Pasznea 1

UDC 621.91.01

DOI 10.52209/1609-1825_2022_3_5

Development of Measuring Gycles to Compensate
for Errors In Basing, Algorithms for Forming Sets
of Basic Technological Processes of Mechanical
Processing of Parts

ISAVELYEVA Nadezhda, postdoctorant, n.a.savelyeva@gmail.com,

1*ZHETESSOVA Gulnara, Dr. of Tech. Sci., Professor, zhetesova@mail.ru,

1BERG Alexandra, doctoral student, kibeko_1995@mail.ru,

1BERG Andrey, doctoral student, kibeko_1995@mail.ru,

INPJSC «Abylkas Saginov Karaganda Technical University», Kazakhstan, Karaganda, N. Nazarbayev Avenue, 56,

*corresponding author.

Abstract. Considered CNC machines and the ways to improve the process of milling. After analyzing all the presented
factors that affect the accuracy of manufacturing the final product on milling machines. It was found that the most
significant factor for controlling the structure of the formation of installation errors is its decomposition to the
error of the workpiece basing. It is important to formulate a mechanism for compensating for the error of basing
the workpiece relative to the machine plane to be processed. The introduction of new measurement cycles at the

enterprise, to compensate for the error of basing, will significantly increase the efficiency of production — by reducing
the processing time and at the same time increasing the accuracy of manufactured products. A method of introducing
new measurement cycles to the enterprise to compensate for the error of basing is proposed.

Keywords: bases, CNC machines, errors, milling cutters, milling group machines, milling operations, mechanical
engineering, CAD analyses, basing, machine tools.

Research methods tools are available now and that allows you not only to
Classification. Determination of position in space. | draw objects in your computer, but also to determine
New advanced computer-aided design (CAD) | forces, stresses and movement. It is now possible to [ 5
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create objects directly from a computer model using
rapid prototyping tools. These tools can also be used
for teaching fundamental engineering material [1-3].

In modern constructions of technological
processes, processes are developed as documentation
sets. In case of automated pre-production design,
such process descriptions are stored in a database.

The choice of the operation is a multivariate
problem. Choosing operations takes into account
a number of factors, such as product design and its
conditions, dimensional allowances and mutual
arrangement of structural elements. During selecting
operations the process engineer shall optimize the
sequence, carefully set parameters, intermediate
dimensions, removable stock, time standards,
allowances, etc. That is why formalization of this
stage within PPE is still an actual problem for modern
enterprises with digital support. The development
and implementation of information technologies in
various industries has made the concept of «digital
enterprise» a sign of innovativeness, allowing the
enterprises described in this way to produce highly
competitive products with high consumer properties
at minimum cost. In a virtual enterprise (i.e. before
manufacturing a product), planners and technologists
can take into account all the risks and analyze many
different options for optimizing the production
sequence of transforming a semi-finished product
into a finished product. The following engineering
process design algorithm based on a digital product
model is proposed [4]:

1) to form an information model (image) of your
product: a. to recognize its structure; b. to form a set
of structural elements (SE) with a list of important
parameters;

2) check the model for manufacturability: a.
perform quality tests; b. perform quantitative tests;

3) to design the technological process: a. to
choose the type of technological process; b. to choose
the billet; c. to choose the set of technological bases; d.
to determine the sequence of forming of each detail;
e. to form operations (production sequence); f. to
choose equipment; g. to choose the tooling;

4)to calculate the norms of the time of
manufacturing of the part;

5) choose the optimal technological process.

The number of reference points (points of contact
with the installation components) on the base diagram
can be more or less than six. Examples of «basing
schemes» with three, seven and even nine reference
points are given, but the number of real points of
contact affects the number of errors in the technologi-
cal bases and installation elements, and design basis,
the result of which is a developed framework.

One of the key concepts of the theory is the concept
of the basing error and installation error. Under the
installation error is understood the inaccuracy of the
position of the workpiece, cutting tools, fixtures, etc.
in relation to the bases of the machine. They are taken
for auxiliary bases (as a rule, guides) on which the

[ 6 | assembly units, carrying the actuating surfaces. The

bases of the machine are called the installation bases.

