | Surface 6 1 - 14 6,3

6. | Surface 7 1 - 14 6,3

7. |Hole @90 9 10 2 - 7 1,25

g |Hole 45 8 1 1 8 2.5
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g |Holed72 11 16 6 ) 7 1,25
10. | Hole @22 29 30 22 23 4 4 7 1,25
11. | Hole & M8-7H 17 28 12 12 7 1,25
0 Hole @ M8-7H 31 ... 46; 24 2 . 125
70 ... 87
13. | Hole & 8 47 48 2 2 8 1,25
14. | Hole & 5 49 ) 2 14 125
15. | Hole & 13 50 ... 55 6 6 14 12,5
16. | Hole & 26 56 ... 61 6 6 14 12,5
17 | Hole @ 10 62 63 5 ) 14 125
18. | Hole & 12-7H 64 65 2 2 7 12,5
19. | Hole @ 17 66 67 5 ) 14 125
20 |Hole 88 1 1 7 6,3
21. | Hole 65 65 14 12,5
TOTAL 153 138 - .

manufacturability of the design of the part.

Based on the data in table. 3.3 carry out a quantitative analysis of the

138

Kye =~ =0,9>06:

© 7 153

_ 7-61+8-3+14-89

A
P 153

1

KTL = 1 - = 0191 > 018 1
11,09

Bep

=11,09;

~125-12+25-2+6,3-3+12,5-136

153

=11,37;




33

K,= L =009<032 .
11,37

Based on the above quantitative analysis of the manufacturability of the
workpiece design, we can conclude that the workpiece design is technological.

Analysis of the basic (typical) technological manufacturing process

The factory version of the technological process of production of the "Corpus”
consists of the following operations.

005 Foundry (the workpiece is obtained by casting into the ground)

010 Longitudinally milling — Tmr-x = 8,8 min, roughing the plane of the base;
machine tool. 6606.

015 Longitudinally milling — Tm-x = 7,6 min, roughing of the upper plane;
machine tool 6606.

120 Horizontally boring — Tui-x = 8,5 min, roughing the plane under the lid,
the lateral surfaces of the plane of the base, the lateral and lower surfaces of the
projection under the hole & 45; machine tool 2622.

125 Horizontally boring — Tur-x = 6,9 min, roughing of the central openings;
machine tool 2622.

030 Longitudinally milling — Trur-x = 21,4 min, semi finishing of the base plane
and the top plane; machine tool 6606.

135 Horizontally boring — Tui-x = 6,5 min, half-clearing the plane under the
lid and the side and bottom surface of the projection under the hole & 45; machine
tool 2622.

140 Horizontally boring — Tui-x = 8,3 min, semi-clean processing of the central
openings; machine tool. 2622.

145 Flat grinding — T m-k = 14,5 min, finishing of the plane of the base,
machine tool. 35724.

050 Flat grinding — T m-x = 13,3 min, finishing of the upper plane, machine
tools.35724.
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055 Horizontal boring with CNC — Tur-k = 46,2 min, machine tool mod. NP-

800; finishing and finishing of the central holes and the plane under the cover of the
mounting holes.

060 Radial drilling — Tur-x = 14,7 min, cutting threads in the mounting holes in

the front plane, the plane of the base, the upper plane; machine tool 2P53.

Also, the factory process after drafting provides heat treatment to relieve internal

stresses.

The factory version of the technological process is designed for the conditions of

small-scale production
The main disadvantages:

- the use of plane grinding operations for the final processing of
planes is not productive as there is a rapid salting of the grinding
wheel;

- the use of longitudinal milling machines with three work calipers
when processing one.

3.2 Development of the technological process of manufacturing the product

Type of production is determined by the factor of consolidation of operations:

Ko = R0 (3.8)

Kp.m.

where K, — the total number of operations assigned to workplace;

K, ... — total number of jobs

Kp'M. = ;Cn.i , (39)

where r — number of operations of technological process;
Cn.i — the number of jobs per operation.
Number of jobs C,;i on each operation is obtained after rounding the number

of machines required to perform the i-th operation C,; to a larger whole number.
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The number of units of process equipment required to perform the i-th

operation is determined by the formula.

Cpi = Turxi N / 60 Fz[ "MNs.u. (310)

where N — annual release program: N = 10000 piece;

Turi — artificially calculating time of execution of i-th operation, min.

F, — valid annual equipment operating time fund: F, =4015h;

M. — Standard load factor of equipment: n,,=0,8

The actual load factor of the equipment of the i-th operation is determined by
the formula:

C i
M= o (3.11)

n.i

If 5.4 Will exceed the value previously accepted n,. increase C, ;. followed
by adjustments 1 4.

The number of operations assigned to one workplace is determined:

773.H.

0= ;
773.(]).1’

(3.12)

Determination of the coefficient consolidation of operations:
- accept that n,,.=0,8;
- operation 0.05. Longitudinally milling Ty = 8,2 min.;

_ 8,2:10000
P 60-4015-0,8

Cni = 1;

Mo = —0"125 = 0,425

=0,425;

0= 28 -188=2
0,425
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The results of the calculations are recorded in table. 3.4 Similarly, we make
calculations for the rest of the operations of the factory technological process and

the results are entered in table. 3.4.

Table 3.4 - Route of processing of the case

Ne | Neof The name of the Turx | Cpi, | Cni, | o
operation operation min. | pcs. | pcs. s '
1 2 3 4 5 6 7 8
1 005 Longitudinally milling 88 0425 1 0425 2
2 010 Longitudinally milling 7,6 | 0,394 1 10394, 2
3 015 Horizontally boring 85 (0441 | 1 |0441| 2
4 020 Horizontally boring 6,9 (0358 | 1 |0358| 2
5 025 Longitudinally milling 21,4 | 1,11 2 |0555| 1
6 030 Horizontally boring 6,5 /0337 1 |0337| 2
7 035 Horizontally boring 83 10431 | 1 0431 2
8 040 Flat grinding 145 (0,752 | 1 |0,752| 1
9 045 Flat grinding 133 |0690| 1 [0690 | 1
10| 050 g‘\’lrgonta”y boring o' 465 1 2397 | 3 |0799| 1
11 055 Radial drilling 147 10,763 | 1 |0,763| 1
TOTAL 156,1 - 14 - 17

Based on the calculations, we determine the consolidation of operations.

Ko = 20 =121 (3.13)
14

Since 1 <K,, <= 10 according to 'OCT 14.004-83 type of production: multi-
serial.

The decision on the feasibility of organization of streaming production is
made on the basis of a comparison of the given daily output of parts and the
calculated daily productivity of the production line.

Specified daily output of parts:

N, = (3.14)

N
’ZZ ]

where /[ — annual number of working days: /I =254
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Ng = 19990 — 39 4 ~ 39 pcs.
254

Daily production line productivity:
F
Q= T, Msn. (3.15)
where F, — the daily fund of working time of the equipment: F, = 952 min;
M= — NOrmative load factor of the production line: 1, ,.=0,6;

T, = average complexity of basic operations, min.

To, = - : (3.16)

where Ty« = artificially calculating time of execution of i-th operation, min.;

r — number of operations.

Tep = i&l = 14,12 min.;
Cp - 11 - y mln.,
952
=—-06 = ~
Qx 1412 40,5 ~ 41 pcs.

Since N; = 39 < Q; = 41 it is inappropriate to use one nomenclature
production line.
We accept a group form of production organization.
The number of parts in a batch for simultaneous start-up is determined by the

formula:

N -a
n=—, 3.17
7 (3.17)

where a — launch frequency in days: a = 3.
Set the estimated number of shifts required to process the entire batch of parts:

n

wm.x.cp.

C=""—"
O’S.Fg 773.}1.

(3.18)

where n,, — normative factor shifts loading of the equipment in a batch

production: n,, = 0,75.
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The estimated number of changes is rounded to the accepted integer Cy,, and
then determine the number of parts in the batch needed to load the equipment during

the whole number of changes by the formula:

3 0’5 Fg I]S’H 'Cnp

nr[p_ 1 (3'19)
wm.K.cp.
- 10000-3 _ 151 <118 pes.:
e
1412118

C=05.952.075  *'
We accept Cyp = O.

~ 05-952:0,75-5
Mrp = 1412

=126,4 =127 pcs.

Conclusion: the type of production - multi-serial, the form of production
organization - group.

