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BCTYII

17-18 xBitHa 2025 poky Ha Kadedpi TEXHOJOrII MeTaliB Ta MaTepiajJO3HABCTBA IMEHI
O. M. [lerpuyenka XapKiBCHKOTO HAIiOHAJBHOTO aBTOMOOUIBHO-TOPOXKHBOTO  YHIBEPCUTETY
BigOynacss MixHaponHa KoH(epeHIis 3700yBaviB BHUIIOi OCBITH 1 Mosonux ydeHux «CydacHi
Marepiaay Ta TEXHOJIOTil iXx 00poOkm». Ha koHdepeHIii roJloBHOIO TEMOI OOTOBOPEHHS CTaJIH
NUISIXY 30UTBIICHHS TEPMIHY CITY)KOH JeTaneld MaluH. YYaCHUKHU 30CEPEIHIIUCS Ha IBOX KIFOYOBUX
acrmeKkTax: BHOOpI BHCOKOSKICHHX MaTepialiB 1 3aCTOCyBaHHI €(EKTHUBHUX METOIIB OOPOOKH, SIK
00’eMHO1, Tak 1 moBepxHEeBOi. OcoOMBY yBary Oysio MpUIAICHO MOBEPXHEBiH 00poOIIi, sika BiIirpae
BXJIMBY POJIb Y IiJIBUIEHHI CTIMKOCTI JIO0 3HOIIYBaHHS Ta MOKPAIICHHI 3arajJbHUX MEXaHIYHUX
XapakTepucTHK BpoOiB. Cepelr 00rOBOPIOBAHKX TEXHOJOTIH OyJIM I0HHO-TIA3MOBI IOKPUTTS, I0HHE
O0oMOapryBaHHsI, TOBEPXHEBE TUIACTUYHE JeOopMyBaHHS, JlJazepHa 0OpoOKa Ta I0HHA IMITJIAaHTAIIIS.

JUis  3MIiIHEHHS 30BHIIIHBOTO IIApy JeTalell AaKTHBHO BHKOPHCTOBYIOTH METOJU
HAIUIABJICHHsT pOOOYMX TOBEPXOHb 1 MoOAMGIKyBaHHS JeTajeii TPUOOCHCTEM 3a JIOMOMOTOI
BHCOKOKOHIICHTPOBAHHX MOTOKIB eHeprii. OJHUM 3 TaKUX METOMIB € JeTOHAIlliiHe HAMUJICHHS, 1110
JI03BOJISIE  CTBOPIOBATH TIOKPUTTS 3 YYAOBUMH (DI3UKO-MEXaHIYHUMH Ta TPHOOTEXHIYHUMHU
BJIACTUBOCTSIMHU.

3Ha4yHy YacTHHY KOH(]epeHIii OyJ0 MPUCBAICHO TEXHOIOTISIM 3BapIOBaHHS, POTPEC Y AKUX
Ma€ BUpIIaNIbHE 3HAYEHHS ISl PO3BUTKY PI3HHUX rairy3eil MPOMHUCIIOBOCTI Ta Oy1iBHHUIITBA.

YyacHUKN KOH(EpeHIil MpoBeny Ul JHII OOMIH JTyMKaMH MO0 BUPILNICHHS aKTyaJbHHX
MTUTaHb, [TOB’A3aHUX 3 MIBUIIEHHSIM JOBIOBIYHOCTI MAIlIUH, YJOCKOHAJICHHSIM METO/IiB IOBEPXHEBOT
00pOOKH Ta PO3BUTKOM TEXHOJIOTiH 3BaptoBaHHs. l{eii 0OMiH BUSBUBCS HAJI3BUYAHHO KOPHCHUM Ta
CBOEYACHUM.
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Abstract. The steel-molybdenum coating applied to the piston rings group made of high-strength cast
iron provides good conformability, low wearability rate, and low coefficient of friction is determined.
This fact is explained by the specific characteristics of molybdenum oxides.

Keywords: steel-molybdenum coating, conformability, wearability rate, microhardness, electrolytic
bichromated coating.

PO3POBKA TA 3ACTOCYBAHHA CTAJIEBO-MOJIIBAEHOBOI'O TIOKPUTTSA 1A
HIJIBUIIEHHA 3HOCOCTIMKOCTI NOPIHIHEBUX KLIEITH

Biktop CKPUITHIKOB, 3100yBa4 TpeTHOro (0CBiTHHO-HAYKOBOI'0) PiBHSI BUIIIOI OCBIiTH,
Anjapii HYTIBCBKI/Iﬁ, 3100yBa4 BUIOi ocBiTH rpynu MC-21-23
XapkiBcbKHH HALIOHAJILHUI ABTOMOOJILHO-10POKHIll yHIBepcUTeT

Anomauin. Cmanego-monib0enoge noKpumms, HaHeceHe Ha NOPuIHesy epyny Kileyvb, UOMOBGIEHY 3
BUCOKOMIYHO20 YABYHY, 3a0e3neuye XOpouty npunpaybo8y8aHicms, HU3bKY WEUOKICIb 3HOULYBAHHS,
a makodc eusHauac Husbkuti kKoeghiyicum mepms. Lleti pakm noscHioemvca cneyugivnumu
B1ACMUBOCMAMU OKCUOI8 MONIOOEHY .

Kniwwuosi cnosa: cmaneeo-mwoniooenoge nokpumms, npuoamiicms 00 00pOONeHHs, WBUOKICMb
3HOWYBAHHS, MIKDOMBEPOICMb, eleKMpoaimuite 6ixpomMosane NOKpUmmsi.

Topicality

The significant increase of reliability and endurance of units and machine parts is one of the
main problems in the development of modern engineering.

This problem can be solved by the urgent development of the new technologies, especially,
for the details which work in the condition of friction as well as amortization.

The well-known strengthen technologies have some disadvantages, for example: the
microgeometry of details is changed after strengthening, skellering of the of the product’s surface and
the appearance of stresses inside it, affects the operability of the machine unit, the need to create
special and expensive conditions for the process of strengthening, environmental problems, etc.

! The work was carried out under the supervision of Professor Diana HLUSHKOVA



This scientific research is devoted to the process of planning and investigation of the structure
and the features of piston rings group after coating them with steel-molybdenum.

Research materials and methods

The coatings were applied to the piston rings group made of high-strength cast iron, used in
batch production

At the present time the electrolytic bichromated coating is applied to the piston rings group.

That is why the researches were conducted simultaneously with the piston rings group, which
were reinforcement according to the proposed technology of hardening, the results of the research
were compared by the main features, which characterize serviceability of piston rings group during
operation.

The piston rings, which were to be covered with the steel-molybdenum coating, were grouped
in twenty items. The assembling of the piston rings group was carried out in a special appliance,
imitating the bushing of the working cylinder. Rings on the mandrel were assembled in such a way
that there was no opening of the locks.

On the working surfaces of the piston rings group, a special groove is provided under the
coating, which increases the adhesion of the coating to the substrate.

The technological process of applying the steel-molybdenum coating to the piston rings group
includes the following stages: preliminary cleaning, bead blasting treatment, spraying.

The bead blasting treatment deals with cleaning the surface of the base coat, increase the
surface roughness of the substrate, which increases the total area of the coating adhesion sections
with the substrate and the adhesion of the coating.

Molybdenum and steel wires were fed at a certain speed. The coating was applied by electric
arc spraying on the same mandrel as shot blasting. The molybdenum wire is connected to the positive
pole of the power source, the steel wire to the negative pole.

The application modes of the steel-molybdenum coating are given in the Table 1.

Table 1 — The modes of steel-molybdenum coating sputtering
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The temperature of the piston rings group during the application of the steel-molybdenum
coating is 150°C. The coating was sprayed to a thickness of 0.8 mm. After the coating was applied, a
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mechanical treatment was carried out. The thickness of the coating in the final finished ring is
0.5+ 0.1 mm.

Research results and their discussion

The structure of the steel-molybdenum coating was studied using a metallographic
microscope with an increase from %100 to x300.

The microstructure of the coating has a typical character of gas thermal coats layered with
uniformly spaced pores (Figure 1).

Figure 1 — The microstructure of steel-molybdenum coating, x115

The industrial etching of the samples was carried out with a Murakama reagent (10 g NaOH,
10 g KsFe(CN)s, 10 ml H20), which is used to reveal the structure of Mo and other refractory
materials.

The structure of the steel-molybdenum coating after etching is shown at the Figure 2.
The microstructure of the coating is a combination of molybdenum (dark, etching areas) and steel
(light, non-etching areas).

Figure 2 — The microstructure of steel-molybdenum coating by etching, x115



The large-dispersed component of molybdenum appears with a larger increase in the structure
of the coating, apparently, due to the high rates of crystallization during the coating process
(Figure 3).

Figure 3 — The microstructure of steel-molybdenum coating's surface layer, x400

Besides the two main phases, the other structural components are observed in the coating,
which are to be the products of the interaction of steel and molybdenum wires with oxygen and
nitrogen, as well as products of interaction between molybdenum and steel in the process of plasma
spraying.

The pore size of the coating is 5...10-10® m, which is optimal for piston ring group operating
with significant force and temperature loads.

The porosity of the coating (up to 12 %) provides an increased oil consumption of the rings,
which positively affect both the process of running-in of the working pair of the sleeve-the piston
ring and the operation of the piston ring group during operation.

The control of the adhesion strength of the steel-molybdenum coating to the substrate is
carried out on a special device by twisting the piston ring group with simultaneous bending until the
coating was peeled off. The angle of twist at which the coatings were peeled off is not less than 35°,
which indicates satisfactory adhesion of the coatings.

The measurement of microhardness showed that for molybdenum it is Hu = 550...590, for
steel Hu = 460...560 by the thickness of the coating.

The microhardness of molybdenum increased to Hp =720..760, and steel — to
Hp =520...580. After the tests for wearability.

In order to determine the antifriction properties of the received steel-molybdenum coating of
piston ring group and the propensity to grasp it with the sleeve the tests were conducted to determine
the dependence of the friction coefficient on the load. Samples cut from the chrome and the steel-
molybdenum ring group were tested, when rubbing in pair with disc samples from cast iron.
The investigations were carried out by using a SMC-2 friction machine under step loading.
Lubrication with oil was carried out by dipping, as well as applying it to the working surfaces of the
samples before testing. The results of the tests are shown in Table 2.

The obtained data indicate that the steel-molybdenum coating does not adhere to the sleeve
cast iron in the entire range of loads. And when rubbing under more severe conditions (with a single
lubrication before the test), the friction coefficient at high loads is even less than with excessive
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lubrication. At the same time, samples of chromium-plated rings can withstand less stresses prior to
bulging working under more severe conditions.

Table 2 — The dependence of friction ratio on the load

Friction ratio at the load P, kN
02/04]06]08[]10]12][14]16]18]20
Chromium Dipping |0,079|0,077/0,082/0,077|0,074 Tearing
Steel-molybdenum coating —  |0,066|0,068/0,072/0,070/0,070{0,072/0,072/0,072/0,072
Chromium Applying |0,098/0,099|0,103 Tearin
Steel-molybdenum coating —  0,068]0,069/0,070{0,070/0,072]0,072/0,062]0,067|0,067

Ring Lubricants

0,072

0,065

Thus, the obtained results indicate a higher resistance to corrosion and better antifriction
characteristics of piston rings with a steel-molybdenum coating in comparison with electrolytic
chromium plating.

The durability tests were carried out in comparison with chrome-plated piston rings in order
to determine the wearability and wear resistance of a steel-molybdenum coating, when it was paired
with a sleeve. The test was carried out on a CMC-2 machine with reciprocating motion for two hours
under load 1 kN and a sliding speed of 1.3 m/h. Lubrication — immersion in oil.

The wear rate by the mass of the disc (liner) and the shoe (ring) treated by the existing
technology (electrolytic chromium plating) and after the application of the steel-molybdenum coating
are presented for comparison of the histogram in Figure 4.

6 3
5
4 B The |nten§|§v 2 B The intensity of

of wearability ili

: wearability by
3 by weight of i
weight of the
, the pads 1 disc (sleeves)
. *

(rings) x10*9 x10*8 g/m
. g/m
0 - 0 '

1 2 1 2
a b

1 — chrome plated coating; 2 — steel-molybdenum coating
Figure 4 — The histogram of the intensity of wearability by weight of the pads (rings) «a» and the
disc (sleeves) «b»

The results indicate that the steel-molybdenum coating is more wear-resistant than
electrolytically chrome plated. The steel-molybdenum coating minimizes the mating material to a
lesser extent and has a lower coefficient of friction

In Figure 5 depicts the dependence of the wearability of the piston ring group, chromed and
with a steel-molybdenum coating, on the test time is in the fig. 5.
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Figure 5 — The dependence of wearability of piston ring group on test time

The analysis of the obtained results testifies to faster workability of piston ring group with the
steel-molybdenum coating. For a piston ring group with a steel-molybdenum coating, a lower wear
rate is also characteristic, which is confirmed by the obtained data on the good antifriction properties
of these coatings.

Such a complex of parameters of steel-molybdenum coating can be explained by the specific
properties of molybdenum oxides, which can have an additional lubricating effect, acting as a solid
lubricant. In addition, the high melting point of molybdenum (2600°C) contributes to a lesser
propensity to set (weld) the mating materials.

The difference in the parameters of the crystalline structure of molybdenum and Feq, which
is the basis of the metallic matrix of cast iron facilitated decrease in setting. Molybdenum crystallizes
with the formation of a body-centered cubic lattice with a period a =3.1474, whereas in Feq
a = 2.8665 (in chromium, the lattice period is a = 2.8829).

Conclusions

1. The technology for applying a steel-molybdenum coating is proposed.

2. The investigation of the structure of the steel-molybdenum coating showed that it has a
heterophase structure.

3. The porosity of steel-molybdenum coating provides increased oil consumption of the rings,
which positively affects the process of running-in of the working pair of the cartridge-piston ring.

4. The coefficient of friction of the steel-molybdenum coating is 20 % lower than that of the
chrome plated coating for all the studied loads.

5. The wear rate of the chrome ring is 2 times higher than that of the ring with a steel-
molybdenum coating.

6. The piston ring group with a steel-molybdenum coating are characterized by faster
workability than rings with chrome plated coating.
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7. The basis for a higher complex of antifriction properties and wear resistance of piston rings
with a steel-molybdenum coating as compared to chrome plated is given.
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DEPOSITED BY THE GAS-THERMAL METHOD ?

Viktor SKRIPNIKOV, postgraduate student,
Serhii SELEZNIOQV, student of group MC-21-23
Kharkiv National Automobile and Highway University

Abstract. The steel-molybdenum coating applied to the piston ring group made of high-strength cast
iron provides good conformability, low wearability rate, and low coefficient of friction is determined.
This fact is explained by the specific characteristics of molybdenum oxides.

Keywords: steel-molybdenum coating, conformability, wearability rate, microhardness,
characteristics of molybdenum oxides.

PO3POBKA TA 1OCIIIKEHHSA CTAJTEBO-MOJIIBJAEHOBOI'O IOKPUTTHI,
HAHECEHOI'O 'A3BOTEPMIYHUM METOJ1OM

Biktop CKPUITHIKOB, 3100yBa4 TpeTHOro (0CBiTHHO-HAYKOBOI'0) PiBHSI BUIIIOI OCBIiTH,
Cepriii CEJIE3HbOB, 3100yBay Buioi ocsitu rpynu MC-21-23
XapkiBcbKHH HALIOHAJILHUI ABTOMOOJILHO-10POKHIll yHIBepcUTeT

Anomauin. Cmanego-monib0enoge noKpumms, HaHeceHe Ha NOPuIHesy epyny Kileyvb, UOMOBGIEHY 3
BUCOKOMIYHO20 YABYHY, 3a0e3neuye XOpouty npunpaybosy8anHicms, HU3bKy WEUOKICIb 3HOULYBAHHS,
a makodc eusHauac Husbkuti kKoeghiyicum mepms. Lleti pakm noscHioemvca cneyugivnumu
Xapakxmepucmukamu OKCuoie Moiooeny.

Knwuosi cnosa: cmanv-moniooenoee nokpumms, npunpaybo8y8anicmy, WEUOKICIb 3HOULYBAHHS,
MIKpomeepoicmy, 81aCMUBOCMI OKUCLI8 MOIIOOEH).

Analysis of publications

Significantly improving the reliability and durability of machined components and parts is
one of the main challenges for the development of modern engineering.

This problem can be solved through the urgent development of new technologies, especially
for parts that operate under friction and depreciation.

The known hardening technologies have a number of disadvantages, such as changes in the
microgeometry of parts after hardening, weakening of the product surface and the appearance of
stresses inside it, which affects the performance of the machine assembly, the need to create special
and expensive conditions for the hardening process, environmental problems, etc.

2 The work was carried out under the supervision of Professor Diana HLUSHKOVA
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This scientific study is devoted to the process of planning and studying the structure and
properties of piston rings after applying steel-molybdenum coatings to them.

Research materials and methods

The coating was applied to a group of piston rings made of high-strength cast iron used in
mass production

Currently, an electrolytic bichrome coating is being applied to a group of piston rings.

Therefore, the research was carried out simultaneously with a group of piston rings that were
strengthened using the proposed strengthening technology, and the research results were compared
with the main features that characterise the performance of a group of piston rings during operation.

The piston rings, which were to be coated with a steel-molybdenum coating, were grouped in
twenty pieces. The group of piston rings was assembled in a special fixture that imitates the bushing
of a working cylinder. The rings on the mandrel were assembled in such a way that the locks were
not opened.

The working surfaces of the piston rings have a special groove for the coating, which increases
the adhesion of the coating to the base.

The technological process of applying steel-molybdenum coating to piston rings includes the
following stages: preliminary cleaning, shot blasting, and spraying.

Shot blasting involves cleaning the surface of the base coating, increasing the surface
roughness of the substrate, which increases the total area of the coating adhesion to the substrate and
the coating adhesion.

The molybdenum and steel wire were fed at a certain speed. The coating was applied by
electric arc spraying on the same mandrel as the shot blasting. The molybdenum wire was connected
to the positive pole of the power supply, and the steel wire to the negative pole.

The modes of applying the steel-molybdenum coating are shown in Table 1.

Table 1 — The modes of steel-molybdenum coating sputtering
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The temperature of the piston ring group during the application of the steel-molybdenum
coating is 150°C. The coating was applied by spraying to a thickness of 0.8 mm. After the coating
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was applied, machining was performed. The thickness of the coating in the final finished ring is
0.5+ 0.1 mm.

Research results and their discussion

The structure of the steel-molybdenum coating was examined using a metallographic
microscope with a magnification of x100 to x300.

The microstructure of the coating has a typical character of gas-thermal coatings, layered with
evenly spaced pores (Figure 1).

Figure 1 — The microstructure of steel-molybdenum coating, x115

Industrial etching of the samples was carried out with Murakama's reagent (10 g NaOH, 10 g
KzFe(CN)3, 10 ml H20), which is used to determine the structure of molybdenum and other
refractories.

The structure of the steel-molybdenum coating after pickling is shown in Figure 2.
The microstructure of the coating is a combination of molybdenum (dark, etched areas) and steel
(light, unetched areas).

Figure 2 — The microstructure of steel-molybdenum coating by etching, x115
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The coarse molybdenum component appears with a greater increase in the coating structure,
apparently due to the high crystallisation rate during the coating process (Figure 3). In addition to the
two main phases, other structural components are observed in the coating, which must be products of
the interaction of steel and molybdenum wires with oxygen and nitrogen, as well as products of the
interaction of molybdenum steel during the plasma spraying process.

Figure 3 — The microstructure of steel-molybdenum coating’s surface layer, x400

The pore size of the coating is 5...10-10° m, which is optimal for the piston-ring group
operating under significant power and temperature loads.

The porosity of the coating (up to 12 %) provides increased oil capacity of the rings, which
has a positive effect on the process of running-in of the liner-piston ring working pair and on the
operation of the piston-ring group during operation.

The adhesion strength of the steel-molybdenum coating to the substrate is checked using a
special device by twisting the piston ring group and simultaneously bending it until the coating peels
off. The twisting angle at which the coating peels off is at least 35°, which indicates satisfactory
adhesion of the coatings.

The measurement of microhardness showed that for molybdenum it is Hu = 550...590, for
steel Hu = 460...560 by the thickness of the coating.

The microhardness of molybdenum increased to Hp =720..760, and steel — to
Hp =520...580. After the tests for wearability.

In order to determine the antifriction properties of the obtained steel-molybdenum coating of
piston rings and its tendency to engage with the liner, tests were carried out to determine the
dependence of the friction coefficient on the load. Samples cut from chromium and steel-
molybdenum ring groups were tested under friction in conjunction with disc samples made of cast
iron. The research was carried out on the SMC-2 friction machine under step load. The oil was
lubricated by immersion and applied to the working surfaces of the samples before testing. The test
results are shown in Table 2.

The data obtained indicate that the steel-molybdenum coating does not stick to the cast iron
of the liner over the entire load range. And when friction occurs under more severe conditions (with
a single lubrication before the test), the friction coefficient at high loads is even lower than with
excessive lubrication. At the same time, samples of chrome rings can withstand lower loads before
bulging, working in more severe conditions.
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Table 2 — The dependence of friction ratio on the load

Friction ratio at the load P, kN

Ring Lubricants =552 70,6 | 0,8 | 1.0 | 12 ] 1.4] 1.6 | 1.8 | 2.0
Chromium Dipping |0,079/0,077/0,082/0,077|0,074 Tearin
Steel-molybdenum coating — 0,066|0,068/0,072/0,070[0,070[0,072/0,072]0,072/0,072/0,072
Chromium Applying ]0,098/0,099|0,103 Tearing

Steel-molybdenum coating 0,068/0,069/0,070/0,070/0,072/0,072/0,062/0,067/0,067/0,065

Thus, the results obtained indicate higher corrosion resistance and better anti-friction
characteristics of steel-molybdenum-coated piston rings compared to electrolytic chrome plating.

Durability tests were carried out in comparison with chrome-plated piston rings to determine
the wear resistance and wear resistance of the steel-molybdenum coating in combination with the
liner. The tests were carried out on a CMC-2 reciprocating machine for two hours at a load of 1 kN
and a sliding speed of 1.3 m/h. Lubrication was by immersion in oil.

The wear rate by weight of the disc (liner) and pad (ring) treated with the existing technology
(electrolytic chrome plating) and after applying the steel-molybdenum coating is shown for
comparison in the histogram in Figure 4.

6 3
5
’ " lntenS'I’Fy 2 M The intensity of

of wearability >
3 by weight of wearability by

weight of the
2 e pac 1 disc (sleeves)
i *

(rings) x10*9 (108 gm
1 g/m
0 - 0 .

1 2 1 5
a b

1 — chrome plated coating; 2 — steel-molybdenum coating
Figure 4 — The histogram of the intensity of wearability by weight of the pads (rings) «a» and the
disc (sleeves) «b»

The results show that the steel-molybdenum coating is more wear-resistant than electrolytic
chrome plating. The steel-molybdenum coating minimises the wear of the mating material to a lesser
extent and has a lower coefficient of friction.

Figure 5 shows the dependence of the wear of a chrome-plated and steel-molybdenum-coated
piston group on the test time.

The analysis of the results shows that the piston rings with steel-molybdenum coatings have
faster wear. The group of steel-molybdenum-coated piston rings is also characterised by a lower wear
rate, which is confirmed by the data obtained on the good antifriction properties of these coatings.

This set of parameters of steel-molybdenum coatings can be explained by the specific
properties of molybdenum oxides, which can have an additional lubricating effect by acting as a solid
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lubricant. In addition, the high melting point of molybdenum (2600°C) contributes to a lower
tendency to adhere (welding) of the materials being joined.

60 -

30 - 2

U

15 —— ¢

0 6 12 18 24 30
Testing time, hour

Weight wearability of the ring, mG

1 — chrome ring; 2 — ring with steel-molybdenum coating
Figure 5 — The dependence of wearability of piston ring group on test time

The difference in the parameters of the crystal structure of molybdenum and Fe,, which is the
basis of the cast iron metal matrix, contributed to a decrease in the setting rate. Molybdenum
crystallises to form a face-centred cubic lattice with a period of a = 3.1474, while Fe, has a period of
a = 2.8665 (chromium has a lattice period of a = 2.8829).

Conclusions

1. The technology of applying steel-molybdenum coating is proposed.

2. The study of the structure of the steel-molybdenum coating showed that it has a heterophase
structure.

3. The porosity of the steel-molybdenum coating provides increased oil consumption of the
rings, which positively affects the process of running-in of the working pair liner-piston ring.

4. The coefficient of friction of the Steel-molybdenum coating is 20 % lower than that of the
chrome coating for all studied loads.

5. The wear rate of a chrome-plated ring is 2 times higher than that of a steel-molybdenum-
coated ring.

6. Steel-molybdenum-coated piston rings are characterised by higher wear resistance than
chrome-coated rings.

7. A higher complex of antifriction properties and wear resistance of piston rings Steel-
molybdenum coating compared to chrome-coated ones have been substantiated.
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Abstract. It is determined that iron-molibdenic coating, which is applied on the surface of piston
rings made of high-test cast iron, provides good running-in, low intensity of wearing, low coefficient
of friction. This fact is explained by specific properties of molibdenic oxide.

Keywords: steel-molibdenic coating, running-in, rate of wear, micro-hardness, electrolytic chrome
coating.

JOCJIKEHHSI IOBMOBIYHOCTI CTAJIEMOJIBAEHOBOI'O TA
EJIEKTPOJIITUYHOI'O XPOMOBOI'O ITOKPUTTS, HAHECEHOI'O HA TTOPIIHEBI
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Biktop CKPUITHIKOB, 3100yBa4 TpeThOro (0CBITHHO-HAYKOBOI'0) PiBHSI BHIIOI OCBITH,
Apocaas BOBK, 3100yBau Bumioi ocsitu rpynu MC-31-22,
Hiana IJIYIHKOBA, npodecop
XapKiBCbKH HAIOHAJILHUH AaBTOMOOITbHO-10POKHIN YHIBEpCHTET

Anomauia. Bcmanoeéneno, wo cmane mMonio0eHoge noKpummsi, wo HAHeCeHo HA NOPUIHEB] Kilbys 3
BUCOKOMIYHO20 4a8yHy, 3abe3neuye 000py nponpaybo8aHicmv, Many IHMEHCUBHICIb 3HOULYBAHHS,
manuii koeiyieum mepms. Leu pakm o6rpynmogyemvcs cheyu@ivHumu 61acmugoCmamu OKUCLI8
MONIOOEHY.

Knrwouoei cnosa: cmaneso-moniboenose nokpummsl, NPUNpayO8aHHs, iHMeHCUEHICMb 3HOULYBAHHS,
MIKpOmeepoicmoy, eleKmpoiimuyHe Xpomy6anHs.

Research results and their discussion

For machine parts, operating in conditions of friction and wear, such as piston rings, one of the
main operational properties is durability.

Up-to-date reinforcement technology has a number of drawbacks. In this paper, there has been
made a comparison of properties of durability obtained while using the technology in question — steel-
molybdenum coating.

Coating was applied to piston rings made of high-test cast iron used in mass production.

% The work was carried out under the supervision of Professor Diana HLUSHKOVA
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The technological process of applying steel-molybdenum coating includes the following steps:
pre-treatment, shot blasting and spraying properly.

Shot blasting is intended for cleaning the substrate, increasing the surface roughness of the
substrate, which increases the total area of coating coupling portions with the base coating and coating
adhesion.

Steel and molibdenic wires were fed at a certain speed. Coating was applied by arc spraying on
the same mandrel as blasting. The molibdenic wire was attached to the positive side of the supply, the
steel wire — to the negative one.

The temperature of the piston ring in the process of steel-molibdenic coating applying is 150°C.
Coating was sprayed to the thickness of 0.8 mm. After being coated, the piston ring was resurfaced.
The coating thickness has finally finished ring is 0.5 £ 0.1 mm.

In order to determine the anti-friction properties of compared coatings and their tendency to grasp
the sleeve, there were conducted tests to determine the dependence of the friction coefficient on the load
by using the SMC-2 friction machine at stepped loading. The test results are shown in Table 1.

Table 1 — Dependence of the friction coefficient on loads

Friction coefficient under load P, kN

Ring | Lubrication 5502706 ] 08 | 10 | 12 | 14 | 16 | 18 | 20
Ch;?;?e'gm‘ Dipping | 0,079|0,077|0,082 | 0,077 | 0,074 scoring

Steel- 1 pinning | 0,066/ 0,068 0,072|0,070|0,070| 0,072| 0,072| 0,072| 0,072 | 0,072
molibdenic
Chromium |\ rication |0,098| 0,099 0,103 scoring

plated

Steel- 1) prication | 0,068] 0,069 0,0700,070|0,072|0,072| 0,072| 0,067 | 0,067 | 0,065
molibdenic

The data obtained proves that the steel-molibdenic coating is not grasped by the cast iron of the
sleeve within the entire load range. It occurs at friction under tougher conditions (with a single lubrication
before the test) by friction coefficient with abundant lubrication. At the same time, samples of chromium-
plated rings when operating under more ardent conditions resist lower loading before scoring occurs.

Thus, the results obtained indicate a higher resistance to scoring and better anti-friction
characteristics of piston rings with steel-molibdenic coating in comparison with the electrolytic chrome
plating.

Comparative tests for durability and wear ability of steel-molibdenic coating for burnishing it with
the sleeve in comparison with chromium-plated piston rings are carried out.

The load constituted 1 kN, the sliding velocity — 1.3 m/s.

In Figure 1 there are shown for comparison histograms of the rate of wear according to the mass
of the disk (sleeve) and the block (ring) with electrolytic plating and steel-molibdenic coating.

The analysis of the results obtained indicates that the steel-molibdenic coating is more durable
than the electrolytic plating. Steel-molibdenic coating results in less wear of the matching material surface.

In Figure 2 it is shown the dependence of piston ring wear, chrome-plated and steel-molibdenic
ones, from the beginning of the test.

The analysis of the results obtained indicates a more rapid run-in with steel-molibdenic piston ring
coating.
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Wear rate according to the mass

of the block (ring) x10°, g/m
Wear rate according to the mass

of the disc (sleeve) x108, g/m

a b

1 — chromium coating; 2 — steel-molibdenic coating
Figure 1 — Histograms of the wear rate according to the weight of the block (ring) (a) and the disc
(sleeve) (b)

Ring wear by weight mg

0 6 12 18 24 30
Testing time, hour

1 — Chromium-plated ring; 2 — Ring with steel-molibdenic coating
Figure 2 — Dependence of piston rings wear on the time of test conducting

A set of such indicators of steel-molibdenic coating can be explained by specific properties of
molybdenum oxides, which can provide additional lubricity. In addition, the high melting point of
molybdenum (2600°C) contributes less to grasping of (fusion) mating materials.

Conclusions

1. There was offered the technology of steel-molibdenic coating applying.
2. Under all investigated loads by the coefficient of friction steel-molibdenic coating is 20 %

lower than the chromium plated one.
3. The rate of chromium plated ring wear is 2 times higher than that of the steel-molibdenic

ring.
4. Piston rings with steel-molibdenic coating differ for more rapid running-in ability
(conformability) than the chromium- plated ones.
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5. The substantiation of a higher complex of antifriction properties and wear resistance of
piston rings with steel-molibdenic coating in comparison with the chromium-plated ones is presented.
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Abstract. Piston rings in the process of operation are subject to wear. Non-sufficient wear resistance
of piston ring materials often limits the growth of productivity of machines and the timing of their
operation. It is not always that the desired set of properties of piston rings made of cast iron can be
achieved by traditional methods of thermal or chemical-thermal treatment. Thus, application of
traditional boriding methods associated with diffusion of boron into the solid phase leads to
formation of the working layer having high brittleness. Therefore, the actuality of the problem is to
increase the wear resistance of piston rings without embrittlement. Use of laser heating at boriding
provides the formation of a new layer with special properties. However, the optimum properties can
only be achieved after establishing a relationship between the parameters of running a process and
the depth of the borated layer. The goal was to determine the effect of laser heating parameters on
the structure and depth of the borated layer, since the properties of piston rings depend on the depth
of the latter. The studies conducted revealed that the increase in the speed of displacement of the part
in the process of laser heating reduces the depth of the borated layer. Such a dependence is observed
both at 0.15 mm thickness of coating and at a thickness of 0.30 mm. For all modes of workpiece
displacement speed for the used boron containing envelope with the above-specified thickness a
higher thickness of the borated layer and the heat affected area corresponds to a higher thickness of
coating. Increase of the spot size leads to an increase in the depth of the layer. By X-ray and
metallographic diffraction there were decoded the phases and structural constituents of the borated
layer. X-ray diffraction and microstructural analysis revealed an association between the exposure
speed and share of high-boron layer structures. It is shown that the borated layer in the ductile iron
includes such phases as FeB, Fe2B, a-phase, and borocementite Fez (B, C). The research results can
be extended to other parts subject to intensive wear.

Keywords: piston rings, borated layer, laser heating.

OCOBJIMBOCTI JIABEPHOI'O BOPYBAHHSA

Irop ITACTYUIKO, 3100yBa4 TpeTHOro (0CBiTHHL0-HAYKOBOI0) PiBHSI BUILOI OCBIiTH,
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Anomauin. Ilopwnesi xinoys 6 npoyeci excniyamayii niooaromecs 3Houtysanuioo. Hedoocmamms
3HOCOCMIUKICMb Mamepianié NopuiHesux Kileyb 4acmo 0OMeNCYE 3POCMAHHA NPOOYKMUBHOCMI
Mawun i mepminu ix excnayamayii. He 3a6xxcou b6asxxcanuti KOMIIEKC 81acmugocmel NOPUIHesUx

* The work was carried out under the supervision of Professor Diana HLUSHKOVA
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Kileyb 3 4asyHy Mmooice Oymu O0CASHYMUN MPAOUYIUHUMU Memooamu mepmiuHoi abo Ximiko-
mepmiunoi 06pooxu. Tak, 3acmocysants mpaouyitiHux Memooie OOpyS8anHs, 08 A3aHUX 3 OUQPY3icio
bopy 6 meepdy azy, npuzeooums 00 GopmysanHs podOH020 WApy 3 BUCOKOIO KPUXKICIO.
Tomy akmyanvhoro npobremoro € nio8uUWeHHs 3HOCOCMIUKOCII NOPUHeSUX Kileyb 6e3 OKPUXUEHHS.
Buxopucmanna nazepnoco nacpigy npu 6opyeanui 3abesneuye hopmyeaHHs HO8020 wiapy 3i
cneyianoHumu eracmusocmsamu. OOHAK ONMUMATbHUX GIACTIUBOCHEN MONCHA 0CAIU Jiulle NiCs
BCTNAHOBIEHHS 83AEMO368 SI3KY MIdNC NAPAMEMpPaMu 6e0eHHs Npoyecy ma 2iubUuHorw 60po8aHo2o
wapy. Memoto pobomu 6y10 8UHAYEHHS 6NIUBY NAPAMEMPIB NA3EPHOCO0 HACPIBAHHS HA CMPYKMYDY
ma enubuHy 60posanoco wapy, OCKLIbKU 6i0 2NUOUHU OCMAHHLO2O 3ANeHCAMb GLACHMUBOCTI
nopwnesux Kireywv. Ilposedeni docnioxcenHs nokazanu, wo 30i1bulenHs WeUOKOCMI nepemiljerHs
demarni 8 npoyeci 1a3epHo20 HA2PIBAHHS 3MEHULYE 2IUOUHY bopamosanozo wapy. Taxa 3anedxcHicms
cnocmepieacemvcs AK npu moswuni nokpumms 0,15 mm, max i npu moswuni 0,30 mm. /[ns 6cix
PedHCUMI6 WBUOKOCMI NepeMijeHHA 3a20mosKuU Oid BUKOPUCTOB8YBAHOI OOPEMICHOI 000IOHKU 3
BUUEBKA3AHOI0 MOBWUHOIO OLIbWIN MOSUWUHI ODOPOBAHO20 wapy ma NIOWI MEPMIYHO20 BHIUBY
gionogioae Oinvbuia MosWUHA NOKpUMmM. 30IbUeHHs PO3MIPY NAAMU NPU3BOOUMb 00 30LTbUIEHHS
enubunu wapy. Memooamu penmeeniecokoi ma memanoepagiunoi oughpaxyii 6yiu po3wugpposari
Gdasu ma cmpykmypui cknadoei  b6oposanozo wapy. Penmeeniécoka oOugpaxyis  ma
MIKPOCMPYKMYPHUU AHATI3 BUABUIU 38 30K MIdHC UBUOKICMIO eKCRO3UYii ma 4acmkor cCmpykmyp 3
gucoxkum emicmom 6opy 6 wiapi. Ilokasano, wo 6opamosanull wiap y KOBKOMY 4agyHi CKI1a0aemuvcs 3
maxux ¢asz, sk FeB, Fe:B, a-¢haza ma 6opoyemenmum Fez (B, C). Pezyromamu 0ocniodiceHsb
MOdHCYMb OYMu NOWUpeHi Ha iHwi demari, wo nid0armvCs IHMEHCUBHOMY 3HOULYBAHHIO.

Knwuoei cnoea: oOemonayiiine noxpumms, NO8epxHs, Gpakman, MIiYyHICMb, 2I0OPOMOIOM,
MaAmMemMamuyHa Mooeib.

Introduction

One way to improve the performance properties of cast iron piston rings, exposed to abrasion,
is boriding. However, the use of traditional boriding methods associated with diffusion of boron into
a solid phase lead to the formation of a working layer having high brittleness. Therefore, the actual
problem is the development of a different method of surface hardening, not leading to embrittlement.
Implementation of such a process can be carried out using laser heating accompanied by surface layer
melting. However, this method can be offered to be used in the production only after a detailed study
of the relationship between the parameters of process implementation and the depth of the layer, as
well as after studying the peculiarities of structure formation under specific conditions of laser
boriding. The properties of the product on which a borated layer is applied depend on the depth of
the latter.

Analysis of publications shows that the technique of increasing the wear resistance of piston
rings by boriding, conducted using non-traditional methods, but using the latest technologies has not
been has not been developed so far. In sources [1-3] they proposed to increase durability by either
traditional borating, or laser treatment. However, there is no association of these two technological
processes.

