AJMAaTBI TeXHOJOTUSIJIBIK YHUBePCcHTeTiHiH xabapmbichl. 2018. Ned,

UDC 621.795.8; 685.34.027
IRSTI 55.16.13

THE CALCULATION OF TECHNOLOGICAL EFFORT FOR IMPACT PERFORATION
AND PARTS AND PRODUCTS MARKING

0.S. POLISHCHUK!

(*Khmelnytskyi National University, Khmelnytskyi, Ukraine)
E-mail: opolishchuk71@gmail.com

The article is devoted to the calculation of technological effort for impact perforation and parts

71


https://teacode.com/online/udc/68/685.34.027.html
https://www.facebook.com/pages/Khmelnytskyi-National-University/118788004947505
mailto:opolishchuk71@gmail.com

AJMAaTBI TeXHOJOTUSIJIBIK YHUBePCcHTeTiHiH xabapmbichl. 2018. Ned,

and products marking in mechanical engineering and light industry, the development of devise with
two-coordinate movement system. The analytical expressions that bind together the technological
effort, properties of the material, instrument parameters and the implementation speed of the
operation are obtained during this research. The results of the study can be used to design the device
or calculate the technological effort, necessary for the implementation of mentioned operations.

Keywords: device with two-coordinate movement system, stepper motor, linear electric
motor (LEM), perforation, marking, technological effort.

OIPEJEJEHUE TEXHOJIOTHYECKOT'O YCWIMS JJIS1 YIAPHOI
MEP®OPALIMM U MAPKUPOBKH JETAJIEN U U3EJIUN
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Cmamps noceauiena onpeoeieHul0 MexHoa102u4ecKo20 ycunusa 01a yoapHoil nepgopayuu u
MapKupoexku oemaieil U uU30eIUil 8 MAUUHOCHPOCHUN U 1€2KOUl NPOMbBIUIIEHHOCIMU, PA3PadomKe
KOHCMPYKYUU YCMPOUCMEA ¢ 08YXKOOPOUHAMHOU CUCHEMOIl, UCNONb3YIOWwell yoapHblil I¢hghexm. B
padome noyueHvl AHATUMUYECKUE GBIPANCEHUA, C8A3bIGAIOUIUE MEXHOT02UYECKoe ycunue, ceolic-
mea mamepuana, napamempsl UHCIMPYMEHMA U CKOPOCMb 6blnoJHenusa onepayuu. Pezynomamot
uccie006anus mozym Ovlmb UCHOJIL306AHLI HPU HPOEKMUPOSAHUU YCMPOUCHEa, a MakKxyce npu
pacueme mexnon02u4ecK020 yCunus, Heodtxo0umozo 0713 8bINOJIHEHUA YKA3AHHBIX Onepayuil.

KitoueBble c10Ba: yCTPOICTBO ¢ ABYXKOOPAMHATHON CHCTeMOii IBHKeHUs], IaroBbIil JBUTA-
TeJb, JUHEHHBIH ekTpuyeckuii apurareib (JII/1), nepdopanus, MapKupoBKa, TEXHOJIOrHYec-
KOe ycuJine.
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Maxana mawuna xcacay Hcame HeeHin oHepKacinmezi donuiekmep mMeH OYubIMOaposl co2y nep-
dopayusacel rHcone manbdanay ywiin mexnon0UANBIK Kyuimi aHblKmayeda, COKKbl dcepin naioana-
Hamoli €Ki KOoopOuHammul dcyiieci 0ap Kypuliel KYpobLIbIMbIH d3ipieyze apHanzan. Kymvicma
MEXHON02UANBIK KYWmepoi, Mamepuanobly Kacuemmepin, Kypan napamempiepi Men Onepayuanl
OPBIHOAY MHCHLIOAMOBIZbIH DAUIAHBICIMBIPAMBIN AHATUMUKAIbIK OPHEKMED aIbIHObl. 3epmmey Hamu-
Jrcenepi Kypoli2vlHpl Hcobdanay Kezinoe, COHOAI-aK, KOPcemiizen onepayuanaposbl OpulHOay yuwin Ka-
JHcemmi mexHoI02UAIBIK Kyuimepoi ecenmey Ke3iHoe nanoaianvliybl MyMKIH.

Herizri ce3aep: eki KOOPAUHATTHI KO3FAJIBIC sKYyHeci 0ap KYPbLUIFbIL, KAIAMIBIK KO3FAJITKbIII,
CBI3BIKTHIK 3J1eKTp Kywi (CIK), neppopanns, Tandanay, TeXHOTOTHAJIBIK KYIIL.