Technological processing methods are selected provided that the "refinement”
to the deviations given by the tolerances for the finished part is ensured. To
determine it, use a calculation refinement

TO

Ep:T—a;

(3.20)

where Ty, T, — according to the tolerances for the specified accuracy of the
workpiece and details.

Estimated refinement E, can be provided with different processing methods,
each of which gives its own value of refinement. If the first method provides
clarification E;, second E; and the last one — E, , and the workpiece, after going

through all the processing methods, will be refined E..
En=Ei E B3 ... Em=[]E ; (3.21)
i=1

An indication that the required number of surface treatment methods is
correctly defined is inequality
E, <=En; (3.22)
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If the surface needs to achieve an accuracy of not less than sixth grade, then

the number of methods of processing m is determined by the formula:

lg E,
m = 0.46 ; (3.23)
Clarification E; of any processing method is approximately determined by the
formula:
Ty
E=—, (3.24)

Ti1 , T; — according to the tolerances provided by the prior and present
processing methods.

Processed surface:

- hole @901 7 (+ 0,017), R, 1,25;

- the tolerance of the perpendicularity of the axis of the hole to the main base

plane of 0.020 mm;
- tolerance of ovality and cone-shaped opening of 0,008 mm.
The workpiece tolerance on this surface is Tz = 1,2 mm, which is more than

14 and less than 15 quality.

12 _
E, = 003 - 35,29 :
_ 193529 _ _
0,46 =3,36;

We accept m = 4.

Taking into account the tolerance of the form, we accept following the
processing methods:

- boring rough;

- semi-pure boring;

- clean boring;

- thin boring.

We define for each method of processing the average economic quality and

tolerance.



Rough boring IT12, T, = 0,35 mm.

Semi-pure boring 1T9, T,% = 0,087 mm.

Clean boring IT8, T,> = 0,054 mm.

Thin boring IT7, T,* = 0,035 mm.

We define the refinement for each processing method:
12 0,35 _ 0,087

Ey = 22 =343 :E,= 232 —402:E, =161
0,35 0,087 4

B, = 20%% _ 159
0,034

Determine the overall refinement of all processing
E,=3,43-4,02 1,61 1,59 =35,30.
E,=35,30>E, = 35,29

This means that a sufficient number of processing methods are selected.

Processed surface:

- plane, the resulting size 220 Is 14 (+ 0,575), R, 1,25;

- parallel tolerance to the main base plane 0,030 mm;

- tolerance of ovality and cone-shaped opening of 0,008 mm.

The workpiece tolerance on this surface Tz = 1,6 mm.

16 _
E, = s - 1,39 ;
19139 _
~ 0,46 = 0,31

To ensure admission of the form we accept m = 4.
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Taking into account the tolerance of the form, we accept following the

processing methods:

The first option
- rough milling IT12 ; T;! = 0,46 mm.
- semi-pure milling IT9 ; T;? = 0,115 mm.
- previous milling IT7 ; T;® = 0,046 mm.
- end milling IT6 ; T;* = 0,029 mm.

The second option



summarized in table. 3.5.

- rough milling IT12 ; T, =

- semi-pure milling IT9 ; T,? =

- previous milling IT7 ; T,® =

- end milling IT6 ; T,* =

16

Ei = =2 =348 :E,=

17 046 2-

B, = 0046 _ ) gg
0,029

0,46 mm.
0,115 mm.

0,046 mm.

0,029 mm.

046

0 115

=3,48 42,5 1,58 =54,98;

E, = 54,98 >E, = 1,38,

0115

; Be= ——— =25;

0,046

This means that a sufficient number of processing methods are selected.
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Similarly, we calculate for other surfaces, the results of the calculations are

Table 3.5 - Methods of parts surface treatment

N The name of the workpiece | % § 2 Tolerance Specification
: surface and machining 52| 5 s
methods L e 3 o
S o Marking Size Formula Value
1 2 3 4 5 6 7 8 9
1 | Hole & 45 H8 i 25 | 8 Tx 39 Ep=TilT, 6,41
I variant
Drilling 125 | 125 | 12 | T4t 250 Eil=Ta/Tit -
Countersinking 3,2 9 T.? 62 Ei2 =T NT2 4,03
Reaming 25 | 8 | T8 39 E =TT | 1,59
Total 2,5 8 T, 39 En 6,42
II variant
Drilling 125 | 12 | T2t 250 Ext =TTt -
Semi-pure boring 32 | 9 | T2 62 E2=T.YT?2 | 4,03
Clean boring 25 | 8 | T 39 EX2=T2T2 | 1,59
r
Total 25 | 8 | T, | 39 | En=[]E | 642
i-1
2. |Hole@ 9017 8 125 | 7 T, 34 Ep, = TalTyg 35,29
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The name of the workpiece e QE:; é 2> Tolerance Specification
N surface and machining 58| 5 T§
methods L= 3 o
"“9 o Marking Size Formula Value
1 2 3 4 5 6 7 8 9
The workpiece 20 - T3 1200 - -
Rough boring 125 | 12 | T4t 350 E1=Ta/Ti! 3,43
Semi-pure boring 3,2 9 T12 87 E2=T11/T12 | 4,02
Clean boring 2,5 8 T13 54 E3=T12/T13 | 1,61
Thin boring 8 125 | 7 T14 34 E4=T13/T14 | 1,59
r
Total 8 |125| 7 | - . [TE | 3529
En= i=
3. Hole @ 72 1s 7 8 125 | 7 Tn 30 Ep=T3/Tn 40
The workpiece 20 - T3 1200 - -
Rough boring 125 | 12 | TI11 300 E1=T3/T1l 4
Semi-pure boring 3,2 9 T12 74 E2=T11/T12 4,05
Clean boring 2,5 8 T13 46 E3=T12/T13 | 1,61
Thin boring 8 1,25 7 T14 30 E4=T13/T14 1,53
Total 8 125 | 7 - - 40,07
4. IT14
— 30 1,25 | 14 Tn 1150 Ep=T3/Tn 1,39
Plane 220+ 2
The workpiece 20 - T3 1600 - -
I- variant
Rough milling 125 | 12 | Til 460 E1=T3/T11 3,48
Semi-pure milling 3,2 9 T12 115 E2=T11/T12 4,00
Previous grinding 2,5 7 T13 46 E3=T12/T13 2,50
Final grinding 30 | 1,25 6 T14 29 E4=T13/T14 1,58
r
Total 30 |125| 6 | - i [TE | 5498
En= i=
II variant
Rough milling 125 | 12 | Tt 460 E1=Ta/To! 3,48
Semi-pure milling 32 | 9 | T? 115 E2 = ToYTZ? 4,00
Finishing milling 2,5 7 T 46 Es = TAHTA 2,50
Thin milling 30 [125] 6 | T 29 Es=TAT* | 1,58
r
Total 30 125 6 | - - En=[]E | 5498
i=1
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3.3 Selection and estimated justification of bases

Selection of technological bases is the most important stage of technological
process development.

It is necessary to distinguish between the choice of technological bases for
processing most surfaces of the workpiece and the choice of technological bases on
the first operations, when creating bases for the treatment of most surfaces of the
workpiece. First of all it is necessary to choose finishing technological bases, for
processing of most surfaces of a part, and then rough technological bases, for the
first operation.

In order to achieve the required precision of the workpiece in the shortest way,
it is necessary to choose the surfaces from which most other surfaces are positioned
as finishing bases. Most surfaces of a part are generally positioned according to their
intended use with respect to its main bases. Accordingly, as the technological bases
for the treatment of most surfaces choose the main base parts, the surfaces on which
it is based in the node.

When choosing the rough technological base, you must proceed from the
decision by following the tasks.

1. Establishing the necessary connections that determine the distances and
turns that we receive as a result of surface treatment relative to the raw free
workpiece surfaces.

2. Ensuring uniform distribution of actual allowance on the surfaces to be
treated.

Based on the above for details "Case" we determine the possible variants of
finishing technological bases and for each determine the error of the basis by the

formula:

M=

Es= 2, & ; (3.25)

i=1

where Es — base error when machining a certain surface, mm;
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0; — tolerances on the dimensions of the dimensional chain links that connects

the founding and measuring bases used respectively for the treatment and control of
the surface, mm;

n — number of links in the chain.