Implementation of such a process can be carried out by establishing the interrelation between
the parameters of laser heating and the depth of the borated layer.
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The objective of this work was to determine the influence of laser action parameters into the
depth of the borated layer and revealing the features of structure formation of such layers.

Research materials and methods

The research material applied was ductile iron containing C =3,47 %, Si=2,15 %,
Mn = 1.36 %. After pretreatment, it had a ferrite-perlite structure (85-90 % perlite). The size of
nodule corresponds to 3 points.

Laser treatment was carried out using the continuous CO; laser. At a constant irradiation
power, they varied the speed of movement of the sample in the range of 2-4 mm/sec. The thickness
of coating boron was 0.15 mm and 0.30 mm. Conditional defocusing (Fcong) allowed to change the
irradiation spot diameter from 2 to 4 mm. A mixture of amorphous boron with acetone and zapon
varnish was used as a coating material.

The structure, phase composition, the depth of the borated layer was studied by optical
microscopy, using conventional and staining etching as well as X-ray structural analysis.

Research results and their discussion

With the help of etching by a 4 % nitric acid solution, revealing the entire layer structure, it
was established that the change in the metal structure as a result of doping occurs only in the melting
zone. Study of the profile of the reflow zone boundary indicates that a deeper penetration of the metal
matrix occurs near the graphite inclusions that confers the border in waves.

Figure 1 shows the dependence of the depth of the borated layer on the speed of workpiece
displacement for two cases — with a coating thickness of 0.15 and 0.30 mm (curve 1 and 2
respectively).

0,8

07 \

0,6 =

0,5 T~

0,4 \l\

03 E—"
02
0.1

a

CJIOHA, MM

Depth of the boron layer, mm

2 3 4
V, mm/sec :

1 — 0.3 mm thickness of coating; 2 — 0.15 mm thickness of coating
Figure 1 — Dependence of the depth of the borated layer on the rate of workpiece displacement

The graph shows that with an increase in the velocity of sample movement the depth of the

borated layer decreases. Such dependence is observed both at 0.15 mm thickness of coating and at a
thickness of 0.30 mm. Over a full range of speeds of workpiece movement for the applied boron
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containing coating with the specified thickness a greater thickness of the borated layer and HAZ
corresponds to greater thickness of coating.

Figure 2 shows a histogram of the depth of the borated layer with a thickness of 0.3 mm and
the workpiece velocity of 2 mm/s for the spot diameter 2 and 4 mm, and Figure 3 presents the same
histogram in case of specimen velocity of 4 mm/sec.
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Figure 2 — Histogram of the borated layer depth with a thickness of 0.3 mm and specimen velocity
of 2 mm/s for different diameter of the spot

Figure 3 Histogram of the depth of the borated layer with a thickness of 0.3 mm and specimen
velocity of 4 mm/sec for different spot diameter.
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The above histograms show that the variation of defocusing conditions, the consequence of
which is the change of the spot diameter irradiation, results in a noticeable change in the depth of the
layer of laser doping. Thus, reducing the defocus, ceteris paribus, the result of which there is a
decrease in spot diameter, it causes a decrease in the depth of laser irradiation.

It can be assumed that the resulting effect is due to a significant increase in the surface
temperature resulting in intense evaporation of the coating layer, increasing the energy costs for
evaporation.
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X-ray analysis showed that the borated layer in the ductile iron contains such phases as FeB,
Fe2B, a-phase, borocementite Fes (B, C).

A comparison of microscopic and X-ray analysis with diagrams of state Fe-B and Fe-Fe2B-
FesC revealed that these phases at crystallization of melt can form throughout the volume of the
molten layer various structural components: a mixture of peritectic type (FeB + Fe2B), hypereutectic,
eutectic and hypoeutectic structures.

Differentiation of phases in various structures is carried out by the method of colouring
etching; by the analysis of primary crystals forms.

Excess a-phase is formed from vy-phase primary crystals according to the martensitic
mechanism. Borocementite Fez (B, C) and borides FeB, Fe;B differ by metallography — by excess
crystals form and the behaviour during staining etching.

Primary borocementite crystals present plate-clustering — flat dendrites, which in cross
sections are perpendicular to the surface, are detected in the form of thin strips.

In accordance with the ternary diagram borocementite can be formed not only by direct
crystallization from a liquid solution, but also as a result of peritectic transformation [2].

Structurally-free crystals of borides Fe2B are observed in the form of rodlet crystals having in
the cross-section the shape of squares, rhombus, triangles, i.e., of all possible cross-sections of the
tetragonal prism.

Eutectic components of structures in the borated layer are characterized by a definite structure
diversity and dispersion.

The eutectic point in different layers and within the same layer is different by both different
dispersion ability and various quantitative relation between the phases.

Comparing the patterns of layers with the comparable depth illustrates the effect of coating
depth on the structure. For example, a three-zone layer with predominance of eutectic and
hypoeutectic structures can become dual-zone with hypereutectic and eutectic zones with a
predominance of the first one when changing the thickness of coating from 0.3 to 0.15 mm.

With increasing the exposure rate, under otherwise equal conditions of treatment there is a
decrease in the depth of the layer, i.e., the volume of the molten metal bath decreases and
consequently — the amount of boron dissolved in it increases therein. The data of X-ray diffraction
and microscopic analysis reveal a change in the layer composition. X-ray diffraction shows an
increase in the intensity of borocementite lines with the growth of irradiation rate, and
microstructurally it is revealed by an increase in the share of structures with a high content of boron.

Conclusions

1. It was established that when conducting laser boriding with an increase in RMS-velocity of
sample movement the depth of the borated layer decreases.

2. The histograms of the borated layer indicate the increase of the latter with an increase of
the irradiation spot diameter from 2 to 4 mm.

3. X-ray and metallographic diffraction detected the phases and structural composition of the
borated layer.

4. The effect of coating thickness on the structure is established.

5. X-ray and microstructural diffraction analysis revealed a connection between the RMS-
irradiation growth and the share of high-boron structures in the layer.
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6. The results of the research can be recommended for implementation in production of both
piston rings and other parts made of ductile iron subjected to wear during operation.
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MECHANISMS OF STRENGTHENING OF HIGH-SPEED STEELS IN THE PROCESS OF
ION-PLASMA NITRIDING ®

Bohdan SEREDA, student of group 1-22/2mt,
Denys LOPARYEYV, student of group 1-22/2mt-3,
Tatiana HOVORUN, Associate Professor, Khrystyna BERLADIR, Associate Professor
Sumy State University

Abstract. The mechanisms of surface hardening of two types of high-speed steels AISI M2 and M41
during ion-plasma nitriding were analysed. The structural-phase composition of the modified layers
was studied depending on the conditions of their production, and the functional properties after
treatment were determined. After ion-plasma nitriding, the microhardness of the surface layer of
steels AISI M2 and M41 increases to 10-12 GPa, depending on the structural-phase state. The results
obtained showed high resistance of the coatings to friction and wear, which makes them effective in
critical operating conditions.

Keywords: high-speed steel, ion-plasma nitriding, microstructure, microhardness, wear resistance.

MEXAHI3MH 3MIITHEHHS IIBUJIKOPI3AJIbHUX CTAJIEH Y IPOLIECI IOHHO-
IIVTABMOBOI'O A3OTYBAHHA

Borpnan CEPEJIA, 3100yBay4 Bumoi ocitu rpynu I-22/2mr,
Henuc JTOITAPEB, 3100yBay Bumoi ocsitu rpynu 1-22/2mt-3,
Terana TOBOPYH, nouent, Xpuctuna BEPJIAIP, nouent
CymcbKkuii 1ep:kaBHUI YHiBepcHTeT

Anomauia. [Ipoananizoeano mexamizmu smMiyHeHHs NOGEPXHI 080X MUNIE WEUOKOPIZANbHUX CIalel
AISI M2 ma M41 nio uac ionno-nnazmosoco azomyeanus. Bugueno cmpykmypHo-gazosuii ckiao
MOOUDIKOBAHUX WAPIB 3ANENHCHO BI0 VMO8 iX OMPUMAHHA MA BU3HAYEHO QYHKYIOHATbHI
enacmugocmi nicis 0opooku. Ilicis ioHHO-NIA3M08020 A30MYBAHHS MIKPOMEEPIiCMb NOBEPXHEBO20
wapy cmaneu AISI M2 ma M41 3pocmae oo 10-12 I'l1a, 3anesxcro 6i0 cmpykmypHo-¢az06020 cmamy.
Ompumani pezyromamu noKa3aiu UCOKY CMItKiCMb NOKPUMMIE 00 mepmsi ma 3HoCy, wjo pooisimo
ix eghekmusHUMU Y BIONOBIOATLHUX YMOBAX eKCNILYAmayii.

Knwuosi cnosa: weuokopizanbna cmanb, IOHHO-NAA3MOBE A30MYBAHMSA, MIKPOCMPYKMYpaA,
MIKpomeepoicmsb, 3HOCOCMIUKICMb.
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Introduction

Steels AISI M2 and M41 are among the most common high-speed steels, widely used in the
production of cutting tools for processing various materials, including steels, alloys, non-ferrous
metals, cast iron, wood, and composites. The high content of alloying elements such as W, Cr, Mo,
Co, and Va provides their unique properties through the formation of carbides. Each of these elements
affects key characteristics of steel, including hardness, wear resistance, and heat resistance [1].

Publication analysis

To work effectively, a cutting tool must have properties such as hardness, wear resistance,
strength, thermal conductivity, heat resistance, and heat capacity, as well as favourable adhesion and
friction characteristics. In particular, high-speed steels AISI M2 and M41 are distinguished by their
strength, hardness, wear resistance, and heat resistance, which makes them suitable for processing
various materials in various industries [2].

lon-plasma nitriding is a chemical-thermal treatment method used for processing machine
parts, tools, and stamping equipment. This process ensures diffusion saturation of the surface layer
of steel with nitrogen in a nitrogen-hydrogen plasma at a temperature of 400-600°C. Publications in
recent years indicate that nitriding in glow discharge plasma is one of the most effective surface
modification methods, which is widely used in industrialized countries. The successful application of
ion plasma nitriding in industries such as automotive, aerospace, medical, and tool manufacturing
confirms its importance in ensuring high quality, reliability, durability, and long service life of metal
products. As practice shows, ion nitriding is used for mechanical engineering parts, the main cause
of destruction of which is wear of the material surface. The study of the mechanisms of formation of
thin modified layers on steels using ion-plasma nitriding is of great practical importance for solving
problems with wear, corrosion and other aspects of the operation of steel structures, especially in
aggressive environments [1-2].

Purpose and setting of the task

The purpose of the research is to study the features of phase and structure formation of high-
speed tool steels AISI M2 and M41 during ion-plasma nitriding to determine the optimal surface
treatment modes, which contributes to increasing the durability of tools. Research objectives — to
study the processes of formation of modified layers on steels AISI M2 and M41 during ion-plasma
nitriding; to analyse structural and phase transformations on steels AISI M2 and M41 during ion-
plasma nitriding; to assess the influence of the structural and phase state of modified layers on the
mechanical and tribological properties of steels AISI M2 and M41.

Research materials and methods

The study of the influence of ion-plasma nitriding processes on the structure and properties of
tool high-speed steels AISI M2 and M41 was carried out after standard heat treatment. It included
isothermal annealing at temperatures of 840-870°C, cooling to 740-750°C in a furnace with a holding
time of at least 1-1.5 hours, further cooling to 600°C in a furnace and in air, hardening with heating
at temperatures of 1200-1230°C with subsequent cooling in oil, double tempering at temperatures of
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540-560°C with subsequent cooling in air. lon-flame nitriding was performed in the NGV-6.6/711
installation. The study uses the following methods of structural analysis, in particular metallographic
analysis, X-ray diffraction and X-ray structural analysis, surface microscopy, microhardness
measurements, and mechanical and tribological properties of the obtained layers.

Research results and their discussion

The microhardness of the nitrided layer in AISI M2 steel reached a peak value of 10.5-
11.5 GPa, and then returned to the initial hardness of the steel. This increased microhardness in the
surface layer is attributed to the formation of nitrogen-rich martensite and dispersed nitrides (in
particular, € and y' phases), as well as the presence of hard nitrides and carbonitrides from alloying
elements such as Mo, W, Cr, and V. The structure of the nitrided surface layer containing these
components increased wear resistance and improved the performance properties of AISI M2 steel.
With increasing nitriding time, the depth of the nitrided layer increases, which is consistent with the
findings of other researchers [3]. The transition from the nitrided layer to the base (matrix) of the
material is gradual, which is a key requirement for the microstructure of nitrided steel and is consistent
with the results of additional studies [4].

The ideal microstructure of nitrided high-speed steel AISI M41 consists of nitrogen-rich
martensite, which does not contain excess nitrides. This specific microstructure was achieved by
saturating the surface of tools made of AISI M41 steel with nitrogen at a temperature of 480-520°C
during a short-term nitriding process lasting up to one hour. As a result, a hardened layer with a depth
of 20-40 microns was formed, which had a surface microhardness of 10-12 GPa and a core hardness
of 8-9 GPa. Additionally, tool life after ion nitriding improves by 2-8 times, depending on the type
of tool and the material being machined.

The main advantage of ion nitriding of AISI M41 steel is the possibility of obtaining a
diffusion-hardened layer or a layer with monophase FesN nitride (y’-phase) on the surface.
This differs from classical gas nitriding in ammonia, where the nitride layer consists of two phases —
v’+ €, which can lead to the appearance of internal stresses at the phase boundary and reduce the
stability of the hardened layer due to its fragility and delamination during operation.

Conclusions

Analysis of the obtained results showed that the composition of alloying elements also
changes during nitriding, which indicates a complex mechanism of nitrogen interaction with the
surface of AISI M2 and M41 steels and contributes to the formation of stable nitride phases. The wear
resistance of a tool made of nitrided high-speed steel during cutting depends on the amount of carbide
phase in the steel and increases with increasing its concentration. To ensure the high wear resistance
of a high-speed steel tool, it is important not only to eliminate excess phases but also to form nitrogen-
containing martensite during short-term saturation with maximum nitrogen saturation. This allows
for high plastic properties and the presence of compressive stresses, which contribute to increased
wear resistance.

Controlling the duration and conditions of nitriding is important for achieving optimal
properties of AISI M2 and M41 steel. The results confirmed that ion plasma nitriding is an effective
method for improving the properties of high-speed steels to increase their strength and wear
resistance.
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AHAJII3 MIKPOCTPYKTYPU MATEPIAJIIB 3A TOITIOMOT'OIO ITYYHOI'O
IHTEJIEKTY: HOBI MOKJIMBOCTI TA IEPCIIEKTHUBH ©

Nenuc KOJIOBOB, 3100yBay 3100yBa4y BUIIOi ocBiTH rpynu MC-21-23,
Liiis MUKUTAH, 3100yBay Buoi ocsitu rpynu MC-41-21,
Baaguciaasa BAVJIAJIA, acucreHT
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIl YHiBepcUTET

Anomauin. Cmamms npuceésueHa OO0CNIONCEHHIO 3ACMOCYBAHHA MemoOi8 WMYy4HO20 [HMeNeKmy
(LLIl) onsa amanizy mixpocmpykmypu mamepianié 3 Memorw NOKPAWeHHs iX eracmueocmet mda
onmumizayii npoyecie 00pobKu. Po32nanymo MoAHCIUB0CMI GUKOPUCTIAHHS ANICOPUMMIE MAULUHHO2O
HABYAHHA MA KOMN T0MEPHO20 30py OJisl a8momMamusayii ananizy 300pasiceHb MIKpOCmMpyKmypu,
BUABNEHHS 3AKOHOMIpHOCMEU ma NPOSHO3VEAHHs enacmueocmel mamepianie. llpoananizoeano
cyuacHi menoenyii pozeumxy LIl ¢ mamepiano3znagcmesi, a maKoxic SUKIUKU Ma NEPCREKMuUsuU Ol
HAYKOB8YIB Y Yill 2ay3i.

Knrouoegi cnosa: wmyunuii inmenekm, MamepianosHagcmeo, MikpoCmpyKkmypd, MauuHHe HA84aHHs,
KOMRTomepHutl 3ip, aHaiz 300panjicens, 61acmugoCcmi Mamepiaiie, ONMmumMizayis npoyecis.

ANALYSIS OF THE MICROSTRUCTURE OF MATERIALS USING ARTIFICIAL
INTELLIGENCE: NEW OPPORTUNITIES AND PROSPECTS

Denys KOLOBOV, student of group MC-21-23,
Illia MYKYTAN, student of group MC-41-21,
Vladyslava BAIDALA, assistant
Kharkiv National Automobile and Highway University

Abstract. The article is devoted to the study of the application of artificial intelligence (Al) methods
for analysing the microstructure of materials in order to improve their properties and optimise
processing processes. The article considers the possibilities of using machine learning and computer
vision algorithms to automate the analysis of microstructure images, identify patterns and predict
material properties. The current trends in the development of Al in materials science, as well as
challenges and prospects for scientists in this field are analysed.

Keywords: artificial intelligence, materials science, microstructure, machine learning, computer
vision, image analysis, material properties, process optimisation.

Beryn

VY cyudacHOMy CBITI, Jieé TEXHOJIOTii pO3BHUBAIOThCA 3 HeiimoBipHOwO mBHUaKicTio, I crae
HEBI1JI’EMHOIO YaCTHHOIO 0aratboXx raiy3eil HayKu Ta IpoOMHUCIOBOCTI. MaTepiano3HaBCTBO, SIK HayKa

6 Po6oTa BUKOHAHA TTijT KepiBHUIITBOM acucTeHTa Bimagucnasu BAUJIAJIN
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PO 3B 30K MK CKJIQJ0M, CTPYKTYPOIO Ta BJIACTHBOCTSIMH MarepiajiiB, HE € BHHSATKOM. AHali3
MIKPOCTPYKTYpPH MaTepiaiiB € KIFOYOBHM €TaroM Yy JOCIIKEHHI Ta po3po0Ili HOBUX MaTepiajiB 3
MOKpaIIeHUMHU BJIaCTUBOCTAMH. OpHaK, TpaaWIliiHI METOIW aHaJi3y MIKPOCTPYKTYPH, TakKi SK
OINITUYHA Ta EJICKTPOHHA MIKPOCKOIIisl, YacTO € TPYAOMICTKUMH Ta MOTPEOYIOTh 3HAYHMX YaCOBHX
BUTpAT.

VY 3B’sa3ky 3 mmM, 3actocyBaHHsS metoniB Il mns anamizy MIKpOCTPYKTYpH MaTepiaiiB
BIJIKpHBAa€ HOBI MOXKJIMBOCTI JJIsi aBTOMATH3allii Ta IMOKPANICHHS LBOTO MPOIECY. AJTOPUTMHU
MAIIMHHOTO HABYaHHS Ta KOMII'IOTEPHOTO 30pY JO3BOJISIIOTH aBTOMATUYHO  BHUSBISTH
3aKOHOMIPHOCTI, KJachu(piKyBaTH MIKPOCTPYKTYPH Ta IMPOTHO3YBAaTH BIACTHUBOCTI MaTepialliB Ha
OCHOBI 1X MIKpPOCTpYKTypH. Lle He TUIbKM MPUCKOPIOE MPOIIEC aHali3y, ajge U J03BOJISE BUSBUTH
3B’SI3KH, K1 B&XKKO BUSBUTH TPAIULIHTHUMHU METOIAMH.

AHani3z myoaikaunii

AHaJi3 iCHyI0YHX JKEpen JeMOHCTpYye 3pocTatouy poib LI B marepiano3naBctsi. Y poboTax
[1] migkpeciroeTbcsl akTUBHE OOTOBOPEHHSI Ta JOCHikeHHs 3acTtocyBanHs LI B Hayii Ta ocBiti.
VY poboti [2] mokazano motenmian Il qist BUSBIEHHS HOBHX 3aKOHIB MPHUPOJAH, IO Ma€ IpsMe
3aCTOCYBaHHS B MAaTepiaJlo3HABCTBI JUIsl aHaNi3y Ta NMPOTHO3YBAaHHS BIACTHBOCTEH Martepialib.
VY pob6orti [3] migkpecaeno, sk LI ontumizye 3D-apyk, BaxKITUBUIL 4711 CTBOPEHHSI HOBUX MaTepialiB.
ABTOpH po0OTH [4] MOBIIOMIISIOTH MPO BIAKPHUTTS MUIBHOHIB HOBHX MaTepiajiiB 3a JIOTIOMOTOIO
rTMOOKOT0 HaBYaHHS, AEMOHCTpYouH noTyxHicTs LI B momyky Ta anamizi matepianiB. CtaTts [5]
OIKCY€ MacITa0yBaHHs TJTMOOKOTO HAaBYAHHS JJISl BIAKPUTTS MaTepiaiiB, a CTaTTs [6] mpeacTaBisie
aBTOHOMHY JIabopaTopilo Uil MPHUCKOpPEHOro cuHTe3y HoBux MarepianiB. Otmxe, HII akTtuBHO
BIIPOBAIXKY€ETHCS B MaTEPialO3HABCTBO, BiJl aHAIII3Y JJO CHHTE3y HOBUX MaTepialiB.

Merta Ta 3aBranHs po0oTH

Metoro pobOTH € IOCHIIKEHHS MOXJIUBOCTEH 3actocyBaHHs metoniB LI mis amamizy
MIKPOCTPYKTYpHU MaTepiajiB Ta OLIHUTH NEPCIEKTUBH 1X BUKOPUCTAHHS Ul TOKPAILEHHs POLECIB
MaTepiaJo3HaBCTBA.

3aBnaHHs poOOTH:

— nocaiauTtu 3acrocyBaHHs MetoiB LI i aHanmizy MiKpOCTPYKTYpHU MaTepiais;

— OL[IHUTH MOKJIMBOCTI BUKopHcTaHHs LI 11 mporHo3yBaHHS BIacTUBOCTEH MaTepialiB Ta
OIITUMI3AIli] PoLECciB IX 00pOoOKH;

— BU3HAUUTH TIEPCIIEKTHBH PO3BUTKY Ta BHKIHUKIB, MOB’s3aHUX 3 BrpoBapkeHHsM LI B
MaTepiao3HaBCTBO.

PesyabTaTu qociaigKeHHs

ryynnii intenexkt (LLI) BiakpuBae HOBI MOMIJIMBOCTI JAJS aHaNi3y MIKPOCTPYKTYpH
MartepialiB, JO3BOJISIIOUYM AaBTOMATH3yBaTH Ta MOKPAIIUTH Led mpolec. AJTOPUTMU MaIlMHHOTO
HaBYaHHS Ta KOMII'IOTEPHOTO 30pY [JO3BOJSIOTH AaBTOMATUYHO BHSABISATH 3aKOHOMIPHOCTI,
KiIacu(pikyBaTu MIKPOCTPYKTYpH Ta TIPOTHO3YBaTH BJIACTHBOCTI MarepiajiB Ha OCHOBI iX
MIKpOCTPYKTYypH. Lle He TUIbKM MPHUCKOPIOE MpOLIeC aHali3y, aje i J103BOJISE€ BUSBUTH 3B’ SI3KH, SIKI
Ba)XKO BUSIBUTH TPAIUIIITHIMH METOIaMH.
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3actocyBanns LI nns aramizy MIKpOCTPYKTYpH MaTepiajiB BKIIOYae B ce0€ BUKOPUCTAHHS
JITOPUTMIB MAIIIMHHOTO HABYAHHSI JIJIS aHAJII3Y 300paskeHb MIKPOCTPYKTYPH, HEHPOHHHUX MEPEK IS
BUSIBJICHHSI 3aKOHOMIpHOCTEH 1 Kiacuikallii, a TaKoX KOMIT IOTEPHOTO 30py JUIsl aBTOMAaTH3aIlil
npouecy anamizy. I Takox Moxe OyTH BUKOPHCTaHWN [UIsl TIPOTHO3YBAaHHS BIACTHBOCTEH
MaTepiajliB Ha OCHOBI IX MIKPOCTPYKTYpPH. AJITOPUTMH MAIIMHHOTO HABYAaHHS MOXYTh OyTH
BUKOPHCTAHI JUIsl MMPOTHO3YBAaHHS MEXaHIYHUX, TEPMIYHMX Ta IHIIUX BJIACTUBOCTEH MaTepialiB.
Kpim toro, Il mo>xe OyTH BUKOPUCTAHMIA JIJIs1 ONITUMI3allii TpoIieciB 0OpoOKH MaTepialliB, TAKHX K
3BAapIOBaHHs, TEPMOOOpPOOKa Ta MeXaHIYHa 0OpoOKa. AJNTOPUTMHU MAIIMHHOIO HABYAHHS MOXYTb
OyTH BUKOPHCTaHI I ONTHUMI3AIlil MapaMeTpiB MPOIECiB OOPOOKH Ta MPOTHO3YBAaHHS SKOCTI
00poOKH.

IlepeBaru Ta Henosiku Bukopuctanns Il B marepianosnaBcrsi. Bukopucranns 111 B
MaTepialo3HaBCTBI Ma€ psif epeBar:

— JI03BOJISIE AaBTOMATHU3YBAaTH PYTHUHHI Ta TPYIOMICTKI MPOIECH, TaKi SIK aHATI3 300paKeHb
MIKpPOCTPYKTYpH. 3aMiCTh TOT'0, 11100 Bpy4HY aHaJIi3yBaTH COTHI 300pakeHsb, anroputmu LI moxyTh
aBTOMATUYHO BUSBIIATHU Ta KJIacU(DiKyBaTH pi3HI MIKPOCTPYKTYPHI €IEMEHTH.

— MOXXe O0OpOOJIATH BENWKI OOCATH JaHWUX 3HAYHO INBHJIIC, HDK JIOJUHA. AJTOPUTMH
MAaIIMHHOTO HAaBYaHHS MOXKYTh IIBUAKO aHANI3yBaTH JaHI, OTPUMAaHI 3 PI3HUX JKEpen, TaKUX SK
EJIEKTPOHHA MIKpPOCKOIIiSl, PEHTTeHIBChbKa IUQPAKIis Ta MeXaHiuHi BUNpPOOyBaHHSA, s
MIPOTHO3YBAHHS BIACTUBOCTEH MaTepiaiB.

— MOX€ 3a0e3MeYUTH BHUCOKY TOYHICTh aHaji3y Ta MPOTHO3yBaHHA. HeWpoHHI Mmepexi
MOXKYTh BHUSIBIISITH TOHKI 3aKOHOMIPHOCTI B JJAHHX, SIKI B&KKO BUSBUTH TPATUIIHHUMH METOJIAMH,
10 JO3BOJISi€ OTPUMYBATH O1IIBII TOUHI MPOTHO3M BIIACTUBOCTEN MaTepiaiB.

— 3JaTHUI ONTUMI3YBaTH BUPOOHUYI Ipolecu. AJTOPUTMHU MALIMHHOTO HaBYaHHS MOXYTb
OyTH BUKOpPHUCTaHi JUIsl ONTHMI3allii mapaMeTpiB 3BaproBaHHs, TEpMOoOpoOku abo 3D-apyky, 110
JI03BOJISIE TOKPAIIUTH SIKICTh MPOAYKIT Ta 3MEHIINUTH BIIXOJH.

— JIOTIOMAarae y BiZIKpUTTI HOBUX MaTepiaiiB 3 HEOOX1AHUMH BIACTUBOCTSAMHU. 3a JOIOMOTOI0
[T Google DeepMind Oyio 3HaiaeHO 2,2 MJIH HOBUX MaTepiaiiB.

OnHak, ICHYIOTh 1 HEIOJIKH, TaKl K HEOOXITHICTh BEIIMKUX OOCATIB JAHMX Ta CKJIAJHICTh
IHTepIIpeTalii pe3yybTaTiB:

— nns HaByaHHs anroputMiB LI moTpiGH1 Benuki oOcsru sikicHuX naHux. Hanpuxian, mis
HaBYaHHS HEHPOHHOI MEpexKi TS aHaITi3y 300paXeHb MIKPOCTPYKTYpH NOTpiOHO 6arato 300pakeHb
3 PO3MITKOIO.

— pe3ysbTaTH, OTpuMaHi 3a jornomororo aiaroputmiB LI, MoxyTe OyTH CKIagHUMH IS
iHTepnpetanii. HelipoHH1 Mepexi MOXKYTh BUSBIISITH CKJIaJHI 3aKOHOMIPHOCTI B JIaHUX, SIKI BaXKO
TIOSICHUTH.

— BukopuctanHns I B marepiano3HaBcTBI MOKe BUKJIMKATH €TUYHI MUTAHHS, MOB’s3aH1 3
BIJIMOBIAAJIBHICTIO 3a MPUNHATI PINIEHHS Ta MOXJIMBUMM HACHiJIKAMH BHUKOPHCTAHHS HOBHX
MaTepiaiB.

— SIKICTh pe3yJbTaTiB, OTpUMaHUX 3a gonomororo LI, 6e3mocepeaHbo 3anekuTh BiJ SAKOCTI
JaHUX, Ha IKUX HaB4YaBcs alroput™. [loMuiakoBi abo HEMOBHI JJaHI MOXYThb MPU3BECTH 0 HETOUHUX
MIPOTHO3IB.

— 11 po3poOKu  Ta 3actocyBaHHs anroputmiB LI B Marepiano3HaBCTBI MOTpPiOHI
BHUCOKOKBaJi(hiKoBaHi (paxiBiii, K1 BOJIOIIOTH 3HaHHAMU B raiy3i I1II Ta maTepiano3HaBcTBa.

IlepciekTHBH PO3BUTKY Ta BHUKJIHMKH [Jisi HAayKoBUIiB. [amy3p Marepiano3HaBCTBa
nepexuBae Tpanchopmariito 3aBasku cTpiMkoMy po3BuTky LI IlepcniekTiBu 119 HAYKOBLIB Y 11
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rajy3i HaJ3BUYailHO IMUPOKI Ta OararorpanHi. HaykoBii MOXyTb OpaTu ydacTh y po3poOiri HOBUX
QITOPUTMIB MAIIMHHOTO HABYAHHS, CIELIANIbHO aJalTOBAaHMX /IS aHajli3y MiIKpOCTPYKTYpH
MmarepiainiB. Po3poOka anropuTmiB, 31aTHUX aBTOMAaTHYHO BUSBIATH Ta Kilacu(ikyBaTH JeQEeKTH B
Marepianax, abo aJIrOpUTMIB, IO MOXYTh MPOTHO3YBATH MEXaHIUHI BJIACTUBOCTI MaTepiaiiB Ha
OCHOBI ix MikpocTpykTypH. Il Moxe OyTu iHTErpOBaHHA 3 IHIIMMH MEPEAOBUMH TEXHOJOTISIMU,
TakuMu K 3D-Apyk, A CTBOpEHHS HOBHMX MaTepiaiiB 3 YHIKaIbHUMH BIIACTUBOCTSMH.
Buxopuctanus anroputwmis LI ans ontumizanii mapametpis 3D-apyKy, 110 103BOJISIE CTBOPIOBATH
MaTepiaiy 3 3alaHUMU MIKPOCTPYKTYpHUMU XapakTepuctukamu. 1111 moxke 1omoMorTu B nouyky ta
BIIKPUTTI HOBUX MaTepiajiB 3 YHIKaJbHUMHU BJIACTHBOCTSIMH, SKI MOXXYTh OyTH BUKOPHCTaHI B
PI3HUX Taly3siX, BiJl a€POKOCMIYHOI MPOMHCIOBOCTI J0 MEAMIMHU. BUKOpPHCTaHHS alrOpuUTMiB
rIIMOOKOTO HaBUAHHS IS aHATI3y BEJIMKHX 0a3 JaHWX MaTepiaiiB i BUSBIICHHS HOBUX IMOTCHIIIMHUX
KaHIUJIATIB JUIsI CTBOPEHHS MaTepiayliB 3 3aJaHuMU XapakTepuctukamu. LI moxe Oytu
BUKOPUCTAaHUN JUI aBTOMATHU3allli €KCIIEPUMEHTAIbHUX IOCHIHKEHb, IO J03BOJISE MPHUCKOPUTH
mporec po3poOku HOBUX MatepianiB. CTBOpEHHsS aBTOHOMHHX Jiaboparopiii, 1e poOOTH30BaHi
cucremu, kepopani anroputmamu I, mpoBoOASTH eKCIEpPUMEHTH 3 CHUHTE3y Ta aHalli3y HOBUX
Marepiaiis.

[Torpu Benuki MEPCIEeKTUBH, MOJOJI HAYKOBII CTHKAIOTHCS 3 MEBHUMHU BUKIMKAMU B IIii
ramy3i. st yeminrHoi poOOTH B 11i#i Tairy3i HEOOXITHO BOJIOMITH 3HAHHAMMU sK B ramysi LI, Tak i B
rairy3i Marepiaio3HaBcTBa. L{e BuMarae Bijf HAyKOBIIIB 3JaTHOCTI IO MIKIUCITUTUTIHAPHOTO HABYAHHS
Ta crmiBmpaii 3 (axiBisiMu 3 pi3HUX rany3eil. Hapuanns anroputmis I Bumarae Benukux oOcCsTiB
AKICHUX JaHUX, IO MOXYTh OyTH BaxkkomocTymHuMHu. Bukxopucranns LI B marepiano3HaBCTBi
MOXE€ BHUKJIMKATH E€TUYHI TUTAHHS, IMOB’SA3aHI 3 BIAMOBINAJBHICTIO 3a MPUUHATI PIIICHHS Ta
MO>KJIUBUMU HacIiJIKaMy BUKOpHUCTaHHs HOBHUX MatepianiB. ['any3p LI mocTiliHO po3BUBAETHCS, 110
BHUMarae BiJi HayKOBIIIB MOCTIMHOTO HaBUaHHS Ta ajamnTaiii A0 HOBUX TexHojoriii. HeoOximHo
MOCTIHHO  CHiAKYBaTH 32 HOBUMH JOCHIDKEHHSIMH, pO3poOKaMu Ta IHHOBALisIMH, LIO
BIIPOBA/IKYIOThCS B Taly3l.

OTxe, HayKOBIL, SIKI TOTOBI JO MDKIUCIMIUIIHAPHOI pOoOOTH, MOCTIMHOrO HaBYaHHS Ta
BpaxyBaHHSl €TUYHHUX AacleKTiB, MalOTh BEIMKI MOXJIMBOCTI Ul YCHIIIHOI AISUIBHOCTI B Taiys3i
3acrocyBanHs LI B maTepiano3HaBCTBI.

BucHoBknu

tyynuii intenexkr (LLI) BiakpuBae HOBI MOMJIMBOCTI ISl aHaJi3y MIKPOCTPYKTYpPH
MaTepialiB, JO3BOJISIOUM aBTOMATH3yBAaTH Ta MOKpalmuTH Led npomec. 3actocysBanHs LI B
MaTepiajJo3HaBCTBlI Ma€ psAJ IepeBar, TaKMX sSIK aBTOMAaTH3allis, MIBUAKICTh 1 TOYHICTH aHaI3y.
Opnnak, ICHYIOTh 1 HENOJNIKH, Taki SK HEOOXITHICTb BEIMKHUX OOCSTIB JaHWUX Ta CKJIQJHICTh
iHTeprpetanii pe3ynbraTiB. [lepcniektuBu po3Butky LI B mMaTepiano3HaBCTBI € BEIUKUMH, ajie
ICHYIOTH 1 BUKJIMKH JIJISl HAYKOBLIB Yy I11i ramysi.

Cnucox BUKOPUCTAHUX JI3KepeJ
1. myunuii inmenexm y nayyi ma oceimi (AISE 2024) : maTepiany Mi>KHapOJIHOT HAYKOBOI

koH(pepentii, M. Kuis, 1-2 6epesns 2024 p. Kuis, 2024. 600 c. DOI: https://doi.org/10.35668/978-
966-479-141-7.
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BILIUB CTPYKTYPHU TA ®A30BOTI'0O CKJIALY HA 3HOCOCTIHKICTD
EKOHOMHOJIETOBAHUX CILJIABIB ’

Irop HACTYHIKO, 3100yBa4 TpeTHOro (0CBiTHHO-HAYKOBOI'0) PiBHSI BUIIIOI OCBITH,
IMasno 3JIOBIH, 3100yBay Bumoi ocBitu rpynu MC-51-24
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIl YHiBepcUTET

Anomayia. Y pobomi docniodxceno 6niue cmpykmypu ma azoso2o ckiady eKoOHOMHOLe208aAHUX
MemacmadinbHux | 8MOPUHHOMBEPOIIOUUX CMmaell HA IX 3HOCOCMIUKICMb Ol 3ACMOCY8AHHS 8
iHcmpymenmi eapsauoi 06pooku memainy. Ilpoeedeno unpoby6anHs Ha 3HOULYBAHHA PIZHUX CMAell
3a pi3HUX memnepamyp i HagawmasiceHv. Bussneno ymeopenns «6inoi cmyauy 6 KOHMAKmMHit 30Hi
HAanN1asieH020 Memaniy, Wo XapaKxmepusyemvcs BUCOKOW MiKpomeepoicmio. Bcmamnosneno, wo
VMBOpeHHs «OINoi cmyauy 3anedcums 8i0 XiMiuHo2o cknady cmanii ma ymos mepms. Iloxkazano, wo
niecysants cmaeti enemenmamu-aycmenizamopamu (Mn, C, Ni) ma xapbiooymeopiosavamu (V, Mo)
BNIUBAE HA YMBOPEHHS MA BIACMUBOCMI «OINOT cMyeuy», a omice, i HA 3HOCOCMIUKICb.

Knwuosi cnosa: 3nococmitikicmov, Haniasients, 2apava 0opooka memany, cmpykmypa, ¢azosui
CKao0, «Oina cmyaay, mepms, memnepamypd, Ha8aAHMANCEHHSL.

INFLUENCE OF STRUCTURE AND PHASE COMPOSITION ON WEAR RESISTANCE
OF ECONOMICALLY ALLOYED ALLOYS

Ihor PASTUSHKO, postgraduate student,
Pavlo ZLOBIN, student of the group MC-51-24
Kharkiv National Automobile and Highway University

Abstract. The paper investigates the influence of the structure and phase composition of economically
alloyed metastable and secondary hardening steels on their wear resistance for use in hot
metalworking tools. Wear tests were carried out on various steels at different temperatures and loads.
The formation of a «white band» in the contact zone of the deposited metal, characterised by high
microhardness, was detected. It was found that the formation of the «white band» depends on the
chemical composition of the steel and friction conditions. It is shown that alloying steels with
austenitizing elements (Mn, C, Ni) and carbide forming elements (V, Mo) affects the formation and
properties of the «white bandy», and hence the wear resistance.