Introduction explosion.

Mechanical smite with percussion instru- The operation of parts punching of the top
ments with different types of drives is among the of different shoes with variable matrices is
most promising ways to carry out technological carried out in order to decorate it and increase air
operations. It provides a high concentration of permeability. It is essentially similar to the
load on the local area of the material and its operation of details cutting. Perforation can be
energy of destruction is inferior to only the regarded as holes punching of small diameters,
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the distance between which may be dimensional
to the diameter [1].

The most commonly used technology for
impact marking in the industry is impact-point
marking. Impact-point industrial technology
(micro percussion marking, needle marking,
impact metal engraving, coring, stripping) is the
application of individual points (spherical
deepening) with the help of a high-strength
needle made of solid metal alloys, using
ceramics, on different types of materials under
orders from the electronic controller [2].

On the basis of the analysis, it can be
concluded that the use of the shock method for
marking and branding of parts and products in
mechanical engineering and light industry and
the use of linear tools for working tools (cutters,
punches, and needles) are promising in use.

When performing these operations, it is
especially important to consider the following
factors: the speed of processing object move-
ment, the speed mode of the cutting or marking
mechanical tool, the thickness of the cutting or
immersion in the material with the ability to
change the direction of movement of the working
tool, the versatility of both the working tool and
the entire mechatronic installation in general
when working with different materials.

Reducing energy costs when performing
technological operations of perforating and
marking of parts and products by using new
types of drives, as well as by selecting the best
technological regimes, is a topical task and of
interest to many industries.

Objects and methods of research

To improve the quality technological
operation and reduce the power consumption of
the equipment it is needed to achieve conformity
between the forces that develop the press
equipment and the technological effort. Such
coordination will increase the lifetime of the
puncher, press equipment, it will also improve its
reliability and reduce energy consumption.

To calculate the impact energy of a linear
electric motor of a two-coordinate system
intended for performing parts and products
perforation, marking and branding from different
materials with different properties, it is necessary

to know the amount of technological effort F_,,

and operation A, .
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Thus, it is important to evolve more accu-
rate methods of calculation of technological
effort and get analytical expressions that bind
together the technological effort, properties of
the material, instrument parameters and the
implementation speed of the operation.

Results and their discussions

The work on the development of technical
documentation and the production of an experi-
mental installation that performs the operations
with the consideration modern methods of
controlled destruction of the processing objects
structure with given coordinates and the esta-
blished configuration according to the technolo-
gical the process is carried out at Department of
Machines and Apparatus, Electromechanical and
Power Systems (MAEPS) of the Khmelnytskyi
National University (Ukraine). The management
of an experimental installation is carried out
using an electronic calculating machine (ECM).
Computer transmits necessary information to
move the basic mechanisms within coordinates X
and Y, and the stepper motors usage allows to
position the working body or processing object
with high accuracy within 0,01 - 0,05mm.

Mechatronic installation consists of two
main units. A carriage with two-axis movement
on the basis of running screws is used as a
mechanism for mechanical portal movement
with a working tool. The second basic element is
the automation complex for stepping motors
controlling with computer numerical control.
This design allows us to extend the scope of the
experimental installation for performing other
technological operations, such as laser cutting.

First of all, in order to make up device
with two-coordinate movement system for im-
pact perforation and marking of parts and pro-
ducts, it was necessary to develop its structural
scheme. The developed structural scheme is
shown on the fig. 1.

The device includes: a system of parts
moving, consisting of two mechanisms of move-
ment along the coordinates X and Y; two step-
ping motors; stepper motor driver (CD); power
supply for CD drivers; linear electric motor with
shock mechanism; LEM power supply and con-
trol; electronic calculating machine (ECM) [3].
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Figure 1 - Structural scheme device with two-coordinate movement system for impact perforation and marking of

parts and products

The general look of a machine with two-
coordinate movement system for the details
perforation of the top of the shoes is shown on
the fig. 2. The main elements are: a device for
performing a two-coordinate movement of the
shoe parts with a fixed linear electric motor de-
signned for perforating the shoe parts; stepper
motor control system; stepper motor driver po-
wer supply unit and linear electric motor control.

The principle of the developed machine is
as follows. The top detail of the shoe is placed on

the desktop. Before that, with the help of the
developed software, a necessary drawing is
created for the perforation operation. The
machine is put into operation and according to
the developed program, with the help of a punch
of a linear electric motor, the perforation of the
part takes place.