E];A =0
.
2 7.5
2o3
[] el 1
%)
2
S
S @
Yo
(Ca=<> 5] v
75 & 2
) E};A =0
Figure. 3.1 - Clean bases
EBB =0
A
-6
( Esa=0
T | BA
7 - EBy =0
|
4,5 >‘ . " “l
= ' . 7% 7C
7 3 2

Figure. 3.2 - Clean bases

Clean bases
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I option

Figure 3.3 - The first version of finishing bases

Esa=0; Epg = Epx = Epa = Egu = Epun = TA ;
Esg =TA +Tb ;E5g, =TA+Tb+ TB ; Es, = TA + TII .

Clean bases

IT option

Figure 3.4 - The second version of finishing bases

Figure 3.4 shows a diagram of the workpiece base on the plane and two

floating (conical and conical-cut) fingers.
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Ess = Epx = Epn = Epn = Epw = 0 ; Epy = TI1 ; Eg = Th ;

Based on the calculations, we can conclude that when processing the central
holes it is advisable to base on the first option, and when processing threaded holes
and holes used for mounting higher accuracy is achieved when based on the second
variant.

After selecting the clean technological bases, we select the rough
technological bases based on the solution of the following problems.

1. Establishing the necessary connections that determine the distances and
relative rotations that we receive as a result of machining surfaces relative to the raw
free workpiece surfaces.

2. Ensuring uniform distribution of actual allowance on the surfaces to be

treated.

Rough bases

FAY

el =
p

SR .

e

-
!
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|
6 -4 oA
A - A 7T
7 3 2
s \
E];A=0
Era =0

[_ L ,

Figure 3.5 - Rough bases

Detailed development of the optimal variant of the technological process

Determination of tolerances, allowances and operating sizes.

Calculation of allowances between operating sizes and tolerances is carried
out in an analytical and calculated manner.

Processed surface: hole @ 72 15 7.

Calculation formula for determining the minimum allowance:

2 Zimin=2(Rzia+ Tia + \/pi—lz +Ei2 : (2 9R)

EBB=O

where Rz — height of irregularities characterizing surface roughness, microns;
T — depth of the defective surface layer;

p - spatial deviations, microns;

E — installation error, microns;

i — technological processing transition number.

To facilitate the calculations we compile a table of allowances and marginal

sizes, table. 3.6.
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Table 3.6 - Allowances and size limits for technological transitions of hole

treatment & 72 I 7

.
= n
- S »n =2 = ..
Techr_lo_loglcal S 5 ° E | The maximum Limit value of
transitions of Elements of allowance | © & N o size. mm allowance,
hole processing SE S o ’ microns
- (3]
1217 £ £ T &
£ £ k)
= 723 o
o w —
Rz T [8) E dmin dmax ZZminrp szaxrp
1 2 3 |4 5 6 7 8 9 10 11 12
The workpiece | 200 | 300 | 830 | - 69,515 | 1200 | 68,32 | 69,52
Rough boring 50 | 50 | 40 | 160 | 2920 | 71,355 | 740 | 70,62 | 71,36 | 1840 2300
gg:?r'l'gp“re 20 | - | - |115|2215 | 71,785 | 190 | 71,60 | 71,79 | 430 | 980
Clean boring 10 - - 80 | 2100 | 71,985 | 74 | 7191 | 71,98 200 310
Thin boring 5 - - 5 215 | 72,015 | 30 |71,98 | 72,01 30 75
Total 21250 2500 3655

We define Rz and T for the workpiece and technological transitions of

machining and recorded in table. 2.5.

The total value of spatial deviations for the workpiece of this type is

determined by the formula:

[ 2 2
Psar = pKOp + pSM )

where pyop,— Spatial deviations arising from the warping of the workpiece;

(3.26)

psv — Spatial deviations as a result of possible displacement of the axis of the

hole.

where A,

Peop= V(A A2 +(A1?

d — hole diameter: d = 72 mm;

| —hole length: | = 25 mm;

- specific amount of warping: A« = 0,65;

9,

2

2 O5\2 |
)+(7),

(3.27)

Prop = /(0,65-72)% +(0,65-25)% = 50 microns;

P = \/(

(3.28)
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where 5, and o — workpiece size tolerances that determine the spatial location

of the hole: 5, = 1400 microns; &5 = 400 microns.

Pan = \/(700)2 +(200)* = 730 microns;

Paar = 4507 +730% ~ 730 microns.

Spatial deviation after rough boring is 5% &,
01 = 0,05 - 730 ~ 40 microns.
There are no spatial deviations after the subsequent technological transitions.

Installation error:

Ey= E2+EZ - (3.29)

where Ej — base error, for accepted base variant, Eg = 0;

Es — fixing error.

Rough boring Eg; = E3 = 160 microns;

Semi-pure boring Eg, = E3 = 115 microns;

Pure boring Egs = 0,05 E3 = 5 microns;

Based on the obtained values of the allowance elements determine 2Z;i, for

each transition.
2Zimin1 = 2(200+300++/7302 +1502) ~ 2 - 920 microns;
2Zimin> = 2(50+50++/502 +1152) ~ 2 215 microns;
2Zmin3 = 2(20++/802) ~ 2 -100 microns;
2Zmina = 2(10++/52) ~ 2 - 15 microns;

The Estimated Size column (dy) fill in from the final size by sequential

subtraction of the estimated minimum allowance of each technological transition.

dps = 72,015 mm;

dps = 72,015 — 0,030 = 71,985 mm;
dpz = 71,985 — 0,200 = 71,785 mm;
dp1 = 71,785 — 0,430 = 71,355 mm;
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Opsar. = 71,355 — 1,840 = 69,515 mm;

In the Limit Size column, the largest value (dmax) iS obtained from the
estimated dimensions, rounded to the nearest tolerance of the corresponding
transition.

The smallest size limit (dmin) is determined from the largest threshold sizes by

subtracting the tolerances of the corresponding transitions.

Amina = 72,015 — 0,030 = 71,985 mm;

Aming = 71,985 — 0,074 = 71,911 mm;

Aminz = 71,79 — 0,190 = 71,60 mm;

Omin1 = 71,36 — 0,74 = 70,62 mm;

Omin sar = 69,52 — 1,20 = 68,32 mm.

Minimum allowance limit values Z;% equal differences between the

maximum limit sizes of the current and previous technological transitions, and the
maximum limit values of the allowances Z;7., - according to the difference of the

smallest size limits.

227 ,=72,015— 71,985 = 0,030 mm:;
2 2 4=71,985-71,910 = 0,075 mm;
227 4+=71,985— 71,79 = 0,20 mm:
2727 3=7191-71,60=0,31 mm;
227 ,=7179-71,36=0,43 MM mm;
272} .,=17160-70,62=0,98 mm;

2 27 1=71,36-69,52 =0,84 mm;

2 2% .1=70,62—68,32=2,30 mm.

The obtained results are recorded in table. 3.7. General allowances Zymin and

Z, max 1S determined by summing the intermediate allowances
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Zomin = 1840 + 430 + 200 + 30 = 2500 microns;
Zomax= 2320 + 980 + 310 + 75 = 3685 microns.

The total nominal allowance is determined by the formula:

Zoyow = Zomin ~ Bs— By = 2500 + 600 —15 = 3085 microns.
O3om = g wom — Z o sow = 72 — 3,085 = 68,915 mm.

We carry out a check of correctness of the performed calculations.

rxd— L2 4 =T75—30 =45 microns;
O3 — 84 = 74 — 30 = 44 microns;

rx3— L2 3=310—-200 = 110 microns;
d2 — 83 =100 — 74 = 116 microns;
Zr o— 2% 5=980—430 =550 microns;
d1 — 02 = 740 — 190 = 330 microns;
zx Z7 1 =2300— 1840 = 460 microns;

max 1 —

Osar — 01 = 1200 — 740 = 460 microns;

On the basis of these calculations, we build a diagram of the graphical

arrangement of openings and tolerances for the processing of holes & 72 17 + 0,15

mm.