Keywords: wear resistance, surfacing, hot metal working, structure, phase composition, «white
bandy, friction, temperature, load.

" Po6oTa BHMKOHaHa I1i/l KepiBHUIITBOM mpodecopa Jlianu [JIYIIKOBOI
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Beryn

3acTOCYBaHHS TPOTPECHUBHUX TEXHOJIOTIYHUX OIEpaliii J03BOJIsE€ 3a/aBaTd OakaHy
CTPYKTYpy Ta BIJIACTUBOCTI JOCIHIUKYBaHHX MaTepialiB NUIIXOM ix HaHoMmoaudikyBaHHs [1],
MiABHUIYBAaTH KOPO3iiHY CTIMKICTh 3BapHUX 3’€HAHb 1 KEPYBaTH CTPYKTYpPOIO Ta BIACTUBOCTAMHU
MMOPOIIKOBHX Ta30IlIa3MOBUX TOKPHUTTIB [2], MiIBHINYBAaTH KOPO3IMHY CTIMKICTH KapOMIITHUX
CIUIABIB JIs JeTaned eHepreTudHoro oonamHaHHs [3]. Ilpu 1ipboMy 3acToCyBaHHS MaTEeMAaTHYHOTO
amapary J03BOJIIE€ ONTHMI3yBaTH PEXUMHU OOpPOOKM BHUPOOIB MiABUINEHOIT BiAMOBIAAIBLHOCTI, IO
MO3UTHUBHO BIUTMBAE Ha 1X CIIy)KOOBI XapaKTepUCTUKH [4].

JocnimkeHHs, CIpsMOBaHI Ha pPO3POOKY BIOCKOHAICHHS EKOHOMHOJIETOBAHHMX CTaJIEeBUX
3HOCOCTIMKHX CTajel JJisl HallJIaBJIeHHs IHCTPYMEHTY rapsdoi 00poOKH MeTay, TyKe aKTyalbHi.

[HCTpyMEHT Taps4oi 0OpoOKU MeTany MpU3HAYCHHH JJIi BUKOHAHHS OCHOBHOI omeparii —
IacTHYHOI edopmariii MeTany 3a BUCOKMX TemmepaTyp. Jisi BUCOKOIPOIYKTHBHOI POOOTH Iiel
IHCTPYMEHT TOBHHEH BOJIOJITH JOCTaTHBOK TBEPIICTIO, OMOPOM CTHCKY, BUTHHY, JUHAMIYHUM
HABaHTAXXCHHSM, BUCOKHM OTIOPOM CTHPaHHS Ta yIapHO-a0pa3suBHOMY 3HOCY, TEIUIOCTIHKICTIO, MaTh
no6pe 06po0IeHy MOBEPXHIO POOOYMX YACTHH.

B naniii po6oTi mpoBeneHO AOCHIIKEHHS BIUIUBY CTPYKTypu Ta (a3oBOro CKiIaay Ha
3HOCOCTIMKICTh €KOHOMHOJICTOBAHUX METACTAOITbHUX 1 BTOPUHHOTBEPIIFOUNX CTaJICH.

Marepiajau Ta METOAM JAOCTiKEHHS

HanumaBnenHst [ocnipkyBaHUX MaTepiaiiB MPOBOAMIACS MiTHI (GOpMH 3 PI3ZHOIO MIBUAKICTIO
MIPUMYCOBOT'O OXOJIOKEeHHS. JlocmiKyBanucss MeTacTabilbHi ayCTeHITHI, MAPTEHCUTHO-ayCTEHITHI
Ta BTOpUHHOTBepairo4i ctaii cucremu Cr-Mn-Ti nogatkoBo nerosani Mo, B, V.

Bumnpo6yBaHHs Ha 3HOIIYBaHHS MPOBOAMIIM BiNOBIIHO /10 BuMor Jlepxxkcrannapty 30480-97
«3a0e3nedyeHHsl 3HOCOCTIMKOCTI BUpOOIB. MeToau BHUNpPOOYBaHHS Ha 3HOCOCTIHKICTh. 3arajibHi
BHUMOTH.

s BunipoOyBaHHs BUKOpucToByBasiacs mammuaa Teptsa 2070 CMT-1, cxema BunpoOyBaHHS
— IUCK-KONOKa. PexxumMu TepTsi: mBUIKICTh 00epTanHs aucka 0,5 mM/C; HaBaHTaXXEHHS Ha 3pa3ok 25,
50 H; marepian kouTprina — ctanb 45X, HRC 47...49.

Takox A0CHIKyBaBCs 3HOIIYBaHHS HAILJIaBIEHOTO METally B yMOBaX TOPLIEBOTO TEPTs MpO
wiocki ctpwkHi 31 craiei P18, 12X18HI9T Tta iHmMMX Npu MOBOPOTHO-TIOCTYMANBLHOMY pPYCi.
Temmneparypa HarpiBaHHsS HarpiBy 3pa3KiB 1 CTPHIXKHIB TEpTS 3aMipsulacsi XpOMeJb-allOMEeIeBUMHU
TepMonapamu Aiamerpom 0,2 MM Ha IpUiIajl MPU MBUAKOCTI MPOTATY cTpiuku 2160 MM/XB.

O6po0Oka pe3ysbTaTiB MPOBOAWIACS 3 YPaXyBaHHSIM 3a BUPa3aMu ISl IPYKHO-TUIACTUYHOTO
Ta TIACTUYHOTO KOHTAKTIB!

KoHTypHMii THCK

5(1 2
PC:%-HB!]' ,u!

4 2
E A (1)
5( _ 2\
P 21451 HBR- 1
A E (2)

30IIMKEHHS
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- 0,125(8% N 1j
(3)

VY 3B’A3Ky 3 ICTOTHHUM BIUIMBOM HAarpiBy Ha JIOKaJIbHY 3MiHYy (OPMH KOHTaKTYIOUHX
MOBEPXOHb TiJ 1 CTPYKTYPHI MEPETBOPEHHS BUKOPHCTOBYBABCS TEPMOKOHTAKTHHUN KPHUTEPid IJist
0CECUMETPUYHOr0 KOHTAKTY [6]:

T f[(1+v1)-a1+(1+v2)-a2] 1-vZ 1-v}

44 A+ Ay = E, >

(4)

ne f — koedinient Teprs;

A — MeXaHIYHUM €KBIBaJICHT TEILIOTH,

v1, v2 — KoedinienTtu [lyaccoHna;

01, G2 — TEPMIYHI KOe(IIIEHTH JIIHIHHOTO PO3MIUPEHHS;

A1, A2 — Koe(ili€eHTH TETIONPOBITHOCTI;

E1, E> — Moy Ipy>KHOCTI MaTepiais;

0w — MaKCUMaJbHHI TUCK 3a ['epiiem;

@ — BIJIHOCHA KyTOBa IIBUKICTb;

Rup. — HaBeZieHHI pajilyc KPUBU3HHU.

BusnauaBcs sk MacOBUH, 1 TIHIMHMM 3HOC.

Jlns 3HOCOCTIMKHMX cTajeil 13 OelHITHOI0, OCHHITHO-MapTEHCHUTHOK Ta METacTallIbHOIO
AYCTCHITHOIO CTPYKTYPOI) OCHOBHUM MarepiajloM — €TaJIOHOM MPHUIMABCsl HAIUIABJICHUN MeTall
30X2B8D.

[InacTUYHICTh TMOBEPXHEBOTO IIapy HAIUIABJICHOTO METaly Ta 1HCTPYMCHTaJIbHHUX
TepMOOOPOOIICHIX CTaJIeH OILIHIOBAIACS 32 3HAYCHHSIMU YCEPEIHEHOTO BIJITHOCHOTO MTOIOBXKCHHS:

— 5max + 5min

o
’ 2 5)
e

_ 008(h/d-013)
™ 0,264—h/d-108(h/d?) ©)

_ 075h/d-013y
0,224—h/d -108(h/d f @)

min

ne h i d — BianmoBigHO rMOMHA 3aCTOCYBAaHHS 1HASHTOPY Ta JiaMeTp BiIOWUTKA MPH BUMipax
TBEPJIOCTI.

TemnocTifKicTh BU3HAYANIACS 3aJISKHOCTAMU. 3pa3Ku HarpiBaiucs 10 temmneparyp 900, 925,
950, 9701 1000 K, BuTpumMKa — 4 TOA. 3 OXOJIOHKEHHSM 1 BUMIPIOBAaHHSIM TBEPJIOCTI.

3a XapaKTepUCTHKHU TePMOCTiiiKoCTI mpuiiManocs uucio mukiiB NP o pyliHyBaHHS 3pa3KiB
MOTIEPEYHOMY TIepepisi.

Pe3yabTaTH gociaii:KeHHs Ta iX 00roBOpPeHHs
Husbpka 31aTHICTE 1O 3MIIHEHHSI 1HCTPYMEHTAJIBHHUX CTajled 1 CIUIaBIB MPU3BOJIUTH 0

MiJIBUIICHHS. TEMITy 3HOCY Ta MEpeIYacHOro MepexoJy M0 CTaiil KpUTHYHOrO 3HOcy [5, 6].
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JIBIiHWKYBaHHA Ta BHUIUICHHS KapOigiB MO JBIMHMKAX y MeETacTallIbHUX ayCTCHITHUX 1
BTOPUHHOTBEPAIFOYMX CTaJIed MIABUIINYE OMIPHICTh TUIACTUYHUM 3CyBaM TMIPU  ITABUIICHUX
TeMIepaTypax, YCKJIQIHIOIOYM pPYyHHYBaHHS pOOOYMX TIOBEPXOHb IpU TepTi. |HTEHCHBHICTh
3HOIIIYBaHHS JCSKHUX JOCIIPKEHUX CTajeid HaBeIeHO Ha puc. 1.

G, mr

800
30X2B4I'Co

600

400

200

)

y100X10r2C

0,75 1,0 Yac

PI/IC}/HOK 1 — IHTEHCHUBHICTD 3HOLIYBAHHA HAIIJIABJICHOTO METAJly

[Tapamerpu pexxumy: TCM = 773 K, PA = 20 MIla, VB.ILII. = 0,188 m/c, matepia cTprKHS
Teptss — cranb P18. TloyaTkoBa KiIBKICTh ayCTEHITY B CTPYKTYpi CILJIaBiB, IO BUIPOOOBYIOTHCS:
30X2B8D —5...7 %; 30X2B4I'CD — 15 %; Y100X10I2C — 95...97 %.

[Ticns BunpoOyBaHHs npu 00’ €MHiM Temnepatypi pobodoi yactunu 3pazka T = 553...573°C
y KOHTaKTHUX 00’€Max HaruiaBiaeHoro merany tumy 30X2B8® BusiBieHO po3LIMpPEHHS MEX 3€pEeH,
JiHIT 3CyBY, OUTbII ApiOHE MOPIBHAHO 3 HIXKYMMHU IIapamu 3epHo. CTpykTypa, 10 (GOpMy€eThCs Y
bpoHTy 3HOCY, ToAiIOHA 0 CTPYKTypH Oi70i 30HM OyJOBOI Ta XapaKTEPU3YEThCS BHCOKOIO
MIKPOTBEPICTIO. XapakTepHa 3MiHA CTPYKTYpH HAIUIaBJIE€HOTO METally B KOHTAaKTHIM 30HI Ta
HIDKYHX IIapax, 1o JIeXKaTh, HaBeJeHI Ha puc. 2.

3icTaBiI€HHS IIUIBHOCTI JUCIIOKAL1i TOBEPXHEBOTO IIapy HAIJIaBJIEHOTO METaJy 3 KapOlAHUM
Ta IHTEpMETaJIIJHUM 3MIIIHEHHSIM IO0Ka3ajo, 10 0e3nocepelHbo OIS MOBEPXHI 3HOCY UIUIbHICTh
JAMCIIOKAIIiH Ta BeIMYMHA MiKPOCIIOTBOPEHB JICIIO HUKYa, HiXK Ha BuaaneHHi 20-40 Mkm (puc. 2).

3 migBuiieHHsAM TemnepaTypu cTpwxkHsA TepTs 1o TCT — 823 K mikpoTBepaicTh MeTairy
KOHTAKTHUX OOCSTIB MOMITHO 3HU3MIacs (puc. 3). [[ng rpaHudHOro 1mapy xapakTepHa CTPYKTypa
«017101 30HWY MiCTST BUCOKOT BIIMTYCTKH.

B okpemux 3paskax 13 XpoMOMOIIOJIEHOBOTO HAIlJIaBJIEHOTO METally BUSBICHO MOPYILIEHHS
CYLJIBHOCTI 32 MEXaMH 3€pPeH.

CtpykTypa BiAMyIIEHOTO MeTaly «0110i cMyrwm» HaraBiaeHHs S0XSM2B2H 1@ 3minroeThes
y TOBEpPXHI 3HONIIYBaHHS NPOAYKTaMU BIANYCTKH 3 JUISSHKAMHU ayCTEHITY NpU MiABUIIECHHI
Temneparypu cTpuxHs Tepts Bix 823 K no 973 K.

JleryBaHHsl HAIJIaBJIEHOTO MeETaJly JOJATKOBO HikeideMm 1 MapraHueMm 3Hmxkye ACI, a
30UTBIICHHS KOHIEHTpalid XpoMmy, BOJb(ppamy, MoOJiOAEHY, HaBMaKH, MiJBUILYE 3a3HAYCHY
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TEeMITepaTypy, 10 € 3aKOHOMIPHUM JIJIsI TEPMIYHUX BIUTMBIB 3 HU3BKHUM PIBHEM HaIPYKEHb, 1110 JIIFOTh
Ha MeTaJl.

/! ~'~‘~
CTALE o it X
Ay S
L/ e
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[Ipu nonaTkoBOMy JeryBaHHI XpOMHUCTOro ciuiaBy 3...4 % BoabppamMoM Ta MOJIOIEHOM,
3HMXKYEThCS KUIBKICTh ayCTEHITY y Mipy MOJAjibIIOrO ITJIBUIICHHS KOHIIEHTpaLii 3a3HaueHHX
eJIEMEHTIB. XapakTep iXHbOro BIUIMBY Ha Temmepatypy ACI, HMOBIpHO, aHAJOTIYHUA XpoMmy.
3HIKEHHIO TEMIIEpaTypu o — Y MEPETBOPEHHs CHpHUs€ 3MiHA YAaCTKU 3AIMIIKOBOTO AyCTEHITY,
OB’ s13aHe 31 30UTBIICHHSAM BMICTY BYTJICLIO, MApTaHIlo, HIKEIIO Ta BIAMOBIAHE 3MEHIICHHS €EeKTy
00’emHor0 meperBopeHHs. DopmMyBaHHS AUISHKK «O1101 CMyTH» CIOCTEpIranocs npu 00’ €MHiH
TeMIlepaTypi MeTajly 3pa3KiB, IO 3MIHIOETHCS BITHOCHO ITUPOKOMY Alama3oHi (puc. 3), omHaK,
HIABUILEHHS TEMIIEPATypH CTPUXKHS TEPTS MPU3BEIIO A0 ICTOTHOTO 3MEHIIEHHS MIKPOTBEPJIOCTI Ta
HaBITh JIO BiJICYTHOCTI (ITicIIsi BUMPOOYBaHb) 3a3HAUCHOI CTPYKTYPH Yy PPOHTY 3HOCY.

JleryBaHHsT XpOMOBOJIB(PAMOBOTO HaruiaBieHoro mapy 4-5 % HikeneM 301IbIIHI0 YACTKY
3aJIUIIKOBOTO ayCTeHITy, 3HmM3miacs temmeparypa ACI1, mpore momiOHa 3 «OiIOK CMYTOMO»
CTpYKTypa IIiclisi 3HOIIYBaHHS He 3adikcoBaHA, XO4a MaKCHMaJbHI 3HAYEHHS MIKPOTBEPAOCTI
npuOIM3HO TaKi XK, K y ciutaBy 30X2B8®. Bucoka MiKpoTBEpAiCTh METally KOHTAKTHOTO IIapy Ta
BIJICYTHICTb CTPYKTYPH «O1J1i#i cMy31» XapakTepHi i ans HarutaBHUX craiei cucrem C-Cr-Mn-Ti {mpu
Mn<2.3%, Cr<6...7 %, Ti =0,8...3,0 %} sixi migmaBaiucs 3HOCY 32 YMOB TEPTS 31 CTPUIKHAMH 3
Temrepatyporo ~ 823...1023°C.

Takum 4MHOM, pe3yJIbTaTH NPOBEJCHUX EKCIIEPUMEHTIB Ta JIITEPaTypHi JaHi MiATBEPKYIOTh
MOJKJIMBICTh YTBOPEHHS «O1710i CMYTH» K Yy CIUIaBax, 0 MAlOTh BUCOKY KOHIICHTPAIIilO €JIEMEHTIB
— aycrenizaropiB (Mn, C, Ni), Tak i npu JieryBaHHI KapOiTOyTBOPIOIOYHMH €JIEMEHTaMH 3 BiTHOCHO
HEBHCOKOIO CHOpiAHEHICTIO 10 Byriemio (V, Mo). BuHUKHEHHS 3a3HaYeHOI CTPYKTYPH TPU 3HOCI
craneii, mo mictath 8...10 % W, cnocrepiranocs aisi MUPOKOTO iHTEpBaly (HaKTUYHHUX THUCKIB Ta
00’eMHUX TeMIlepaTyp. 3MEHIIEHHsI KOHLEHTpallii Bojib)paMmy IMOJIETye 3ano0iraHHsi yTBOPEHHIO
«O17101 CMyTHY.

BrnmuB «01101 cMyru» Ha 3HOCOCTIMKICTH MOYKHA OB’ SI3yBaTH 31 CTPYKTYPHUMH 3MiHAMH B
npoiieci ii GopMyBaHHS, TEMIIEPATYPHUM 1 YACOBUM 1HTEpBaJIaMH, HAIIPYKEHHSMH, 1110 A1I0Th HA HET.

YTBOpeHHsS «O170i CMyru» BHACHIIOK AMCHEpPryBaHHS Ta jAedopMariiiHOro 3MilHEHHS
MapTeHCUTYy ab0 yTBOpEHHs OEHHITHO-MapTEeHCUTHOI MaTpHIll IpHU TeMIepaTypax HMXKYe 3a
TEMIIEpaTypy 3BOPOTHOTO MapTEHCUTHOTO mnepeTBopeHHs AH 00yMOBIII0€ HU3BKUI piBEHB 3amacy
TUTACTHYHOCTI METaTy KOHTAaKTHOTO IIapy.

BucHoBknu

[TpoBeneHi NOCTIJKEHHS MIATBEPAXKYIOTh MOXKJIMBICTH YTBOPEHHS «OU101 CMyru» sk y
CIJIaBax, 10 MalTh BHCOKY KOHIIEHTpALil0 eJIeMeHTiB — aycreHizaropiB (Mn, C, Ni), Tak 1 npu
JIeryBaHH1 Kap01/10yTBOPIOIOYMMH €JIEMEHTaMU 3 BIJHOCHO HEBHCOKOIO CIIOPIHEHICTIO /10 BYTJICIIO
(V, Mo).
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YK 621.787

JOCIIPKEHHSA BIVIMBY I HA CTPYKTYPY 1 BJACTUBOCTI
IMOBEPXHEBOI'O IIIAPY YABYHHUX 3YBYACTHUX KOJIIC 8

Aprem KPUBEHKO, 3100yBau Bumioi ocBitu rpynu MC-31-22
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauia. 3ybuacmi Konieca aemMoOmMpakmopHoi MexHIKU 3anpPONOHOB8AHO BUSOMOBIAMU 3
BUCOKOMIYHO20 4ABYHY 3 KVIACMUM 2padimom, AKUU XApakmepuzyemvcs BUCOKUM PIGHEM
eKCNLyamayitiHux ma mexHoJI02iuHuX eracmueocmeti. 4agyH, necosanuii Moniboenom ma miooro,
niooasanu i30MepMivHOMY 2aAPMYBAHHIO MA YIbMPA38YKOGil O0pobOCmMpyMuHHill 00pobyi, wo
3abe3neuye niosuerHs meepooCcmi, 3HOCOCMIUKOCMI ma 8MOMHOL MiYHOCMIA.

Knirouoegi cnosa: 3y6uacme xoneco, UCOKOMIYHULL 4ABYH, I30mepMiuHe 2apmy8anHtsl, YIbmpaseyKoea
opobocmpymMuHHa 06podKa.

RESEARCH ON THE INFLUENCE OF PPD ON THE STRUCTURE AND PROPERTIES
OF THE SURFACE LAYER OF CAST IRON GEAR WHEELS

Artem KRYVENKO, student of group MC-31-21
Kharkiv National Automobile and Highway University

Abstract. Gear wheels of auto-tractor equipment are proposed to be made of high-strength cast iron
with spheroidal graphite, which is characterized by a high level of operational and technological
properties. Cast iron alloyed with molybdenum and copper was subjected to isothermal quenching
and ultrasonic shot-blasting, which ensures the increased hardness, wear resistance and fatigue
strength.

Keywords: gear wheel, high-strength cast iron, isothermal hardening, ultrasonic shot blasting.

Beryn

CydacHe MalmMHOOYAYBaHHS KpaiHM HEMOXXJIMBO YSBUTU O€3 3aX0jliB, CIPSIMOBAHUX Ha
MIJBUIICHHS HAIIHHOCTI, KOHKYPEHTOCIPOMOKHOCTI BHITyCKaeMoi mpoaykuii. VY cyuacHii
AaBTOTPAKTOPHIM TEXHIIIl HIMPOKO 3aCTOCOBYIOTh 3ybOuacti mepemadi [1]. OmgHuM 13 HampsMKiB
PO3BUTKY KOHKYPEHTOCIIPOMOXKHOCTI BUITYCKAaEMHUX PEIYKTOPiB, KOPOOOK Mepenad i BIIKPUTHUX
3yOuyacTUX 3a4eryieHb € 3HIKEHHs 1X cOoO0IBapTOCTi 3a paxyHOK 3aCTOCYBaHHS 3y04acTHX KOJiC 3
BHCOKOMIITHOT'O YaByHY 3 OBepXHeBUM 3MinHeHHs M [TIT/T.

8 Po6oTa BUKOHAHA I1i/i KEPIBHUIITBOM aoueHTa Haramii JIAJTABAPOBOI
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AmnaJi3 nyosaikanii

3ybuacTi KoJjieca MPAIlOIOTh B YMOBax yAapHO-UUKIIYHOIO KOHTAKTHOIO HaBaHTAa)KEHHS
koB3aHHAM. CIIOCTEpIraroThCs TakKi BUAW PyHHYBaHHS 3yOuacTux KoJjic [2]: BTOMHUH 371aM 3y0a;
BTOMHE PYWHYBaHHS pOOOYHUX IMTOBEPXOHB 3y0iB; 3HOITYBaHHS Ta 3aimaHHs 3y0iB. Ha ocHOBI aHaIizy
YyMOB pOOOTH Ta BUIIB MOUIKOJKEHb 3y04acTHX KOJIC MOXKHA CKaszaTu, L0 AJis 3a0e3MedeHHs
HaJIHOT poOOTH 3yOUacTi KoJieca MOBUHHI MaTH BEIMKY TBEPAICTh 1 3HOCOCTIHKICTh TOBEPXHEBOTO
1apy, BUCOKY KOHTAKTHY BUTPUBAJIICTh, BTOMHY MIIIHICTh, & TAKOX B’S3KY, TUIACTUYHY CEPIICBUHY
IS TOTO, 00 CTIPpUMATH 3HAKO3MiHHI HANPYXEeHHs, SIKi JA1l0Th Ha AeTajb [2].

Jlist 3a0e3nedeHHs] HaBEJACHOTO KOMIUIEKCY EKCIUTyaTalliiHUX BIIACTHBOCTEH HEOOXITHO
nigibpaTtu onTUMaNbHy MapKy MaTepiany i, Tak K pyHHyBaHHS MOYMHAETHCS 3 MMOBEPXHi, BUOpATH
METO/I TOBEPXHEBOTO 3MIIIHEHHS 3y04acToro KoJeca.

JIJist BUTOTOBIIEHHST 3y04acTUX KOJIIC TPAHCIIOPTHOI TEXHIKM BUKOPHCTOBYIOThH SIK HH3BKO-,
Tak 1 cepenHboByrienesi cram: Byrienesi 40, 45, 50, 55IIII, nerosani 20X, 35X, 40X, 50X,
12XH3A, 12X2H4A, 20XH3A, 20X2H4A, 20XH, 40XH, 20XHP, 20XHM, 20XH2M, 18X2H4MA,
I8XI'T, 25XI'T, 30XI'T, 14XT'H, 19XT'H, 25XI'HMT, 20XM, 15XTHTA, 15XT'H2TA),
25XTHMT, 38XMIOA, 38X2MIOA Ta iH. [4]. HusbkoByrienesi ctaii MigAal0Th 3MIIHEHHIO
ra3oBOIO [IEMEHTAIIi€10, HITPOLIEMEHTAIIIEI0, CEPETHBOBYTIICIIEB] — a30TyBaHHIM, rapTyBanHsM CBY,
Ja3epHor0 00poOKor0. 3alekHO BiJl CIIy>KOOBOTO MPU3HAYEHHS 3y04acTi Kojeca BUTOTOBIISIIOTh HE
TIJIBKHU 3 BYTJICIIEBUX 1 JIETOBAaHUX CTaJICH, alie B psi/ii BUNIAIKIB — 13 CIPOr0 Ta BACOKOMIIIHOTO YaBYHY,
IIacTMacu Ta OpoHsu [5].

Tak sk pyHHYBaHHS JeTajeldl IOYMHAETHCS B OCHOBHOMY 3 TIOBEPXHI, TO IIHUPOKE
3aCTOCYBaHHS 3HAWIUIM 03100II0BAIBHO-3MIIHIOBAJIBHI METOAM MOBEPXHEBOTO IUIACTHYHOTO
nedopmysanns (I1I1]). B mponeci II1/] B moBepxHeBOMy Imapi aeTaji BiOYBalOThCS CTPYKTYpHI
3MIHH, CTBOPIOIOTHCS 3AJIMIIKOBI HANpPy>KEHHS CTUCKY, (POpPMYIOTbCS HEPIBHOCTI NEBHOI (popmu Ta
po3MipiB. Bee 11e cripusie 3MilTHEHHIO BUPOOIB 1 301JIbIIIYE TX TIOBrOBIYHICTH [6].

Jli1 OBEpXHEBOro 3MIIIHEHHS 3yO0UacTHX ILIECTEPEH BHUKOPHCTOBYIOTH JIPOOOCTPYMHHHE
3MIIIHEHHS, ajMa3He Ta eJIEeKTPOIMITYyJIbCHE BHIJIAJKYBaHHSA, YIbTPa3ByKOBE APOOOCTPYMHHHE
3MIIIHEHHS1, 3ByKOBa BiOpalliiiHa 00po0OKa B IIPY»KHOMY CepeIoBHII Ta iH. [7].

Meta po6oTH Ta 3aBIaHHS

Mertoro poOOTH € MiABUIIEHHS €KCITyaTallliHUX BIACTMBOCTEH YaBYHHUX 3y04acTHX KOJIC
YABTPA3BYKOBUM JIPOOOCTPYMUHHHUM 3MIIIHCHHSIM.

Jns nocsarHeHHs 11i€i MeTu OyJIM IMOCTaBJIEHI Ta BUPIIIEHI HACTYIHI 3aBJaHHS:

— BUBYEHHS YMOB pOOOTH 3y04acTUX MIECTEPEH KOPOOOK mepead, 0COOTMBOCTEHM MPOIIECY X
3HOIIYBaHHS;

— aHaJIi3 MaTepialiiB 1 METO/11B IOBEPXHEBOT'0 3MILHEHHS 3y0UacTHX KOJiC;

— po3po0Ka ONTUMANIbHUX PEKUMIB YJIbTPAa3BYKOBOI IPOOOCTPYMUHHOI 00pOOKH;

— JIOCTIPKEHHsI BIUIMBY JIPOOOCTPYMHMHHOI OOpOOKM Ha CTPYKTYpy Ta eKCIUIyaTalliiHi
BJIACTUBOCTI YaBYHY.

MarepiaJj i MeTOAU TOCTIIKEHHS

Jlist mpoBeIeHHS TOCIIIKeHb OyB BUOpaHH BHCOKOMIITHUI YaByH XiMigHOTO cKiaay: 3,0 %
C; 2,5 % Si; 0,006 % S; 1,0 % Mn; 0,068 % P; 0,4 % Mo; 1,5 % Cu; 0,05 % Mg. Jlns Bu3HadeHHS
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XIMIYHOTO CKJIaJly YaBYHY BHKOPHUCTOBYBAJIM MOPTAaTUBHUU JiazepHHil aHamizarop Laser Z200 C+.
Jlnst  BUMIpIOBaHHS MIKPOTBEPAOCTI 3aCTOCOBYBAIM BHUMIPIOBATHHUN KOMIUIEKC Ha OCHOBI
MikpoTBepaomipa [IMT-3, iHIeHTOp — YOoTHpUTPaHHA aiMa3Ha Iipamiga. Bu3HadeHHs MOKa3HUKA
MIIIHOCTI O Ta IUIACTUYHOCTI O BUKOHYBaJM Ha po3puBHiKM wmammHi Mmozaemi UIT STM 50.
JlociiiKeHHs OTOpYy BTOM1 BUKOHYBaJIM Ha BUIIPoOyBabHii MamnHi ARBM Ha 3ruH 3 00epTaHHsIM.
VYnapHy B’SI3KICTh BUMIiproBaIM Ha MasTHHKoBoMy Koripi moxeni UIT IPT-C. [Ins mocmimkeHHsS
IOPCTKOCTI 0OPOOIICHOT MOBEPXHI BUKOPHUCTOBYBAIH MOPTATUBHUIA BUMIpIOBAay IIOPCTKOCTI MOJEII
TR200. 3HOCOCTIMKICTh BU3HAYAJIH 32 CXEMOIO «POJIMK-KOJIOAKa» Ha MammuHi TepTst CMLI-2.

Pe3yabTaTu 1oc/iazkeHHs

3y0yacTi Kojeca BUTOTOBIISIOTH 13 BUCOKOMIITHOTO YaByHY 3 KyssictuM rpaditom (BUKT).
Jlnst  oTpuMaHHS BHCOKOro piBHA  (i3uKo-MexaHiyHuX BiactuBocted BUKI migmarotsh
130TepMIYHOMY TapTyBaHHIO 3a pexkumoM: HarpiB a0 900°C, BuTpumka Ha mpoTsa3i 1,5 roaus,
OXOJIO/DKEHHSI B po3iuiaBi coned mpu temmeparypi 300-350°C, BuTpuMKa Ha MpoTA3i 2 TOAMH.
[3oTepmiuHe TapTyBaHHS 3a0e3meuye (GoOpMyBaHHS OCWHITHO-ayCTEHITHO-(DEPUTHOI CTPYKTYpH
yaByHy (puc. 1).

Pucynok 1— MikpocTpyKTypa I0CIHiIKYBaHOTO YaBYHY MiCIs 130TEPMIYHOTO rapTyBaHHS,
301p1IeHHs X350

MexaHi4HI BIaCTUBOCTI BUCOKOMIIIHOTO YaBYHY, IKWH MiJIJaBai 130TEPMIYHUM BUTPUMKAM
npu temneparypi 300-350°C, naBeneni B Tabi. 1.

Tabmunss 1 — MexaHiuHi BJIACTUBOCTI BHUCOKOMIIIHMX YaBYHIB TICHsS 130TE€PMIYHOTO
rapTyBaHHS
Temneparypa TBepaicTs, TumuacoBuit [TnacTuyHICTB, VY napuaa
130TepMiuHOT HBW ormip, oz, MIla 0, % B’s13KicTh, KC,
BUTPUMKH JIx/em?
1. 300°C 336 1230 6 44
2. 350°C 311 1200 6 43

Temneparypuuii intepBan 300-350°C i3 TpumBamicTiO i30TepMmiuHOi BHTpUMKH 2,0 TOI.
JI03BOJISIE OTPUMATH CTPYKTYPY, 10 3a0e31meuye OnTUMaIbHEe TTO€THAaHHS MIITHOCTI, TUTACTUYHOCTI Ta
yAapHOi B A3KOCTI.

3y0uacTi KoJeca micis T yBaHHs 3 METOIO MIBUIIEHHS 1X mpate3aaTHocT miamaTs [TIT/]
yIbTPa3BYKOBUM JAPOOOCTPYMHUHHHUM 3MIITHEHHSM 32 CXEMOI0, [0 HaBeeHa Ha pHC. 2.
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1 — xBwJIeBia, 2 — TepMETHYHA Kamepa, 3 — 30Ha 3MIITHEHHS TOBEPXHI JIeTal,
4 — neranb, 5 — Apid
Pucynok 2 — YcraHOBKa 17151 YIBTPa3ByKOBOT'O IPOOOCTPYMHUHHOTO 3MilTHEHHSI

Meton IIIIJI mae psg mepeBar: 3MIIHEHHS IMPOBOAWUTHCS Yy TEPMETHUYHIA Kamepi, He
3a0pYyIHIOETHCS HABKOJMINHE CcepeaoBUIle. MoXHa BHUKOPHCTOBYBAaTH aOCOJIOTHO CcepHuuHi
KYJIbKH, K1 HE pyHHYIOTh IIOBEPXHIO, TOMY HE TIOTPIOHO 3HSIKUPIOBATH 200 OUMIIYBATH JIETAITb ITiCIIs
3MIIIHEHHS, 1110 3MEHIIYE UK 00poOku 3yOuactux kodiic. Lle — Hamiitnuii, ynctuii, 6e3neyHuil Ta
eHepro3oepiratrounii mpouec [T/, skuii 3a6e3neuye BUCOKY SKICTh 00p0oOIeHOT MOBEPXHI 3yOUacTux
koJic [7].

JpobocTtpymunHa 00poOKa CKIIaJaeThes 3 HECKIHUEHHOT KITBKOCTI YJapiB CTaJeBUX KYJIbOK
(puc. 3).

Pucynok 3 — Burisit moBepxHi JieTaiti micist ApoOOCTPYMHHHOT 00POOKH

O6poOky 1podoM nmpoBoaMIIH 3 pi3HOIO TpuBaATICTIO — 10, 20 1 30 xBunuH. J{o 1 micias 06poOku
ApoOOM BUMIPIOBAJIM MIKPOTBEPAICTh 1 MIOPCTKICTh 00po6sieHoi noBepxHi. BuxiaHa mopcTkicTs —
1,25 MrM.

PesynbraT BUnpoOyBaHb npejacTaBieHi Ha puc. 4 1 5.

[TpoBeneHi pocmiKeHHs MOKa3ajiH, 0 Mpu 00poOIll cTageBuM JpodoM Ha mpoTs3i 20 XB.
OTpMMaHa MakCHUMalibHa cepeaHs MikporBepaicTe 7300 MIla ta miHiManpHA CepemHs MIOPCTKICTh
0,8 mxM 3a mapamerpom Ra. ITpu 306inbmieHHI Yacy 00pooku 10 30 XB. CIIOCTEPITA€THCS 301TBIIICHHS
IIOPCTKOCTi, MIKPOTBEPIICTh 3MEHIIYETHCS, IO MOXXHA IOSICHATH TIEPEHAKIIETIOM MOBEPXHEBOTO

miapy. Ha ocHOBI npoBeaeHHX BUIMPOOYBaHb OyJio MPUWHATO ONTUMANbHUNA Yac 0OpoOKU JpodoM
20 xB.
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PucyHok 5 — 3anexHiCTh IIOPCTKOCTI MOBEPXHEBOT0 Mmapy Bix yacy o0pooku I1I1/]

OcCHOBHI MO3WUTUBHI €(QEKTH B TMPOLEC] YIbTPA3BYKOBOI APOOOCTPYMHHHOI 0OpOOKH
CHPUYUHEH] IUTaCTUYHOIO Jedopmariiero moBepxHi. [lin gi€ro Kyiabok BiAOyBarOThbCA CTPYKTYpPHI
3MIHM B TIOBEPXHEBOMY Iapi, 30UIbLIYEThCS TyCTHHA JUCIOKAlii, (OpPMYIOThCS 3aJMIIKOBI
HaNpy>KEHHs CTUCKY, 1110 MIPU3BOIUTH JIO 3MiHU BIACTHBOCTEH.

ITicnst 06po6ku I1IT/] 3 yaByHy, SIKUi MiAAaBaNIK 130TEPMIYHOMY FapTyBaHHIO 3 BUTPUMKOIO
npu 300°C, BUTOTOBJISUTM MIKpOLUTI(pU Ta BUMIPIOBAJIM MIKpPOTBEPAICTh 3a nepepizoM. Pesynpratu
BHMIpIOBaHb HaBe/IEH1 Ha puc. 6.

3 rpagiky BUIHO, SIK 3MIHIOETbCS MIKPOTBEPAICTh 3MILIHEHOTO HIapy 3a IITMOUHOIO.

JlocniakeHHss moka3aiu, 1o Micisi 0OpoOKH MOBEPXHEBUM IUIACTUYHUM J1e(hOpMyBaHHSIM
301JIBIIYETHCSI MIKPOTBEPAICTh 1 3MEHIIYETHhCS ILIOPCTKICTH 3YyOIB 3yOuacTHX Kojec. AHami3
JTEpaTypHUX JKEpeNl IOKa3aB, II0 B IOBEPXHEBOMY IIapl TaKoX (OPMYIOTbCS 3aIMILIKOBI
HarnpyXeHHs cTucky [7]. Omni€ro 3 mpuyuH 30UTHIICHHS MIKPOTBEPIOCTI MOBEPXHEBOTO IIapy,
BIPOT'i/IHO, € CTPYKTYpHIi 3MiHH, 5IKi BIIOYBaIOThCS B OCHHITHO-ayCTEHITHO-(DEPUTHIN CTPYKTYPI.