You can perform the operation of marking
parts or products by replacing the punch with a
needle and creating a corresponding.

Figure 2 - General look of a machine with two-coordinate movement system for perforating parts of the top of the shoe: 1
- frame; 2-system of moving in coordinate Y; 3-system of moving along the coordinate X; 4-line electric motor

Let us consider the technological operation
of parts perforation and techniques of techno-
logical effort calculation.

The scheme of the technological operation
of materials perforation and the nature of the
technological effort changes in the material during
its execution are presented on the fig. 3. [1].
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Figure 3 - The scheme of the beginning (a) and the ending (b) of the technological operation of the light industry

materials perforation and the nature of the changes in the technological perforation effort F

1 - puncher, 2 - material, 3 - cutter plate, 4 - base, A - thickness of the material; F

required for the materials perforation

In case when the perforation is considered
as a cut off by one puncher, multiplied by their
number, the real effort value does not correspond
to the calculation. This is due to the fact that we
neglect factors, which are insignificant when
cutting, but play a significant role in perforation.

These factors include: the geometric factor
(the puncher perimeter, the influence of the
opposite edge, size change of the carving), the
effect of carving deformation, the cutting number
in the puncher channel, etc.

As it is shown from the analysis of
technical literature, in most cases, when design-
ning equipment and calculating the required
technological perforation effort for the imple-
mentation of certain technological operation, the
empirical formula by Kapustin I.1. is used [1]:

Fostmae, = ALK K kN, )

where q - pipe cutting force, N/mm; L -
perimeter of the puncher blade, mm; k, -
coefficient which takes into account the blunt

blade of the puncher (k, =1,1+1,8 at the angle
of the puncher sharpening 4 =10°+30°); k, -

coefficient which takes into account the angle of
the puncher blade sharpening (k,=1,0+35

with the blunt size of the cutting edge of the
puncher b=0,1+0,5mm); k, - coefficient

v

which takes into account the speed of the
perforation process (k,=1+1,95); n - the
number of punters.

But the calculation of the technological

effort by this formula carries a notable error due
to the large coefficients limits.
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perf. IN the material (c):

pert. - technological effort

In order to improve the methodology of
calculation, we conducted a series of experi-
mental researches of the details perforation of the
top of the shoes.

To calculate the technological perforation
effort, a formula based on a known method for
cutting effort calculating is used, but in the light
of our research:

I:perf =(Fcut ’ kinc + F:;zf ) n,

where F, - cutting force; K. -
coefficient of increase of perforation resistance
with small perimeter cutters; P, - extraction
effort of carving from the puncher channel.

Cutting efforts are determined by the
formula [4]:

Fu=k -L:[p-k,+2t-0, (f+t98)].3)
where p - the specific value of elastic

resistance strength of the material; k, -
coefficient which takes

()

into account the
magnitude of cutter blade wearing; t - the
thickness of the cutter immersion into the

material before the ahead gap occurrence; o,

ten
tension of the material compression; f - friction

coefficient between the puncher and the material.

On the basis of conducted experimental
researches it was established that when cutting
the openings of small perimeter there are factors
that significantly increase the resistance of the
cutter immersion into the material. It is found
that the perforation force depends on the puncher
perimeter. Using the puncher with the diameter
up to 5 mm, it is necessary to enter the
coefficient of perforation effort increase. It is
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also found that extra effort is required to extract
the punching from the puncher channel. It
depends on the perimeter, shape and length of
the puncher output channel. Taking into account
the abovementioned factors, it is possible to
significantly improve the accuracy of the perfo-
ration effort calculation.

Let us consider the technological operation
of parts and products marking and branding and
the methodology for technological effort
calculating.

Mechanical marking and branding of a
material is a complex process that runs on
different scale levels. The surface layer at the
parts processing by marking is formed as a result
of complex interconnected phenomena that arise
in the field of deformation and in adjacent zones.
These phenomena include the micro-and
macrostructure of the material; microgeometry of
the surface; change in strength and plastic
properties of the material, which deforms under
the loading influence; elastic and plastic defor-
mations that arise repeatedly; thermal processes
and friction that arise during the operation.

There are various mechanical methods of
parts and products marking and branding.
However, from all mechanical methods of
marking with receipt of impressions on the
surface of parts and products under the influence
of the tool the most common, simple, affordable
and economically justifiable are the shock
method of marking and pressure marking [4].
Under the tool influence on the material, plastic
deformation, its local seal and some ejection
around the contour sign occur.