Schematic diagram of the layout of openings and tolerances & 72 I 7
The treated surface is the plane, the resulting size 220+0,575; R, 1,25;

Calculation formula for determining the minimum allowance

Zimin =Rzi1+ Ti1 + pir + Eyi (3.30)

The results of calculations are recorded in the table 3.7.
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Table 3.7 - Allowances and size limits for technological transitions of surface

treatment in size 220 + 0,575 mm

N} = o
. 8 E S
Ire:r?s';g:)ongs'gi' § 2l 5 2 Limit value of
Elements of allowance | 2 & i~ o Limit size, mm allowance,
plane < 'S » @ microns
processing 8 = 8 8
+— = p—1 <
220 + 0,575 £ E g
Z z ©
Rz T P E H - dmin dmax Zmin'™ Zmax'?
The workpiece | 200 | 300 | 800 | - 221,393 | 1600 | 2214 | 223,0
Rough milling | 50 | 50 | 40 | 200 | 1500 | 219,895 | 1150 | 219,89 | 221,04 | 1500 | 1960
ﬁ]ei“‘i'r;‘;'”'sr‘e" 20 | - | - | 160 | 300 | 219,595 | 1150 | 219,59 | 220,74 | 300 | 300
;‘n:f:é”g 10 | - | - | 130 150 | 219,445 | 1150 | 219.45 | 22060 | 150 | 150
Thin milling 5 | - | - | 10 | 20 | 219,425 | 1150 | 219,43 | 220,58 | 20 20
Total 1970 1970 | 2430

The treated surface is the plane, the resulting size 157+0,1 mm; R, 2,5;

Table 3.8 - Allowances and size limits for technological transitions of plane

processing in size 157 + 0,1 mm

N = 0
. 3 E 5
ransiionsof HEE Limit velue
olane Elements of allowance | 2 S IS e Limit size, mm | of allowance,
(4] [%2] .
processing 3 E: 2 8 microns
-— = +— 3
157 +0,1 g E g 5
= + o
7] w [
Rz T Y E = H Amin Armax Znin® | Zmax'®
The workpiece | 200 | 300 | 800 | - 158,64 | 1400 | 158,64 | 160,04
Rough milling 50 | 50 | 40 | 150 | 1450 | 157,19 | 1000 | 157,19 | 158,19 | 1450 | 1850
;‘n:f:é”g 20 | - | - |100| 240 | 156,95 | 200 | 156,95 | 157,15 | 240 | 1040
Thin milling 5 - - 30 50 156,90 | 200 | 156,90 | 157,10 | 50 50
Total 1740 1740 | 2940

The allowances are assigned to the rest of the treated surfaces in a tabular

manner.
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On the basis of the obtained calculations and above, we carry out the
workpiece design. Drawings of the workpiece will be given in the graphic part of

the project.
3.3 Determining the amount of equipment

Operation 005 Vertical milling.

1. Milling the plane of the base on rough.
Cutting tool:

milling cutter

J1 =500 mm - the diameter of the mill;

Z = 44 —number of teeth of the mill;

BK6 — the material of the cutting part;
System machine tool tool attachment rigid.
Cutting depth: t =2 mm;

Feed: S; = 0,2 mm/ tooth

The life of the milling cutter T = 300 min;
Estimated cutting speed:

C q
__an
T"t*S)B"Z? ’

V, (3.31)

where C,, q, X, Y, U, m, p — coefficients that depend on working conditions:
Cy=445;q9=0,2;x=0,15;y=0,35; u=0,2; m=0,32; p=0.
B — milling width: B =451 mm;
Z — number of teeth of the mill: Z = 44;
J1 — diameter of the mill: JI = 500 mm;
T - the period of resistance of the mill: T =300 min;
K, — speed factor.
Kv =Ky - Kiiv - Kty ; (3.32)
where Ky, — coefficient taking into account the quality of the surface to be

treated:;
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Ky — coefficient taking into account the state of the workpiece surface: Ky, =
0,85;[3] tab. 5. p. 263.

Kuy — coefficient taking into account the material of the cutting part of the

tOOl) K[—]V_ 1,0,
HB ( - )

where HB — the hardness of the workpiece material, HB = 210;

ny — coefficient taking into account the material of the cutting part of the tool:

n, =125 [3] tab. 2. p. 262.
190 )1,25

_ (02 g9 .

Ky (210) ’

Kv=09-0,85"1,0=0,77;

_ 445.500° - 0,77
VP - 300032 . 9015 _0’20,35 . 451%2 . 44°

~90,5 m/ min. ;

Estimated spindle speed:

1000V, 1000-90,5 _—
np = = =57 min?t ;
7 314-500

Cutting force:
10C,t*S! -B" -Z
P, = -
An
where Cp, X, Y, n, g, w — coefficients that depend on working conditions:
C,=34,5;x=0,9;y=0,74;n=1,0; g = 1,0; w = 0; [3] tab. 41 p. 291.
Ky, — coefficient taking into account surface quality.

HB \n
Kwmp = 190 ) (3.34)

Mp

where HB — the hardness of the workpiece material, HB = 210;
ny — coefficient taking into account the material of the cutting part of the tool:
n=1,25; [3] tab. 9 p. 264.

210125
KMp = (m) z:I.,l :
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_10-34,5-2%°.0,2°™.451*° . 44
500%° .57°

P, 11~84939 H.

Estimated cutting power
N = P-V
P~ 1020-60

84939.90,5
= O T 125 KW-
No 1020-60 kKW,

Engine power required for metal-cutting machine:
Ng=Np/n; (3.36)

(3.35)

where m - efficiency of machine mechanisms: n =0,8.
Ng=12,5/0,8 = 13,9 kBT.
In accordance with the required power of the engine of the machine we accept
the vertically milling machine mod. 856; Nq= 15 kW.
According to the passport data of the machine, we take a true spindle speed:
ng =63 min ..
Determine the estimated minute feed:
Smp=S;"Z ng;
Smp =0,2 44 - 63 =554,4 mm / min.;
We take a real minute feed according to the machine passport data, Spq = 300
mm / min.;

Determine the true cutting speed:
_ Hing
1000

314-500-63
V:’—
a 1000

Installation of control auxiliary and transport operations

Vq

=98,9 m/ min.

1. Establishing control operations

1.1. Input control of workpiece details 6520P-3.35.00.011

- appearance: inspection for the detection of surface defects (on treated
surfaces a depth of not more than 0,5 actual allowance for machining is

allowed)
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- control of material hardness: HB170-240
- control of the geometric dimensions of the casting
The sample size for the input control of blanks batch:
- external inspection - 100% control;
- control of material hardness - 2+5 blanks from the batch;
- control of geometric dimensions - 2+5 blanks from the batch.
1.2. Operational control (on the example of operation 045 vertically milling;
milling the surface 3 thinly):
a) final dimensions and parameters of the work surface:
- the resulting size 20+0,575 mm;
- roughness of the treated surface R, 1,25;
- tolerance of the machined surface parallel to the plane T = 0.03 mm.
0) the maximum permissible measurement error of the control means is
determined by the dependence:
[A] = Ayer T; (3.37)
where Ayer — the accuracy factor of the measurement method:
Ayer = 0,2

T — a controlled size tolerance: T = 1,15 mm.
When controlling the size 220+0,575 mm.

[A]=0,2 -1,15=0,23 mm.
When controlling for the parallelism tolerance.

[A] =0,2-0,03 =0,006 mm.
For surface roughness, we accept tolerances for the parameter R, + 20%
B) choice of control parameters:
- for size control2 20+0,575 — template;
- for surface roughness control - standard samples are made according to

I"OCT 9378-70 (control by comparison).

r) frequency of parameters control:

- size control 220+0,575 —100%, control is exercised by the worker;
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control of surface roughness - selective (5% of the lot), carried out by the

worker.

1.3. Final (receiving) control, carried out by the controller at the control

operation, the controls are subject:

appearance (presence of all treated surfaces: chamfers, absence of faces,
sinks);

geometric dimensions;

surface roughness (control by comparison with roughness specimens);

tolerances of relative positioning of surfaces.

2. Installation of transport operations.

In the technological process it is necessary to provide transport operations for:

3.

transportation of blanks from the workroom to the machining section;
transportation of workpieces between workplaces;

transportation of workpieces to the heat shop and back to the machining
section;

transportation of blanks for cleaning;

transportation of finished parts to the paint shop and back to the assembly
site.

Installation of auxiliary operations.

The following operations should be provided as ancillary to the technological

process under development:

thermal (for removal of internal stresses after roughing);
control (for final control after machining);
coloring (to improve the appearance and increase the corrosion resistance

of the part).

Normalization of technological process, specification of production type

Technical standards of time in the conditions of mass production are

determined by the analytical method.

In batch production, the rate of artificial calculation time is determined by the

formula:
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T
Ture = To + TgK + Trex + Topr + Tai + n , (3.38)

where T, — main time, min.; Tq — auxiliary time;

T.ex — time for mechanical maintenance of the workplace;
Topr — time for organizational workplace maintenance, min.;
Tsix — time for breaks and rest, min.;

Tn.s, — preparatory-final time, min.;

n — the number of parts in batches: n = 127 pcs.