[Tix ni€ro MeXaHIYHOTO BIUIMBY MOXJIMBE 1CTOTHE MOJPIOHEHHS CTPYKTYpPH, MAIOTh MICIE
($a30Bi MepeTBOPEHHs — 3AIMIIKOBHM ayCTEHIT NEpeTBOPIOETbCS B MapTEeHCUT. B miteparypi
BiIMIYalOTh MO>KJIMBICTh, HaBiTh, YTBOPEHHS HAHOCTPYKTYpHOT'O TOHKOIO LIapy Ha MOBEpXHi [7].
['muOviHa HAaHOKPHUCTAI30BAHOTO MIAPY 3AJICKUTH BiJl MapaMeTpiB APOOOCTPYMUHHOT 0OpOOKH, aie
3a3Buuai ctaHoBUTH B 10 10 50 MKM 3a JaHUMU PI3HUX JTOCTIAHUKIB [7].
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Pucynok 6 — MikpoTBepAiCTh TOBEPXHEBOTO IIAPY ITICIIS 130TEPMIYHOTO TapTyBaHHs Ta 00pOOKH
131801

[TpoBoaMIIN TOCIIIKEHHSI BTOMHOT MIITHOCTI, IO € BaKIMBHM TOKa3HUKOM JUIS 3yOUacTHUX
KOJITiC, SIKi TIPAIIOIOTh B YMOBAaX yJapHUX IUKJIIYHUX HAaBAaHTAXEHb, MICIIS 130TEPMIYHOTO rapTyBaHHS
1 00po6xku ITIT/1 [8]. Pesynbratu npenacrasieHi B Tad. 2.

Ta6mums 2 — BB Tepmivnoi 00poOku Ta I1I1/] Ha moka3HUK BTOMHOT MIiITHOCTI

Temneparypa BTomHa MIHICTB MTicTs BTomHa MIIHICTB MTicTs
130TepMiYHOT 130TE€pPMIYHOTO rapTyBaHHs, G-0,1, 130Tepmiunoro rapryBanns + [I1]1,
BUTPUMKH Mlla c-01, MIla
1. 300°C 450 660
2. 350°C 400 610

VYabpTpa3BykoBe IpOoOOCTPYMHUHHE 3MIITHEHHS ICTOTHO MiABHILYE BTOMHY MIIHICTh (Ha 46-
52 %) 3a paxyHOK 3aJliKOBYBaHHS Je(eKTiB, CTBOPEHHs HAIPYKE€Hb CTHCKY, CTPYKTYPHUX 3MiH B
MIOBEPXHEBOMY ILIapi.

[TpoBoaMIIN MOPIBHSAHHS 3HOCOCTIMKOCTI 3pa3KiB 3 BUCOKOMIIIHOTO YaBYHY, SIKI ITiJIIaBajIH
130TepMIYHOMY TapTyBaHHIO Ta YJIbTPa3BYKOBIM apoOocTpyMuHHiM 00polii, Ta i3 cram 40X, sika
BUKOPHCTOBYETHCS /ISl BATOTOBJICHHS IIECTEPEH TOJIOBHOI nepesadi, micis rapryBanns CBY.

[TopiBHsIBHI 3HOCHI BHUNpPOOYBaHHS IOKa3aliM, IO 3HOCOCTIMKICTh BHCOKOMIIIHOTO
OCHITHOTO 4YaBYHY BHIIE, YUM CEPEIHBOBYIJIELIEBOI CTall, SIKy MianaBaiu rapryBaHHio CBY

(tabm. 3).

Tabmuus 3 — Pezynbrat BUNpoOyBaHb Ha 3HOCOCTIHKICTh

CymapHuii 3H0C / B Mijirpamax 3a

Marepian 140 roy BunpoOyBaHb

1. BUKT micns 130T€pMiYHOTO rapTyBaHHS Ta BUTPUMKHU 0,071
pu 300°C
2. Cranp 40X micns rapryBanHs CBY 0,078

Taxkum YMHOM Ha OCHOB1 TPOBEICHMX JTOCIIIIPKEHb MOKHA PEKOMEH TyBaTH JIJIs BATOTOBJICHHS
HIeCTepeH rojoBHOI nepeaadi aTromo0ss KPA3 neropanuii Mo Ta MOJTiOA€HOM BUCOKOMIITHHMA
YaByH 3 KYyJISICTUM TpadiToM, SIKMI TiIar0Th KOMOIHOBaHIH 00poOIIi: A 3a0e31MeueHHs] BUCOKOTO
piBHA MEXaHIYHMX BIACTHBOCTEH 3a Tepepi3oM JeTalni YaByH 3allpOIOHOBAHO IiaBaTH
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130TepMiyHOMY TapTyBaHHIO 3 Temneparypu 900°C 3 i3otepmiunoro BuTpuMKO0 nipu 300°C; miis
MIJBUIICHHS 3HOCOCTIMKOCTI, BTOMHOi MIIIHOCTI Ta B3arajli eKCIUIyaTalliiiHOTO pecypcy
PEKOMEHI0BAHO MiJ/aBaTH IIECTEPHI 3MIIHIOBAJIHLHO-03/100I0BAIbHINA 00pOOILli yIBTPa3ByKOBUM
APOOOCTPYMUHHUM 3MilHCHHSIM.

BucunoBxu

1. BcranoBneHno, mo 3yOdYacTi Kojieca TOJIOBHOI Tmepeaadi aBTOTPAKTOPHOI TEXHIKH
MPAIOIOTh B YMOBAX YIapHO-IIUKIIYHOTO KOHTAKTHOTO HABAHTAXKCHHS KOB3aHHSIM.

2. IToka3zaHo, o 1715 3a0e3neueHHs HaliiHOT poO0TH 3y0UacTi KoJieca MOBUHHI MaTH BEIIUKY
TBEPIICTh 1 3HOCOCTIMKICTH IOBEPXHEBOI'O IIApy, BHCOKY KOHTAKTHY BHUTPHBAIICTh, BTOMHY
MIIHICTh, @ TAKOX B’SI3KY, INITACTHYHY CEPIICBUHY.

3. 3amponoOHOBAaHO Ha OCHOBI aHaNi3y YMOB POOOTH Ta JIITEPAaTypHHX JUKEpeNl B SIKOCTI
MaTepiay 3y04acToro Koyieca BUKOPHUCTOBYBAaTH BUCOKOMIIIHUN YaBYH 3 KyJSICTUM TpadiToM micis
130TE€pMIYHOTO rapTyBaHHS.

4., TToka3aHo, 10O AJisi OTPMMAaHHS BHCOKOI TBEPJIOCTI Ta 3HOCOCTIMKOCTI Ta 3a0e3redeHHs
BHCOKOT'O PIBHS KOHTAKTHOI BHUTPHUBAJIOCTI Ta BTOMHOI MIITHOCTI MICJIS TEpPMIY4HOI 0OOpOOKH
HEOOXiTHO POBOJHUTH YIBTPA3BYKOBY IPOOOCTPYMHHHY OOpPOOKY; BU3HAYEHO ONTUMANIbHI PEKIMHU
00pOOKH I OTPUMAaHHS BUCOKOTO PiBHS SIKOCTI Ta BTOMHOI MIITHOCT] YaBYyHY.

5.1loka3ano, 1m0 BHCOKOMIIHMM YaByH TICJIA  130T€PMIYHOTO TapTyBaHHS Ta
YIIBTPA3BYKOBOTO APOOOCTPYMHUHHOTO 3MIITHEHHS, Ma€ OUTBIII BUCOKY 3HOCOCTIHKICTh, UMM CTallb, 3
SIKOi BUTOTOBJISIFOTH 3y0UacTi KoJeca.

Cnncox BUKOPMCTAHUX JIZKepeJt

1. ManuBoga 0. €., Kanamina FO. b., Tkaugenko . I'. Texnonoriss o0poGnenHs 3y04yacTux
KOJIIC : HaBY. 1ocio. Tepuonins : THTY, 2016. 136 c.

URL: http://elartu.tntu.edu.ua/handle/123456789/17942.
2. laiimamaka A. B. Jlerami mamuH. OCHOBM Teopii Ta poO3paxyHKiB : HaBY. MOCIO. auis

CTYJEHTIB MAamMHOOYJ. cmen. ycix ¢opMm HaBuaHHs. XapkiB: HTY «XIIl», 2020. 275c.
URL.: http://web.kpi.kharkov.ua/dmpm/wp-
content/uploads/sites/86/2020/09/Navchalnij_posibnik_DETALI-MASHIN.pdf.

3. 3akanos O. B., 3akanos I. O. OcHOBH TepTs 1 3HOIIYBaHHA B MalllMHAaX : HaBY. IOCIO.
Tepuomins : THTY im. L. [Tymros, 2011. 322 ¢. URL: https://core.ac.uk/download/pdf/60787657.pdf.

4. Matepiany pi3HOTO MpH3HAYEHHsS, iX O0OpoOKa Ta BIIACTUBOCTI : HaB4Y. TOCIO. /
C. C. sauenko Ta iH. ; pen. C. C. [Jsauenko. Xapkis : XHAJLY, 2016. 348 c.

5. Bonomenko C. M. CTBOpeHHsSI HAayKOBUX 3acajJ CTPYKTYPOYTBOPEHHS B 4YaByHI s

TT1JIBUIIICHHS 3HOCOCTIMKOCTI 3MIHHHUX JIETaJIel CITbTOCIITEXHIKH Ta TPAHCIIOPTY : JHC. ... I-pa TEXH.
Hayk : 05.16.02. Kuis, 2017. 236 c.

6. 3MilHEHHS JieTajel 3a JOMOMOro MOBEpXHEBO-TIacTUYHOI nedopmarii / B. B. [Tanina
Ta iH. Hayrosuii sicnux Taspiticbkoeo depaicagrnoco acpomexnonoiynozo yuisepcumemy. 2020. T. 2,
Ne 10. C. 148-155.
URL.: http://elar.tsatu.edu.ua/bitstream/123456789/12935/1/HaykoBuii%20Bicank%20TIATY %20
2020%20Bunyck%2010,%20Tom%202.pdf.

52


http://elartu.tntu.edu.ua/handle/123456789/17942
http://web.kpi.kharkov.ua/dmpm/wp-content/uploads/sites/86/2020/09/Navchalnij_posibnik_DETALI-MASHIN.pdf
http://web.kpi.kharkov.ua/dmpm/wp-content/uploads/sites/86/2020/09/Navchalnij_posibnik_DETALI-MASHIN.pdf
https://core.ac.uk/download/pdf/60787657.pdf
http://elar.tsatu.edu.ua/bitstream/123456789/12935/1/%D0%9D%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%B8%D0%B9%20%D0%B2%D1%96%D1%81%D0%BD%D0%B8%D0%BA%20%D0%A2%D0%94%D0%90%D0%A2%D0%A3%202020%20%D0%92%D0%B8%D0%BF%D1%83%D1%81%D0%BA%2010,%20%D0%A2%D0%BE%D0%BC%202.pdf
http://elar.tsatu.edu.ua/bitstream/123456789/12935/1/%D0%9D%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%B8%D0%B9%20%D0%B2%D1%96%D1%81%D0%BD%D0%B8%D0%BA%20%D0%A2%D0%94%D0%90%D0%A2%D0%A3%202020%20%D0%92%D0%B8%D0%BF%D1%83%D1%81%D0%BA%2010,%20%D0%A2%D0%BE%D0%BC%202.pdf

7. Metoau MOBEPXHEBOTO 3MIIIHEHHS Y MPOIECI BUTOTOBJEHHS aetaneld mammH [Tekcr] :
HaBy. 1moci6./ A.T.®ecenxko Ta iH. [uinpomerpocek: PBB JIHY, 2015. 104c.
URL.: http://repository.dnu.dp.ua:1100/upload/a96c0b4097bdde8fla7labecaOcae5deMetodi-
poverxnevogo-zmicnennya-u-procesi-vigotovlennya-detalej-mashin_Bechke.pdf.

8. Ji S., Roberts K., Fan Z. Effect of shot peening on fatigue performance of ductile iron
castings. Materials Science and Technology. 2002. Vol.18, no.2. P.193-197.
DOI: https://doi.org/10.1179/026708301225000572.

53


http://repository.dnu.dp.ua:1100/upload/a96c0b4097bdde8f1a71abeca0cae5deMetodi-poverxnevogo-zmicnennya-u-procesi-vigotovlennya-detalej-mashin_Bechke.pdf
http://repository.dnu.dp.ua:1100/upload/a96c0b4097bdde8f1a71abeca0cae5deMetodi-poverxnevogo-zmicnennya-u-procesi-vigotovlennya-detalej-mashin_Bechke.pdf
https://doi.org/10.1179/026708301225000572

YK 669.131

JOCAIKEHHA IOHHOT'O A3OTYBAHHA IHCTPYMEHTAJIBHOI CTAJII X12 Y
CXPEIIEHUX EJEKTPUYHUX I MATHITHUX IMOJISIX °

Oaexcanap APXIIIIEB, 3106yBay Buioi ocBiTu rpynu MC-2611-23,
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauis. /{ocniodceno 801bm-amnepHi XapaKkmepucmuKky miirou020 po3psaoy 8 MaeHimHOMY NOJ i
0e3 Hboco. Ilpoananizo8ano ekcnepumMeHmanbHi pe3yibmamu 3MiHU MIKpOmMeepooCcmi NoO8epxXHi ma
CMPYKmMypHO-(a308ux nepemeopens 3paskie 3 IHcmpymenmanvuiti cmani X12 npu ioHHOMY
A30MY6AHHI 8 CXPEUJeHUX eJIeKMPULHUX MA MACHIMHUX NOJISX.

Knrwouoei cnoea: ionne azomyeanns, cxpeweHni enekmpudni ma MacHimui nojs, ¢azosutl cknao ma
MIKPOCMPYKMYPa a30Mo8aH020 wapy; muiloyutl pospso.

RESEARCH OF ION NITRATION OF TOOL STEEL X12 IN CROSSED ELECTRIC AND
MAGNETIC FIELDS

Oleksandr ARKHIPTSEV, student of group MC-26t11-23,
Kharkiv National Automobile and Highway University

Annotation. The current-voltage characteristics of a glow discharge in a magnetic field and without
it are investigated. The experimental results of changes in surface microhardness and structural-
phase transformations of samples of tool steel X12 under ionic nitriding in crossed electric and
magnetic fields are analysed.

Keywords: ionic nitriding; crossed electric and magnetic fields; phase composition and
microstructure of the nitride layer; glow discharge.

Beryn

A30TyBaHHS € €(QEeKTHUBHMM, ajleé MaJONPOAYKTUBHUM IPOLECOM MOBEPXHEBOIO 3MII[HEHHS
cTasiedl Ta cIulaBiB. Benuka TpuBaiiCTh TEXHOJIOTIYHOTO ITUKJIY BHU3HAYAETHCS BIJIHOCHO HU3BKOIO
TUQy3IHHOI PYXJUBICTIO aTOMIB a30Ty B oOiacti temreparyp 450-550°C. V 3B’sa3ky 3 1uM,
0e3nepeyHo, aKTyallbHUMU € JOCIIIPKEHHS, CIpPSIMOBAaHI Ha I1HTEHCHU(IKAI[IO IMpolecy 10HHOTO
a30TyBaHHA. BUKOpHCTaHHS CXpEIIEHUX €JIeKTPUYHUX 1 MAarHiTHUX IIOJIIB JIO3BOJIIE 3HAYHO
MiABUIIUTH €HEPril0 YaCTMHOK, 10 BIJIMBAIOTh HAa MOBEPXHIO, L0 00poOnseThesa. Y pe3yibTati
nporec nu¢y3iiHOro HaCMYEHHs MOBEPXHEBHMX WIAPIB CTalli i10HAMHM Ta aTOMaMHU a30Ty 3HAYHO
npuckoproersest [1].

3acTocyBaHHS MAarHiTHOTO TOJS NpPU 10HHOMY a30TYBaHHI B TJIOYOMY pO3psi J03BOJISE
TaKoX 30UIBIIMTH TEMIEpaTypy Ta IIBHJKICTb HAarpiBaHHS MOBEPXHI, IO MOSICHIOETHCS BUIIOIO

® PoGoTa BMKOHaHa Mij KepiBHULITBOM npodecopa B’ suecnaa CTOJIBOBOI'O
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IIITBHICTIO 10HHOTO CTPYMY, BHACIIIIOK 3017IBIIIEHHS TeHeparllii 3apsSKeHIX YaCTHHOK EJICKTPOHAMH,
110 YTPUMYIOTBCSI MArHITHUM TI0JIeM [2].

IIpo xapaktep 3MiHM €HEprii 3aps/DKEHUX YAaCTHHOK MOXKHA MIpKYBaTH, TOCITIKYIOUH
BoJIbTaMIIepHi xapakTepuctuku (BAX) Tmiroduoro psay 3 MarfiTHuM mojiem i 6e3 Hporo. BAX €
OJTHIEIO 3 OCHOBHHX XapPaKTEPUCTHK TII0YOTO PO3PsILY, CyTTEBUI BIUIUB HA HET MAtOTh pOOOUN THCK
(P) Ta ingykuis maruaitHoro moJjs (B) [3-6].

MeTta Ta 3aBIaHHSA Po0OTH

MerToro nanoi poboTH €:
— nociimxenHs BAX Tiirouoro po3psay Hpu pi3HUX THCKAaxX 3 MarHiTHUM IOJieM Ta 0e3
HBOTO;
— BHBUYCHHS (Di3MKO-MEXaHIYHUX BIACTUBOCTEH 3pa3KiB 3 IHCTpyMEHTaJdbHOI crami X12
IICJISt I0HHOTO a30TYyBAaHHS Yy CXPEIICHUX EIEKTPUYHUX Ta MarHiTHUX MOJIAX;
— JIOCIIJDKEHHSI CrIoco0y iOHHOTO a30TYBaHHS Y CXPEIICHHX EJIEKTPUYHUX Ta MarHiTHUX
HOJISIX.

MarepiaJj i MeTOAU TOCTiTKEHHS

ExcnepumeHTanpHa YCTaHOBKA JUISl JOCHIDKEHHS XapaKTEPUCTHK TIIIOYOTO pPO3psiay B
CXPEIICHUX ENIEKTPUYHHUX 1 MarHiTHUX MOJISIX Oylia CTBOpeHa Ha 0asi cepiiiHO1 BaKyyMHO-IyTrOBOi
ycraHoBKH bynar-3. 3pa3ku 3 IHCTpyMeHTanbHOI crtaini X12 mnomepeqHbo TepMooOpoOIieHi
(Temmeparypa Biamycky 600°C).

BakyymHa kamepa Oyna ocHallleHa MarHeTpOHOM 3 1HJyKIi€elo MarHiTHoro nosust B = 0,03 To.
VY siKocTi poOOYOro razy BUKOPUCTOBYBABCS: aproH 1 CyMilll, 1[0 CKJIAJA€ThCs 3 a30Ty, aproHy Ta
aunermiieny (N2 75 % + Ar 20 % + C2H2 5 %). Tuck poGouoro rasy BapitoBascs B Jiana3oHi Bif 5 [la
10 200 ITa i koHTpOFOBaBCS 3a 0ooMororo Bakyymmerpa BIT-3. Poboua remnepatypa (490-510°C)
nocdranacs 3a 2...3 XBWIMHUA. BUMIpIOBaHHS TeMIepaTypu MiAKIaI0K IPOBOJAUIIUCS 32 JT0IOMOTOI0
ONTHUYHOTO MIPOMETPA.

3aMipi  MIKpOTBEPIOCTI  IMOBEpXHI BHUKOHYBaIHMCA Ha  MikpoTBepaomipi [IMT-3.
PeHTreHOCTpyKTYpHI JOCHIJDKEHHS MNpPOBOJMINCH 3a Jornomororo audpakromerpa JPOH-3.
JlocHiPKeHHST MIKPOCTPYKTYpPU 3MIIIHEHOTO IIapy — 3a JOMOMOIOI0 PacTPOBOIO €JIEKTPOHHOIO
mikpockona JEOL.

Pe3yabTaTH noc/iakeHHs

Bcranosneno, mo mpu 30UTbIIeHHI THCKY poOodoro razy mo 150 Ila B pospsiai 1utazma
JIOKaTI3y€eThCs OLIs €NEeKTPO/IB, MPU IbOMY 3HAYHO 3POCTA€ IHTEHCUBHICTS i1 CBIYEHHS 32 PaxyHOK
301IBIIICHHS YKCIIa aKTiB 1oHi3aiii (puc. 1).

CBiueHHs TO3UTHUBHOTO CTOBMA Ta OOJIACTI HETaTUBHOTO CBIYCHHsI po3psay (ioJieToBe,
KaTOJHUH IIap OpaHKeBHiA, aHOTHHUH Iap poxkeBuid (puc. 1).

[licna Hamycky ra3y MpOTSATOM MepuX 3—5 XBWJIMH MO3UTUBHHUM CTOBI PO3MAJA€ThCs Ha
OKpeMi IIapu, po3jauieHI TeMHUMH mpomikkamu. Ilpu Tucky pobouoro razy 150 Ila, sckpase
CBIUCHHS TT1a3MK y OpMi Topa MPaKTHYHO «JIsiraey» Ha karof (puc. 1).
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Pucynok 1 — Tnirounii po3psa y MaraiTHomy moti mpu tucky 150 I1a

Ha puc. 2 npencrasieni BAX Tiiro9oro po3psay 3 MarHiTHAM T0JieM 1 6€3 HbOTO.
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Amnaniz BAX y pexxuMi i0HHOTO OYHIIECHHS (PHC. 2, a) TOKa3aB, [0 3POCTaHHS CTPYMY PO3PAITY
B IIPUCYTHOCTI MarHiTHOTO IOJIsl BiIOYBA€ThCS 3HAYHO IHTEHCUBHIIIE NOpiBHAHO 3 BAX 6e3 HborO,
1€ B CBOIO Yepr'y MPU3BOIUTH /10 €EKTUBHOTO PO3MIICHHS OKCUTHOT TUTIBKM BHACIIIOK 301TbIIICHHS
KOHIIeHTpalii Ta KineTnuHoi eHeprii. [lopiBusaas BAX npu tucky 200 Ila (puc. 2, 6) mokasaso, mo
HasBHICTh MArHITHOTO TOJS JTO3BOJIMJIO 30UTBIIMTUA CTpyM po3psay 3 1,3 mo 2,3 A npu Hampysi
300 B, 110 mpu3BOIUTH JI0 3HAYHOTO MPUCKOPEHHS MPOIECY TU(PY31HHOTO HACHYESHHS 00POOIIFOBaAHOT
MTOBEPXHi.

AHani3 pe3yibTaTiB BUMIpiB MIKPOTBEpAOCTI MOBEPXHI MOKa3aB, 10 10HHE a30TYBAaHHS B
Mar"HiTHOMY IOJIi MPHU3BEJIO J0 3HAYHOIO 30UIbIIEHHS MIKpOTBepAocTi B 6-6,5 pasiB (3 3300 go
19700...21500 MIla), uro oOymoBieHO (POPMYBAHHSM Yy NPHUIIOBEPXHEBOMY IIapi HITPUIHUX (a3
[3, 4].

AHai3 MIKpOCTPYKTYpH 3pa3KiB i3 ctaii X 12 micast 00pooku (puc. 3) mokas3aB HasBHICTb ABOX
30H, MIXK SIKHMH BIJICYTHSI YiTKa MeXa:

— Ieplia 30Ha € CYLUIbHUM IIapoM HITPHUJIB 3ajli3a Ta JIETYIOUUX €JIEMEHTIB, KU Ha
¢dororpadisix MIKpPOCTPYKTYpHU BUITIsIa€ Maiixke OE3CTPYKTYPHUM;

— Jpyra 3oHa, nudysiiiHa oOnacTh, sBig€ cO00I0 a30TUCTUH (epur 3 KapOIIHUMH Ta
Jp1OHOMCIIEPCHUMH HITPUIHUMH BKIIFOUEHHSMHU.

a— x700; 6 — x2000
Pucynok 3 — MikpocTpykTypa 3pa3ka i3 ctani X12 micist i0HHOTO a30TyBaHHS y MarHiTHOMY TOJi

Binomo [3], mo kap6iau (FesC, FesCo), 110 BHAUIAIOTHCS, CTIHKI MPOTH 3HAYHOTO PO3BUTKY
KOaryJysmii, mo oOyMOBIOE 30epeXeHHS HEeOoOXiqHOI TBEpPAOCTI Ta TPAHUYHO MOMKIHBOI
TermtocTiiikocTi. OCHOBHOIO KapOiaHOO (ha3oro € neMeHTuT — FesC.
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Jlst Bu3HaueHHs (a30BOro CKJIaly MOBEPXHI MPOBEACHO PEHTTEHOCTPYKTYPHI JOCIIHKEHHSI.
Ha moBepxHi 3pa3kiB micis 10HHOTO a30TyBaHHS BHsBIEHO peduexcu e-asu FesN, HiTpuuis
neryrounx enemeHTiB (CrN, CraN, MosNs, WN, WN2) ta xap6ixis 3amiza (FesCz, FesC) (puc. 4).
Bimomo [4], mio HiTpuUaU 3a1i3a MalOTh OUIBITY TETUIOEMHICTH y MOPIBHSIHHI 3 3aJ1i30M, MIPH [OMY
CTBOPIOIOTHCSL CHPHUATIUBI YMOBH JUIsI 3amoOiraHHS TEMIEpaTypHHUM CllajiaxaM Ha TOBEpXHi
1HCTpYMEHTY. Brcoka TBepiCTh MOBEPXHI 1HCTPYMEHTY, IIIO0 HE 3MIHIOETHCS IMPHU HaArpiBaHHI J10
500°C, Bu3Havaetrhcs HasBHICTIO HITpuAiB Xpomy (CrN, Cr2N), a 3HOCOCTIHKICTP Ta HH3bKa
CXHJIBHICTB JI0 3aIUpiB — HiTpHaamMu Bosb(pamy ta moaioaeay (WN, WN2, MoN).
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BucnoBxu

1. BcraHoBiieHO, IO CXPEMICHI ENEKTPUYHI Ta MAarHiTHI TOJs J03BOJIAIOTH 3HAYHO
MIBUIIATH EHEPTii0 YACTHHOK, IO BIUTMBAIOTH HA MIOBEPXHIO, III0 00POOIISIETHCS.

2. BcTaHoBIEHO, IO BHACIIIOK I0HHOTO a30TyBaHHS y MarHITHOMY IT0JIi HA IOBEPXHI1 3pa3KiB
B110YyJI0CS 3Ha4YHE 301IbIIEHHS MIKPOTBEPIOCTI y 6—6,5 pa3is.

3. BcranoBieHo, 1m0 MIKpoCTpyKTypa cTam X 12 micist 00poOKH CKIaIaeThes 3 HITPUIHOTO
mapy Ta aAudy31MHOT 30HU, MK SKMMU BIJICYTHS YiTKa MeXa.

4., BcraHOBJIEHO, IO HA IMOBEPXHI 3paskiB i3 crami X12 micimst oOpoOku ¢opMyeThes
CYLUTRHUH MIap HITPUIIB, IO CKIAAAETHCS 3 HITPUAIB 3ami3a Ta yerytounx enemeHtiB (FesN, CrN,
Cr2N).

5. Po3po0ieno crocid a30TyBaHHS B TIIIOYOMY PO3PsAl 3 HAKJIaIEHHSIM MarHiTHOTO MOJI,
IO JI03BOJIAE€ TPOBOJUTH MOJU(IKYBaHHS IMOBEPXHI IHCTPYMEHTAIBHUX CTalell 1 3abe3meunTu
BHUCOKY KIHETHYHY €()EeKTUBHICTh MpoIecy AUQY31HHOr0 HACHYCHHS.
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YK 621.791

EKCHPEC-IIATHOCTHUKA SIKOCTI TA IIABIP 3HOCOCTIMKHAX MATEPIAJIIB I3
3ACTOCYBAHHSIM TEPMOEJEKTPUYHOI'O METOJY KOHTPOJIIO *°

AnTton 3ABE3UCTYVII, 3100yBauy Bumoi ocitu rpynu MC-51-24
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauia. B cmammi posensanymi MONCIUBOCMI 3ACMOCYBAHHS MEPMOENEKMPUUHO20 MEMOOY
HEPYUHIBHO20 KOHMPOIO 0/ Ni0OOPY 3HOCOCMIUKUX HANIABOYHUX cmalel, sKi 3a0e3neuyoms
niOBUWEHHsT 008208IYUHOCMI  WMAMN08020 iHcmpymenmy. Iloxkazano, wo 01 niOSUWeHHS
3HOCOCMIUKOCMI NOGEPXHI THCMPYMEHMY WMAMNIE OAdXMCAHO 3ACMOCO8Y8AmMuU CHAAGU, 6 SAKUX )
NOEOHAHHI 3 Mapkow o0bpoobaosanoeo mamepiany cymapua 1. E. P.C. npaene 0o Hyns.
Bcmanosneno, wo 3acmocyeanus mepmoenekmpuiHo2o eKcnpec-memooy HepyUHi6HO20 KOHMPOIIO
00380J15€ ONEepPamu6HoO 8UHAYAMU HAUOLTIbW HeDe3neuHti T0KANbHI MICYs MOJACIUBO20 PYUHYBAHHSL.

Knrouoegi cnosa: cmans, 3Hococmitikicms, mepmoeieKmpudHutl Memoo HepyuHieH020 KOHMPOJIIO.

EXPRESS DIAGNOSTICS OF THE QUALITY AND SELECTION OF WEAR-
RESISTANT MATERIALS USING THERMOELECTRIC METHOD OF CONTROL

Anton ZAVEZYSTUP, student of group MC-51-24
Kharkiv National Automobile and Highway University

Abstract. The article discusses the possibility of using thermo-electric NDT method for the selection
of wear-resistant surfacing of steels that increase the durability of the punching tools. It is shown that
to improve the wear resistance of the surface of tool dies is desirable to use alloys that are combined
with the brand name of a processed material total T. E. D. S. tends to zero. It is established that the
application of thermo-electric Express NDT method allows one to quickly determine the most
dangerous local places of potential damage.

Key words: steel, wear resistance, thermoelectric NDT method.

Beryn

B nmanwmii yac po3poOka HOBUX METOIB JOCIIKEHHSI HAMPY>KEHOTO J1e(OPMOBAHOTO CTaHY
MaTepiajiB, pO3UIMPEHHS MOKJIMBOCTEN ICHYIOUMX METO/IIB HEPYHHIBHOI'O KOHTPOJIIO Ha0yBae Bce
OinpiIoro 3HaueHHs. OCOOMMBO BaXJIMBUM € PO3LIMPEHHS BHUKOPHCTAaHHS (PI3SMUHUX METO/IB
HEPYHHIBHOTO KOHTPOJIO, 3aCHOBaHMX Ha BHBUYEHHI BHYTPILIHIX IMpPOIECIB, IO BiAOYBalOTHCS B
nepopMoBaHOMY MaTepiai.

10 PoGoTa BuKOHAHa i KepiBHULTBOM nolieHTa Banepis BATPOBA
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AHaJIi3 OCTaHHIX J0CTiIKeHb i myO aikaii

OpHuM 13 HaWBaKJIMBIMKX 3acO0IB MiJBUIIEHHS SKOCTI HAAIMHOCTI BUPOOIB, IO HECYTh
3HAYHI TEIMJIOBI Ta MEXaHIYHI HaBaHTAXXCHHs, € HEPYHHIBHUNA KOHTpOJb. HepyiiHIBHUN KOHTPOIb
YCHINIHO 3aCTOCOBYETHCS Y BUPOOHUIITBI HA PI3HUX €Tarax TEXHOJIOTIYHOTO MPOIECY, a TAKOXK ITiJT
4ac eKCIuTyaTalii TOTOBOro BUpOOY AJIs OLIHKH Horo nogansioro pecypey [1].

ExcniepuMeHTaIbHI METOIM JOCIIKEHHS HAIIPY)KEHOTO J1e(pOPMOBAHOTO CTaHy MaTepialliB €
OJIHUMH 3 OCHOBHMX IIPH OIlIHIII PiBHSI B JIETAIAX 1 KOHCTPYKIIAX SK y NMPYXKHIH, TaK 1 B IPY)KHO-
MJIACTUYHIN 00acTi 1eopMyBaHHs.

[ToBepxHeBUll mmIap aerancif, HECyYWX KOHTAKTHI LUKIIYHI HABAaHTAKEHHS (TEPMidHI Ta
MEXaHi4Hi), 3HAaXOAWUTHCS B HANpPY)KEHOMY CTaHi BCEOIYHOrO HEPIBHOMIPHOTO CTHCHEHHS,
IHTCHCUBHICTh SIKOTO TEPIOJMYHO 3MiHIOETBbCA. KpiM TOro, Ha Hampy>XeHHWi CTaH, CTBOPEHHH
30BHIIIHIMU ~ CHJIAMH, HAKJIAMAIOThCS BHYTPINIHI TEPMIYHI Ta CTPYKTYpHI HampyKCHHS.
[Ipu HamaBlIeHHI JISTOBAHUMHU CTAJISIMU JI0 30BHIIIHIX 1 BHILEBKAa3aHUX BHYTPILIHIX HANPYKECHb
J0JaTKOBO HAKJIQAAIOTHCS 3aJIMILKOBI HANpY’KEHHsI, BUKJIMKAHI TEPMIYHUM LIUKJIOM 3BapIOBaHHS Ta
BHYTpIIIHI HaMpy>XeHHs, OOyMOBJIEHI PO3XO/KEHHSAM (PI3UYHMX 1 MEXaHIYHHX BIIACTUBOCTEH
HOKPUTTS. Ta OcHOBM. lloBepxHeBHMil IIap B mpoleci eKcIUlyaTalili MoKe 3a3HaBaTH 3HAYHHUX
miacThyHuX nedopmanid. BHAcTIIOK MbOro B OLIBIIOCTI BUNAAKIB PYWHYBAaHHS MOYHMHAETHCS 3
MMOBEPXHEBOT0 IMapy 1, OTXKE, MIIHICTh 1 3HOCOCTIMKICTH JeTajel, HeCydyuX KOHTAaKTHI
HABaHTAKCHHS, BU3HAYAETHCS MEPEBAKHO SKICTIO MOBEPXHEBOTO M1apy [2].

Oco06MBO MOTIPIIYIOTH SKICTh TOBEPXHEBOTO APy PI3HOTO poay AedexTr (HEOJHOPITHOCTI,
CTPYKTYpPHI HEOJHOPITHOCTI TOIIO). BOHM 3HMKYIOTH MIlIHICTh, 3HOCOCTIHKICTh Ta EKCIUTyaTaIliiHy
HAJIIHICTH JIeTanel Ta IHCTPYMEHTY.

OCKUIbKHM B IIpOILECi IMHAMIYHOTO KOHTaKTHOI'O HaBaHTAXXEHHs IOBEPXHEBI IIapu MeTally
0e3rmocepeIHbO  CINIPUIIMAIOTh OCHOBHE HABAHTa)XKEHHS, HEOOXIZHOI YMOBOIO IMiJBHUILEHHS
KOHTAKTHOT MIITHOCTI Ta JIOBrOBIYHOCTI MaTepiany € COpsIMOBaHMN BHOIp X CUCTEMH JIETYBaHHS Ta
XIMIYHOTO cKJIafy. Y 3B’S3Ky 3 LIMM BHUHHKA€ HEOOXIJHICTh Yy 3aCTOCYBaHHI PI3HUX METOIB
BUNIPOOyBaHHA ((I3UYHUX, MEXaHIUYHMX) JAJS CHIBCTABJICHHS EKCIUTyaTal[liHUX XapaKTepUCTHUK,
OTPUMaHMUX AK MpPU HAUOPOCTIMIMX HaBaHTaKEHHSAX (PO3TAT, CTUCK, KPYYEHHs), TaK 1 B yMOBax
CKJITHOTO HANpyKEHOTO CTaHy IMpH HOPMAaJIbHHUX 1 BHUCOKHX Temreparypax. Pe3ymbraTé 1mx
BUIIPOOYBaHb € OCHOBHOIO 1H(OpMAIli€l0 PO MaTepiali MpHU po3paxyHKy B yMOBax [ii Oyab-sKoi
CKJIaJTHOI CUCTEMH Hanpy>keHb. [Ipy IboMy 3aKOHOMIPHOCTI 1ehOpMyBaHHs Ta pyHHYBaHHS TBEPAUX
TiJ BUBYAIOTHCS, K MPABUJIO, HA OCHOBI YCEPEIHEHUX XapaKTEPUCTUK MEXaHIYHUX BIIACTUBOCTEH
Mmatepiany. ExcriepuMeHTanbHI AOCHIPKEHHS NPU CKJIaJHOMY HANpy>XKEHOMY CTaHi, OCOOJIMBO B
YMOBaX BUCOKHX TEMIIEPATYp, OB’ s3aH1 3 BETUKUMH TPYAHOIIAMH IPH ITOCTAHOBIII €KCIIEPUMEHTY .

VY Oaratbox BHMajkax OaxaHO OTPUMAHHS JOCIIIKYBaHMX XapaKTEpPUCTUK MaTepiany 3
MIHIMaJIbHOIO KIJBKICTIO 3pa3KiB, MiJIaHUX MEPEBIPOYHUM PYHHIBHUM BUNIPOOyBaHb. OCOOJIMBO 115
npoOyeMa akTyajdbHa TIPH JOCTIHKEHHI HANpPY>KEHOTO CTaHy B 3pa3Kax 1 JETayisX, BiIHOBICHUX
HaTUIaBJICHHSM.

B nanuii yac po3poOka HOBUX METOIB JOCIIKEHHS HANpy>KEHOro J1e()OPMOBAHOTO CTaHY
MartepialiB, pO3IMIKUPEHHSI MOXINBOCTEH 1CHYIOUHX METOIB HEPYHHIBHOIO KOHTPOJIO HAaOyBae Bce
OinpiIoro 3HaueHHs. OCOOMMBO BaXJIMBUM € PO3IIMPEHHS BUKOPUCTAHHS (PI3UUYHUX METOIIB
HEpYHHIBHOTO KOHTpOJIIO, 3aCHOBAaHMX HA BHBUEHHI BHYTPILIHIX MPOIIECIB, 10 BiJOyBalOThCS B
nedhopMoBaHOMY MaTepiai.
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Meta gocJaiKeHHs

OOrpyHTYBaTH MOXKIIUBICTh 3aCTOCYBAaHHS TEPMOCICKTPUYHOTO METOy HEPYyHHIBHOTO
KOHTPOJIIO JIJIsl TiI00py 3HOCOCTIMKUX CILIABIiB.