The plane and axis of symmetry according to
GOST 21495-77 are called hidden technological bases,
the other bases of the set are called explicit technolo-
gical bases. Based on the concept of the design tech-
nological base, it is possible to introduce the concept
of the design basis (in the future basis). We shall
call basing the introduction of the reference system
or the introduction of our own coordinate system
conjugated (in contact with the technological bases).
At the stage of identification of the set of orientation
bases, the composition of the workpiece surfaces
with respect to which the tolerances of the relative
position and dimensional relations to the structural
elements to be processed are set shall be determined.

Automated design and technological preparation
of production (CAD / CAM / CAE .. - CA «x»
technologies) are among the most important
methods and facilities of information support of
modern mechanical engineering [4]. And, as practice
shows, the greatest effect is achieved with the
complex application of technologies and technical
facilities of industrial automation [5]. For the
industrial enterprises the most actual are questions of
automation of stages of designing and manufacture
of life cycle of a product and corresponding to them
base CAD-technologies: the automated geometrical
modelling and designing (CAD), designing of
operating programs for machine tools with CNC
(cam), and also the automated measurement of the
form of details (Sai).

Practice shows that the above mentioned
project procedures and processes are significantly
interdependent [6]. Already at the stage of geometrical
modeling of the base surfaces of the processed parts
it is necessary to take into account the accuracy,
tools and equipment involved in production. In
turn, all the above mentioned questions should be
taken into account and concretized while choosing
the processing strategies and parameters of control
programs. The complex nature of computerization
of design and technological preparation of pro-
duction, manufacturing and measurement of parts
significantly changes the approaches to binding
of blanks to the processing equipment. Ideas for
adaptive control of metalworking equipment based
on direct measurement during cutting [7] and the
use of geometrical modeling of machined surfaces
[8] are not new. But only at the present stage of
development of means of industrial automation
and introduction of technologies of their complex
use these approaches (we will call them «software»
method of a binding of blanks) become practically
achievable and economically expedient.

The geometry of parts designed by the
designer taking into account different methods of
manufacturing (casting, stamping, cutting, etc.) can
vary significantly. And with the use of computer
tools for geometric modeling and CNC machines
significantly expand the choice of base schemes.
Possible and even preferable are theoretical points,



lines and surfaces, for example, associated with the
position of axes of power elements, centers of gravity,
pressure, etc.

The electronic model of a product (EMI) created
by a designer in the environment of machine-
building CAD, in a certain way is transformed by
the technologist into a model of blanks developed
also by facilities of CAD. Thus it is possible to assert
that modern methods of automation of designing
essentially change traditional approaches to
designing of blanks and working out of technological
processes.

Results and Discussions

So the decision of problems of automation of
working out of operating programs lead to necessity
of creation of operating models for all operations
of technological process on which there is a form
formation of surfaces of the future detail. The
operating model will be called EMI, describing the
shape of the blank on a particular operation of the
technological process. The main approaches to the
development of operating models are two and both
approaches require consideration of the way the part
is processed.

The first approach is based on sequential
accumulation of allowances on the processed surfaces
from the nominal parameters of the part assigned
by the designer to the technological interoperation
dimensions. As a result of increase in allowances
on all operations the idealized EMI of a workpiece
is created. Further on it the necessary geometrical
elements defined by technology of reception of blank
(slopes, roundings and allowances) are added. This
approach makes it possible to obtain a theoretically
optimal, almost perfect workpiece in automated
mode.

The second approach involves the use of arbitrary
(defined) shape blanks. In this case, it is necessary to
perform the successive removal of allowances until
the final shape of the part with a certain quality of
work surfaces.