The main operating time:

LB I N
To= 25— (3.39)

where n — he number of transitions of the operation;
I, — cutting value of the tool, mm;

| — length of the treated surface, mm;

I, — the magnitude of the tool flow, mm

Sm — minute feed at transition, mm / min.;

i —number of transitions.

Auxiliary time consists of the cost of time for individual receptions:

Tg=(Tys + Ton + Tyn + Taun) K; (3.40)
where Ty, — time to install and remove parts;
T, . — part fixing time, min.;
Ty — machine control time, min.;
Teun — Measurement time, min.;
K — coefficient of production type, for batch production, K=1,5.

The time for maintenance of a workplace and rest in a large-scale production

Is determined by the formula:
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T ) Hoﬁ.(fid .

o.n

TR (3.40)

T06.Biz[ =

where T, — operational time: To,=T, +Ty;

ITos 51— percentage of time for maintenance and rest.
Operation 005 Vertical milling.

1. Milling the plane of the base on rough

| = 600 mm is the length of the surface to be treated;
J1 =500 mm - the diameter of the mill;

Sxs = 300 mm / min - minute feed;

i=1—number of passes;

I, =200 mm is the value of mills incision

I, =200 mm is the value mills course

_ 200+500+200
300

Composition of final time preparation:

T, 3,0 xB.

- installation of the device on the machine - 19 minutes.;

- Installation of the mill - 4 minutes.;

- receipt of the tool and equipment before the start of work and delivery at
the end - 7 minutes. [1]

T, =19+4+7=30 min.
It takes 3 minutes to install and remove the workpiece and its clamp. [1]
Time for machine control techniques:

to turn the machine on and off - 0.01 min.;

bring the item into working mode - 0.03 min.;
move table back to length 2000 mm - 0.18 min.; [1].

Ty. = 0,01 + 0,03 + 0,019 = 0,023 min.;
The time spent on measuring the part is 0.21 min. [1] annex 5, with control

of 10% of the machined parts we get:
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=0,02 min.:
Tur 100 min.;
Correction factor for batch production K=1,5.

Work time and rest time is 10% of operational time.

Ty=(3+0,023 +0,02) 1,5 =4,6 min,;
Ton=3+4,6 =7,6 min.;

7.6-6 |
TO6.Bi}J = 100 = 0,46 min.;

artificially calculating rate of time

Turx = 3+ (340,023 + 0,02)1,5 + 0,46 + % = 8.4 min.
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On the basis of the calculated technical standards of the time, we clarify the

type and organizational form of production.
Table 3.9 - Characteristics of TP

Ne
of The name of the operation T Coi Cui s i Qi
operation min. pcs. pcs.
005 Vertically milling 8,4 0,44 1 0,44 2
010 Longitudinally milling 15,2 0,79 1 0,79 1
015 Horizontally boring 9,8 0,5 1 0,5 2
020 Horizontally boring 7,6 0,39 1 0,39 2
025 Beprukanpao-ppesepHa 19,6/2 0,51 1 0,51 2
030 Horizontal boring with CNC 75 0,38 1 0,38 2
035 Horizontal boring with CNC 8,6 0,45 1 0,45 2
040 Vertically milling 10,3 0,53 1 0,53 2
045 Vertically milling 9,6 0,49 1 0,49 2
050 Horizontal boring with CNC 16,3 0,84 1 0,84 1
055 Horizontal boring with CNC 175 0,9 1 0,9 1
060 CNC Vertical Drilling 15,8 0,82 1 0,82 1
Total 136,4 - 12 - 20
Similarly, we calculate for other operations, the results are summarized in the
table 3.10.
Table 3.10 -Technical standards of time
Number and Tq, min.
rameof | i [T T g T K | | i || 0| T
operations ' min. yn b ' ' ' '
1 2 3 4 5 6 7 8 9 10 11 12
005 3,0 3 0,023 1002|15]| 7,6 0,46 | 8,06 30 | 127 | 8,4
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Vertically milling

010
Longitudinally
milling

58

3,5

0,032

0,09

1,5

13,6

1,3

14,96

32

127 | 15,2

015
Horizontally
boring

3,7

3,5

0,06

0,04

15

8,76

0,8

9,56

30

127 | 9,8

020
Horizontally
boring

3,4

0,084

0,06

15

6,76

0,6

7,36

30

127 | 7,6

025
Vertically milling

8,5

0,047

0,02

15

17,56

1,8

19,36

30

127 | 19,6

030
Horizontal boring
with CNC

2,1

3,5

0,36

0,07

1,5

6,66

0,6

7,26

35

127 | 7,5

035
Horizontal boring
with CNC

2,9

0,52

0,08

15

7,62

0,7

8,32

35

127 | 8,6

040
Vertically milling

4,5

0,07

0,04

1,5

9,16

0,9

10,06

30

127 | 10,3

045
Vertically milling

3,9

0,07

0,04

15

8,56

0,8

9,36

30

127 | 9,6

050
Horizontal boring
with CNC

8,5

3,5

0,43

0,08

15

14,52

1,5

16,02

35

127 | 16,3

055
Horizontal boring
with CNC

10,1

0,59

0,12

15

15,62

1,6

17,22

35

127 | 17,5

060 CNC Vertical
Drilling

8,3

0,93

0,07

15

14,2

1,32

15,52

35

127 | 15,8

2

K;o= = = 1,67
12

Since K, = 1,67 according to I'OCT 14.004-83 at 1<K, <10

production serial.

10000 9 _
97 54 Pes:
136,4 -
Tcp = ?—11,37 min.;
952
= ——.06 =
Qq 1137 50 pcs.

type of

Since Ng =39 < Qg =50 it is inappropriate to use one nomenclature production

line. We accept a group form of production organization.

~10000-3 _

= "5

118 ;

11,37-118

C=05.952.075 28
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_0,5-952.0,75-4
B 11,37

We accept Cpp = 4; MNup = 125 pcs.

Conclusion: type of production: multi-serial, form of production organization

- group.

Control devices:

Devices for controlling the perpendicularity tolerance need to be developed:
the plane of attachment of the cover to the plane of the base (perpendicularity
tolerance 6 = 0,050 mm) the axis of the holes 22 H7 to the plane of the base

(perpendicular tolerance 6 = 0,020 mm).

3.4 Design of special equipment and tools

Choice of technological equipment. Selection and justification of operation
principle of the device, block diagram

Output data:

- type of production - serial;

- release program - N = 10,000 pcs.;

- basing schemes - according to the section 2.;

- cutting forces - according to section 2.

1. The milling device.

The device is used on a vertical milling machine mod. 656 for roughing the
plane of the base of the body part. When designing the device, it is necessary to
ensure the rigidity of the structure with large dimensions of the parts, the uniformity
of the allowance to be removed, a relatively large clamping force.

2. Boring device.

The device is used on a horizontal boring machine mod. 2A620 for roughing

holes D45HS8; &72 Is 7; @90 Is 7. When designing the device, it is necessary to
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ensure horizontal placement of the axes of the holes, use as the mounting base of the
plane perpendicular to the axis of the holes, providing for the tool to be set to the
desired size.
3.1.2 Power calculation of drive parameters
a) milling device
Calculation formula for determining the clamping force.
P,<2Q+T (3.41)
where P, — tangential component of cutting force: P, = 849H;
Q — clamping force; T — the friction force between the surfaces of the support
and the workpiece.
Taking into account the factor of safety of fixing.
K=Ki: Kz Ks K4 Ks Ks; (3.42)
where K; — warranty ratio: K; =1,5;
K, — coefficient depending on the condition of the surface to be treated:
K>=1,3;
K3 — coefficient taking into account the increase in clamping force when
blunting the tool: K3 = 1,5;
K4 — coefficient depending on the constancy of the clamping force: K4=1,0;
Ks — a factor that takes into account the type of drive: Ks = 1,0;
K¢ — coefficient depending on working conditions: K¢ =1,2. [3] p. 85.
K=15-13-1510-1012 ~35

kP, <2Q+T (3.43)
From the calculation scheme:
T=(Q~+Py)f=(Q+0,5P,)f (3.44)

where f — coefficient of friction: f=0,2
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U

Figure 3.6 - Calculation scheme

kP, =2Q+ (Q+0,5P,) f (3.45)
_ kP, - 05P, -f 3.46
Q= 2+ f (3.46)

_ 3,5-8494-0,5-8494-0,2 _131271H

2,2

p%lm

Figure 3.7 - The design scheme for determining the force on the drive shaft
I; =80 mm; |, =60 mm
Q |2 = PmT |1; (347)
P, = Ql, _ 1312;' %0 _ 9g45H _

Il
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To secure the workpiece in the milling device, we take a hydraulic cylinder
with a working pressure of 10 MPa, force on the rod P,,,=9845H.