BukJiajeHHs1 0CHOBHOT'0 MaTepiay 10C/IiKeHHS

ExcnepumenTanbHi T0oCiipKeHHs OyJId HampaBiieHl Ha BUBYCHHS BIUIMBY POOOYHX TEMIIEPaTyp
IITaMITIB 1 TIPOIECIB TEPTSI Ha 3HOCOCTIMKICTh 1 KOHTAaKTHY MIITHICTh HAIUTABOYHUX MaTepiajiB, SKi
YMOBHO MO’KHA PO30UTH Ha YOTHPH TPYIIH.

Jlo nepiioi rpynu BifHeceH1 MeTacTabibHi aycTeHiTHI crani cucteMd Cr-Mn Ha OCHOBI 3amiza
noxatkoBo JsieroBadi Ti Ta Si, 1o npyroi — BropuHHOTBEp o4l cruiaBu cuctemu Cr-Mn-Mo Ha OCHOBI
3amza. B sSKOCTI OCHOBHOTO eneMeHTa JJisi 3B’SI3yBaHHS BYIVICIIO B LUX TIpynax NpuiHsATuil Ti.
Jlo TpeThOi Ta YeTBEpTOi Ipymu B SKOCTI MaTepiaiiB i MOPIBHSHHS mpuidHATI ctani SXHM Tta
08X6H8M7C.

XiMIUHUM CKJIa]] cTalel Mepioi Ta APyroi rpyr BapitoBajM 3a 3MICTOM TaKUX €JIeMEHTIB, sk C,
Mn, Ti. Bumict Cr Oysto npuitasto 10 3 %, Mo ~5-7 %. Crisianorrenss Ti Ta C miaTpuMyBaiyd B MEKax
Ti/C =0,24:0,25 at (%).

TuTaH B SIKOCTI OCHOBHOT'O Kap0i/I0yTBOPIOIOYOT0 eJIeMEHTa OyB MPUIHATHIA, BUXOASTIN 3 BAMOT
BHCOKOI CTIHKOCTI HAIUIABIIOBAIBPHMX CIUIaBIB B YMOBax aOpa3WBHOTO 3HOIIYBAaHHA Ta YIAPHHUX
HAaBaHTA)XEHb: CTPYKTYpa CIUIaBy MOBHHHA CKJIQAATHCS 3 MAPTEHCUTHO-ayCTEHITHOT 200 MapTEHCUTHOL
MaTpHlli Ta PIBHOMIPHO PO3MOIICHUX KapOi/liB; TBEpAICTh KapOi/iiB MOBHHHA OyTH MaKCUMAJIBHOIO, a 1X
KUIBKICTB 3HaxXoauThed B Mexax 20-30 %.

OpieHTOBHMH XIMIYHUM CKJIaJ HAIJIABICHOTO MeETaly BH3HAUaJld 3 ypaxyBaHHIM
MIepeMiITyBaHHSI OCHOBHOTO Ta HAIIABIEHOTO METally, KOe(IIlIEHTIB 3aCBOECHHSI JIETYIOUMX €JIEMEHTIB Ta
HIINX BETTHYUH.

Hannasnenns BukonyBanmu TpakropoM TC-17M ta aBroMaTnyHOK TronoBKo0 A-1416 Ha
wiactuau po3mipoM 200x150%25 mm 3i cram 20, 500x300%40 mm i3 cram 45 1 400x50x40 3i crami
5XHM. B sikocTi 3axuicHOTO (PIIrOCy U1 HaIUIaBJIEHHS OPOIIKOBUMH JIPOTAMU 3 CHCTEMaMHU JIETYBaHHS
Cr-Mn-Ti ta Cr-Mn-Mo-Ti Ha ocHOBI 3ai1i3a OyB npuitasTuii piaroc AH-22. BuxiqHa OCHOBHICTB (irocy
AH-22 — B = 1,4668, xiMmiuHa aktuBHicTh — A = 0,1819.

Bupizky 3pa3kiB I JOCHIIPKEHHS BJIACTMBOCTEH HAIUIaBIEHOTO METAly BHUKOHYBAIU
aOpa3MBHUMM BIJIPI3HUMHU KPYTaMH 3 HACTYITHUM ILTI(DYBaHHSM 1 MOJIipyBaHHSM.

JlabGoparopni BUIIpoOyBaHHs MpoBoawIM Ha MammHi Tepta 2070 CMT-1 3a cxeMor «aIuck-
KOJIOJIKay. Pexxumu Tepts: mBuakicth ooepranns mucka U = 0,5 m/c; HaBanTaxkenns — N = 25; 50 H.
Marepian koHTpTina cranbs 40X Tepmoodpodnena, HRC 47-49.

B sIKOCTI OCHOBHOTO METO/Yy AOCHIIKEHHS BIUIMBY MPOLIECIB TEPTS Ha MIIHICHI BIaCTHBOCTI
JOCIIKYBaHUX MaTepiaiiB BUKOPHCTOBYBABCS TEPMOEIEKTPUYHUN METOJ HEPYHHIBHOTO KOHTPOIIO.
Jlanuii MeTo/1 3aCHOBaHMH Ha e(eKTax, OB’ I3aHUX 3 BAHUKHEHHSIM Y METalax TePMOEIEKTPOPYIIiHOT
cuma (T.E.P.C.) [3]. V¥ 3B’a3Ky 3 BIJICYTHICTIO TpsiMoi 3anexkHocTi Mixk BenmuuuHOto T.E.P.C. i
TeMIiepaTyporo crato tepmornap, BumiptoBanu koedimieHnt T. E. P. C., To6to Benmuuny T. E. P. C. Ha
1 rpanyc.

Jns  mociipkeHHsT BUKOPHCTOBYBAMCS 3pa3KH, sIKI BHUIPOOyBaHI Ha 3HOCOCTIHKICTH Ha
ycranosi 2070 CMT-1, i3 craneit SOXHM, 40X41'8T2C, 08X6H8M7C 20X3I'9MST2C.
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Kpim niporo, BumiproBascst koedittieHT T. E. P. C. crami 45 1 35XT'CA (cTais, 1110 3aCTOCOBYEThCS
Ha 3aBoJIl AT «CBITJIO IaxTapsp» Uik BATOTOBIICHHS CEPEXKKH ).

Cxema Touok Bumipy koediuienta T. E. P. C., naBenena na puc. 1. Touku BuUMipiB Koe(ilieHTiB
T. E. P. C. npuiimanucst B MICIISIX MOKIMBUX 3MiH HANPY>KEHOTO CTaHy MicIs BUMIPOOyBaHb HA TEPTSI.
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Pucynok 1 — Cxema Touok Bumipy koedimienra T. E. P. C.

Pesynbratn BumiproBanHs koedimientiB T. E. P. C. mocmimkyBaHux marepianiB HaBeleHI B
Tabm. 1.

Tabmu 1 — 3navenns koedinientis T. E. P. C. gocnimkyBanux matepiaiiB

Touka BUMIpYy S0XHM 08X6HEM7C | 20X3I'9.MS5T2C 40X418T2C
o1 +4,6-4,7 +4,5-4,6 -6,1-6,2 -5,5-5,6
o2 +4,4-4,7 +5,6-5,7 -6,0-6,1 -5,2-5,6
03 +4,6-4,7 +5,6-5,7 -6,1-6,2 -6,2-6,3
o4 +4,1-4,2 +5,2-5,3 -5,9-6,0 -6,5-6,7
os +4,4-4.5 +5,1-5,2 -6,0-6,1 -6,6-6,8
06 +4,7-4,9 +4,6-4,7 -6,2-6,3 -6,3-6,4
o7 +4,8-4,9 +4,6-4,7 -6,2.-6,3 -6,6-6,7

3navenns koedimienti T. E. P. C. crami 45 1 35XT'CA Bimnosigao ckiamu +3,8-3,9 MxB/°C i
+5,9-6,0 MxB/°C.

Amnai3 pesynprariB 3HaueHb koeditieHTiB T. E. P. C. mokasye, 1110 iX 3Ha4Y€HHS KOJMBAIOTHCS B
HEBEJIMKUX MEXax 1 3a iX BEJMYMHOIO, 3 YPaXyBaHHSIM PI3HUIN TEMIIEpaTyp Tapsdoro Ta XOJOIHOTO
eNIEeKTPO/IiB, JOCIIKYBaHI Marepiali MOXHA PO3KJIACTH B TEPMOENEKTPUYHHUM Psii BIIHOCHO Miji:
20X3I9MST2C E = -433-10° B, 40X4I'8T2C E = -389-10° B, mizp E = 0 B, crans 45 E = +273-10° B,
08X6H8MTC E = +315-10° B, SOXHM E = +329-10° B, 35XI'CA E = +420-10° B.

[TpumiTka: 3HaK «+» MOKA3ye, M0 CTPYM Te€Ue BiJI MiJli 0 METATY Yepe3 Tapsiuuii eNeKTpo/I, 3HaK
«-» — Yepe3 XOJIOJHUN eTIeKTPO/I.

3Har04M NOTEHLIAIM B 3ITKHEHHSIX METaJliB, MOYKHA CyJIUTH PO BEIUYMHY MTOBEPXHEBOT eHeprii
Ha MeX1 iX TOpkaHHS. Pi3HMIIS MOTeHIIaniB KOHTAKTYIOUMX Map BUKIMKAE PO3CIIOBAHHS TUIBKU THX
€JIEKTPOHIB MTPOBIIHOCTI, MOCTAYATLHUKOM SIKUX € METAJT 3 BEJIMKUM XIMIYHUM TMOTeHIiaioM. To0To, B
IIFOMY METaJli aKyMYJFOEThCSI TIOBEpXHEBA €HEPTisl, B TOW Yac K 3 OOKy IHIIIOTO METaly BOHA Pi3KO
3HWKYeEThCs. [Ipo MexaHi3M MPOBIAHOCTI CIJIaBIB MOKHA TAKOXK CYJUTH TIO MPOIIEHTHOMY 3MICTY Ta
THUITY BJIACHOI MPOBITHOCTI Jieryrounx enemMeHTiB [3]. [liIBuieHHs pyxiMBOCTI TUCTOKAIl y Tporieci
TEpTS KOHTAKTYIOUMX Tap OOYMOBIIOEThCS HE TUIBKM JI€I0 HAMpy>KeHb, alle 1 MiJABUIICHHSIM

Temrepatypi. Lle BUKiIrKae MpUCKOPEHHs IIACTUYHOI AedopMallii B MTOBEpXHEBOMY IIapi, 1110 BIUTUBAE
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Ha 3MiHY TOBEpXHEBOI eHeprii. TakuM YMHOM, MPU OMHUX 1 THUX K€ PO3MIpPax KOHTAKTHUX IUISIM
TEPMOCTPYM, IIO MPOTIKa€e Yepe3 Hux, Oyne pisHuM. J[71st 301IbIICHHS TOBrOBIYHOCTI TEPMIHY CITY:KOH
OaxaHo, o0 TepMOTOK OyB MiHiManbHUH. OTXe, NMpHU IHIIMX PIBHUX YMOBAaxX IIOBUHHA OyTH
HAWMEHIIIOI Ta TEPMOENEKTPOpyLIiiHa cuila, sika 0OyMOBIIOE Liei cTpyM. Po3paxyHOK cymapHHX
T. E. P. C. y xoHTYpi rapsuumii enextpoxa (Miap Mapku M1) — crutaB — cranb 45 — XONOAHUHA eNneKTpos
(mize Mapku M 1) 3 ypaxyBaHHSIM 3HaKIB ITOKa3aB, 1[0 TEPMOCTPYM MiHIMAJIBHUI B Mapi CTajb 45 — crijiaB
20X3T'9MS5T2C, xouya 3HOCOCTIMKICTh y MOPIBHSHHI 3 IHIIMMH CIUIaBaMH BHIIE TPH J1a00paTOPHUX
BUITPOOYBaHHSIX.

Bupo6Huui BUNpoOyBaHHS BiJHOBJICHHUX HAIUIABJICHHSIM MATpPHUIlb Tapsdoro JaedopMyBaHHS
neraneit 31 crami 35XT'CA migTBepawid OTpUMaHi pe3yibTaTH Ja0OpPATOPHHUX JIOCITIHKEHB IIOJIO
BCTaHOBJICHHS KOPEJIALii MK 3HOCOCTIMKICTIO Ta CyMapHUM TEPMOCTPYMOM KOHTAKTYIOUMX MaTepialiB.

Pe3ynbrati 1abopaTopHUX JOCIIKEHb 1 BUPOOHUYMX BUMPOOYBAHb IJIKOM Y3TO/UKYIOTHCS 3
MOJIOKEHHSIMUA TIPO  €JIEKTPUYHI SBHINA TPH TepTi, BUKIaJeHMUMH B pobdorax Kocremnpkoro b. B.,
Kparenscbkoro B. B., Tlocthikosa C. H. Otpumani 3nauennst koeditientiB T. E. P. C. o3, o4, 05 1 06
CBI/TYaTh MPO 3MIHU BIACTUBOCTEH METay sIK y IOBEPXHEBOMY Ilapi (04), TaK 1 B MiAMOBEPXHEBUX HOTO
miapax, MO0 TaKOoX MIATBEPKYEThCS BUMIPIOBAHHAMH MIKPOTBEPAOCTI 3pas3KiB TepTs Ta
MeTaorpaiyHIMK JOCTI IKCHHIMHU.

Otpumani pe3ynbTaTH JJAOOPaTOPHUX JTOCHTIPKEHb 1 BAPOOHUYMX BUIPOOYBaHb HAIIABICHOTO
MeTaJly CBTYaTh PO MOKJIMBICTh 3aCTOCYBAHHS TEPMOEIEKTPUIHOTO METOAY HEPYHHIBHOTO KOHTPOITIO
IS MiA00py KOHTAKTYIOYHX TMap, sKi 3a0e3MedyIOTh IMiJABHUIICHHS 3HOCOCTIMKOCTI Ta JOBrOBIYHOCTI
00pOOHOTO IHCTPYMEHTY.

Jnst  pociipkeHHS  30H  KOHLEHTpalii  HampyXeHb  TEPMOEJIEKTPUYHHM  METOJIOM
BUKOpHUcTOBYBasiacs HaruiaBneHa Marpuug K 49793 i3 cram S0XHM. Koedimient T.E.P.C.
BUMIPIOBAIM MEPEMIIIEHHSIM €JIEKTPO/IiB MPUCTPOIO MO IPaBIOpi MATpHIli (OKpeMO IO MeTally IBa Ta
30HI TepMIYHOro BIUIMBY). IlOTIM BHMKOHYBaIM TMONEpeYHi NEpPEMIIleHHS BIAHOCHO TPaBIOPH 3
amrutiTy1010 10...20 MM y 6ik ocHOBHOTO MeTtaiy. [lokazaHHs puiagy peecTpyBaIucs 31 3HaKaMu «+H» 1
«-». 3a cepenni 3HaueHHs koedinienTa T. E. P. C. Ha rpaBropi NpuiHATI BUMIPSHI Ha MPSIMOJIIHIMHUX
JUISTHKaX. Y HaBKOJIOLIOBHIM 30HI 3a cepenHe 3HaueHHs koedimienTa T. E. P. C. npuiiHaTi nokazaHHA
s cran SOXHM. CrpubkornonioHa 3miHa 3Haky Ta BenuunHH koedinienta T. E. P. C. Bkazye Ha 30HH
KOHIIEHTpallli Hallpy>KEHb.

Pesynbratu posnonuty koegiumienta T.E.P.C. 1 Horo Toyku BUMIpiB MOKa3aHi Ha pHC. 2.
30HM MaKCUMaJbHUX KOHLEHTpAllili Harpy>KeHb IOKAa3aHO Ha JIHIAX 3MIHM 3HAKIB KOe(IIi€HTIB
T.E.P.C.

AmHaii3 piBHIB KOHIEHTpAIlii Hanpy»eHb MOKa3ye, 1110 HalOLIbIII HaNpyKEHHs B HAIUIaBJICHOMY
MeTall BUHMKAIOTh B o0sacTi Touok 9-10, e KpiM Aii TOTUYHUX HAIpyKeHb B MPOLEC] eKCILTyaTalli,
3MIHIOETHCS XapaKTep HAIPYKEHOTo CTaHy uepe3 reomeTpito Matpui. Lle, 3riqHo 3 kputepiem Mizeca-
I'enku, Bene 10 30UTBLIEHHS HANPYKEHb, HEOOX1HOTO JUTsl BAHUKHEHHS JIOKAJIbHOTO Teyii Marepiaiy.
Bracitok 3MiHA HaNpy»KEHOTO CTaHy BEIMYMHA MEKI ITTHHHOCTI JOCSATa€e MEX1 00MEXEeHOT IITMHHOCTI,
1110 CIIPUYMHSIE 10 BAHUKHEHHS KOHIICHTpallii Hanpy»KeHb 1 fedopmartiii.

B cramix 08X6H8M7C 1 20X3I'9MS5ST2C B pe3ynbTaTi AOCTIDKEHHS BUSBICHO OUIBIN
NPOTSDKHUNA 3MIITHEHMH 1Iap, B CTPYKTYPI SKOTO CHOCTEPIraloThCsl XapaKTepHI IUIACTUHYACTI OCBITH.
BpaxoBytoun 4MClIeHH] JiTepaTypHi JaHi MpO CXWIBHICTh METATiB 3 HHU3bKOI EHEpriero Je(eKTiB
MaKyBaHHS /10 JABIMHUKYBaHHS Jedopmallii, MOXXKHAa MPUIYCTUTH, [0 HOBOYTBOPEHHS, SKI
CIIOCTEPIraloThCS B 30HI TEPTS, ABJSIIOTH 0000 crienudiuHi ABIMHUKY Aedopmaltii, 0 YTBOPUIIKCS B
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YMOBaX MiIBUIIEHUX TeMIepaTyp. JloaTKOBHI BHECOK Y 3MIIIHEHHSI IBITHUKOBOI 30HH B IIMX CILIABAX
BHOCHUTH BUJILIEHHS TUCTIEPCHUX KapOiiB.
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Pucynok 2 — Posnoain cepennix 3HaueHb koedimieHTis T. E. P. C. B BUMipsSHUX NIepeTHHAX IPaBIOPU
MaTpHIl

Jlis BCIX JTOCHIDKEHUX CIUIaBIB XapaKTEPHUM € MOCTYIOBE 3MEHIICHHS PO3KHy 3Hau€Hb
MIKPOTBEPIOCTI 110 TITMOMHI 30HU TEPTH.

3MiHa MIKPOTBEPJOCTI B MPUIIOBEPXHEBUX IIapax Ha CTajii yCTAJICHOTO 3HOIYBAHHS, MO BCli
BUJIUMOCTI, 0OYMOBJIEHO THM, ILIO MapajiebHO BiIOYBaIOThCS MPOLIECH B3a€MHOI TUQy3ii MaTepiatiB
napy TepTs, BUOOPYOro OKUCIEHHS Ta TepMOoAN(Y31HHOro Mepepo3noiTy 3MILHI00Y0I (ha3u mif Ti€ro
nedopmariiii i TeMreparyp, BUKIMKaHUX TEPTAM.

[lepeniyeHi CTPyKTypHI 3MIHM CIPaBISIOTh PI3HUN BIUIMB HA IHTEHCHUBHICTb 3HOLIYBaHHS
JOCIKYBaHUX MarepianiB. Hu3bka 30aTHICTh 10 3MIIIHEHHSI, HE3BaKarO4uM Ha MPUCYTHICTH «Ou101
CMYTH», TIPU3BONTH JI0 TIIBUILIEHHS TEMITYy 3HOCY Ta MEPEIIacCHOTO MEePEXOy 10 CTajil yCTaICHOTO
3HOIIyBaHHsI. J[BIHMKYBaHHS Ta BUIUICHHS Kap0OiaiB no asiiHUKaM (ctani 40X41'8T2C, 08 X6H8M7C
20X3I'9MS5T2C) migBuILye OMIPHICTH IUIACTUYHUM 3CyBaM IMIpU MIABUIICHUX TeMIIeparypax,
YCKJIQJHIOIOUH PYHHYBaHHS poOOYHX 00’ €MIB IPU TEPTI.

3 JOCHiKEeHUX MarepialiB HaHOUIBIIOW 3HOCOCTIMKICTE Mae cTamb 20X3I'9MST2C.
[TinBuIIEeHy 3HOCOCTIHMKICTh IIi€l CTali MOXKHA MOSCHUTH, 3 OAHOTO OOKY, ONTHMAIbHUM (ha30BUM
CKJIQJIOM, 3 IHIIOTO — HHU3bKOIO €Heprielo NedeKTiB MaKkyBaHHsA, IO 3abe3neuye CXWIBHICTb [0
nedopmariiHoro IBIMHUKYBaHHS MIPY MIABUILEHUX TeMIepaTypax. [IBIMHUKYBaHHS CHpPHSIE 3MILIHEHHIO
MIPUKOHTAaKTHUX OOCATIB METally, THM CAMUM 3HM)KYIOUM 1HTEHCHBHICTh 3HOLTYBAHHS, 1110 TIOB’SI3aHO 3

niero mexaHisMmy Motra-Habappo. 3MiHa AMCIOKANIAHOI CTPYKTypH TPHUKOPAOHHHX oOjacTeit 1
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XapakTepy CTapiHHs (Tepepo3noiT KapoiaHoi ¢a3n), Mo BiOYyBaIOTECS B pe3yJIbTaTi Jii MiIBUIIICHUX
temneparyp i aedopmartiif, € 0JHUM 3 OCHOBHHUX (DaKTOpIB Ii/JBUILEHHS KOHTAKTHOI MIIIHOCTI Ta
MIKpOIUIACTUYHOCTI MMOBEpXHEBUX mapiB craii 20X3I'9MST2C.

BucHoBku

1.B pe3ynprari nOpOBENEHUX JIOCHIPKEHb IOKa3aHAa MOXJIMBICTH — 3aCTOCYBaHHS
TEPMOCIIEKTPUYHOTO METOJly HEPYHHIBHOTO KOHTPOJIIO JUIS MiJ00OPY 3HOCOCTIMKHMX HAIUIABOYHUX
CTaJiel, skl 3a0€3Mevyr0Th IABUIINCHHS JOBIOBIYHOCTI IITAMIIOBOIO 1HCTPYMEHTY. BcTaHoBieHO,
110 JIJIS1 T IBUILIIEHHS 3HOCOCTIMKOCTI Ta JJOBFOBIYHOCTI TOBEPXHI 0OpPOOHOT0 IHCTPYMEHTY LITAMIIIB
raps4oro JegopmyBaHHS OakaHO 3aCTOCOBYBAaTH CIUIABH, Y SIKMX Y TO€IHAaHHI 3 MAapKoOIO
obpobroBanoro marepiany cymapua T. E. P. C. npsimye 10 HysL.

2. 3aCTOCYBaHHSI TEPMOECJICKTPUYHOTO EKCIIPEC-METOy HEPYHHIBHOTO KOHTPOJIO J03BOJISIE
olepaTHBHO BU3HAYATH HANO1IbII HEOE3eUH1 JTOKaIbHI MICIIS, K1 XapaKTepU3yIOThCS KPUTHUHUMU
30HaMH KOHIICHTpAIlii HAIPYKEHb 1 CBOEYACHO 3aCTOCOBYBATH 3aXO0JIU JIJIS IX YCYHEHHSI.

Cnmcox BUKOPHUCTAHOI JIiTEpaTypu
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Hepyuinisnuti konmpons ma mexnonoeiuna diaenocmuxa 2000 : Tpami 111 Ykp. HaykoBO-TeXH. KOH(.
Juinpomnerposcbk, 2000. C. 8-16.

2. lkinbko O. M. HepyiiHiBHI METOAM KOHTPOJIO METaliB Ta BY3JIIB EHEPreTUYHOIO
oonaguanug. Kuis : ICIO, 1994. 180 c.

3. HoBi MOXIMBOCTI HEpYHHIBHOTO KOHTPOJIO MOTOYHOTO CTaHy NPOKAaTHUX BaJIKiB
JUCTOMPOKATHUX BUPOOHMIITB L1010 BUMIPIOBAHHS PO3MOLTY MarHiTHUX XapaKTePUCTHK POOOYOTO
mapy / I'. 1. besmoapko Ta iH. Hepytinoeanuii konmpons ma mexnonoeiuna oiacnocmuxa 2000 :
[Mpami I Ykp. HaykoBo-TexH. KoH}. AHinmponeTpoBcbk, 2000. C. 150-151.
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3BLIBINEHHA PECYPCY OCEM PEMKOMILIEKTY IMIIABICKH TPAKTOPA !

Ounexcanap BO3HIOK, 3100yBay Bumioi ocBitu rpynu MC-51-24
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauin. Iloxazano, wo Mm’ske a30mMy8aHHs NOBEPXHi ocell NIOBICKU MPAKMOpPA 00380JUN0
30ivwumu ix pecypc na 25 % .

Kniouosi cnosa: azomysanms, moswuna wapy, oci NiO8IiCKU, NOBEPXHs, CEPpYeBUHd, MIYHICMb,
NIACMUYHICMb, 8 A3KiCMb, pecypc.

INCREASE THE RESOURCE OF THE AXES OF THE REPAIR KIT OF THE TRACTOR
SUSPENSION

Oleksandr VOZNIUK, student of the group MC-51-24
Kharkiv National Automobile and Highway University

Abstract. It was shown that mild nitriding of the surface of the tractor suspension axles increased
their service life by 25 %.

Key words: nitriding, layer thickness, suspension axes, surface, core, strength, ductility, toughness,
service life.

Beryn

EdexTuBHICT BUKOpUCTaHHS Oy 1b-KOi TPAHCIIOPTHOI MAIIMHU OaraTo B YOMY 3aJIEKHUTh BiJl
HAJIMHOCTI CKJIaJalbHUX OJMHHIb 1 JAETajel, SKi MpaltoloTh M NOCTINHUM BIUIMBOM 0OaraTbox
¢dakTopiB, LI0 HEraTMBHO BIUIMBAIOTh HAa iX TEXHIYHUM CTaH, 3HIKYIOTh eKCIUTyaTaliiHi
XapakTepuCTUKH. JlerpanamiifHi npouecH, ki MOMIKO/PKYIOTh OKpeMi JAeTalli, MOTipIIyloTh YMOBU
pPOOOTH MALIIMHHU B IIJIOMY, X04a BOHA 3aJIMILIAETHCS 1€ IIJIKOM poOoTonpuaatHoto. 11106 otpumaru
MOBHE BIJIHOBJIEHHS MAIIMHM TOTPIOHO 3aMiHIOBATH TMOLIKOJDKEHI Je€Tajli HOBMMH, a0o0
3a0e3neuyBaTy 30UIbIIEHHS PECypCy BUKOPUCTOBYIOUH 3MIIHIOIOU1 TeXHOJIOTII [ 1, 2].

3HayHa YaCcTUHA TPAKTOPIB, AKI 1€ €KCILTYyaTyIOThCS ChOTOJIHI, OyJIM BUITYIIEHI MMOHaa 25-
30 pokiB 1 TOMy BXKE CyTTE€BO 3HONICHI. [lepcrekTmBa iX 3aMiHM B HAWONMKYUN dYac He
nepeadavaeThCss y 3B’SA3KY 13 BOEHHMM CTaHOM Halioi KpaiHW Ta 13 3arajbHUM MaJIHHIM
BUPOOHMIITBA, Ta OCHOBHE HAaBAaHTAXKEHHs MpPUIIAJA€ HA PEMOHTHI miampuemcrsa. [linBUIEHHS
eKCIUTyaTalliiHUX  BIACTUBOCTEH 1 TepMiHy Mpale3laTHOCTI PEMOHTHUX  KOMILJIEKTIB
pecypcoBH3HAYAIBHUX BY3J1iB MAIIMH € HA 4aci Ta MPAKTUYHO KOHYE HEOOX1THUM.

11 Po6oTa BHKOHaHA T1i]] KepiBHUITBOM npodecopa Ipuru JJOIEUYKIHOT
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JlirepaTypHuii orjsia

OpnHUM 3 BY3JTiB TPAKTOPA, IO YaCTO TOCTPOKOBO BUXOMSTH 3 JIAy, € CHCTEMA MiABICKH, SKa
eKCIUTyaTy€eThCsl B dKOPCTKUX YMOBAX IHTEHCHBHOTO aOpa3MBHOIO 3HOILIYBaHHS (po30HTa IPyHTOBA
nopora 3 1o06aBKamMH I'paBiro Ta IIIaKy, Kap’€p Ta iH.), @ TAKOX ITiJ] BIUIMBOM 3HAYHOT BOJIOTOCTI Y
pi3Hi opu poky [2, 3]. locTpokoBuii BUXija 3 J1aay OJHI€T 1eTajai CHCTEMH IMiIBICKH MPU3BOIUTH JI0
TPUBAJIOTr0 IPOCTOIO TPAKTOpa Ta CIIOJIYUCHUX 3 HUM arperaTiB — OyJibJj03epiB, CKpEnepiB Ta iH.

Jlo neraneif, ki € IPUUMHOIO MEPEAYACHUX BIIMOB TPAKTOPA HAJIEKATh BICh MIATPUMYIOUYOTO
poJiuKa Ta BICh KOTKa miaBicku. OKpiM arpecMBHOIO 3HOINYBAaHHsS Ta KOpO3ii OCi MiAgar0ThCs
yAapHUM 1 I[HMKJIIYHUM HaBaHTA)XGHHSAM, TOMY TIIOBEpXHS iX MOBMHHa OYyTH 3HOCO- Ta
KOpPO3iHOCTIIKOI0, & CEpPIIEBHHA — JJOCUThH IJIACTUYHOIO Ta B’SI3KOIO MPH TOCTATHIN MiITHOCTI [4].

Oci BUXOJATH 3 JIagy HO NPUYMHI IHTEHCHUBHOTO 3HOLIYBaHHS, YOMY CIpHUSE 1 KOpO3isd
noBepxHi. J[is MiABHIIEHHS IOBrOBIYHOCTI IMOBEpXHS OCEH MOBMHHA OyTHM OULIBII 3HOCO- Ta
KOpOo3iiHOCTIiKOI0. OAHUM 13 METOIB 00pOOKH, KMl Ou 3a0e31eYnB eKCIuTyaTalliiiHi YMOBHU OCeH,
€ a30TyBaHHS IOBEPXHI 3 MONEPETHHOIO 00’€EMHOIO TEPMIYHOIO OOPOOKOI — MOKpAIICHHS Jis
CeplieBUHM a30ToBaHUX netaiei [4]. Huni a30TyBaHHs HaOyBae eaii Bce OUIIION0 3aCTOCYBaHHS,
3aBJISKU TOMY, 110 a30TOBaHi J€Tajli MalOTh BUCKY 3HOCOCTIHKICTh, KOPO31€CTIUKICTh, 3HAUHUHN OIIip
BTOMi, Majy aedopmariito BUpoOy, IO 0OpOOIISIEThCS, a TAaKOXK Yepe3 BIIICYTHICTh HEOOXi1THOCTI
JI0/1aTKOBOT 0OpOOKH Ticis a30TyBaHHs [5].

OCHOBHUM HEJIOJIIKOM a30TyBaHHS € iHoro TpuBaiicTh. OHAK 32 HEOOXiAHOCTI MPUCKOPUTH
MpOoIIeC a30TyBAHHS Ta IiIBUIIUTH HOTO €(PEKTHBHICTh BUKOPHCTOBYIOTH JIBOCTAITHY CXeMY 00pOOKH
metany [4, 6]. Taka cxema nepenbayae Ha nepiiii craaii HarpiB g0 temmeparypu 500-520°C mist
OTpUMaHHS TIAMOWHU a30ToBaHO Imapy ~ 0,5wmm, mo 3abe3meuye mMiABUIIECHHS MOBEPXHEBOI
TBEPAOCTI Ta 3HOCOCTIMKOCTI, KOpO3iiHOT TpUBKOCTi. Ha Apyriii cTaii mpoiecy aeTainb HarpiBaeTbes
1o 600-620°C. 3a Takux mHapaMeTpiB TEMIIEPAaTypHOI'O PEXHMY IpOLEC a30TYBAaHHS ICTOTHO
IIPUCKOPIOETHCS, a TJIMOMHA 3MILHEHOro INapy JocsArae HeoOXiHUX NOKa3HMKIB. TBepaicTb
MOBEPXHEBOTO IIIapy 3a JBOCTYNEHEBOIO TEXHOJIOTIEI0 HE MOCTYMAIOTHCS TOH, IO OTpUMaHa MpH
OJTHOCTYTIEHEBOMY a30TyBaHHi [4].

[Tomryk TeXHOJOTIN CTBOPEHHS 3HOCOCTIMKMX MOBEPXHEBMX LIApiB, sIKI O HE MOTIPUIMIN
BJIACTUBOCTI CEPIIEBUHU BUPOOY, € aKTyaJlbHUM B Halll 4ac, KOJU 3HAYHO BUPIC 00’€M PEMOHTHUX
POOIT 3acTapiioi CUILCHKOTOCIOIAPChKOI Ta TIOPOKHBO-0Y/1IBEIbHOT TEXHIKH, 3HAYHY KIIBKICTb SIKOT
CTaHOBJIATh TPAKTOPHU. 3T1THO [7] OJJHUM 3 OCHOBHUX HAIPSIMIB IPUCKOPEHHS BUPOOHUYMX MTPOLIECIB
1 301IbIIEHHS €KCIUTyaTalifHOTO pecypcy MaIMHHO-TPAKTOPHOT'O NApPKY € IIiIBULIEHHS pEMOHTHOI
TEXHOJIOTIYHOCTI Ta ePeKTHUBHOCTI». OTke, HaBITh HE3HayHE 301JIbIIEHHS 3HOCOCTIMKOCTI TaKUX
BI/IMOBITAJILHUX JI€TaJel sIK OCl MiJIBICKM 3a0€e3MeUnuTh €KOHOMII0 MEeTajy, JO3BOJIMTH 3MEHIIUTH
MaTepiajbHi Ta TPYJI0Bl BUTPATHU Ta MiJIBULUTH Mpale3gaTHICTh TPaKTopa.

MeTta q0CaiTKeHHA
Mertoro nocmiaxeHb OyJio BCTaHOBJICHHS BIUIMB TOBIIWHU a30TOBAHOTO IIapy HA MEXaHIYHI

BJIACTUBOCTI Ta XapakTepy pyHHyBaHHS BUPOOIB MpHM PO3TATaHHI Ta IMiJ BIUIMBOM YIapHOTO
HaBaHTaXECHHS.
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MarepiaJj i METOAUKH 0CTiIKEHHSA

Ha BupoOHUIITBI OCI pEMKOMIUIEKTY ITiJIBICKA BUTOTOBIISIOTH 31 cTajneit 38XI'T abo 38XCA.
Tepmiuna oOpoOka iX — L€ rapTyBaHHS 3 HACTYITHHUM BUCOKHMM BimmyckoMm. Oci Iyke HIBHIKO
BUXOIMIIH 3 JIa/ly Yyepe3 3HaUHE 3HOIITYBAHHSI.

s nociimkens Oyina BuOpana cranbs 40X, XiMIYHUHN CKIIaJ] IKOi HaBeleHUi B Ta0. 1.

Taomuus 1 — Ximiuauid ckiazn craim 40X

C,% Si, % Mn, % Cr, % S, % P, % Ni, % Cu, %
0,41-0,44 | 0,2-0,31 | 050-0,68 11 0,03 0,03 0,25 0,30

CrangapTHi WIHAPUYHI po3puBHI 3pasku 31 ctami 40X (d = 10 MM) micis moKparieHHs
(raptyBanHs B osuBi Binm Temneparypu 860°C ta HactymHoro Bimmycky mpu 650°C, 1,5ron.)
MiJ1aBalid a30TYBaHHIO.

A30TyBaHHS TPOBOJAUIM 32 TPbOMa PEXKUMAMH JJIsi OTPUMAHHS 3MIIIHEHUX IIapiB pi3HOI
toBiuHU — 0,08, 0,25 1 0,35 MM 13 301IbIIEHHIM HACHYEHHS a30TOM.

1-i1 pexum: azoryBanus npu t = 620°C, 7= 1,5 rox.

2-i1 pexxuM: a30TyBaHHSI B cTpyMmeHi amiaky npu t=520°C, 7=10rox., miaBUIICHHS
temneparypu a0 540°C, =20 rox., gani BUTpUMKa MPOTAroM 3-X ToAuH 0e3 mojavi amiaky Ta
oxoJokeHHs 10 150°C B cTpyMeHi aMiaky.

3-ii pexHUM TOJIATaB Yy MOBTOPHOMY a30TyBaHHI 3pa3kiB, 0OpoOiieHuX 3a pexumoM Ne 2.
['mubuHy a30TyBaHHS OI[IHIOBAJIM 110 BiJICTaHI Bijl MOBEPXHI 0 miapy i3 TBepaictio ~ 450 HV [5].

Jlis OLIHKYU MOKa3HMKIB MIITHOCTI Ta IUIACTUYHOCTI MPOBOAUIM BUIPOOYBaHHS Ha PO3TAT
HWTIHAPUYHUX 3pa3kKiB Ha enekTpomexaHiunii Mammui UIT STM-50 y BiAnoBiqHOCTI 10 CTaHIapTIiB
I1ISO 689284 Ta ASTM ES.

VYmapHa  B’s3KkicTh  BHM3Hayaymacss ~Ha  MasTHHKoBomy  kompi  UIT IPT-300 C.
BuxopucTtoByBanuch cranapTHi 3pa3ku 13 U-mogiOHUM Haapi30M.

TBepaicTh a30TOBaHMX IIapiB BHMIpIOBaJIM Ha TBepAoMipi Bikkepca 3a cTaHIapTHOIO
METOJIUKOIO.

Pe3yabTaTu gociaigxkeHb

[Ticns TpucTamiiHOrO MpolEecy a30TyBaHHS TBEPIICTb IMOBEPXHI 3pa3KiB JOpiBHIOBaja
750 HV.