The milling group machines are leading by the
number of units of the machine park in the produc-
tion industry. Milling machines are designed for
processing of various planes of body parts, rotational
bodies, punches, dies, spline contours and other
complex surfaces. Milling is performed with the help
of milling cutters, where the main movement is the
rotation of the milling cutter, and the workpiece is
fixed on the machine working plane (table, fixture
satellite, etc.) that makes the feed motion. These
machines can be equipped with a numerical program
control (CNC) system. It is important to take into
account the real position of mechanisms and units of
the machine during the operation on the workpiece.
The task of the mutual orientation of the machine
and the workpiece is solved by the base. Basing
is the giving of a workpiece the required position
relative to the selected coordinate system [9]. The
basing ensures that a certain required position is
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given relative to the feed motion of the machining
tool (milling cutter) during workpiece processing on
milling machines of a milling group. The basing also
excludes the possible misalignment of the workpiece
during machining, for this purpose it is necessary to
use the overlay of bilateral bonds on the workpiece,
ensuring a constant position of the body with respect
to the axes X, Y, Z, and turns A, B, C around these
axes (Figure 1).

The bases are classified: by destination, by degrees
of imprisonment and by nature of manifestations
(Figure 2). Design — determines the position of the
assembly unit in the assembly; Measuring — base for
controlling the size of the part.

B Technological base

Technological base determines the position of the
workpiece machining it on the machine; technolo-
gical base has the greatest impact on the quality of
the resulting surface of the workpiece. In the process
of production of the part in the conditions of serial
production the method of processing on the checking
base surfaces is used, i.e. surfaces on which there is a
verification of the position of the part on the machine.
When using the machined surface as a test base —
time for the operation is reduced. Combining the
main technological base with the design significantly
increases the accuracy of processing [9].

Accuracy is the rule of correspondence of the
finished product in relation to the given initial
characteristics. Ensuring accuracy is a set of
actions aimed at achieving maximum accuracy
within production resources. Ensuring accuracy
is a timeconsuming and complex process that is
carried out at all stages of product manufacturing.
Uncertainty is the amount of actual deviation of a
product from the specified initial characteristics.
Uncertainty is subdivided into design uncertainty
and production uncertainty. Design errors — affect
the accuracy of product manufacturing before its
direct production, are incorrigible and, in most cases,
their manifestation is associated with insufficient

Figure 1 — Basing of the shaft on 6 points
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qualification of design engineers. Production errors
are the main class of errors that determine the tech-
nological accuracy of the product. When conducting
research on the manifestation of errors, it is necessary
to decompose the production process into separate
operations, with direct identification of each error
element and the degree of its influence on the TP
[2,22]. There are two types of manufacturing errors: —
Random —unexplained random factors (chip sticking,
tool breakage, etc.); — Systematic — constant error
factors (wear and tear of equipment, material proper-
ties, incorrect technological approach to machining,

etc.).

Production errors are defined by 4 groups:
theoretical, based, setting and processing errors
(Figure 3).

The total number of deviations should not exceed
the value of the tolerance field.

D e=T. 1)
z € = Epeor + esetup + esetting + 617roc . (2)
6setup = Eus + 6/‘1’; + 61”00- (3)

Figure 2 — Classification of bases

Production errors
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Figure 3 — Groups of production errors. The total number of deviations should not exceed the value of the

tolerance field due to calculating the accuracy of the actual value and the value of the required
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where &, — workpiece basing error; &5, — workpiece
fixation; &,. — processing error; @ — economic
processing accuracy; kr — coefficient of normal
distribution law value; k;; — coefficient, limit value
of basing error; kr, — processing error by factors
independent of the device.

In the considered formula (4) we can observe, that
one of the most influencing factors of an industrial
error is an error of basing of a billet. Machine errors
of the milling group — the machine parts can be made
with deviations, which affects the constant error,
the absolute accuracy of the machine is impossible.
For example, the ball screw has a certain range of
connection error and accuracy, set in the factory
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tolerances of the manufacturer, the time of operation
of the machine that meets these requirements,
is determined by the mathematical formula for
calculating wear. In accordance with this requires
a certain period of planning and forced repair of
components to ensure the accuracy of processing [9].