Hydraulic cylinder

Accuracy calculation

Since the device is a link of the system, the accuracy of the workpiece depends
largely on the accuracy of its manufacture, installation on the machine, the wear
resistance of the mounting elements.

The total error of the device during the operation is determined by the formula:

Ey=x-[E} —E?, +E? +E+E’+E’ +E? +E2+3E2 +3E!+E%  (3.48)

pn. pe.
where E, — machine error in unloaded condition;

E,.. - ocation of the device on the machine table;

E,, - device error due to inaccuracy of the mounting elements;

Es — base error;

E, — fixing error;

E,..c — error of device guides;

E.... error of elastic deformations;

E. — device setup error on this machine;

E, . — error in cutting tool wear;

E: — error of temperature deformations;

E.. — wear error;

k - coefficient of distribution of random variables. Depending on the number
of applicationsk=1,2atn=3 +5;k=1,latn=6+8; k=1l atn=8 + 11

[4]

a) milling device.

E, - tolerance for the parallelism of the surface of the table on which the
device 020/1800 mm is mounted, listed for the length of the workpiece L = 600 mm.
IS.

_ 0,20-600

E,= ——~0,0/mm ;
1800
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E,... — the device is centered on the machine using keyholes that fit into the

groove of the table with a gap 18 H—lo(Jr 0’027J . Then,
H9 | -0,018
Epn = Smax _ 0,045 0,00006 mm;
L 740
E,y = 0,25 mm. (see assembly drawing).

E6 =0
E, — we assume zero.
Other errors are taken into account by entering the coefficient of distribution

of random variables x = 1,2. Then the total error of the device will be:

Ey = 1,2 40,072 +0,00006 > + 0,25 = 0,315 mm.:

Since the total error Es = 0,315 mm: significantly smaller size tolerance 20,
Ty = 0,52 mm .; we conclude that this device provides the necessary processing
accuracy.

0) device for boring.

The tool (drill) is exposed to the size of the bushing.

Epne=Ei1+ Ez+ Epp (3.49)

where E; - an error equal to the maximum clearance between the sleeve and
the finger at the base of the bar with the guide sleeve, when landing H8/g7 E; =
0,025 mm;

E, — error of beating the outer and inner diameter of the bushing. E, = 0,005
mm [4]

E.p, — the error of the tool being skewed in the bushing.

Smax
Em= >, (L +2a), (3.50)

where Siax — maximum clearance between the outer diameter of the axial tool
and the inner diameter of the bushing (connection F8/h9, Syax = 0,04 mm);
L — height of the bushing; L = 30 mm;

a — the gap between the bushing and the part, a =9 mm;
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Then: Eyp = g—?;(; (30+2-9) =0,039mm;
Epue = 0,025 + 0,005 + 0,039 = 0,069 mm.

Es - base error Eg=0;

E, — fixing error E, = 0;

E,... — the device is centered on the machine using keyholes that fit into the

groove of the table with a gap 18H—1o(+ 0'027j . Then
ho | —0,018
Epn = Smax _ 0,045 0,00001 mm
o L 440

Other errors are accounted for by the random variable distribution x = 1,1.

Then the total error of the device will be:

Es = 1,1 4/0,0252 +0,005% + 0,0392 + 0,00012 = 0,105mm .

Because the total error of the device is less than the tolerance on the size 28.
Tzs = 0.210 mm, which determines the position of the axis of the hole can be
considered that the designed device provides the necessary precision machining.

B) calculation of the control device for accuracy.

The tolerance of the perpendicularity of the hole axis to the plane of the base,
which shall be not more than 0,020 mm, is controlled.

- The measurement error depends on:

- error of the indicator - 0,005 mm;

- the maximum clearance in the transmission links of device - 0,003 mm:

- tolerance of the alignment of the mandrel ends, which is 0.004 mm;

- the gap between the bushing and the mandrel is 0.003 mm.

- the gap between the bushing and the part.
All these requirements are shown in the drawing of the detail.
Other errors are taken into account by entering the coefficient of distribution

of random variables k = 1,2.

Es = 1,2 4/0,0052 + 0,0032 + 0,0042 + 0,003% = 0,00mm.
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Since the total error of the device is less than the tolerance of the
perpendicularity of the axis of the hole to the plane of the base, it can be assumed
that the designed device provides the necessary measurement accuracy.

To determine cost effectiveness, compare the two values of the technological

cost of processing the workpiece on this operation when using old and new devices.

Z S.(1 g
= 1+ — |+ ==+ — |
Ce 36( 100} N(i 100)’ (3:51)

VA S, (1 q
=3, [ 1+— [+ =+— | :
Cu =3 ( 100) N (i 100) ’ (3.52)

where 3., 34 — respectively, the basic salary when performing an operation
using old and new devices;

z — shop overheads; (we accept 200%);

q — device operating factor: q=0,2 [4];

i- device life: i = 3 years, [4];

N = 10 000 pcs.;

Sc, Sy — respectively the cost of running the old and new devices.

Determine the technological cost of the milling operation.

- when using an old device design.

200 N 480 (1 N 20
100 ) 10000\ 3 100

C.=0,021 (1+ j =003 :

- when using a new device design.

C, = 0,011 (1+ 200) 260 (1 20 j 0,08 -

100" 10000\ 3 " 100
The cost of manufacturing an old device S = 480 UAH.; new S; = n C, ,
where n =28 det.; C, =20 UAH. (device is simple) then S, = 28 * 20 = 560 UAH.
The economic impact of using a new device based on an annual release
program:
E=(C,—C,)*N=(0,103-0,08) * 10000 = 2300 UAH.
Description of the design of the accessories:

a) milling device.
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The device consists of a molded housing on which the supports for the base
of the workpiece are mounted. Three hydraulic cylinders are mounted in the housing,
which by means of the rocker arms fix the workpiece in the required position. To
place the milling cutter on the required size of the housing is installed institutions.
On the table of the machine tool body is based with the help of two keyholes and
fastened through the grooves with four bolts.

0) device for boring.

The device consists of a welded housing on which supports are mounted to
base the workpiece. In the case are mounted two hydraulic cylinders, which with the
help of two wedges, rocker arms and four 2-shaped grips secure the workpiece in
the desired position. For insertion of the tool on the necessary size in the device the
folding guide bushing is provided. The machine tool table is supported by two
keyholes on the table and fastened through the grooves with bolts.

For the automatic collection of chips on the machines, local removal of cast

iron chips and dust is installed.
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4 PROJECT PART

4.1  Determination of the main and auxiliary areas of the shop

Mechanical shops consist of main and auxiliary sections. The main sections
are not manufactured at the auxiliary sections, but they are necessary for the normal
operation of the main ones. These include:

- sharpening section;

- section for setting up tools for CNC machines;

- shop repair base.

1. The sharpening section is used for sharpening of the cutting tool. The
required number of sharpening machines is determined as a percentage of the metal-
cutting equipment of the shop — 5% [4] table. 14.3., Which is: 150. 0.05 = 8
machines.