KpwuBi po3tsiransst Ta MpOTOKOJ BUNMPOOYBaHb 3pa3KiB HaBeleH1 Ha puc. 1 i B Tadu. 2.

3 puc. 1 BunHO, mo rauboki mapu azoryBaHHs (0,25 1 0,35 MM) mpu3BOASTH 10 MaAiHHA
MIILHOCTi, BTpaTH IUIACTUYHOCTI Ta OKpux4deHHs (KpuBi 3, 4). A30TyBaHHS Ha Mally TJIUOHHY
(0,08 MmMm) merio miABHUINY€E MIIHICTh TPH Jy’K€ BUCOKIN MIACTUYHOCTI (KpWBa 2), 110 BiINOBIiAa€E
PiBHIO 3pa3Ka, SKMI He MiJ1aBaBCcs a30TyBaHHIO (KpuBa 1).

Takum ynHOM, a3oTyBaHHS Ha TauOuHY < 0,08 MM He 3HM)XY€ KOHCTPYKTUBHOI MIITHOCTI
BUpoOy. Lle miATBepIKYIOTh 1 CTATUCTUYHO 0OPOOJIEH] KIIbKICHI 3HaYeHHS TOKa3HUKIB MIITHOCTI Ta
IUTACTUYHOCTI, 1110 HaBeeH1 B Tab. 2. [Ticis 3HATTS a30TOBaHOTO MIApY MEXaHIUHI XapaKTePUCTUKU
BIJIMTOB1/Taf0Th TTOKA3HUKAM TTICJISl TOKPAIICHHS.
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I I
10 20 §.9

1 — nmokpamenns; 2 — azoroBanuit map 0,08 mm; 3 — 0,25 mm; 4 — 0,35 Mmm
Pucynok 1 — 3anexHicTh «Hanpyx)eHHs — Aeopmartis» g 3paskiB 31 ctam 40X

Tabmuus 2 — MexaHi4HI XapaKTepUCTUKH 3pa3KiB MICIs Pi3HOI 00pOOKH

ToBuMHa mapy a30TyBaHHSA, MM os, MIla 002, MIla 0, % v, %
[TokpareHHs 715 430 20 52
0,08 790 455 20 48
0,25 580 530 - —
0,35 545 - - —
3HaTHi nUTiQyBaHHAM IIap 715 420 21 51

Bun 3paskis 3i crani 40X micist pyiiHYBaHHS IPH PO3TATaHHI HABEJCHHUI Ha pHC. 2.
— - Be——
a 0

B T

a — mokpaieHHs; 6 — azoroBanuit map 0,08 mm; B — 0,25 MM; T — 3HATUH a30TOBaHUH IIap
Pucynok 2 — 3pyitHOBaHi 3pa3Ku Mpu pO3TATaHH1

Burnsa 3pyliHOBaHUX 3pa3KiB Ha PHUC. 2 CBIAYUTS, IO MPHU a30TyBaHHI Ha rnbuny 0,25 (B)
BOHU DPYHHYIOTBCSI aOCOJIFOTHO KPUXKO. 3pasku i3 3MirHeHuM 1mapoMm 0,08 MM (0) pyHHYIOTHCS
roceperHi poOoUY0i YaCTHHH 13 YTBOPEHHIM IIUIKH, aHAJIOTIYHO 3pa3KaM IICIIsl MOKpalleHHs (a) Ta
31 3HATUM a30TOBAaHUM MIAPOM (T).

Amnauti3 31aMmiB (pHc. 3) Moka3as, 10 3pa3KHU Micys HOKPAIIEHHs, @ TAKOXK 3pa3Ku 3 BUAAJICHUM
a30TOBAaHUM IIIAPOM 3pYHHYBaJIUCA AIMCHO B’s3KO0 (a 1 T). Y 3pa3kiB 3 a30TyBaHHSIM Ha TIHOUHY
0,08 MM criocTepiraeTbest 3MilIaHUN 371aM (Ha TOBEPXHI KPUXKHUI a3oToBaHuil map) (0), a 3pa3zku
MICJIS TPUBAJIOr0 a30TyBaHHS Ha 3HAYHY TJIMOUHY PYHHYIOTHCS aOCOITIOTHO KPUXKO (B).
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a — nmokpaieHHs; 0 — azoroBanuii map 0,08 mm; B — 0,25 MM, T —3HATUH a30TOBaHUH IIap
Pucynok 3 — 3namu po3puBHUX 3pa3KiB

VYnapHa B’A3KiCTh MOHOTOHHO 3MEHILYETHCS 3 TOBIIMHOIO a30TOBAaHOrO mapy — Bix 59 no
12 JIx/cm?. Tlicna asoryBamHs Ha rambuny 0,08 MM BoHa mopiBHIoe 52 JIx/cm?. 3pa3sok, o
a30TOBaHMI Ha TaKy TJIMOMHY [TPU BUMPOOYBaHHI pyHHY€EThCS B’ SI3KO (pHC. 4).

Pucynox 4 — 3nam ygapHoro 3paska 3 riIMOMHOI0 a30ToBaHoro mapy 0,08 MM

[TigBumena MinHiCTh cepueBran ctam 40X micis MoKpaieHHs 3ano0irae pyiHaiii TOHKOTo
a30TOBAHOI'0 MIAPY MiJ I€F0 BUCOKOTO TUCKY.

Hwuzbka Temmeparypa a30TyBaHHS He TIPU3BEAE A0 3MiH T€OMETPUYHHX ITapaMeTpPiB OCEH.

[Iponiec M’sikoro a3oTyBaHHS Ha MMOMHY Bchoro 10 0,08 MM OyB ampoOoBaHuMil Ha
PEMOHTHOMY HIANPHEMCTBI Ta 3a0e31eUnB 30UIbIIEHHS eKCIUTyaTaliitHoro pecypey Ha 25 %.

BucunoBxu

1. ToBmmHa MOAM(}IKOBAaHOTO A30TYBAaHHSIM IIOBEPXHEBOTO IIApy CYTTEBO BIUIMBAE Ha
MOBEIHKY BUPOOIB TPU PO3TSATAHHI Ta IMiJ JII€I0 yIapHUX HaBaHTa)XKeHb. HasBHICTH TIMOOKHX
3MILHEHHX IapiB MPU3BOJUTH 10 HEOAKAHOTO KPUXKOTO PyIHYBaHHS.

2. ITinBAIATH TBEPIICTH 1 MIITHICTh TIOBEPXHI MIPU OHOYACHOMY 30€pEeKEeHHI XapaKTePUCTHK
IUTACTUYHOCTI CEpLIEBMHM MOYKHA ITPH a30TyBaHH1 Ha riauOunHy 10 0,08 mm.

3. BuCoOki 3aJMIIKOBI CTHUCKaJIbHI HamNpy>KeHHs, 0 3 SBISAIOTbCA y a30TOBAHOMY IIapi,
30UTbIIaTh BTOMHY MIITHICTh OCE€H TP poOOTI B yMOBaX MUKJIIYHUX HABAHTAKCHbD.

4. A30oTyBaHHS, K BiZIOMO, IiJIBUIILYE KOPO3iiHY CTIHKICTB, III0 0COOIMBO BaXKJIUBO U1 OCeit
MIJIBICKH, SIK1 €KCITyaTYIOThCS B KOPCTKHUX MOTOAHUX YMOBAX MPH 3HAYHIN BOJIOTOCTI.

5. B axTti ampobarii Ha PeMOHTHOMY MiJIPUEMCTBI MPOIECY «M’SIKOrO» a30TyBaHHS Ha
rimouHy Beboro 1o 0,08 MM 3adikcoBaHO 301IBIIEHHS eKCIUTyaTaIliiHOTo pecypey Ha 25 %.
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OBI'PYHTYBAHHSA OIITUMAJIBHUX TAPAMETPIB ITPOLHECY FDM-JIPYKY 3
MOJIU®IKYBAHHSM MMOJIMEPHUX MATEPIAJIIB 2

CraniciaB BOPOHKOB, 3106yBauy Bumoi ocBitu rpynu AIIM-41-21,
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauin. Buxoumano o6rpynmyeanHs onmumanvHux napamempie npoyecy FDM-opyky 3
Moougixysanuam nonimepuux mamepianie. Ilokazana nociio08HICMb 3ACMOCY8AHHA Memooy
ananizy iepapxii 01 6a2amoxpumepiaibHol OYiHKU 3 YPAXYBAHHAM PI3HUX (hakmopis.

Kniouogi cnosa: FDM-opyk, moougixysanns, miynicms, niacmuyHicms, eleKmpomazsHimue noJe,
nonimMepui mamepianu, bazamokpumepiaibHa ONMUMI3ayis.

JUSTIFICATION OF OPTIMAL PARAMETERS OF THE FDM PRINTING PROCESS
WITH MODIFICATION OF POLYMER MATERIALS

Stanislav VORONKOV, student of group APM-41-21,
Kharkiv National Automobile and Highway University

Abstract. The justification of the optimal parameters of the FDM printing process with modification
of polymer materials is carried out. The sequence of application of the analytic hierarchy process
method for multi-criteria evaluation taking into account various factors is shown.

Keywords: FDM printing, modification, strength, plasticity, electromagnetic field, polymer
materials, multi-criteria optimization.

Beryn

Po3po0neHHs HOBUX MEpCNEKTUBHUX ModiMepHUX MatepianiB ([IM), HOBUX MOMIMEpPHUX
KOMIIO3ULIIHHUX MaTepiajiiB 1 TEXHOJIOT1H nepepoOKH MOB’s3aHO 13 IHHOBALIIMU OCTaHHBOTO Yacy.
JIo 0HOTO 3 HANOLIBII aKTyadbHUX TEXHOJOTIYHHMX TPEH/IB BIIHOCATHCS aJUTHBHI TEXHOJIOTI, B
SIKUX TIOIIApOBE HAPOIIYBaHHS MaTepialy BIAMOBIAHO JI0 3a/1aHOi KOMII IOTEPHOI TBEPAOTLIBLHOT
MOJIel MPaKTUYHO 3aMIHIOE TPaJWLINHI MPOLIECH pi3aHHs, NpecyBaHHS 1 mrammnyBaHHs [1, 2].
OCHOBHOIO TIEpEBArol0 JaHUX TEXHOJOT y BUPOOHUITBI Ta PEMOHTI € MpsSME BIATBOPEHHS Ha
OCHOBI TBEpIOTUIbHOI Mojeni BUpoOy Oyab-sKoi CKIAQAHOCTI 0€3 3acTOCyBaHHS JI0IaTKOBOI'O
OCHAILlEHHS.

3actocyBaHHd 3D-mpUHTEpIB OXOIUTIOE JyKe IIHUPOKY cdepy aAismbHOCTI. OO6nacth
BUKOpUCTaHHA 3D-ApyKy pO3IIMPIOETHCS, YIAOCKOHATIOIOTHCS METOIU JAPYKY, 3HaXOAATh
3aCTOCYBaHHS HOBI MaTepiaiu, MOJIMIIYEThCS SAKICTh, TOYHICTD 1 MilIHICTh BUpOOiB. [IpunTepu ms
TPUBHUMIPHOTO APYKY 3MEHITYIOTHCS B PO3Mipax, CTAIOTh TOCTYIMHIIIMMH, TOTPEOYIOTh MiHIMAIbHUX

12 PoGoTa BuKOHaHa nix KepiBHUITBOM Npodecopa FOpis JIYIVKAJIOBA
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BUTpAT B EKCIUTyaTarlii. ¥ 3B’s3Ky 3 IIUM TEeXHOJOriuHl mpouecu 3D-aApyKy mis BUPOOHHIITBA
JIETAJIEN € MEePCIEKTUBHUMU.

AHauni3 myoaikanii

BBaxaetbcs, mo 3acrocyBanHio [IM y BUpoOHMITBI feskux MmamuH [3, 4], X By3JiB 1
JeTaneil He ICHY€ aJbTepHATUBU. Y TOM ke yac, He3BaKarouu Ha OypXJIMBUI PO3BUTOK 3a3HAYCHHUX
TEXHOJIOT1H, aKTyaJbHOIO MPOOJIEMOIO 3aJUIIAETHCS HEJOCTATHS MIIHICTh BUPOOIB, IO OJIep)KaH1
nusixoM 3D-apyky [5, 6]. Lle cTtpumye ix 3acTocyBaHHS B BUPOOHHUIITBI Ta PEMOHTI TEXHIYHHX
CHCTEM, HE JIa€ MOXIIMBOCTI peani3yBaTu iX MOTEHIIIHI MOXIMBOCTI. [IlepCreKTHBHUM pillleHHSIM
nanoi mpobnemu € wmonudikyBanas I[IM, a Takoxxk apmoBaHoro I[IM mIisxoM JOJAaTKOBUX
eJIeKTPOo(13MYHMX BIUIMBIB, HAITPHUKIIA/I, B BACOKOYACTOTHUM €JICKTPOMATHITHUM IMITYJIbCHUM ITOJIEM
(BEIIT). Taxki pimenns € 6araToBapiaHTHUMH, IOTPEOYIOTh BpaxyBaHHs 0aratbox (pakTopis.

3acToCcyBaHHS aHANITUYHUX (OpMaTi30BaHUX METOAIB oOrpyHToBaHoro BubOopy IIM 1
croco0y X MoauGiKyBaHHS Ui KOHCTPYKIIHHUX €JIEMEHTIB B aJIUTUBHUX TEXHOJOTISAX MiJBUIIYE
JOCTOBIPHICTh 1 HAMIWHICTH OJEpXKaHUX pe3yibTariB. s oOrpyHTOBaHOrOo BHUOOPY NHOTPIOHO
BpaxoByBaTH IIMPOKY CYKYIHICTh KpuTepiiB. OCKIJIbKM OIHKMA BIIACTUBOCTEH MarepiasiB s
KOHCTPYKIIMHUX €JIEMEHTIB, BIUIMB CHOCO0Y MOAM(iKyBaHHS MOXXYTh MaTH KUIBKICHI Ta SKiCHI
XapaKTePUCTUKH, TO HANOLIBII MOIUIBHO JUIS aHATITUYHOTO (OPMAai30BaHOTO OOTPYHTYBAHHS
BUKOPHCTOBYBAaTH EKCIEPTHI METOAM, SKi NependavaroTh paH)KyBaHHS 00 €KTIB 3a CYKYIHICTIO
napameTpiB.

o GaraTokputepialibHUX METOJIB MPUUHATTA pimieHb BigHOCATE SWOT-ananiz i meToau
a”amni3y iepapxiil. B namomy Bumagky SWOT-anani3 npezacrasise co0or0 y3arajlbHEHY OLIHKY
TEXHOJIOTIYHOTO cepefoBUIa [7], B sSKOMY (YHKI[IOHy€ MalIMHOOYIIBHE YK MAalIMHOPEMOHTHE
nianpueMcTBo. Ll Mosens MaTpUYHOTO aHallizy J0NOMarae BUAUTUTH MEPELIKOIH, 10 MOCTa0Th
nepes BOPOBAKEHHSAM TexHoiyorid 3D-apyky. Ha ocHOBI Takux aochikeHb HpUHMAarOThbCs
pIIIEHHS, B SKHUX aKLIEHT pPOOUTHhCS HA BHU3HAYEHHI MpoOJieM OpraHizaliiHO-TEXHOJIOTTYHOTO
XapaxTepy.

TakuM YMHOM, BHpILIEHHS NMHUTAaHb OOIPYHTYBaHHS BHOOpPY HOJIMEPHHUX MaTepialiB 1
crioco0y MoauGiKyBaHHS AJIs 3MILIHEHHS B TexHoJoriax 3D-apyky neranei mamuH, siBjisie co00r0
aKTyaJlbHY 3a/1a4y HAyKOBOT'O Ta MIPAKTUYHOT'O IJIaHYy.

Mera Ta 3aBraHHs po0oTH

Mera pocnipkeHHS — BHUKOHAaTH OOIPYHTOBAHMU BHOIp ONTUMANbHHUX MapaMETpiB IJis
npouecy FDM-apyky 3 monudikysannsm Matepiany BEIIL

OOGrpyHToBanMii BUOIp mepeadadae 3acTOCyBaHHS (POpMai30BaHOrO IMIAXOAY Ha OCHOBI
METOJly aHaji3y lepapxiil s 6araToKpUTepialibHOT OLIHKH PI3HUX (PaKTOPIB.

MarepiaJj i MeTOAU TOCTIKEHHS

JUis miArOTOBKM METOJMKH OaraTOKpUTEpiaJbHOIO BHOOpPY IMOJIMEpHUX MarepiaiiB i
croco0iB iX MoaudiKyBaHHS OyB 3aiTHUN MiAX1J, B OCHOBY SIKOTO IMOKJIa/I€HA 171es] METOy aHali3y
lepapxii, mo 3amnpornonoBana Tomacom Caarti [8]. B boMy MeTO/II BUKOPHUCTOBYETHCS TIPOIIEIypa
MOMapHOT0 MOPIBHSHHS €JIEMEHTIB, a JUJIs MOJIETIIEHHS CYP)KEHb €KCIEPTIB PO BaXJIUBICTh 00’ €KTIB
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BHKOPHUCTOBYEThLCS ClemianbHa 9-0anmbHa IIKaja BIAHOCHOI BaXKJIMBOCTI JBOX OO0 €EKTIB, IO
MOPIBHIOIOTECSA. MeToJ aHami3y iepapXiidi mpoimoB BceOiuHy ampodarito Bia pimeHHs mpolieM
HAI[IOHAIBHOTO PO3BUTKY KpPaiH J0 MPUBATHUX 3a]a4 Ta OTPUMAaB BHCOKY OIIHKY (haxXiBIIiB.

Pe3yJIBTaTI/I I[OC.]'Ii)I)KeHHﬂ

Jlna  peamizamii BChOTO KOMIUIEKCY BJIACTUBOCTEH TIIOJIMEPHHUX MaTepialmiB  HEOOXiTHO
3a0e3MeunTH MIIHY B3a€MOJIIF0 MAaTPHIll Ta HAIOBHIOBAaYa IO BCIM IUIONI iX KOHTaKTy. BiactuBocTi
MaTepialy Ha KOPAOHI pO3AUTy MAaTpHUII-HAITOBHIOBAY ICTOTHO BIAPI3HSAIOTHCSA BiJ BIACTUBOCTEH
KOJKHOT'O 3 IIUX KOMITOHEHTIB. JIOCHTh YacTo, 11eii Mixk(a3oBuil IIap € HAHOLIBII CIIAOKUM MICIIeM, 1 came
TI0 LIl MEXi MOYMHAETHCS PYHHYBaHHS MaTepiaity.

B xoni excriepuMeHTaNbHUX JOCTIIPKEHb HaMH JIOBEJCHO, 10 OO0pOOKa BHCOKOYACTOTHUM
eJICKTPOMArHITHUM IMITYJIbCHUM TiosieM (Tipu yactoTi — f = 2,25 MI'n i Hanpysxenocti — H = 1265 A/m)
MPUBOANTL O TIOJIMIIEHHS KOTe3iMHMX BJIACTHUBOCTEH. BcTaHOBIEHO TpUBaNMicTh 0OpPOOKH
BHCOKOYAaCcTOTHHM ItosieM ABC-1iacTukiB, HallOBHEHUX YacTKamu crami 45, 1o 10 XxBuiuH. 3a Takoro
pexxuMy MOAU(DIKYBaHHS CIIOCTEPITaiy MiIBUIIEHHS MOIyJIs TipyskHocTi 3 £ = 3,5 ['Tla (1 BuxigHoro
Mmarepiany) 1o £=3,9...4,20 I'Tla (micns moaudikyBaHHs). AHAIOTIYHO, PYHHIBHI HaNpy>KEHHS MPH
3THHAHHI 30UTBIIYIOTECS BiJl o3 = 45 MIla (uis BUXiIHOTO Marepiany) o ox = 52...56 Mlla (micns
Moan(iKyBaHHs).

Jnst oO6rpyHTOBaHOTO BHOOPY MONMIMEPHOTO Marepiaiy, crocoO0y MomaudikyBaHHS HOTPIOHO
BPaxXOBYBATH IIHPOKY CYKYIHICTb KPUTEPIiiB. B SKOCTI TaKMX KPUTEPIiiB MOXKYTh PHUMATUCS TEXHIYHI
napameTpy, eKCIUTyaTalliiiHi, eKOHOMIYHI MOKa3HUKHU Ta 1HII XapaKkTePUCTHKH, IO BiI0OpaXKaroTh
KUIbKICHI Ta SIKICHI pe3yJbTaTd BUTOTOBICHHA 3MIITHEHUX KOHCTPYKIH 3a SKUMH MPOBOISTH
MTOPIBHSAHHSI.

Ha ocHOBI aHamizy HayKOBMX 1 BHUPOOHMYMX JaHHX, pPE3yJbTaTiB EKCIEePUMEHTAIbHUX
JOCII/DKEHb PO3pOOJIEHO HACTYNMHHMHA Ha0lp OCHOBHUX KpUTEpIiB A1 OOIPYHTYBaHHS BHOOpY B
KOHKpETHIN CUTYyallli 3aCTOCYBaHHs aJIMTMBHUX TEXHOJIOTiN Ha 0a3l BUKOpUCTaHHS 3D-NpUHTEPIB B
SIKOCT1 TEXHOJIOTIYHOTO 00JIaTHAHHS:

— OLIHKa CyKyITHOI MPOAYKTUBHOCTI Ipalll, SIKy 3a0e31euye BUKOpUCTaHHS npotecy 3D-npyky
3 MmoaupikyBanusaM [1IM;

— mBHAKICTh BUTIKaHHA 1M, BpaxoByroun croci® Moau]iKyBaHHS Ta MOJEKYJSIPHY Macy
MOJIIMEPHOTO MaTepiainy;

— BUTpaTu Hacy Juii peaiizauii crnocoOy wmonaudikyBanHs [IM, BpaxoByrouum Bci cTafii
Moau¢ikysanus [1M;

— MOXJMBICTh (iHIIIHOI 00poOku (papOyBaHHs, WiAroHka, (ikcariss aeTanei) micis
MoudikyBanus [TM;

— MOXJIMBICTh CyMilleHHsI mpoueciB MogudikyBanHsa [IM 1 3D-nmpyky ans migBUIIEHHS
MIPOTyKTUBHOCTI,;

— MitHicTh camoro IIM 3 HamoBHIOBaueM 1 MOIIAPOBOTO CKPIIUIEHHS B CTPYKTYpl MPOXOJIIB,
peaunizattis crioco0y Mmoaudikysanus [1M;

— MIIHICTB ikcallii BUpoOy 3a JOMOMOroro aaresii Ha cTouii 3D-TpuHTepY Mijg 9ac APYKY;

— EKOJIOT1YHI BJIACTMBOCTI, Oe31eKa BUKOPHCTaHHs crioco0y MoaudikyBanus [1M;

— Bapticth [IM i npyky Ha 3D-nipunTepi;

— CYyKYITHa BapTICTh TEXHOJOTIYHOIr0 OONafHaHHA s ApyKy Ha 3D-mpunTtepi, HEOOXiTHICTh
JIOTATKOBHX KaIliTATbHAX BKJIA/ICHD Y BHPOOHHIITBO.
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OriHKa BXKJTMBOCTI KPUTEPIiB 32 METOJIOM aHATI3Y l€papXiil 3MIMCHIOETHCS IIITXOM iX MOMapHUX
nopiBHsHb. [Ipy TOpIBHAHHI [1BOX KpPUTEPIiB BUKOPHUCTOBYETHCA IIKaja BiJHOCHOI BaKJIMBOCTI.
3anoBHEHHSI MaTpUIll BUKOHYETHCS MO PsIKaM, MOPIBHIOIOYM €JIEMEHT, PO3TAIIOBAaHOI B DPAAKY, 3
€JIEeMEHTOM, PO3TAIIOBAHNM Y CTOBIIIII.

[Tpu npoBeieHHI MONapHUX MOPIBHAHB ABOX €IEMEHTIB MAaTPHII IS IBOX KPUTEPIiB CTABIATHCS
HACTYIHI IUTaHHSA:

— SIKAW 3 KPUTEPIiB Ma€ OUTBIIHIA BIUTMB HA MPUAHSTTS PIIICHHS PO BUOIp TEXHOJIOTIT;

— sIKa [epeBara OJJHOTO KpUTEPI0 HaJl IHIIMM 3 O3ULIIH 3aIIPOIIOHOBAHOT HIKAIH OL[IHOK.

[Tpu BU3HAUEHH] BEKTOPY MPIOPUTETIB Ta OI[IHIOBAHHI y3TOKEHOCTI PE3y/IbTaTiB, BU3HAYAIOTh
NPIOPUTETH, SIKi TPEJCTABISIOTh BiTHOCHY Ba)KIMBICTH ab0 IepeBary €leMeHTIB Ha KOKHOMY piBHI
iepapxiuHoi Mozemi. [l migBUIIEeHHS 00’ €KTHBHOCTI OTPUMAHHUX PE3yJIbTATIB 3aIIOBHEHHS MaTpHIIL
MOK€ 3/1IHCHIOBAaTU NUIIXOM KOJEKTUBHOTO OOTOBOPEHHS CIIMCKY KPHUTEpIiB 1 pe3yibTaTiB MapHOTO
MIOPIBHSHHS €JIEMEHTIB MaTPUIIi.

3pasku 1uis ButipoOyBansb 13 ABC-mnactuky Oynu BukoHaHi Ha 3D-nipunTepi moaeni Ender 3Pro
coruioM 0,3 MM 3 OTHUM TIEPUMETPOM 1 pI3HUMH Koe(illieHTaMy 3aTIOBHEHHSI.

Jns anamizy Oynu BHOpaHi HacTymHi TexHonorii 3D-apyky 3 moaudikyBannsm BEIIL, 1o
BU3HAYAIOTh APAMETPHU JUIA IX ONTUMI3aLlii:

Texnonorist 1: BEII na npotszi 1 xBumman mis ABC-mutactuky 6e3 HanmoHroBaya, 100 %
Koe(iIieHT 3armoBHEHHS, 6€3 MPO0JIeM 3 MPUITUIIAHHSM JI0 CTOIY;

Texnonorist 2: BEIII na npotszi 10 xBummau mis ABC-mnmactuky 6e3 HaroBHioBada, 100 %
Koe(illieHT 3armoBHEHHS, 6€3 TIPo0JIEM 3 IPUITAIIAHHSM JI0 CTOTY Ta AedopMariiero BUpooy;

Texnomnoris 3: BEIII na nporszi 10 xBununu it ABC-miacTiky 3 HallOBHIOBAYE€M YacTKaAMHU
cram 45, 50 % xoedilieHT 3amoBHEHHs, 6e3 MpobJIeM 3 MPWIKMMAHHAM J0 CTOIYy Ta JAedopMalii€ro
BUpOOY;

Texnonoris 4: BEIII na npots3i 10 xBumuH s ABC-rutacTuky 3 HalmoBHIOBauYeM YacTKaMHU
crai 45, 75 % koe(dilieHT 3amoBHEHHs, 0e3 MpolieM 3 MPWIMMAHHAM JI0 CTONYy Ta AedopMalli€ro
BUpPOOY;

Texnomnoris 5: BEII va npots3i 5 xBuinuH 1y ABC-11acTuKy 3 HalmOBHIOBaYeM YaCTKaMU CTal
45, 50 % xoedirtieHT 3ammoBHEHHS, 0€3 TIPOOIIEM 3 IPHUITHIIAHHSM JI0 CTOJTY Ta JAe(opMariiero BUpoOy.

BukopucroByeTbesi IIKana OLIHIOBAaHHA JUIsl CIOCOOIB MOAM(IKYBAaHHS 3a KpUTEPISIMH,
BPaXOBYIOTHCS €KCTIEPUMEHTANIbHI J]aH1, MPONO3ULlii BUPOOHUKIB 1 JOCB1J (PAKTHYHOTO 3aCTOCYBaHHSI.

BukoHyIOTbCS PO3paxyHKH OIIHOK BJIACHUX BEKTOPIB OLIHOK KPHUTEPIiB, MPOBOIAMUTHCA iX
HOpMaJti3aris.

Pe3ynpTati po3paxyHKIB y3arajJbHEHMX IpPIOPUTETIB BApIaHTIB TEXHOJOTIH 3 BKAa3aHUMH
criocobamu Mo M(iKyBaHHS HaBe/IeHI Ha Jiarpami (puc. 1).

Ha 3axmrounomy erari 0OUnCITtOBaBCs 1HACKC y3Tr0KEHOCTI:

Y = ﬂ“max —-m

m-1 , (1)

A - .
Je ~ M3 — HaiOUbIle BlIacHE 3HaYE€HHS MaTpHIl Cy/KEHb;
M — YKCII0 MTOPIBHIOBAaHUX KPUTEPIiB.
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Bapiantu Texsonorii 3D-apyky

Pucynok 1 — Pe3ysibratu po3paxyHKy y3araibHEHOI OI[IHKH BEKTOPY MPIOPUTETIB

Tako po3paxoBYBaJIOCH BIHOILIEHHS Y3ro/DKEHOCTI. st 1bOro iHAEKC y3romkeHocti [Y
MOTPIOHO PO3IUIMTH HA CEPEITHE 3HAUCHHS BUITAIKOBOT Y3TOKEHOCTI MAaTPHIIi TaKOTO K mopsiaky CCh:

OC=L-100
C

G, @

ne CCh — BUINAIKOBA Y3TOKEHICTb, sIKa PHAMAIIach 1o TaOJHII Il MATPHII TOPSIIKY N.
BucHoBku

1. Pe3ynbratu QOCHiAKEHb NAIOTh 3MOTY BHKOHATH OOTPYHTOBAaHUUN BHOIp ONTHUMAIbBHUX
napametpiB g npouecy FDM-apyky 3 monudikyBanHsm wmartepiany BEIIl B koHKpeTHHX
BUPOOHMYMX YMoOBax. Pe3ynbTaTé po3paxyHKiB cBii4aTh Hpo €(EKTUBHICTh 3alpOIOHOBAHUX
BapiaHTiB MO/AM(IKyBaHHS MOJIMEPHUX MaTepialliB B TeXHOJOrisx 3/[-Apyky Ta oOIpyHTOBaHICTh
MPUMHSITHUX PILIEHb.

2. Po3po0iiena MeToiuKa OOTPYHTOBAHOTO BHOOPY ONTHUMAIEHUX MApaMeTpiB JJIs MPOIeCy
3D-npyky 3 momudikyBanusm Mmatepianry BEIII Ha ocHOBI mpouenypu METOAy aHamidy iepapxiii
CTBOpIOE yMOBH Jisi  edexkTuBHOro 3actocyBaHHs FDM-texHonoriii apyky peraneil B
MaIrMHOOY1IBHOMY Ta PEMOHTHOMY BUPOOHUIITBI.
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NIJIBUINEHHA E€EKTUBHOCTI MEXAHIYHOI OBPOBKH JETAJIEM 3
MAPTAHIIEBUCTOI CTAJII 13

HMiana IOHOMAPEHKO, 3100yBauka Bumoi ocsitu rpynu JAIT-IIOM22
HaB4yajibHO-HAYKOBMI IHCTUTYT «Y KPaiHChbKA-IH/KEHEPHO-TIeIaroriyHa akaaemMis»
XapkiBcbKOro HanioHaJaALHOro yHiBepcurery iMeni B. H. Kapasina

Anomauia. Po3e6umox mexHiku nos’si3amo i3 CMEOPEHHAM Ma OCB0EHHAM MEXHON02i 00poOKU
3a20MOB0K 13 cmanell 1 CH1agie 3 0COOIUBUMU  (DI3UKO-MEXAHIUHUMU — BIACTMUBOCTIMU,
HAUBANCIUBIUUMU 3 AKUX € KOPO3IUHA CMIUKICMb ) PIZHUX Cepedosuax, HeapoMiyHicme i 6UCOKA
miynicmob. OOHax npu 00poOYI 3a20MOBOK 3 HCAPOMIYHUX | BUCOKOMIYHUX cmajell 1 CHiasie
HeoOXIOHO 3HUMNCY8AMU WBUOKICMb PI3AHHA, OCKIIbKU no2ipuiyemscs ix obpobnosanicmo. Ilpu
00pobYi 3a20MOBOK 3 AHCAPOMIYHUX CMAell BUHUKAIOMb CUU pizanHts, 6 1,2-1,5 pazu, a npu obpoodyi
Ooemareil 3 0ePOPMOBAHUX HCAPOMIYHUX CNIABI6 — 6 2 pasu DLW, HIdC npu 0OPOOYI 3a20MOBOK i3
cmani 44. Mapeanyesucma cmane — ocobausui cnias cmani, wjo exmouac npubauzno 13 %
mapeanyio (mouniwe, 6 oianazoni 6i0 11 0o 14 %). Oouiero 3 mexnonozii, KA 0036045€ Y NOBHOMY
00c531 3a0080abHUMU YCI HAWT nompedu € gucokowsuoxicna oopooxa (BLLO).

Kniwwuosi crosa: cmanv, BLI®D, KIT-cucmemu, 3D npockmysanus, memoo KiHYesux eiemeHmis,
pedicumu hpesepy8anusi.

IMPROVING THE EFFICIENCY OF PROCESSING PARTS FROM MANGANESE
STEEL

Diana PONOMARENKO, student of group AIT-IIOM22
Educational and Scientific Institute «Ukrainian Engineering and Pedagogical Academy»
of V. N. Karazin Kharkiv National University

Abstract. The development of technology is connected with the creation and mastering of the
technology of processing blanks from steels and alloys with special physical and mechanical
properties, the most important of which are corrosion resistance in various environments, heat
resistance and high strength. However, when processing workpieces made of heat-resistant and high-
strength steels and alloys, it is necessary to reduce the cutting speed, as their machinability
deteriorates. When processing workpieces from heat-resistant steels, cutting forces occur 1.2-1.5
times, and when processing parts from deformed heat-resistant alloys — 2 times greater than when
processing workpieces from steel 44. Manganese steel is a special alloy of steel, which includes
approximately 13 % manganese (more precisely, in the range from 11 to 14 %). One of the
technologies that allow us to fully satisfy all our needs is a high-speed processing (HSP).

Keywords: steel, VSHF, KIT systems, 3D design, finite element method, milling modes.

13 Po6oTa Bukonana mig kepiBHuITBOM fouenTa IOpis CUYOBA, 3106yBada TpeThOro (OCBiTHEO-
HaykoBoro) piBHs Bumoi ocBit Kupuina BAPOJJOBA
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AKTyaJIbHICTh

Po3BUTOK 1 BIPOBA/)KEHHSI HOBITHIX TEXHOJIOTIH y BUPOOHUITBO 3aBXIU € AKTyaJbHUM
nutaHHsaM. OJIHI€I0 3 TaKUX TEXHOJIOTIH € BHUCOKOIIBHIKICHA 00poOka. JlocmimxkeHHs (i3HuHUX
SBHI, 10 CYHIPOBO/DKYIOTh MPOIIEC BHCOKOIIBHAKICHOI OOpPOOKH, € aKTyaJbHUM 3aBIAHHSAM
CY4acHOTO MAaIIMHOOY/TyBaHHSI.

Meta pobdotu

[TixBumieHHss e(pEeKTUBHOCTI MeXaHI4HOI OOpOOKM jaeTanell 3 MapraHieBHCTOI CTali 3a
PaxyHOK 3aCTOCYBaHHS METO/1y BUCOKOIIBUAKICHOTO (ppe3epyBaHHS.

BukiageHHs1 0CHOBHOI'0 MaTepiaJIy

1. MapranueBucra cTajib — 0coOIMBHIA CIUIAB CTall, L0 BKIItOYae npubiam3Ho 13 % mapraito
(Tounime, B amiana3zoHi Bixm 11 mo 14 %) [2]. JlomaBaHHS MapraHio B CTalb Hajae il Oe3mid
YHIKaJIbHUX BJIACTUBOCTEH, TaKUX AK CTIWKICTh JO MarHeTu3My, CTIMKICTb MO CTHUpPaHHS, OUIbIIY
MIIHICTB 1 TBEPAICTh OBEPXHi 0€3 MiABUIECHHS KPUXKOCTI.

OcCHOBHUI HENOJIIK MapraHIeBHCTOI cTami — TpyAHOIIl oOpoOku Ha Bepcrarti. [pyruit
HE/IOJIIK TOJISra€ y BUHHUKHEHHI Yy JAHOTO THUIy CTali SBHUINA BiIMyCKHOI KpUXKOCTi. OmHak
BHACITIJIOK BEITMKUX 3aIaciB MapraHleBUCTHX Py, JCIIEBU3HI Ta JOCTYITHOCTI IIbOTO JIETyBAJILHOTO
eJIEeMEHTa MapraHIileBUCTa CTaJb IIMPOKO 3aCTOCOBYETHCS B MAIIMHOOY/TyBaHH1, IPUYOMY € JOCUTh
3Ha4HI1 EePCHEKTUBH MTOJANIBILIOTO 11 pO3NOBCIOKEHHS.

IIpu 00poOIIi 3aroTOBOK 3 BHCOKOMIIIHMX CTajied BHHUKAIOTh CHUJIM pi3aHHs, B 2-3 pa3u
OLTBIII, HIXK TIpU 00pOOIIi 3aroToBOK 13 cTaui 45. Benuki cunu pizaHHs, 1110 BUHUKAIOTh IpU 00poOITi
3aroTOBOK 3 BaKKOOOPOOJIOBAaHMX CTalel 1 CIUIaBiB, OOYMOBIIOIOTh BUIIICHHS O1bINOT KIJIBKOCTI
TEIUIOTH B 3pi3aHoOMy miapi MeTtary. Jlo TOro >k OLTBIIICTh BaKKOOOPOOIIOBAHHUX CTaJeH 1 CIIaBiB
Ma€ HU3bKY TEIIONPOBIAHICTD, 1110 IPU3BOIUTH JO BAHUKHEHHS BUCOKHX TEMIIEPATyp B 30H1 pi3aHHS
— B 2-3 pa3u OUIbLINX, HIK IPU 00poO11i 3BUYaHUX KOHCTPYKIITHIX MaTepiaiB.