Conclusions

Analyzing all the presented factors influencing
the accuracy of the final product manufacture on the
milling group machines, we figured out that the most
important factor for controlin the issue of the structure
of formation of errors of the unit is decomposition
to the error of the workpiece basis. It is important
to formulate a mechanism for compensation of the
blank base error relative to the processed plane of the
machine [3].
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AHOamna. CNC MawuHanapblH #aHe dpesepsey npoyeciH #axKcapmy #on0apbl KApacmoipblaosl. dpe3epsik cmMaHoK-
mapoa coHFbl 6HIMOI eHOipydiH 0andiciHe acep ememiH 6apabiK hakmopaap mandaHobl. OpHamy KamesnikmepiHiH
KypblabiMblH 6aKblayOblH MAHbI30bl haKMOpPbI, OHbIH 0alibIHOaMAHbIH, HeziziHOeai Kamesikke blobipaybl 60biM ma-
6061100b1. MaWUHAHbLIH 6H0en2eH HA3bIKMbIFbIHA Kambicmbl 0alibIHOAMAHbIH OpHAAACY KameciH emey MeXaHU3MiH
MybIpbIMOay MaHbI30bl. KacinopelHOa #aHa enwey YuKa0epiH eHeisy, opHanacy KamesieiH emey ywiH eHoey YaKbl-
MbIH KbICKOPMY Y¥aHe COHbIMeH bipae eHiMHIH 03710i2iH apmmbipy apKblabl 6HOIpic muimdiniziH edayip apmmeipadsi.
KacinopsiHda 6a3asnbiK KameHi emey ywiH ¥aHa esawey YuKkaoepiH eHzi3y a0ici yCbIHbIAFAH.

Kinm ce3dep: CNC mawuHanapsi, Kamesep, hpesepnep, ppedepaik monmap, gpesepnik onepayuanap, MawuHa xa-
cay, A manday, opH6IKmaHObIpY, CMAHOKMap.
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AHHOMayus. PaccmompeHsl cmaHKu ¢ YIY u cnocobbl yny4yweHus npoyecca gpeseposaHus. lpoaHanusuposas sce
npedcmassneHHble haKkmopsbl, 8AUAOWUE HA MOYHOCMb U320MOB/EHUA KOHEYHO20 U30enusa Ha hpe3epHbIX CMAHKAX,
YCMaHo8seHo, Ymo Haubosiee 3HaYUMbIM (PaKMOPOM 018 KOHMPOsA CMPYKMYpsl hopMUpoB8aHUA OWUBOK YCMAaHOBKU
A6/19emcsa ee pa3noxeHUe Ha Mo2pewHocms 6a3upo8aHUA 3020MOBKU. BaxHO chopmynuposames MexaHU3M KOMeH-
cayuu owubku 6a3Upo8aHUA 3020MOBKU OMHocumenbHo obpabameisaemoli NA0CKOCMU cmaHKa. BHedpeHue Ho8bIx
UUKno8 usmepeHuli Ha npednpuamuu 014 KOMIeHcayuu rnozpewHocmu 6a3uposaHus no3eoaum 3Ha4umesbHO o-
8bICUMb 3(hheKMUBHOCMb MPOU3B0OCMBA 3a CHEM COKPAWeHUA spemeHu 0bpabomKu u 00HO8pPeMeHHO Mo8bIWeHUsA
moyYHocmu selnyckaemoli npodyKyuu. pednoreH memoo 8HEOPEHUA HOBbIX YUK/08 uamepeHuli Ha npednpuamuu 014
KoMmeHcayuu noepewHocmu 6a3uposaHus.

Knroueevle cnosa: 6a3bl, cmaHku ¢ YIY, owubKu, gppe3ssl, hpesepHbie 2pynnossie CMaHKU, (hpesepHsie onepayuu, Ma-
wuHocmpoeHue, aHanu3 CAlP, 6azuposaHue, CMaHKU.
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