2. Section for setting up tools CNC machines.

The typical composition of the equipment and equipment of the site is based
on data [5]

- the device for adjustment of tools to lathes group machines;

- table under the device of the BV-2026 model;

- the device for adjustment of tools to machines of drilling-milling and boring
group;

- rack for tools;

- rack for mandrels;

- metalwork workbench;

- tool cabinet;

- table for the controller;

- control plate;

- table under the control plate;

- the device for check of details on beating;

- rack for devices;
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- production table.
3. Shop repair base (CRB) is used for maintenance of production equipment.
The number of machines is accepted depending on the number of basic equipment.
Let’s make an approximate calculation of the area of the shop:Bupo6uu4oi
JUTST MEXAHIYHUX TUIBHULID:
Faup = Cp'Faeper ; (4.1)
where C, — accepted quantity in the shop: C, = 150 pcs.;
Feeper — the area is necessary for one machine at its average dimensions: Feper
=15+25m?;
Faeper = 150 - 20 = 3000 m? .
Auxiliary offices:
a) tool sharpening.
Normative value of the area allotted for one machine F",;; ,,=10m?[8].
Area required for 8 machines:
Faar. 8 = Fliarpey 8 =108 =80 m?;
0) repair base (CRB)
The specific area under one machine is: Fiyssep = 25 M?[8]. The area is
required for 4 CRB machines:
Fups = Fliuposep” 4 =25+ 4 =100 m?;
B) adjustment of tools of CNC machines.
Fui=96m?;
r) control department.
Selected from the calculation F, = 5-6 m? per controller with a factor K, =
1,75, taking into account the increase in area for the location of control equipment
[8].
The number of controllers is determined as a percentage of the number of
machine operators and is 5-7% [8].
At two-shift work we acceptp =8
Then
Feo.=p FkKk=8-5-1,75=70 m?;
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e) compositions of metal, blanks, parts.
The area of the warehouses of parts and assemblies is calculated by the
formula:

_ Al'Ql
T g-k-m’

S (4.2)

where A; — storage time of details, knots, semi-finished products: A1 =4 days
[8] table. 20 p.189;
Qi— mass of parts passing through the warehouse for the year, tone;
q — allowable load area of the warehouse: g = 1.5t/ m 2 [8]p. 187;
k — the utilization factor of the warehouse area, taking into account the aisles
and passages: k =0,6  [4] p. 173;
m— number of working days per year: m = 254,
Q=m,N, (4.3)
where m, - node mass; m = 125 kg (based on factory data);
N — annual program; N = 10 000.
Q1=125-10000 = 1250 t.

41250
517 15.06.254

m2 .

The area of metal compositions and workpieces is determined by a similar
formula:

_ 4, -Q,
~g-k-m

S, (4.4)

where A, — time of storage of preparations in a warehouse; A, = 4 days [8];
Q. — mass of blanks;

— Ql .
QZ— K )

6.M

(4.5)

where Q; - the mass of parts passing through the warehouse: Q;= 1250 t.;
K..,— material utilization factor: K; = 0,65

1250

Q2= ﬁ = 1923 t.
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4.1923

e — 2
%% 15.06-254 4™

Total area:
S=S;+5,=22+3456 m?;
k) premises ZOR and chip processing. This area is determined based on the
consumption of lubricants by the formula:
_ 9, C,254 _0,2-150- 254

"= 1000 1000 b2t
Emulsion costs:
_q,-C,254 20-150-254 _
Q= 1000 1000 =762t

Where q., . — consumption of lubricants and emulsions per machine per day,

Cn — number of machines in the shop, pcs.;
254 — number of working days per year.
The area of the chip processing room is set from the condition 1m? area per
unit of technological equipment of the mechanical shop.
Faoperp = Cn IM2=150-1 =150 m? ;

3) total area of auxiliary offices.
Fs?zin = FSaT.}:[ + Fup6 + FM.i + FK.H + FCKJ‘I + F3Op.CTp (46)

Fooo" =80 +100 + 96 + 70 + 56 + 150 = 552 m? .

¢) office and domestic premises.

The area of administrative and office premises is calculated 4 m? per ITR, and
their number is taken within 7-10% of the number of key workers, the number of
ILOis1... 2% of the number of ITR.

At 300 people. Main number of ITR workers will be 24 people., and the ILO
— 3 people.

The total area of the premises will be

Fern =P Fur =27 -4=108 m?.

The area under the vacationer is a corner 0,9 m? per employee.
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Fox=324-0,9=292 m?.
The area under the dining room and buffet is selected at the rate 1 m? area per
employee per shift, then:
Fers=150-1,0 =150 m?.
The area of sanitary facilities (medical centers, locker rooms, showers, toilets)
is selected from 0,9 m? per employee, when the shop employs more than 100 people.
Fern=177-0,9 =159 m?.
J) the total area of the mechanical shop.
The total area of the mechanical shop is equal to the sum of production and

auxiliary departments without taking into account the area of office space:
Fuexp = Fapt Fratl (4.7)
Fuexp = 3000 + 800 +552 = 4352 m? .

4.2 Development of plans for the layout of the shop and placement of

equipment on the site

The choice of the grid of columns and setting the dimensions of the shop is
based on the total estimated area of the shop based on the use of unified standard
sections of the frame of the building in accordance with the recommendations [8].
In our case for a faceless shop the grid of columns happens the sizes 12 x 18 m and
width and length of shop will be equal: 12. 4 = 48m and 18. 5 = 72m respectively.

Then the area of shop is accepted:

F.=a B=4890=4320 m?,

which corresponds to the calculated value.

The building of the shop is taken in a rectangular shape, a grid of columns
12.18 m, the height of the shop 7,2 m[8] p. 399.

Number of passages — one main and two transverse. Auxiliary compartments
will be located along the span of the wall columns. The warehouses are located
perpendicular to the wall columns on the end side of the shop.

The layout of the production departments of the shop.
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For this production with a group organizational form of work, the location
scheme is performed in accordance with the developed route of the technological
process of machining.

Diagram of the relative position of vehicles.

Associated with the type of production according to the manufacturing
process of the product.

Due to the fact that for the manufacture of parts «Housing» 6520d-
3.35.00.011 8 units of metal-cutting equipment are needed, namely machines:

vertical milling mod. 656;

vertical milling mod. 654;

horizontal boring mod. 2620I'-1;

horizontal boring with CNC mod. 2A620D2;

longitudinal milling mod. 6606

horizontal boring with CNC mod. 2M614®2;

milling-drilling-boring with CNC mod. 6906 BM®-2;

vertically drilling with CNC mod. 2P135®2.

All equipment is located in two rows.

Transportation of blanks from the warehouse to the site and parts to the
warehouse is carried out in the container by forklift. For transportation of details

between machines we use the crane beam.
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5.0CCUPATIONAL HEALTH AND SAFETY IN EMERGENCIES

5. 1 Microclimate of the production room

Clean air of the required chemical composition, optimum temperature,
humidity and speed of its movement is essential for the normal functioning of the
worker. Creation in the working zone of metal-cutting machines of the necessary
meteorological conditions has a good effect on an organism, promotes well-being,

considerably increases safety of work, provides a high degree of working capacity.

Therefore, meteorological conditions in the working areas of machine tools must
meet regulatory requirements. As for the air temperature, it should be: in the cold
period of the year - 18 - 20%; in the warm period of the year - 21 -23°. Regarding the
relative humidity, regardless of the period of the year, its value should not exceed
75%. Exceeding the relative humidity relative to the established norms has a
negative impact on the health of workers. Regarding the speed of air movement: it
should be in the range of 0.2 - 0.3 m / s. Exceeding or reducing the speed of air
movement in accordance with the established norms also has a negative impact on
the health of workers. In accordance with regulations, the values of temperature,
relative humidity and air velocity are set for the working area of production facilities
depending on the category of severity of work performed, the amount of excess heat

released in the room and the period of the year.

The category of work is the distribution of work based on the total energy
expenditure of the body, which is measured in joules per second. For our case, the
given normative values correspond to the average severity of the category of works.
Regarding the thermal regime, depending on it, there are rooms with insignificant
and significant excesses of obvious heat. Explicit heat means heat that enters the
room from equipment, heaters, heated materials and other sources, which affects the
temperature in the room. So, in our case, according to [2], a room with a slight excess

of heat is used, for which the above normative values are set.
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5.2 Calculation of protective earthing of the horizontal boring machine
of the model 2620

Protective grounding of the horizontal boring machine model 2620 is
performed to determine the required number of vertical electrodes, which would
provide the required resistance of the grounding mechanism to the spread of current
or contact voltage when closing the phase to grounded parts of the machine, not
exceeding the permissible values.

For grounding of metal-cutting machines the most widespread are artificial
group grounding conductors placed in the homogeneous earth on a certain depth.
They are a system of vertical electrodes connected in parallel by a horizontal guide.
For our case we choose the scheme of placement of electrodes in a row (fig. 1).
Determine the size of the electrodes.

According to [2] we use steel rods with a diameter of d = 12 mm, length | = 4
m. The distance a between adjacent electrodes:

a=21=2x4=8m. (5.1)

Estimated distance t:

t=to+1/2=07+4/2=2,7m. (5.2)

\§
=
N

a d

to
~
/

)
.

Figure 5.1-Scheme of electrode placement
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Determine the resistance of a single vertical electrode [2]:
Ro=ry/2nl (In 21/d+0,5In4t+1/ 4t-1), (5.3)
where r; - soil resistance, Ohm / m;
l, d, t - electrode characteristics, m
' =1T ra6aX £,
la6n = 50 Ohm / m.
Atthesizez=1,3.