[Tpu 06poOL11i 3ar0TOBOK 31 CIJIaBIB Ha TUTAHOBIN OCHOBI YCaJKa CTPYKKH MaJjia Ta 3a IEBHUX
YMOB BiJIOyBa€TbCsl HE ycajKa, a MOJOBXKEHHS CTPYKKU. [IpuunHO0 Manoi ycaiku CTpyKKH HpU
pi3aHHI 3aroTOBOK 13 CIUIaBiB Ha THTAHOBIM OCHOBI € iX HM3bKa IJIACTUYHICTh. Mana ycajka
00YMOBJIIOE€ Majly IUIOILY KOHTAaKTy CTPYXKH 3 MEPEJHbOI0 MOBEPXHEI 1IHCTPYMEHTY Ta BEIHKY
IIBUJIKICTB NTEPEMILIEHHS CTPYKKH 10 epeHIN MOBEPXHi, 1110 BUKJIMKAE BUCOKI KOHTAKTHI THCKHU Ta
TeMrepatypu. Uepe3 BENHKI CHIIM, 110 BHHHUKAIOTH MPH PI3aHHI BaXKKOOOPOOJIOBAHUX CTajeH 1
CIUTaBiB, HEOOX1HO, III00 JKOPCTKICTh CUCTEMHU BEPCTAT — MPUCTOCYBAHHS — IHCTPYMEHT — 3aTOTOBKA
(BIII3) 6yna Benukoro. IlinBHUILIEHHS KOHTAaKTHUX TEMIIEPATyp € OCHOBHOIO MPUYMHOIO HU3BKOT
CTIMKOCT1 IHCTPYMEHTY, Ta 1100 YHUKHYTH 1X 301IbLIEHHS 00pOOIISITH BaKKOOOPOOII0BaH1 MaTepiain
CJIiJ] IPH MAJIMX IIBUAKOCTSIX Pi3aHHA.

2. Pexxumu 06poOku MapraHueBucToi craii. He3Bakaroun Ha Te, 1110 MapraHlleBUCTa CTajb,
K KOHCTPYKILIHHMIA MaTepial BiJloMa JaBHO, Oarato ii SKOCTeH, sIKi MPOSBIIAIOTHCS K y MpoLeci
BUPOOHMIITBA, TaK 1 MpH eKCIUTyaTamii BUJIMBKIB 3 Hei, MOTpeOyloTh BCEOIYHOIO BHBYEHHS,
YTOYHEHHS Ta HayKoBOMY mosicHeHH1 [l1, 2]. OnHi€l0 3 TOJOBHHUX WPHUYHH, SIKa OOMEXye
BUKOPHCTaHHS MAapTaHIEBUCTUX CTajei JJs BUTOTOBJICHHS JETalleil MallliH, MeXaHIi3MiB Ta
oOnaHaHHS € HAaJ3BUYAWMHO YTpyaHEHa ii 00poOka pizaHHsM. CTanh HACTUIBKH B SI3Ka Ta CXWJIbHA
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M Ji€Ef0 CHIM pi3aHHS Pz 10 YTBOPEHHs HAKJIENy B TOYKAaX KOHTAKTy Pi3ls, IO BBaKajacs
MIPAKTUYHO HE MPUAATHOO JIJIsi OOPOOKH PIXKYYIHUM IHCTPYMEHTOM.

Ha mignpuemMcTBax BHKOPHCTOBYIOTH TpaauLiiiHMN cmoci® oOpoOKM BHIMBOK 31 CTaji
110M13JI — TokapHy Ta (ppe3epHy 00poOKy pi3LsIMHU 110 HamasHi Ta 3MIHHUMH I1acTuHaMH (y pasi
dpe3epyBanHs) 3 TBepAoCcIUIaBHUMHE T1acTuHaMu BK8 (rpyna BoibppamMoBux cruiaBiB). XiMidHUI
ckian cruaBy BK8: 92 % kap0Oiny Bonbppamy Ta 8 % kobanbty. Uepes cxuibHICTh cTanu 110M13J1
JI0 HaKJICTy PEeKUMHU Pi3aHHs ay’ke HU3bKI. Hanmpukian, npu TokapHO-KapycelbHii 00po0Ili OpoHi
KOHyCHHUX apoOapok ©¥2200 MM Ha Bepcrari Moa. 1540 pexxuMu pi3aHHS Taki: YUCIO OOOPOTIB
3arotoBku N = 0,5-1 06/xB.; mogaya Ha 1 06opot S = 1,5-2 MM/00.; mBUAKICTH pi3anHs V = 6-8 M/XB.;
rnubuHa pizanus t = 2-6 M.

JUis  mOpiBHSHHS IIBHIKICTH pi3aHHA 0pu  00poOIi jgeraynell ByIJELEBUX cTayei
V = 60-200 m/xB. KpiMm TOro, uepe3 BHCOKI 3yCHIUIS pi3aHHS BiAOyBaeThCs MependacHUM 3HOC
YCTaTKyBaHHS.

3acrocyBanns mpouecy I[IMO mpu o0poOii mapranueBuctux craneid tumy 110013J1
no3Boiisie B 8-10 pasiB MmiJABUIIUTH MPOAYKTUBHICTh MPOIECY MpU 3HMUKEHHI B 2 pa3ud BUTPAT Ha
TBEPAOCIUIABHUI IHCTPYMEHT.

Henonikom mnna3mMoBoi 0OpoOKH € CympoBiJ TMpolecy pi3aHHA CHIBHUM CBITJIOBUM
BHUITPOMIHIOBAHHSM, 3HAYHUM IITYMOM, BHJIIJICHHSIM IITKiUTABUX METAJICBHUX TapiB.

3 MeTOI MOJNANBIIOrO MiABHINEHHS MPOAYKTUBHOCTI Ta 3HIKEHHS TPYAOMICTKOCTI
MeXaHI4HOT OOpOOKH jeTanell 3 MapraHIeBHCTUX CTalell OCBO€HA BHCOKOIIBUAKICHA YMCTOBA
00poOKa pi3IAMH 3 MEXaHIYHUM KPITUICHHSIM 3MIHHUX TUTACTHH 3 KyOiuHOTO HiTpuay 6opy (KHB).

PesynpTatu nocniakeHp Ha MiAIPUEMCTBAX 1 1ocBig poboTu iHcTpymenTtoMm 3 KHB BusiBuu
Taky 3aKOHOMIPHICTP — YHMM BHUIIE TBEPIICTh OOpOOIIOBAHOTO MaTepialy, THM ICTOTHIIIE
BUSBIIIOTHCSI TIEpEeBard MO 3HOCOCTIMKOCTI Ta PiKYUHMM SKOCTAM pi3uiB 3 nomikpuctaiia KNB.
Jle3oBuii IHCTPYMEHT 3 NOMIKpUCTaIIYHUX HaaTBepaux marepiaiiB (IIHTM) Ha ocHOBI HiTpH Ly O0Opy
BN 3naTaumii 3amiauTH 1einUTHUN BOIb()paMOBOBMICTHHI TBEpPAUH CILIaB Ha ONepallisx YOpHOBOI,
HaIIBYUCTOBOI Ta YMCTOBOI OOpPOOKM MapraHlEBUCTUX CIUIABIB, 3a0€3MEUyI0YM BUCOKY SIKICTH 1
MPOJYKTUBHICTH OOPOOKH 3a paxXyHOK BUKOPHCTAHHS BUCOKUX IIBUJKOCTEN pi3aHHS.

[Tpu nocuts xopctkii cuctemi BIIIJ[ inctpymentom 3 KNB MoxHa oTpumartu Taki
napameTpu 00poOIIOBaHOT MOBEPXHi: MOPCTKICTh 1,25-0,08 MmxMm; oBanbHicTh 0,002 MM; KOHYCHICTB
< 0,002 mmM.

PesynbraTn BUNpoOyBaHb PI3HOMAHITHUX HAJITBEpIUX MaTepialiB JAl0Th MiJCTaBy 3pOOUTH
BHUCHOBOK TIPO T€, IO IHCTPYMEHTH, OCHAIIIEHI TOJIKPUCTAIaMU Ha OCHOBI CHHTETUYHMX alMa3iB i
HiTpuay Oopy, Maii>ke He KOHKYPYIOTh OJMH 3 1HIIMM — KOXEH Ma€ CBOIO 00JIaCTh BUKOPHCTaHHS,
sKa BHU3HAYAETbCSI YMOBaMHU pi3aHHS, (PI3UKO-MEXaHIYHUMH BJIACTUBOCTSIMH OOpOOIIOBaHOTO
MaTepiainy Ta (i3MKO-MEeXaHIYHUMH BJIACTUBOCTSMHM 1HCTpYMEHTalbHOro mMarepiany. [lo TBepaocrti
CUHTETUYHUHN anma3 Mae He3HauHi mepeBard Hajg KNB, ane icToTHO mocTymaeTbes oMy IO
terioctiiikocTi (600-700°C 1 1100-1300°C BiAmoBiIHO).

JlocmipkeHHs oKa3anu, Mo npu TodiHHi OpoHi 31 ctanmi 110M13JI iHctpymentom 3 KHB
3yCHJUIS pi3aHHS Maike Ha MOPSIOK HUbKYe, HIXK Ipu 00pobmi pisusmu BKS, 1m0 30inbrye TepMin
CITy>KOM BEpCTaTiB.

HepnonixoM 11s mpokoro BIpoBaKeHHs pi3iiB 3 mutactuHaMmu 3 KHB € HasiBHICTB TMBapHUX
PaKkoBUH TpPH 4YOPHOBIM 00poOIll MO MIKIPII Ta HEAOCTaTHS MKOPCTKICTh BEpCTaTiB — pi3li
BUKPHIIYIOTHCS Ta JUIS MOJANBIIOI EPETOYKH Ta poOOTH HempuaaTHi. Pe3ynbTraTé MOCHiIKeHb,
MIPOBEJICHUX HA TOKapHO-KapycelbHUX BepcTaTi MoJ. 1540, 3BeneHi B Tabdu. 1.
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Tabmuis 1 — Pexxumu pi3aHHs MPU PI3HUX METOIax ToKapHOi 00pooku crami 1101713J1

Hanassuii piser Hanasawii pizens 36lpHI/I'I/I pizens 3i
. BKS8 ¢ 3MIHHOIO
Pexxumu pizaHHs ¢ IUTaCTHHAMU )
IUIA3MOBUM IIACTHHOIO 13
BKS L

I1JIITPiBOM KHb
[IBuakicTh pizanHs V, M/XB 6-8 12-16 70-120
Uwuciio o6epTiB 3aroToBKH N, 00/XB. 0,5-1 1,5-2 10-18
[Tomaya Ha 1 06epT S, MM/00. 1,5-2 2-3 0,4-0,6
['muOuna pizanss t, Mm 2-6 4-8 3-6
Ocnosuuii yac To, rof 31 23 9,3
CriiikicTb pixky4oi KpoMkH 7, XB 45-50 50-60 100-120

Ha ocHOBi aHamizy BCIX ICHYIOYHMX METOMIB 1 MPOBEACHHX JOCTIIKEHb HEOOXIITHO
OOTIpYHTYBaTH PEXUMH pi3aHHS TpU 0OpoOIl MOBEPXOHBb JeTaliell 3 MapraHleBHCTUX CTalleH.
OueBuHO, 0 BUOIp MeTOTy 0OpOOKH MapraHIEBUCTOI CTall 3aJIeKHUTh Bl YMOB 1 MOXJIMBOCTEH
BUpOOHUITBA. HaiOunmbmuii iHTEpeC IS MOAAIBIIOTO JOCHIDKCHHS Ma€ IMHTAHHS CTIMKOCTI
pi3aTbHOrO THCTPYMEHTY, sKa BIUIMBAE HAa TEPMIH €KCIUIyaTallii iIHCTPYMEHTY Ta Ha cO0iBapTiCTh
BUT'OTOBJICHHS J€TajIEH.

BucHoBku

TakuM 9YMHOM MU MAa€EMO MOKJIHMBICTD 3pOOHMTH BHCHOBKH, IO MapraHIIEBHCTa CTallb Ma€
HACTYIHI MTepeBary, HaJl 3BUYaiHOI0 CTaJLIIO:

— CTIMKICTh IO MAarHETU3MY;

— CTIHKICTB 10 CTUpaHHS;

— OuIbILIy MIIHICTB 1 TBEPAICTh NOBEPXHI 0€3 MiABUILECHHS KPUXKOCTI.

Bucoka MinHICTh € 61arom B 0araTbOX rajy3six MPOMHCIOBOCTI JUISl IIMPOKOTO CHEKTPY
BUPOOIB, TAKUX K OETOHOMIIIAIKH, KAMEHEAPOOApKU, TYCEHUYHI TPAaKH, 3aJII3HUYHI CTPUIKH, 1 T.J.

OpnHak OCHOBHHUI HEJOJIK MapraHLEeBUCTOI CTajdl — TPYAHOIlI OOpOOKM Ha BepcTari.
Jlns boro OyJio pO3MISIHYTO JIBa BaXKKI BepCTaTH, (PYHKIIT Ta XapaKTEPUCTUKH SKHX JI03BOJISAIOTH
00pobnsaTH 3amaHi Aerani. Jpyruil HeJoOdIK monisrae y BUHMKHEHHI Y JJAHOTO THITy CTalli SIBHILA
BIJITYCKHOT KPUXKOCTI.

OpHiero 3 TEXHOJOTIH, SIKa J03BOJISIE Y TIOBHOMY 0OCS31 3aI0BOJILHUTH yC1 Halll MOTpedH €
BUcOKomBHIKICHa 00poOka (BIHO). OcnHoBHumu BigminHocTsMu BIO Bix TpaguimiitHoi
MeXaHIYHOI 0OpoOKM, 3 (DI3UYHOI TOUKH 30pY, € MEepeBaKaHHS IIBUIKOIJIMHHUX JUHAMIYHHUX
MIPOLIECIB, SIK B 30H1 pi3aHHS, TaK 1 B MPY>KHIM CUCTEMI BepcTaTa, Ta SICKpaBO BUPAXKEHO HEIIHIHHI
3aKOHM PO3BUTKY LIMX MPOIECIB. 3aBASIKU JaHOMY BHJy OOpOOKH MA€ThCS MOXKIUBICTH JOCATTH
3HA4YHOI MPOIYKTUBHOCTI, MIPU IIbOMY HE BTpayatOuy SKIiCTh BUX1HOI MPOJIYKIIIi.

Cnucox BUKOPUCTAHOI JiTepaTypu

1. CrenanoB A. M. BucokomBuakicHe (pesepyBaHHS B Cy4acHOMY BHPOOHHIITBI.
CAD/CAM/CAE. 2003. Ne 4 (13).

2. Ilerpakos lO. B. Modern trends of cam system for machining on CNC machines. Bicnux
Hayionanvnozo mexuiunozo ynieepcumemy Ykpainu « Kuiscokuii nonimexniynuii incmumymy. Cepis
Mawunobyoysanns.  2013.  No.2 (68). P.44-54. DOI: https://doi.org/10.20535/2305-
9001.2013.68.33978.
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NIJIBUINEHHA E@EKTUBHOCTI ONEPAIIIIA TOYIHHS

Ounekcanap BJIACEHKO, 3100yBau Bumoi ocsitu rpynu JAIT-IIOM22
HapuyaibHO-HAYKOBMH iIHCTUTYT «YKpalHChKa-iH/KeHEPHO-TIeJaroriuna aKkajaeMis»
XapkiBcbKoro HanioHaabHOro yHiBepcurery imeni B. H. Kapasina

Anomauin. Iliosuwenns sumoe 00 mouHocmi posmipie i popmu demanet, wo o0oOPoOIAIOMbCA HA
MemanopizanoHux 8epcmamax, nos6a HOBUX BANHCKOOOPOOHUX Mamepianie, a maxoxdc UWupoke
BNPOBAONCEHHS  ABMOMAMU3AYI]  MEXHON02IUHUX NpoYecié ma CMBOPEHHA ABMOMAMUYHUX
eéepcmamis i3 cucmemamu KepySaHHs MA pecyli08aHHs BUKIUKANO0 pi3Ke 30i1blUeHHs poii
OounamiyHux npoyecis y eepcmamax. Ilpu npoexmyeanni, 8u2omoeienti ma ekcniyamayii eepcmamis
gce uyacmiuile BUHUKAE HeOOXIOHICMb pO36 A3aHHA 3a0ay, NO8 A3AHUX 3 OUHAMIKOIO S8ULY.
Hacamnepeo ye cmocyemuvcs 3abe3neuents ymog CMIliKo20 pyxXy IHCMPYMEHmy ma 3d20mOSKU,
mooOmo 8i0CYmHOCMI MAK 36AHUX GIOpayill, «NIOPUBAHHSY, «3AKTUHIOBAHHSY AOO CMPUOKONOOIOHO20
nepemiweHHs 8y3Jie gepcmamd.

Kniwwuosi cnosa: sibpayii, KonueamHs, a6MOKOIUBAHHS, THCMPYMEHM, €30, OUHAMIYHUL CMAH,
MexXHOI02IYHa cucmema.

IMPROVING THE EFFICIENCY OF TURNING OPERATION

Oleksandr VLASENKO, student of group AIT-IIOM22
Educational and Scientific Institute «Ukrainian Engineering and Pedagogical Academy»
of V. N. Karazin Kharkiv National University

Abstract. Increasing requirements for the accuracy of the size and shape of parts processed on metal
cutting machines, the emergence of new difficult-to-machine materials, as well as the widespread
introduction of automation of technological processes and the creation of automatic machines with
control and regulation systems caused a sharp increase in the role of dynamic processes in machine
tools. During the design, manufacture and operation of machine tools, the need to solve problems
related to the dynamics of phenomena is becoming more and more frequent. First of all, this concerns
ensuring the conditions for stable movement of the tool and the workpiece, that is, the absence of so-
called vibrations, «undermining», «jamming» or jerky movement of the machine nodes.

Keywords: vibrations, oscillations, self-oscillation, tool, blade, dynamic state, technological system.

AKTyaJIbHiCTh

HasBHi poGoT Ta MOCTIIKEHHS, MPUCBIYCH] BUBUCHHIO OKPEMHUX MOKA3HUKIB JTUHAMIYHO1
SKOCTI BEpPCTATiB, HE y3arajbHIOIOTh MMapaMeTpH, SIKUMU MOKHA CYJUTH MPO JOUIIBHICTH TOTO 4H

14 Po6oTa Bukonana mij kepiBuTBOM fouenTa IOpis CUUOBA, 3106yBada TpeThOro (OCBiTHEO-
HaykoBoro) piBHs Bumoi ocitTu Onexcannpa BPUHIOKA

83



IHIIIOTO KOHCTPYKTHBHOTO YHM TEXHOJIOTITYHOTO PIIIEHHS IO BChOMY KOMIUIEKCY TITOKa3HHUKIB
JTUHAMIYHOT SIKOCTI BepcTaTa.

Meta pobdotu

JlocmipkeHHsT  3HOCOCTIMKOCTI  pi3ajibHOTO IHCTPYMEHTY B Tpolecax TOYiHHS Ta
(bpe3epyBaHHs HAa OCHOBI JIOCIKEHb 3aKOHOMIPHOCTEH JUHAMIYHOTO CTaHY TEXHIYHOI CUCTEMH.

BukJiiaganHsi 0CHOBHOI0 MaTepiajry

1. OcHOBHI IIAXO0IHU IO MOIEIIOBAHHS IUHAMIKYA TEXHOJIOTTYHOI CUCTEMU.

JluHamiuHiI BJIACTUBOCTI TEXHOJOTIYHOI CHUCTEMU BH3HAYAIOTHCS B3AEMOJIIEI0 EIIEMEHTIB
NPY)XKHOI CHCTEMH «BEpCTaT — MPHUCTOCYBAHHS — IHCTpyMeHT — zaetanb» (BIII) 3 pobounmmu
MpoIecamMu, IO MPOTIKAIOTh NPH Pi3aHHI MaTepiaiB: CHIOBUMH Ta TCTUIOBUMH B3a€EMOJISIMH MiXK
3aroTOBKOIO, IHCTPYMEHTOM Ta €JIEMCHTAMH BEpCTaTa, CJICKTPOMArHITHHMH, TiAPaBIIYHAMH Ta
IHIIAMH TIpoIlecaMu B €JIEMEHTAaX BEPCTATHOI CHUCTeMH. ToMy IIOJO0 JUHAMIKA TEXHOJIOTIYHOT
crcTeMHu HeoOXiHO BpaxoByBatu Take [3]:

— 3aBJAaHHA JOCHIDKEHHS JUHAMIKM TEXHOJOTIYHOI CHUCTEMHU € KOMIUIEKCHUM (i3HYHUM
3aBJIaHHSIM;

— IWHAMIYHI TapaMeTPH TEXHOJIOT1YHOI CUCTEMHU 3MIHIOIOTHCS B IIMPOKOMY Jiana3oHi Ta, pu
MOJICJIFOBaHHI, a Ie OUIBIIOK MIpPOK TpPH ONTHUMI3allii MpOIECiB pi3aHHSA, HEOOXITHO UiITKO
BH3HAYaTH MEXIi BapifOBaHHS WX ITApaMETPiB CTOCOBHO KOHKPETHUX BHIIB 0OPOOKHU Ta BEPCTaTHOTO
o0JTaTHaHHS.

MeTor JOoCTiKEHHST TUHAMIKA TEXHOJIOTIYHOI CHCTEMH € ITABUINCHHS il JMHAMIYHUX Ta
eKCIUTyaTallliHUX STKOCTEH.

VY cknagHiil AMHAMIYHINA CHUCTeMI, 10 CKJIAJA€ThCS 3 MEXaHIYHMX, T1IPaBIIYHUX Ta 1HIIUX
€JIEMEHTIB, CUCTEMY PO34JICHOBYIOTh Ha €IeMEHTAapHI JIaHKH, 3’ €JHaH1 Mixk co0010 3B’ s3kamu. KoxxHa
JaHKa TMepeiae BIUIMB JIMIE B OJHOMY HANpsSMKy — 3 BXOAy Ha Buxif. JIaHKM BiIpi3HAIOTHCA
JUHAMIYHUMHU BJIACTUBOCTSIMH, SIKI BU3HAUAIOTHCA iX MU(epeHIiaTbHUMU PiBHSHHIMHE. [IMHaMiuH1
BJIACTMBOCTI BCI€i CHCTEMH OIUCYIOTHCS CYKYIHICTIO PIBHSHb €JIEMEHTIB CHCTEMHU Ta DPIBHSHBb
3B’SI3KIB, 1110 BU3HAYAIOTh MOPSIOK 3 €aHAHHS eieMeHTIB. Lli piBHAHHS 1 € MaTeMaTUYHA MOJIEIb
NUHAMIYHOI CUCTEMH.

2. JlocnipKkeHHsT TUHAMIKHA TEXHOJIOTIYHOT CHCTEMH TIPY TOYiHHI Ta pe3epyBaHHi.

[Ipy MaTeMaTMYHOMY MOJEIIOBAaHHI OKPEMHX MIJICUCTEM TMPH HUPKYISIHHOMY
HaBaHTaXEHHI 3alIPONIOHOBAHO BUKOHYBATH aHaJi3 BIUIUBY CIiBBIJHOIIEHb apaMeTPiB )KOPCTKOCTI
eJIeMEeHTIB 00poOHOi crcTeMH Ha AedopMarllito MmiJICUCTEMH «IHCTPYMEHT — 00poOIIIOBaHa JIETAIIbY,
0 JO03BOJWJIO BU3HAYUTH TPAEKTOPIl B3a€MHOTO MEPEMIIlIEHHS I1HCTPYMEHTY Ta JeTail Ta
BCTAHOBUTH CTYIIHb BIUIMBY JTUHAMIYHOI'O CTaHY CHCTEMH Ha TOYHICTbH 1 IIOPCTKICTH 0OpOOIEHOI
MTOBEPXHi.

Maca, >XOpCTKICTh 1 JAeMi(yroul BIIACTUBOCTI BY3JIIB TEXHOJOTIYHMX CHUCTEM, LIO
MO/ICITIOIOTHCS, MO3HAYAIOTHCS Ha CXeMaxX MOjeseH, BiamoBimHo, depes M, K, €. L{i mapamerpu
XapaKkTepU3ylOTh TMapIliiajibHI KOJMBAHHS KOXHOIO 3 BY3/IB TEXHOJOTIYHOI CHUCTEMH, IO
MOJICTIIOIOTHCS, B HAMPSMKY, TEPIEHIUKYJISIPHOMY TOJOBHHM JJIsi By3Ja MOJENIOETHCS OCSM
KOPCTKOCTI Ta naeMidyBaHHs. Y3araabHeHa KOOpJIWHATa BHU3HAYa€ MPOCTOPOBO OPIEHTOBAHI
KOJIUBAaHHS LIEHTPY Mac KOXXHOTO 3 I-TUX MOJICIOBAJIbHUX EJIEMEHTIB TEXHOJIOTTYHOI CHCTEMH.
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BekTop y3aransHeHOT KOOpIMHATH OB’ I3aHUM 3 KOOpAMHATHUME ocsiMu X, Y Ta Z (puc. 1) cBoimu
MPOEKIISIMH:

Pucynoxk 1 — KomrnoHyBaHHSI TOKapHOTO BepCcTaTa 3 HalpsIMKaMH OCeH 1 pyXiB

[TepeTBOpeHHS 32 TOOMOTOI0 METOTy KOMIUIEKCHUX aMILTITYT IISTXOM IiICTAHOBKH

§(1) = &4 exp(iwT)

ne &4 — aMILTITy/1a KOJIMBaHb [ICHTPY Mac MOJICJIbOBAHOTO €JIEMEHTa TEXHOJIOTTYHOT CUCTEMH,
NEPETBOPIOBAINCS HAa CHCTEMY PIiBHSIHb aireOpu 3 KOMIUIEKCHMMHU Koedimientamu. Llg cucrema
piBHSAHB anredpu BupillyBanacs MeToiom ["ayca.

Cxema Mozei HaBeIeHO Ha puc. 2 a 1l mapametpu B Ta01. 1. KonnBaHHS Mozieni onucyBanucs
3a jonomororo cemu audyszis (1.1). YV mpomy posrispanucs KOJMBaHHS HAaCTYIMHHUX €JIEMEHTIB
TEXHOJIOT1YHOT CHCTEMH: Jie3a iHcTpyMeHTa (M, K1, C1); nepkaBku pizus (My, k2, €2); cymopta (M3, K,
C3); pisnieTpuMaya (peBoIbBEpHOT TOIOBKH) (Me, Ks, Cs); CTAaHMHM BepcTaTa 3 MEPEIHHOIO Ta 33 THHOIO
0abkamu (M4, Ka, C4); MIMUHAES pa3oM 3 MATPOHOM 1 00POOIIIOBAHOO 3ar0TOBKOO (Ms, Ks, Cs).
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PI/IcyHOK 2— I[I/IHaMi‘-IHa MOACIb TEXHOJIOTTYHOI CUCTEMH TOKApHOI'0 BEpCTaTa
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Ta6mums 1 — [apamerpu quHAMIYHOT MOJIEII TEXHOJOTIYHOT CUCTEMH TOKAPHOTO BEpCTaTa

MoaynpoBaHU# By30J1 TEXHOJIOT14HOI cucteMu (Ne macu)
. HInuanens 3
JrnamiuH1 .
— Teso (1) I[gp)KaBKa Cynopr | CranuHa | matpoHoM Ta | Pizeun-
pizis (2) 3) 4) 3aroToBKo0 | Tpumau (6)
Q)

Maca mi, kr 0,29:10°° 0,12 37 3693 29 20
Koperkicts ki, | 1,96:108 | 7,75-10° | 2,73-10° | 2,44-10%? 5,47-101° 3,15-10°
H/m (fi, T') (4,2:10% | (1,2810% | (1370) (4083) (6920) (2000)
JemndyBanas
¢, H/m/c 0,5 2170 4,33-10* 3,84-10° 8,45-10% 6,78-10%
(To6poTHiCTH (20) (20) (10) (25) (15) (15)
Q)

[pumitka: Konraktre 3ycunnsa Py = 107 H; sxopcrkicts K BusHauanacs 3a GopMyJior0
— 2
—k; = m;(2nf;)

ne fi — yacToTa BIacHHMX mapiiajibHUX KOJUBaHb MOJIEIHOBAHOTO By3JIa MepedyBaa IUIIXoM
igenTudikamii; AemMrn@yBaHHs ¢j BU3HAYAIOCS 32 TaKOIO (GOPMYIIOH0

l

Qi

ne Qi — mToOpOTHICT (BEIMUYMHA) MIKY CBOIX MapLialbHUX KOJMBAaHb MOJICIBOBAHOTO BY3JIa
3HAXOJWIACs MIJISAXOM 1IeHTUdiKaIii.

Hudepenniitne piBHIHHS:
1) m151 + C1(€1 - (2) + k({1 — ) + CK(Q - {5) + ki (= {s) —mH . = FBK;
2) myy + C1(51 - (2) — k({1 — ) + Cz(éz - 53) + ky($, — §3) —myH ¢ = 0;
3) m353 + Cz(éz - (3) — k(= 03) + 03(63 - 64) + k3({3 = {4) —mzH. . = 0;
4) my{y + C3(§'3 - 64) —k3(3—00) + C4(Z4 - (5) + k4 ({4 — {s) —myH $ +
5) mss — CK(G - Cs) —ky (G —5) — 04(5'4 - (5) — k4 (4 — T5) + c5s + ks(s +
+Cs(65 - Ze) + ke({s — ) + (%lq - %Lz) ¢+ (%Ll - %Lz) @ =0;
6) mels — c6($s — §6) — ke ({5 — §6) — mgHcp = —Ppy;
njg+ (%L% + %L%) ¢+ (%L% + %Lzz) @ —myHc{y —myHe{y —m3H (s —

—myHcly + (C2_4L1 - C2_4L2) ((a—3s) + (%Ll - %Lz) (G4 —35) = 0.

==
E

Ci =

(1.1)

BucHoBku

Jns peamizamii maHoi MozeNni B MPaKTHI pi3aHHS TPOIEC MPOTHO3YBAHHS HEOOXI1THO
aBTOMATH3YBaTH, BUKOPUCTOBYIOUH 3 III€I0 METOI IMPOrpamMOBaHi MIKPOIPOILIECOPHI MPUCTPOI,
nporpaMHe 3a0e3neueHHs AKUX y (opMalli30oBaHOMY BUTIJISJI MICTUTH MPOTHO3HY MOJEIb, YUCIIO
napameTpiB K01 BXOJUTh UTYKaHUH pecypc IHCTPYMEHTY.
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HIABUIEHHA E@EKTUBHOCTI IPOLECY PI3AHHS 3A PAXYHOK PO3POBKH
MOJEJI ITIPOTHO3YBAHHSI PECYPCY IHCTPYMEHTY %

Biraaiit BEJIOKOIIUTOB, 3100yBauy Bumoi ocsitu rpynu AIT-IIOM?22
HaB4yajibHO-HAYKOBMI IHCTUTYT «Y KPaiHChbKA-IH/KEHEPHO-TIeIaroriyHa akaaemMis»
XapkiBcbKOro HanioHaJaALHOro yHiBepcurery iMeni B. H. Kapasina

Anomauin. AoanmusHicmsb (NpUCMOCO8YBAHICMb) KePY8AHHS J1€3080i MemanoobpobKow, wo
gukonyemuvcsa nHa eepcmamax 3 UIIK, 3abe3neuyemuvcsa 3a paxyHok euOOpy 3a mumu 4 IHUUMU
AnOpUMMAMU  ONMUMATLHUX NOEOHAHL MPbOX KEPOBAHUX Napamempis: 2aubuHu, nooadyi ma
weuoxkocmi pizanHsa. Onmumym 3a0e3neuyemvcs WIAXOM BUSHAYEHH eKCMpemMyMmy UYilb0goi
@yHKyii, wo 0036075€ docsaeamu Ha OAHOMY 8epCMAMI 8 3ANeHCHOCI 8i0 PO38 A3V8AHO20 3A80AHHS
abo makcumymy npooyKmueHocmi, abo MiHiMymy cobieapmocmi 0emaii, wo OmpumMyeEmMvbCs npu
YboMY, ab0 NIOMPUMKU SPAHUYHO20 3HAYEHHS Pe2ylbO8aHux napamempis. Bupiwenns sasnauenoi
npobnemu nompedye po3poOKu HOB0I Memooon02ii NPOSHO3YE8AHHS THOUBIOYANIbHO2O PeCypCy
IHCMpYMeHmy, Wo CKIaia OCHO8Y A8MOMAMU308AHOI cUCeMU Ad0ANMUEHO20 Kepy8aHHs Npoyecom
71€3080i 00poOKU Mamepianis.

Kniwwuosi cnosa: sibpayii, KonueamHs, a6MOKONUBAHHS, IHCMPYMeHm, €30, OUHAMIYHUL CHMAH,
MEexXHON02IUHA cucmema.

INCREASING THE EFFICIENCY OF THE CUTTING PROCESS DUE TO THE
DEVELOPMENT OF A TOOL RESOURCE FORECASTING MODEL

Vitalii BIELOKOPYTOV, student of group AIT-IIOM22
Educational and Scientific Institute «Ukrainian Engineering and Pedagogical Academy»
of V. N. Karazin Kharkiv National University

Abstract. The adaptability (adaptability) of blade metalworking control, which is performed on CNC
machines, is ensured due to the selection of optimal combinations of three controlled parameters:
depth, feed and cutting speed according to certain algorithms. The optimum is ensured by
determining the extremum of the objective function, which allows achieving on a given machine,
depending on the task being solved, either the maximum productivity, or the minimum cost of the part
obtained at the same time, or maintaining the limit value of the adjustable parameters. The solution
to the mentioned problem requires the development of a new methodology for predicting the
individual resource of the tool, which formed the basis of an automated system of adaptive control of
the process of blade processing of materials.

Keywords: vibrations, oscillations, self-oscillation, tool, blade, dynamic state, technological system.

15 Po6oTa Bukonana min kepisHuTBOM fouenTa IOpis CUYOBA, 3106yBada TpeThOro (OCBiTHHO-
HayKoBoro) piBHs Bumoi ocsitu Spocnasa [PEHAHIOKA

88



AKTyaJIbHICTh

OnHa 3 TOJOBHUX NPUYHMH 3HWKEHHS TOYHOCTI 0OpOOKM Ha MeTalopi3albHUX BepcTaTax —
3MiHa PO3MIpPIB Pi3aIBHOTO IHCTPYMEHTY BHACTIOK MOTrO 3HOIIYBaHHS. AKTyallbHICTh 3aBJIaHHS
i ABHIY€THCS ITPH 00poO1Ii MaTepialiB, M0 BaAXXKO 00POOISIOTHCS, K IIMPOKO BUKOPUCTOBYIOTHCS
B aBialllifHIN MPOMUCIIOBOCTI, OCKUIBKHU JIJIsI BAYKKO OOpOOHUX MaTepialiB TPYIOMICTKICTh 0OpOOKH
3aroTiBKU TOPIBHSHHA 3 PECYPCOM 1HCTPYMEHTY.

Meta pobdoTu

Po3pobka MeTONONMOTiYHMX MPHUHLUIIB MPOTHO3YBAaHHS pECypcy MEXaHIYHUX CHCTEM,
3MIIACHIOBAHOTO B PEKMMI peaIbHOro yacy 0e3 nepepruBaHHs npouecy (GyHKIIIOHYBaHHS CHCTEMH.

BukiiajanHsi 0CHOBHOI0 MaTepiajy

1. 3HOC IHCTPYMEHTY — OJUH 13 HABaKIUBIIIUX MapaMmeTpiB, KWW BIUTMBAE HA SKICTh 1
HIBUAKICTE 00poOku aerani. Cepen ycix MoxuOOK 1 BIIMOB, SIKi MOXYTh MaTH MicIle B Ipolieci
00poOKH, 0COOIMBO BUAUISETHCS BiIMOBA iHCTPYMEHTY Ta MOXUOKH, IO BHOCSATHCS HOTO 3HOCOM,
mo OOyMOBJICHO IMiJBUINEHUMH HABAaHTAXCHHSMH Ta pOOOTOI0 BHUKOHYBAaHOI 3HOIIECHUM
iHCTpyMeHTOM. SIK BimloMO, 4acTKy BigMoB pixydoro incrpymenrty (Pl) mpumnanmae mepeBakHa
OUTBIIICTH BUIMAJKIB BiJl 3aTaIbHOT KUTBKOCTI BIIMOB 00p0OHOT ccTeMu. 3HOIIYBaHHS iHCTPYMEHTY,
KU y mpoieci 0OpoOKK MOCTIHHO 301IBIIYEThCS aX O HOro MOBHOI HEMPHUIATHOCTI, 3HAYHOIO
MIpOI0 BU3HA4Ya€ TOYHI MOKA3HUKHU Mpolecy OOpoOKM Ta SKiCTh 00poOieHOoi MmoBepXHi (Makpo-,
MIKpO- Ta CyOMiKporeoMeTpito, (i3UKO-XiMIKO-MEXaHIYHUNA CTaH 1 3aJUIIKOBI HAmpyru B
MOBEPXHEBOMY I1api). SIKIIO 3HOIIYBaHHS pi3ajdbHOIO IHCTPYMEHTY IO 3aJHI MOBEpXHI, B
NPUHIUIMI, MOXHa po3paxyBaTH [1] Ta mpu oOpoOui neraneil 3 BIAHOCHO MPOCTHUMU (opMaMu
MOBEPXOHB (ITOCKUMHU, IWJITHAPUIHUMH TOIIIO) OJTHOJIE30BUM IHCTPYMEHTOM (pI131[eM) HOT0 MOKHA
BpaxyBaTH Ta B SIKIMCh Mipi KOMIIEHCYBaTH 3a JONOMOI'OI0 BXKE MOPIBHSIHO HEMOTaHO PO3POOIECHUX
ICHYIOUMX CHCTEM, TO NpH OOpoOIl MOBEPXOHb CKIaAHOI (opMU ((HaCOHHMX) 1 BUKOPHCTAHHI
0araTone30BUX 1HCTPYMEHTIB ((pe3, CBEpAiB Ta 1H.), KOJU IPOLEC pi3aHHS XapaKTepU3Y€EThCS
BEJIMKHM CTYIIEHEM He CTAI[lOHApPHOCTI Ta CYHIPOBOKYETHCS 3MIHHUMHU 3HAUEHHSIMH reoMeTpii Jieza
(KiHEeMaTHYHUX KYTIB SIK B OCHOBHHIM, TaK 1 B TOJOBHIM CIUHI{ IUIONIIMHAX) 1 TAPAMETPIB PEKUMY
pi3aHHs (LIBUIKOCTI pi3aHHs, TOBIIMHM Ta IIMPHUHU 3pi3y, HABITh MPH MMOCTIHHUX 3HAYEHHSX 0/1a4l
Ta TTMOMHY pi3aHHS) CTaH TeOMETpii je3a Ta caMoi PLKYdoi KPOMKHM 1HCTpYMEHTY y (hopMyBaHHI
BUXIJHMX TOKa3HMKIB MPOIIECY pI3aHHS BIAIPAa€ 3HAYHO OUIBLIY POJIb, TaKl CUCTEMHU MPAKTUYHO
BimcyTHI. [IpoGiema CTBOpPEHHS CHCTEM IS OIIHKHA (KOHTPOJIO) CTYINEHs 3HOCY IHCTPYMEHTY Ta
HOro MOKJIMBOT KOMIIEHCAllli IPU HECTAalllOHAPHOMY pi3aHHI IIJISXOM KOPUTYBaHHSA ab0 pexuMy
pizaHHA ab0 MOJOXKEHHS IHCTPYMEHTY 1€ HEeJ0CTaTHhO po3poliieHa, Xo4ya Taki poOOTH 1 BEIyThCs
[2]. Lle oaHi€r0 ICTOTHOIO MPOOIIEMOIO IPU MEXaHi1uH1il 00poO11i € BUZHAYEHHS! MOMEHTY «3YITUHKI»
(larHOCTHKA CTaHy Pi3aJbHOIO IHCTPYMEHTY) MPOLECY Pi3aHHS 3 METOIO 3aMiHU IHCTPYMEHTY abo
foro piXy4oi YacTHHHM, HANpUKIAJd, pPLKYy4oi KPOMKM OararorpaHHoi IUIACTMHH, LI0 HE
NEPEeTOYYEThCSI, TMPH  JOCSITHEHHI TMPUHHATHM  KpUTEpIEM  3HOCY  33/JaHOi  BEJIMYMHU
(XapaKTepUCTUKH).