The method of pressure marking (static
method) is based on the phenomenon of the ma-
terial deformation as a result of immersion of the
working part of the tool (marker head) into the
material due to the gradually increasing effort.

# Frerk

In the static marking method, the tool acts
on a surface that is machined with a certain
constant force, undergoes a smooth single-
wringing of the surface, which is processed
without the action points moving. In this case,
the inertial forces do not significantly affect the
marking process.

Static method, as a rule, provides the tech-
nological process of marking with less action force.

Traditionally, while using the static mar-
king method, the resistance characteristics of the
plastic deformation of the material are used for
determining the required loads.

The factors that influence the resistance to
deformation when marking are the material
properties, the tension state, the deformation
degree, the deformation speed, the temperature.

The main marking parameters are as
follows: elastic and plastic deformation in the
hearth of deformation; contact area between
marking head and the surface of the processed
material; action force on instrument; the tension
occurred from the applied effort; multiplicity of
making effort.

With static, as well as with the impact ac-
tion on the processed surface, a stamp (impress-
sion) from the marker head is formed. The
scheme of the technological operation of parts
and products marking and the nature of the
deformation curve changes of the material during
the marking operation are shown on the fig. 4.
As can be seen from the curve, as the force F
increases, the elastic deformation of the surface
emerges, and then becomes plastic. The shaded
area corresponds to the work required for the ma-

terial deformation; it means the work F re-

mark !
quired for the operation of parts and products
marking.
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Figure 4 - The scheme of the beginning (a) and the ending (b) technological operation of parts and products marking and
the nature of the deformation curve changes of the material during the marking operation (c): 1 — tool; 2 — material; 4 —

base; A, - the depth of the tool immersion into the material; F,
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nark - technological effort of marking
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Technological effort of marking F

mark
defines the working conditions, design perfor-
mance, power and energy characteristics of the
equipment.

When performing the technological
operation of marking or branding of parts and
products made of different materials, with mar-
king heads of different sizes on the equipment; it
is needed to know the technological effort.
Approximate figure of the effort, when marking
and branding various parts and products, can be
determined by the formula [4]:

I:mark max S (4)

- area of the working tool

mark qsp
where S

mark

surface (marker head), mm?% (q. - specific

sp
pressure, N/mm?,

Impact marking method is based on the
phenomenon of material deformation as a result
of immersion in the material its working part of
the instrument under the influence of impact [2].

While using impact method the tool
influences once the entire processed surface or
its part, herewith the action force F in each

cycle varies from zero or from a certain point F,

to the maximum, and in the case of local impact,
the hearth of deformation can consistently and
evenly pass through the whole processed surface.

When using the impact method of the
marking operation, the degree of hardening of
the material increases, which is characterized by
microhardness increasing, the values of
compressive residual tensions and the thickness
of the strengthened layer. Therefore, the impact
method of marking compared with static, depen-
ding on the hardness of the material being pro-
cessed, requires more energy. One of the reasons
for this is that the higher the loading speed, the
less the time of plastic deformation, and, accor-
dingly, the higher voltage when the transition
from elastic deformation to plastic one occurs.

The shock performance of the marking
operation is determined by the impact energy E,
which is applied to the material being processed,
and the material deformation speed. In addition
to the useful operations of deformation, the
working part of the machine spends energy on
the elastic bounce and overcoming frictional
forces. Therefore, its potential energy in carrying
out the operation of different materials marking
should be on 10-20% more than useful operation
of deformation.
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When using the dynamic method of this
technological operation, it is necessary to take
into account the speed of the working body
movement. In view of the fact that the linear
electric motor of a machine with a two-
coordinate system for performing the considered
technological operations operates in a dynamic
mode ( speed of the puncher movement up to 5
m/s), in our opinion, it is necessary to add the
dynamic factor into the formula (4):

I:mark max Smark qsp k\; (5)

where k! - coefficient, which takes into

account the speed of the implementation process
of the marking and branding technological
operation

The interest of the dynamic factor for
different materials will be different.

Conclusions

The developed mechatronic installation is
a new tool that allows expanding the use of CNC
devices in various industries, and also provides
the moving of the actuator in a two-coordinate
system along a complex contour.

The analytical expressions that bind
together the technological effort, properties of
the material, instrument parameters and the
implementation speed of the operation are
obtained during this research. The results of the
study can be used to design the device or
calculate the technological effort, necessary for
the implementation of mentioned operations.
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