Tomi: 11=50x 1,3 =650hm/m.
So:

Rp,=65/2x3,14%x4 (In2x4/0,012+05In4x2,7+4/4x2,7-4)=5,2 Ohm,
According to [2] the number of vertical electrodes n is defined as follows.
Preliminarily determine the product of the utilization factor of vertical electrodes up
on their number n:
ubxn =R b/ Ry, (5.4)
where R;on1 - the maximum allowable resistance of an artificial grounding conductor,
Ohm/m.
According to the table. 8.16 [2] determine the number of vertical electrodes
n.
Given that natural grounding in this case is not used, according to the
recommendations [2] we accept: Ruoni=Ryon that is, the maximum allowable
resistance of the artificial ground is assumed to be equal to the allowable value of
the resistance of the grounding structure according to the PEU.
So: Ryon =4 Ohm,

Then:uxn=6/4=15.
According to the table. 8.16 [2] for a certain value of the product u x n, using
the method of interpolation and rounding the value to the smaller integer, we find

the required number of vertical electrodes for grounding the machine: n = 2.
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Determine the resistance of the horizontal conductor, which is a steel strip with a
width of b, connecting the upper ends of the vertical electrodes:

_rz 217
27 Dbto (5.5)

where r, =r; =65 Ohm/m, 8= 0,02 m;

R1

L - length of horizontal conductor, m.

When placing the electrodes in a row [2]:

L=105(n-1)xa.
(5.6)
Tooro L=1,05(2-1)x8=10,5m.
Then:

_ 65 | 2105° _
2-31410,5 0,02-0,7
The resulting resistance of the artificial group grounding [2]:
Ri= Rox Ry / (RoxU, + Ryxtpxn ), (5.7)
where u.and up - coefficients of use of horizontal and vertical electrodes. According
to [2]:

0,80m

u. = 0,94, up, = 0,91
Then:
Ri=52x08/(52x094+08x 091 x 2) =2,35 Ohm.
Because Ri<R o (2,35 Ohm <4 Ohm), the calculation of the grounding of the

machine is performed correctly.

5.3 Characteristics of natural disasters, accidents (catastrophes) and

their consequences

Natural disasters - a natural phenomenon (earthquake, flood, avalanches,

hurricanes, cyclones, typhoons, fires, volcanic eruptions and others), which are
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extraordinary and which lead to disruption of normal population, death, destruction
and destruction of property.

Natural disasters can occur both independently of each other and in a
relationship: one of them can lead to another. Some of them often arise as a result of
not always reasonable activity (forest and peat fires, industrial explosions in
mountainous areas, etc.).

Regardless of the source, natural disasters are characterized by significant
scales and varying lengths - from a few seconds and minutes (earthquakes,
avalanches) to several hours, days (landslides) and months (floods).

Earthquakes are strong vibrations of the earth's crust that are caused by
tectonic or volcanic causes and that lead to the destruction of buildings, premises,
fires and human losses.

The main characteristics are: depth of fire, magnitude and intensity of energy
on the earth's surface.

The depth of an earthquake fire is usually in the range of 10 to 30 km, in some
cases it can be much greater.

Earthquakes cause other natural disasters, such as landslides, avalanches,
tsunamis, floods (due to breakthroughs of rafts), fires (damage to oil storage and
rupture of gas pipelines), damage to communications, power lines, water supply and
sewerage, chemical accidents. productions with leakage (spill) SDOR, and also on
automatic telephone exchanges with leakage (emission) of mercury substances in
the atmosphere and others.

To protect against earthquakes, seismically dangerous zones are detected in
different regions, so-called seismic zoning is carried out. Such zones provide for
various measures of protection, from compliance with the requirements and rules for
the construction and reconstruction of buildings and other facilities to the suspension
of hazardous industries (chemical plants, automatic telephone exchanges, etc.).

Floods are significant flooded areas as a result of rising water levels in rivers,
lakes, reservoirs, which are caused by various reasons (precipitation, dam collapses,

etc.). Floods cause great material damage and lead to human casualties.
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Immediate material damage from floods is damage to and destruction of
houses, highways, power lines, damage to agricultural land, etc.

Floods can be accompanied by fires due to breaks and short circuits of
electrical cables and wires, as well as ruptures of water and sewer pipes, electrical,
television and telegraph cables that are in the ground, due to subsequent uneven soil
precipitation.

The main directions of flood control are to reduce the maximum flow of water
in the river by redistribution of runoff (planting of forest protection strips, orc of
land across the slopes, etc.).

In addition, to protect against floods widely used method -dam. To eliminate
dangerous formations of congestion are directed, clearing and deepening of certain
sections of the riverbed, as well as the destruction of ice by explosions.

Nuthatches are a sliding mixture of rocks down the slope, which occur due to
imbalance, which is caused by various reasons (washing the rock with water,
weakening their strength due to precipitation, systematic shocks, unreasonable
agricultural activities, etc.).

Nuthatches can be on all slopes with a slope of 20° or more at any time of
year. They differ not only in the speed of displacement of the rock (slow, medium
and fast), but also in their scale. The speed of slow displacements of the rock is
several tens of centimeters per year, medium - a few meters per hour or per day and
fast - tens of kilometers per hour or more.

Rapid displacements include creeping streams, when solid material mixes
with water, as well as snow and snow avalanches. It should be emphasized that only
rapid landslides can cause catastrophes with human losses.

Nuthatches can destroy settlements, destroy agricultural land, be dangerous in
the operation of quarries and mining, damage communications, tunnels, pipelines,
telephone and electrical networks, dams.

The most effective protection against crawlers is to prevent them. From a
complex of preventive actions it is necessary to note collecting and removal of

surface waters, artificial transformation of a relief (in a zone of possible separation
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of the earth reduce loadings on slopes), fixing of a slope by means of building basic
walls.

Avalanches are creeps and occur as well as other displacements. The forces
of adhesion of snow exceed a certain limit, and gravity causes the displacement of
snow masses on the slope. An avalanche is a mixture of snow crystals and air.
Dimensional avalanches occur on slopes of 25°-60 °. Smooth grassy slopes are the
most avalanche-prone. Bushes, large rocks and other obstacles hold back the
avalanches that have occurred. Avalanches are very rare in the forest.

Avalanches cause material damage and are accompanied by death. Avalanche
protection can be passive and active. With passive protection, avoid the use of
avalanche-prone slopes or place barrier shields on them. With active protection,
avalanche-prone slopes are shelled, causing the displacement of small dangerous
avalanches, thus preventing the accumulation of critical masses of snow.

Storms are winds with a force of 12 points on the Beaufort scale, ie winds
whose speed exceeds 32.6 m /s (117.3 km/ h).

Storms are also called tropical cyclones, which occur in the Pacific Ocean off
the coast of Central America; in the Far East and in the Indian Ocean storms are
called typhoons. During tropical cyclones, wind speeds often reach 50 m / s.
Cyclones and typhoons are usually accompanied by heavy torrential rains.

Storms on land destroy buildings, communication lines and power lines,
damage communications and bridges, break and uproot trees; when propagating over
the sea, they cause large waves 10-12 m or more high, damage or even destroy ships.

Storms and stormy winds (their speed on the Beaufort scale from 20.8 to 32.6
m / s) in winter can lift large masses of snow into the air and cause snowstorms,
which leads to blizzards, traffic and rail traffic, disruption of water systems -, gas -,
power supply and communication.

Modern methods of weather forecasting allow to warn the population about
the approach of storms (storms) in a few hours and even days, and the Central
Election Commission can provide the necessary information about the possible

situation and necessary actions in situations that have arisen.
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The most reliable protection of the population from storms is the use of
protective buildings (metro, storage, underground passages, basements, etc.). at the
same time it is necessary to consider possible flooding of sites and to choose

protective storages on the raised sites of district.
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GENERAL CONCLUSIONS

In this work the analysis of the current technological process of mechanical
processing of the part "Corp" 6520P-3.35.00.011 is carried out and the main
directions of its improvement are highlighted, the design of the workpiece for
manufacturability is worked out. The economic justification of the workpiece
choice and the allowances for the submitted machining are provided. The optimum
variant of technological process which is selected by the method of sorting and
comparison with the minimum technological cost of machining operations is
developed. For the obtained variant, the calculation of cutting and rationing modes

of machining operations was carried out.
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