OTxe, mig Yac KOHTPOJIO Ta JAIarHOCTUIl CTaHy pPIKYYOro I1HCTPYMEHTY HEOOX1JHO
BUpPINIYBAaTH TaKi 3aBJaHHSA: KOHTPOJb IMpale3laTHOCTI IHCTPYMEHTY, TOOTO, MpHUIATHUM Iie
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IHCTPYMEHT 4 Hi (aBapiifHi cUTYyaIlii); KOHTPOJIb PO3MIPHOTO 3HOIITYBAaHHS 1HCTPYMEHTY; KOHTPOJIb
CTaHy pi3aJbHOI KPOMKH, IO OCOOJIMBO aKTyaJIbHO MPU YHUCTOBi 00poO1i MOBEPXOHb Ta 00pOoOII
MOBEPXOHb CKJIAAHOI (opMu (BTpata HEOOXinHOI TreoMeTpu4yHOi (HOPMHU IHCTPYMEHTY, 3MiHa
MePEeIHHOTO Ta 33IHHOTO KYTiB TOIIO), 0COOIHMBO Mpu 00pood1Ii Ha BepcTarax 3 UIIK, 6araToninsoBux
(0OpoOHUX IEHTpax) Ta iH.

2. CucteMu sl KOHTPOJIIO CTYIICHS 3HOIIYBAaHHS Ta BU3HAUYCHHS MOMEHTY BHXOJY 3 JIaly
IHCTPYMEHTY.

Ha cporoanimmHiii 1eHb po3p00JIEHO BIAHOCHO BEJIHMKY KUIBKICTH CHUCTEM JIJISI KOHTPOJIO
CTYICHsI 3HOINYBaHHsS Ta BU3HAYECHHS MOMEHTY BHUXOAYy 3 Jamy iHCTpymeHTy. Lli cucremu
KIacu(IKyIOTbCS 32 PI3HUMHU TOKa3HUKamu (puc. 1), 0 BH3HAYAE CTPATEri0 JiarHOCTYBAHHS
IHCTpYMEHTIB, HAIPUKJIIAJl, CUJIl pi3aHHs, MOTY>KHOCTI pi3aHHA Ta iH.

I MeTOoIH KOHTPOIIO CTaHy Pi3abHOTO iHCTPYMEHTY I
|

h 4 v
IMpsavi I Henpsni I

PaioakTHBHHH BHMipIOBaHHS ITapaMeTPiB 3ar0TOBKH

v

ONTHIHHH ¢
* BHMIpIOBaHHA TEILVIOBHX Ta €JIeKTPH-
- 9HHX XapaKTePHCTHK [HCTPyMe

IIHeBMaTHIHHH P P TPYMERTY

T v

BHMIpPIOBaHHA JHHAMITHHX ITapaMeTpiB

EeKTpoMexaHITHHH CHCTEMH IIiJT 9acC pi3aHHA
YIsTpazByk CHI0BI BHMIPH

Pucynok 1 — Meroau koHTpoto crtany Pl

[Ipy npoeKkTyBaHHI CUCTEM AaKTHUBHOI'O KOHTPOJIO, 3aCHOBAHHMX HA MPSAMHUX METOAax
KoHTpoito (puc. 1) crany PI, icHytoTh dakTopH, siKi 3HIKYIOTh €()EeKTUBHICTH POOOTH CHUCTEMH.
Hanpuknan, npu OonTHYHOMY CrOCOO1 KOHTPOJIO, CKJIAAHO JOMOTTHCS «XOPOIIOi BHUIAMMOCTI»
pixydoi kpomku npu BmiauBi 30TC 1 cTpyXKH, NMHEBMAaTMYHUM Ta paJiOaKTUBHUH METOAU
0OMEXYIOTh BUKOPUCTaHHS CTAaHAAPTHOI OCHACTKU 0€3 T0JaTKOBOT JOPOOKH.

st iHCTpyMeHTa, 110 00epTaeThes, mpobdiieMa KOHTPOIIIO MocTae Outbi rocTpo. Po3BUTOK
IHCTPYMEHTAJIbHUX MaTepilaiiB 1 MOKPUTTIB NPU3BOJUTH 10 3HAYHOTO 3OUIBIICHHS HIBUAKOCTI
00poOKH, M0 /JyXe YCKIAJAHIOE KOHTPOJIh CTaHy KPOMOK I1HCTPYMEHTY, Ta MPaKTHIHO
YHEMOJJIMBIIIOE TIpOIleC HOro Oe3mepepBHOTO MPSMOrO KOHTPOJO. YPHUBYACTE Pi3aHHS TaKOX
HaKJ1aJa€ NMeBHI 0OMeXeHHs Ha BUOIp MPUHIUIIIB IarHOCTYBaHHS CTaHy PLXKy4Oro iHCTPYMEHTY.

Haiibinbi «enacTHYHUM» HANpPsSMKOM y KOHTPOJII pi3albHUX 1HCTPYMEHTIB € MOHITOPHHT
(Oe3mepepBHUI KOHTPOIIb) Oe3MOCepeHBO Y Mpolieci 00poOku. Yci MEeToAu A1arHOCTUKH TOTOYHOT
Mpale3AaTHOCTI pi3ajJbHUX IHCTPYMEHTIB MO’KHA YMOBHO PO3JLJIUTH Ha YOTUPH TPYIIH, a iX, Y CBOIO
4yepry, Ha METOJHM TMPsSMOTO KOHTPOJIIO, 3aCHOBAaHI Ha Oe3mocepenHiil peecTparii BETUYUHUA
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3HOIITYBaHHS IHCTPYMEHTY, Ta HEMPSIMOTO KOHTPOJIO (pHUc. 2), 110 BUKOPUCTOBYIOTH (Di3WUHI SBUIIIA,
SK1 CyIPOBOKYIOTH MTPOLIECH Pi3aHHS Ta 3HOLTYBAaHHS IHCTPYMEHTY.

B pesynbrari BUKOHAHOTO JIITEPAaTYpHO-TIATEHTHOTO aHali3y BITYM3HSIHUX 1 3apyOiKHUX
CHCTEM MOHITOPHHTY BU3HAYE€HO HAHOUIBII HAMAIMHI Ta MPOCTI METOIU KOHTPOJIIO, L0 IPYHTYIOTHCS
Ha aHai3i cuUrHajiB BiOpPOAKyCTUYHOI eMicii Ta CHTHaJiB EJIEKTPONPOBIIHOCTI KOHTAKTY

«IHCTPYMEHT-CTAJIb.

Henpami MeTOmM KOHTP OO CTaHY PI3ATBHOTO HCTPYMEHTY

¥ v L 4
Binipiosansx Baosopearia Temoeex | | Biovipiopassa musad-
N2paMaTpie TR SNETPHIKIXX2APE- | | yHICL MAPAMETPLE Cunoet BiaipK
SarOTOEKK TEPHCTHE {ICTPTMEETY | | oporenu mpK pisammi
- EHAUPIOE2HHA - B PIOEENNE - EHMIPIOE2HHA B —
aoa KONHE2HD -
reou.e'r.pm(mo: e TEXHONOMYHOL CE2T0BICX
ponipie - BIOHPIOENN CHCT2MK ClR paaxmx
- EIOMIPIOBAHH s ETC - EHAPIOBAHHA - EHMIPIOBIHH
IIOPCTROCTL - BOLPIOEE AMIDUTYR @Mic DOTYAHOCT]
OTOPY XOKTRXTY CHIHANY 2KYCTHYHOL PISAHHI
IKCTPYIEKT-R2TaS . . - BHMIPIOBAHHA
KOHTPONS HAMPAMY Sicanye
CXOLY CTPYRXK oS ST

Pucynox 2 — HenpsiMi MeToiM KOHTPOJIIO CTaHY Pi3ajIbHOTO iIHCTPYMEHTY
BucHoBku

HoBusHa MeTo10710T11 MPOrHO3yBaHHS pecypcy 1HCTPYMEHTY MOJIsirae B TOMY, 1[0 BOHA Ha
BIIMIHY BiJ JAIIOYMX METOJIB, IO OPIEHTYIOThCS Ha CEPEIHbOCTATUCTHYHI JIaHl MpO TpaHUYHE
3HOIIYBaHHA Ta pecypc IHCTPYMEHTy, 3a0e3neuye MpOTHO3YBaHHS B PEXHMI peaJbHOro dvacy
IHAMBIAYaIbHOIO PECYPCY IHCTPYMEHTY, 1110 BIANOBIAAE PAKTUYHUM YMOBAaM HOTO HABaHTAXKEHHS.

Po3poOka aBTOMaTH30BaHOI CUCTEMM aJallITUBHOTO KEPYBAaHHS IPOLECOM pi3aHHS, OCHOBY
SIKOT CTAHOBUTH HOBAa METOJOJIOTIS TPOTHO3YBAaHHS PECypcy IHCTPYMEHTYy, €, O€3CyMHIBHO,
aKTyaJbHUM HayKOBO-TIPAaKTUYHUM 3aBIAHHSIM.
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HIJIBUINEHHA 3HOCOCTIMKOCTI TA BIZTHOBJIEHHA 3HOIIEHUX TOBEPXOHBb
TEPTS METOJAAMM ELJ ¢

Spocnas KIPIEHKO, 3106yBau Bumoi ocsitu rpynu MC-1611-24
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauin. Poboma npuceésueHa  OOCHIONCEHHIO  GNAUBY  eeKMPOIMNYIbCHOL  0OpOOKU
KOHCMPYKYIUHOT Cmani Ha CmpyKmypy, eleMeHmuull i (pazosuti cocmas, Mexamiuti i mpubomexHiuui
8ACMUBOCMI  MOOUPDIKOBAHO20 NOBEPXHEB020 WAPY, A MAKONC po3pobyi Ut onmumizayii
mexHonociunux peaxcumie EIl, wo 3abe3neuyiomsv niosuwyeHy 3HOCOCMIUKICMb 00POOIIOBAHUX
Odemarnei. Y npedcmasneniii pob6omi Ha OCHOBI NPOBEOCHUX OOCIIONCEHb BCIMAHOBNEHO, WO MOBUWUHA
Gopmosarno2o noKpumms 3anexicums 8i0 XiMiYH020 CKIady mamepiany ie2yruo20 enekmpood u
enepeemuyHux pexcumie EL/I.

Kniouoegi cnosa: cmans, enekmpoimnyivbcha 06pooKa, 3H0COCMIUKICMb, 1€2Y8aAHHS.

INCREASING WEAR RESISTANCE AND RESTORATION OF WORN FRICTION
SURFACES USING EIL METHODS

Yaroslav KIRIIENKO, student of group MC-16t1-24
Kharkiv National Automobile and Highway University

Abstract. The paper is devoted to the study of the effect of electropulse treatment of structural steel
on the structure, elements and phase composition, mechanical and tribotechnical properties of the
modified surface layer, as well as the development and optimisation of technological modes of EIT
that ensure increased wear resistance of the treated parts. In the present work, based on the
conducted studies, it was found that the thickness of the formed coating depends on the chemical
composition of the alloying electrode material and the energy modes of the EAF.

Key words: steel, electrical discharge machining, wear resistance, alloying.

Beryn

[lepceKTHBHIMHA METOAAMH TOBEPXHEBOTO 3MIIIHEHHS Ta MOIM(IKYyBaHHS € METOIH,
3acHOBaHI Ha 00poOIlll MaTepialiiB KOHIIEHTPOBaHMMHU moTokamu eHeprii Tta peuoBuHu (KIIE).
IIpo yHiKambHHIA BIUIMB 3a3HAYEHOTO BIUIMBY Ha (OpPMYBaHHS CTPYKTYpH, MIKPOCTPYKTYpH,
BJIACTUBOCTEH MOBEPXHI, a TAKOXK 3T0JIOM Ha MPOLIECH TEPTs Ta 3HOIIYBaHHS METaJliB BKA3yE€ThCS B
poborax K. K. HamurokoBa, I'. B. CamconoBa, A. B. binoro, H. H.Pukanina, A. A. Yriosa,
1O. A. bukogsckoro, I'. I. BpoBepa, 0. K. MamkoBa, b. T. I'ps3HoBa Ta iH.

16 PoGoTa BuKOHaHa i KepiBHULTBOM nolieHTa Banepis BATPOBA
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Y mpOMHCIIOBOCTI 3aJIe’KHO BiJl YMOB €KCIuTyaTallli BUpOOiB 3aCTOCOBYIOTHCS Pi3HI METOIU
MOBEPXHEBOT'O 3MIIHEHHS CTaJIeH 1 CIIIaBiB, TaKi K MOBEPXHEBE IJIACTUYHE 1e(hOPMYBaHHS, XIMIKO-
TepMiuHa 00poOka, (opMyBaHHS 3HOCOCTIMKMX TMOKPHUTTIB (MIKPOAYrOoBE OKCHIYBAaHHS,
HANWTFOBAHHS Ta 1H.), BACOKOGHEPTreTUYHI METOIU (J1a3epHa, I0HHO-TIpoMeHeBa 00poOKa Ta iH.) Ta
pi3Hi ixHi kKomOiHamii. HaiiOinpIl mepcreKTHBHUMH € METOAM IOBEPXHEBOTO MOAM(DIKYBaHHS
neraneid TpuOOCHCTEM 13 3aCTOCYBaHHSIM BHCOKOKOHIIEHTPOBAHUX TIOTOKIB EHEPTii, 10 SIKUX
CTaBUTKCS elieKTpoimiynbcHa 00poOka (EIJT), mo mo3Bossie ofepKyBaTH MOKPHUTTS 3 BUCOKUMH
(hi3UKO-MEXaHIYHUMU Ta TPUOOTEXHIYHUMH BIACTUBOCTSIMH.

AHaJi3 0CTaHHIX J0CTiIKeHb i myOJikanii

VYci BiJoMi Ha CHOTOHIMIHIN AEHb METOM 3MIIIHEHHS TOBEPXOHb MOXHA PO3OUTH Ha I1’SITh
OCHOBHMX TPYI 3aJ€KHO BiJ] TEXHOJOTIYHOTO MPHUHMaHHS 3MiHH TOBEpXHEBUX a00 00’€MHHX
BIIACTHBOCTEH Marepiany:

1) yTBip TOHKHUX IUJTIBOK Ha MOBEPXHI;

2) BUCOKOCHEPIeTUYHI METOM, IMOB’s3aHi 31 3MIHOKO XIMIYHOrO CKIaay Ta CTPYKTYpH
MIOBEPXHEBOTO 1IaPY;

3) MexaHIYHHH BIIMB HA TIOBEPXHIO;

4) 00’eMHa Ta MOBEpXHEBA 3MiHA CTPYKTYPH Ta BIACTUBOCTEH TEPMOOOPOOKOIO;

5) KoMOIHOBaHI METOIH.

[Ipy 3MinHEHH] NUIAXOM CTBOPEHHS MOBEPXHEBUX IUTIBOK, CTPYKTypa BHYTPIIIHIX IIapiB
MaTepiajiB 3aJIUIIAETHCS HE3MIHHOI. 3MIIIHEHHS 3[IIHCHIOETHCS (OPMYBAHHSIM MOKPUTTS 32 PaXyHOK
XiMIYHHUX 1 ITUQyY31HHUX peakiliii Mik eleMeHTaMHu Mapora3oBUX CyMillell 1 MaTtepiany BUPOOY.
[ToKpHUTTSI MOXYTh YTBOPIOBATHUCSA Ta30MOJIYM SHUM, IJIa3MOBUM, NETOHAIIHHUM Ta IHIIMMH
BiJIOMUMH BUJaMH HanuItoBaHHs. [Ipy IboMy TpUOOTEXHIUHI BIaCTUBOCTI T1JI BU3HAYAIOTHCS Oarato
B YOMY CTPYKTYPOIO Ta XIMIUHUM CKJIJIOM ITOBEPXHEBUX ILJTIBOK.

[Iupoki MepcrneKTUBU BIIKPUBAE TEXHOJOTIYHE 3a0€3MEeUYeHHs] 3HOCOCTIMKOCTI MEeTaleBUX
MOBEPXOHb HAa  OCHOBI  €JEKTPOPI3MUYHUX  CHOCOOIB  3MIIHEHHS 3  BUKOPUCTaHHSAM
BHCOKOEHEPreTUYHUX KOHIeHTpoBaHuX 1noTokiB eHeprii (KIIE).

Cepen MeTOZIB MOBEPXHEBOIO 3MIIHEHHS 3 BUKOPHCTAHHSM KOHIIEHTPOBAHOTO IOTOKY
SHepril Ta peYOBHHHU TijIHE MiCIle 3aiiMar0Th Jla3epHi TexHoJorii [1, 2].

VY mporeci Ja3epHOro JEryBaHHS pO3IUIABIAETHCS JUISHKAa TOBEPXHI MeTaly pa3oM 3
JIETYIOUMMHU eJIEMEHTaMHU, 110 T0JAI0ThCsl, MONepeIHbO HAHECEHUMHU Ha 00poO0II0BaHy AUISHKY, 110
JI03BOJIIE B JIOKaJbHOMY OOCS31 OAep:KaTh HOBHUHM CIUIaB 3 HEOOXIAHMMH eKCILTyaTalliiHuMU
BIIACTHBOCTSIMH [3, 4].

Enexrpoeposiitanii cuaTe3 (EEC) TOKpPUTTIB — TEXHOJOTIS HAHECEHHS 3HOCOCTIMKHMX
HAJTBEpJUX MOKPUTTIB, 3aCHOBaHA Ha B3a€MOJI] CHEI[ialbHOI €K30TEPMIYHOI CyMillli 3 OCHOBHUM
METaJIOM IiJl JII€I0 EJEeKTPUYHOi 1ICKpH 3 YTBOPOM CIUIaBiB  BlpoBakeHHS. [Ipouec
€JIEKTPOEPO3IHHOTO 3MIITHEHHS METaJeBUX BHUPOOIB y CEPEAOBHUIINI PIIKOrO a30Ty H03BOJISE
3MIHIOBAaTH BJIACTUBOCTI MOBEPXHEBOI0 HIAPY JieTaleil 6e3 HaHeCeHHs Ha MOBEPXHIO 3MIIHIOI0YOTO
Mmartepiaiy.

Binomo, mo ioHHO-poMeHeBa 0OpoOKa, 10HHA IMIUIAHTAllis, 10HHE MEepeMilllyBaHHA Ta
MO (piKyBaHHS MOBEPXHEBHUX MIAPIB 3a JOMOMOI0I0 OTY>KHUX 10HHUX MYy4KiB 103BOJISIIOTh 3MIHUTH
KOoe(ILIEHT TepTs, MOOUIbIIATH KOPO31HHY CTIHKICTh 1 3HOCOCTIUKICTh MeTaliB [6].
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[IpoananizyBaBIM BUKOPUCTOBYBaHI METOIY 3MIIIHECHHSI MOXHA 3POOHUTH BUCHOBKH, IO HE
iCHy€e yHIBEpCaIbHOIO METOJy, IO MPHUBOJIUTH J0 (OPMYBaHHS HEOOXITHUX EKCILTyaTaliiHUX
BiactuBocTell. KOXKHUI MeTO/1 XapaKTepU3y€eThCsS CBOEIO ONTUMAIBHOIO 00JIACTIO 3aCTOCYBAaHHS Ta
CBOIM [lalla30HOM MPHUKJIAJACHUX JI0 3MII[HEHUX MOBEPXOHb EKCIUTyaTalliiHUX TeMIIepaTypHO-
HaBaHTaXXyBaJbHUX MapaMeTpiB.

PosrasHyBIIM pi3HOMAHITTS 3MIMHIOIOYMX BIUIMBIB, MPOIECH OOPOOKH MarepiajiB MOXHa
00’€KTHBHO OI[IHHTH JIBOMa MapaMeTpaMu: IIUIBHICTIO €HEPreTUYHOr0 IMOTOKY Ta YacoM HOro
B3aemMoii 3 matepiasioM. Lle 10o3BoJisie pi3HI TEXHOJIOTIUHI MPUHMaHHS 3MIITHEHHS BiIOOpa3UTH HA
IJIOIIHHI B KOOPJAMHATAX «IIUIbHICTh EHEPTETUYHOIO MTOTOKY — Yac B3aeMoaii» (puc. 1), ne BumaiieHi
30HH, XapaKTEePHi JJIsi OKPEMHUX TEXHOJIOTI# 3MillHeHHs [3-5].

2 s
q, Bt/cm

8
10

10 N
10! %

8
10° \\

7 4 -4 g 2
8 6 2 0 10

10 10 10 10 10 Lc

1 — enexTpoHHO-IpOMEHEBA 00pPOOKa; 2 — Ta3epHe MOKOBE 3MIIIHEHHS;
3 — eNeKTpoIMITYJIbCHE JIETyBaHHS; 4 — Ta3zepHa MoBepXHeBa amopduzariis; 5 — nazepHa
TepMOo0OpoOKa; 6 — anMa3He BUTTAIKyBaHHs; 7 — MIOBEPXHEBO-TNIACTHYHE 1e(OpPMYBaHHS;
8 — TepMo0oOpoOKa
Pucynok 1 — /liana3oHu miibHOCTEN €HEPreTUYHUX MOTOKIB 1 Yacy B3a€MOJIT PU PI3HUX METO/1aX
3MILHEHHS

VY 1upoMy 3B’S3Ky OHHUM 3 NEPCHEKTUBHUX HAMPSAMKIB B 00JIACTI 3MILHEHHS 1HCTPYMEHTIB 1
netaneil MalvH € crnoci6 enekrpoickpoBoro jeryBanHs (ELVT), mo yTBoproe oiHy 13 caMMX TOHKHX
MMOBEPXHEBUX MOAH(IKAIIiH, 1[0 BOJIOIE BUCOKMMH MTOKa3HUKAMH HIUTHHOCTI €HEPTETUIHOTO MTOTOKY
3a KOPOTKMH 4ac BIUIMBY, IO ¥ J03BOJIIE CTBOPIOBATU IOBEPXHEBI CTPYKTYPH 3 OCOOIMBHMHU
BJIACTUBOCTSIMHU.

MeTta q0CaiTKeHH

BcranoBiieHHs 3aKOHOMIpHOCTEH (OpPMYBaHHS 3HOCOCTIMKMX MOKPUTTIB Ha CTajl METOAOM
€JIeKTPOIMITYILCHOI 00pOOKH, IO 3a0e3MeuyTh MiABUINEHHS 3HOCOCTIHKOCTI CTajleBUX IeTaeit
BY3JIiB TEPTS MaIIHH.
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BukJiageHHs1 0CHOBHOI0 MaTepiay 10C/IiKeHHS

[Tporiec yTBOPEHHS KOHLIEHTPOBAHOT'O IMOTOKY €JIEKTPOHIB MPH €JIEKTPUIHOMY PO3PsiIi Ta HOro
B3aEMOJIIT 31 CTaJI€BOIO OCHOBOIO MOYKHA IPEACTABUTH Y BUTJISIII CTPYKTYPHOI CXEMH TEPMOJMHAMIYHUX
MPOLIECIB Y CUCTEMI «IETYIOUHiA eJIeKTPOI (aHO ) — 00pOo0IFOBaHa AeTaib (KaTtom)» (puc. 2).

[Tpu 30iMXKEHHI JIETYIOUOTO €NIEKTPOAa 3 TOBEPXHEI OOpOOIIOBAHOI JeTalll HAIPYKEHICTh
€IIEKTPUYHOTO ITOJIS 3pOCTaE, MK HUMU BUHUKAE 1ICKpoBUi enekTpuanuii pospsz (IP). IloTik enekTpoHis
(TTE) cnpsmoByethest 10 moBepxHi karoga (EK). Kinernuyna eHepris 3aralbMOBaHHMX €JICKTPOHIB
aKyMYJTIOETHCS B TTIOBEPXHEBUX IIIapax aHo/1a, iepeBoisun ioro B 30ymkeHuii ctan (EABC). ILimsHICTD
MIOTOKY 3pOCTa€, MEPeBEPIIYIOUM KPUTHYHE 3HAUCHHS, MPU SKOMY METaj aHoJa IUIaBUTHCS, 3 HbOTO
BUAUIETBCS TOTIK JApiOHUX dyactok (ITY), mo HampaBiseTbcs OO MOBEpXHI Katoma. YacTtku
HarpiBalOThCA, 3aKUIAI0Th, «BUOYXAIOThY, 1, TOCATAIOUH IIOBEPXHi KaTo/1a, yTBOPIOIOThH CUJIbHI a/ire3iiiHi
3B’SI3KHM Ta YaCTKOBO MU(YHIYIOTh Ha HE3HAUHY INTMOMHY, MOAM(IKYIOUM TOHKUAH MOBEPXHEBUH IIap.
CuizioM 3a YaCTKaMK PYXa€eThCst aHOJI 1 Yepe3 YaCTKH, ITOB’sI3aH1 3 TOBEPXHEIO KaTO/1a, TPOXOUTh IPYTHIA
IMITyJIbC ~ CTPyMy, IO CYIPOBO/DKYEThCS MEXaHIYHMM yJapoM TPUCKOPEHOI Macu aHoja.
[Ipy MexaHIYHOMY KOHTAaKTI €JIEKTPOIiB y 30HI B3aeMojii po30yHoBYIOThCS Audy3iiiHi mporecu
MIEPEHOCY MIKPOYACTHHOK Ha KaToJl, XIMIYHI peakKilii Mk 4acCTKaMu €JIeKTPOAa-aHo/1a Ta CTPYKTYPHUMHU
eNleMeHTaM1 MaTepialy KaTtoza Ta popMyBaHHs HecTiikoi MmoxudikoBanoi ctpykrypu (HM3). ¥V takomy
pexuMi poOOTH CHCTEMH «aHOJ — KaTom» Ha TOBEPXHI KaTroja BHACTIZOK IUCHUIIATHBHUX IPOIECIB
(OpMye€ThCS TOHKHIA IIap MOKPHUTTS CTiHKOT MoudikoBaHoi cTpykTypr (YM3).

(, EA | .| EA j
IPME |MNY
Il —YM3
‘ h,HI\‘/IC
| EK EK
Karog, BC Uﬂn

I'T— reneparop immynbciB; EA — anon y BuxinHomy craHi; EK — karon y BUX1IHOMY CTaHi;

IP — ickpoBwii po3psz; [1E — notik enexkrponis; [TY — notik yactok; EABC — aHoz y 30ymxeHOMY
crani; EKBC — karop y 30y/mxkeHomy crani; HMC — Hecrilika MoangikoBaHa cTpykTypa; YM3 — criiika
Moau(iKoBaHa CTPYKTypa
Pucynok 2 — CtpykTypHa cxema TepMoJMHaMiqHuX nporecis npu EIO

HaBezeni pe3ysibTaTu eKCIEpUMEHTAIBHOTO JOCIIDKEHHS BIUIMBY Matepiaty Ta pexumis ELJI
Ha TOBILIMHY Ta MIKPOTBEPIICTh HOKPUTTIB. 3 Aiarpam (puc. 3) BUAHO, IO 3 MIABUILEHHSIM €HEPreTUIHUX
pexxumiB EUT: manpyru Bim 80 B 1o 160 B Tta emuocti Big 34 Mk® no 240 Mmx® ToBIIMHA TOKPHUTTIB
30UIBIIy€eThCS pU Oy Ib-sikoMy Matepiani JIE.

[Tpu ibomy, iput 06po61Ii enekrpogoM T15K6 ToBmmHa MOKpUTTS 30UTbITY€eThCS Ha 48,6 %0, ipn
00po6ii enextporom UMX2 —na 75 %, ipu 06podi enekrpogom 1112 — Ha 83,3 %.

AHaii3 eKCIepUMEHTATbHUX 3aJIeKHOCTEH MIKpOTBEpPIOCTI MOKPUTTIB Ha 3pa3Kax 31 craii
ISXT'H2TA, Big aHOAHO-KAaTOIHOI HANpPyrH Ta PO3PSAAHOI €MHOCTI KOHJIEHCATOpIB, IOKa3aB, IO
T/IBUILIEHHS €HEPreTHYHUX PEXKUMIB 0OPOOKH 10 Pi3HOMY BIUIMBAE HA XapaKTep 3MiHH MiKpOTBEPIOCTI
MOKPUTTIB IPH 3MiHI MaTepiaty JEryrodoro eiaekrpoaa (puc. 4, 5).
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eNeKTpoiaMu, Bijl po3psiHoi emHocTi mpu U = 80 B
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KinpkicHUMI XiMIYHHI CKJ1a]1 BUXITHOTO (HE MOAM(DIKOBAHOTO) 3pa3Ka Ta MOKPHUTTIB HAa CTAJIEBUX
3paskax, 00pobnenux enexrpogamu T15K6, 1112 1 UM X2, naBeneni B Tabdm. 1.

Tabnuus 1 — EnemeHTHMIA CKJ1a] OKPUTTIB Ha 3pa3kax 3i crami 15SXI'H2TA

3pasox XiMqu_I/IIZ CIIEMEHT, % '
Fe Cr Mn NI Si Ti W O
Crans 15XT'H2TA 95,3 1,09 1,95 1,66
[oxpurts JIE T15K6 54,87 12,34 32,8
[TokputTs JIE UMX2 23,73 | 14,39 58,02 3,86
IToxputTs JIE 1112 47,05 7,32 29,56 16,07

Hageneni pe3ynbTaTté MOKa3yroTh, IO €IEMEHTHUI CKJIaj BUXIJHOI MOBEPXHI 3pa3Ka 3i craii
I15XTH2TA BinpizHS€TbCA BiJ] CKJIAly TIOKPUTTIB 1 MOBEPXHEBUX IApiB 3pa3kiB, MoaudikoBanux EIJT
pi3HUMH eneKTpoamMu. Y MOIU(iKOBaHMX 3pa3kax He BCTAHOBJICHA HASBHICTH Py €JIEMEHTIB CTaii
I5SXTH2TA: xpoMy, Maprasifto Ta Hikesro npu oopooii enexktpoaom T15K6, xpomy Ta maprasiito npu
00po0ii enextponom 12, maprasiio Ta TUTaHy 1pu 00poOI enekrpogom UMX2.

Bukonane mocmiKeHHS IO3BOJWIO TaKOXK BHU3HAYUTH XapaKTEPHHUHA PO3MIP CTPYKTYPHUX
enemenTiB (D), BUCOTHI mapaMeTpy IMIOPCTKOCTI TIOBEPXHi: CEPEAHE apU(PMETUIHE BIIXMIICHHS IPOQLITIO
(Ra), rmbuny HaiOLIbIIOI 3anaquun (Rv) 1 BucoTy HaiOutbmoro Buctymy (Rp) mpodiao NoBepXoHb
3paskiB (Tab. 2).

Tabnmis 2 — [Tapamerpu OBepXHi BUXiTHOTO Ta MOAX(DIKOBAHUX 3pa3KiB

XapakTepHHi R Bucora naitbinpmoro | I'muOuHa HalOLTBIION
3pazok / [Tapamerp | po3mip CTPyKTypH o BUCTYITY TPOQLITIO 3anauHu Ipodiro
D, um MKM Rp, HM Rv, aM

Crams 15XTH2TA 2000-2500 -1,6 379,0 344.8
(BHIXiHA)

IMokpurts JIE 200-250 -2,5 477,3 378,5

T15K6

[Tokpurrs JIE 1112 150-200 -3,2 504,1 485,7
[Mokpurrs JIE 250-300 -6,3 538,3 484,4

NMX2

AHani3 OTpUMaHUX 3HAYE€Hb MMapaMeTpiB MIOPCTKOCTI JOCIIIKYBaHUX [TOBEPXOHb MOKA3ye, 1110
napamerpu: Ra, Rp 1 3MiHIOIOTECS 3a1exkHO Bl Mmarepiany enektpona. Ilapamerpu 30UIbIIyIOTECS B
HACTYITHOMY TIOPSIZIKY: BUX1THUHM cTaH oBepxHi 00poOka enekrpoaom T15K6 o6podka enextpomom 112
o0pobka enektpogoMm MMX2 (tabm. 2). Ilpu upomy, mapamerp Ra 306iibmryerscs B 1,5-3,9 pasm.
Haii6inbmie 30u1blIeHHS mHapamerpa mopcTkocTi Ra g0 6,3 HM 1 mapamerpa Rp 1o 538,3 Hm
crocTepiraeTbes mpu 0opoodii enextpogom MMX2. Te Moxke OyTH OB’ si3aHe 3 OUTBIII BUCOKUM PIBHEM
€HepreTUYHOTO BIUIUBY IPH €JIEKTPOICKPOBiii 00poO1li TaHUM EJIEKTPOIOM.

Otpumani 3HaueHHs (Tabi.2) XapaKTEpPHUX pPO3MIPIB CTPYKTYpHHUX €JIEMEHTIB MOBEpXHi
MOKa3yI0Th, 110 B MOJIM(IKOBAHUX 3pa3Kax y MOPIBHSAHHI 3 BUXITHUM CTAHOM BOHU 3MEHIIYIOTHCS B 8—
13 paziB. MiHimManbHi po3mipu mapamerpa D otpumani nmpu 00po6ii enexrpogom 1112.
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BucnoBxu

1. BcranoBneHo, mo TOBIIMHA (POPMOBAHOTO MOKPUTTS 3aJEKUTHh BiJ XIMIYHOTO CKJIaTy
MaTepiay JIETyIoUuoro eJeKTpojaa i eHepreTudHux pexkuMiB ElJI: HailOinmbpIna TOBIIMHA TMOKPUTTS
YTBOPIOETHCS MpH 00poodii enextporom MMX2, mo B 4 pa3u Ounblie, 4uM mpu 00poOLi cepiitHuM
enektposom T15K6; miapumieHHs eHepreTuaHuX pexxuMiB ELJT mpuBoauTh 10 301IbIIIEHHS TOBIIMHA
MTOKPUTTS HE 3aJIeXkHO Bin Matepiany JIE, mo mo3Bossie pekomenayBatu EIJI enexrpomamu T15K6,
NMX2, 1112 ayis migBUIEHHS 3HOCOCTIMKOCTI Ta BITHOBJICHHS 3HOIIICHUX MIOBEPXOHb JIETAJICH BY3JIiB
TEPTs MAILUH.

2. BcTaHoBieHO, 0 MIKPOTBEPIICTh MOKPUTTIB 3aJICKUTH BiJl PEKHUMIB €IEKTPOIMITYIbCHOT
0o0poOKM ¥ MaTepiany Jeryrodoro eiekrpona. EkcrepuMeHTanbHI 3aJIeKHOCTI MIKPOTBEPAOCTI
MOKPUTTIB B 3aJISKHOCTI BiJl HAIPYTU U PO3PAIHOT EMHOCTI KOHJICHCATOPIB MAIOTh €KCTPEeMaIbHHNA
xapakrtep 3 Makcumymamu 1ipu Harpysi U = 120-140 B ta pospsauoi emuocti C = 120 mx®.
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HIABUIMEHHA AKOCTI BUJIMBKIB PO3IIOAIJIBHUX BAJIIB 3 YABYHY 3
BEPMUKYJIIPHUM I'PA®ITOM Y/

Ounexcanap IBAXHEHKO, 3100yBay BuIoi ocBiTu rpynu MC-31-22
XapkiBcbKHUil HAlIOHAJbHUH ABTOMOOIJILHO-10PO:KHIil YHiBepcUTeT

Anomauin. Yasyn 3 gepmuxynsapuum epagimom (4YBI’) mae docmamuvbo ucoxuil pideHb MeXaHiyHux
Mma AUBAPHUX B1ACMUBOCMEU. 3 HbO2O BULOMOBTIAIOMb UPOOU MPAHCNOPMHO20 NPUSHAYeHHA. [
NOKpAWeHHs SKOCMI  GUIUBKIE po3noditvHux eanie 3 YBI 3anpononosana mexHono2isn
MOOUpiKysanHs.

Kniouosi cnosa: posnodinvnuil 6an, 4agyH, MoOu@iKyeanHs, eepmuxyiapHuil zcpaghim, ¢hepum,
nepuim.

IMPROVING THE QUALITY OF CAMSHAFT CASTINGS MADE OF CAST IRON WITH
VERMICULAR GRAPHITE

Oleksandr IVAKHNENKO, student of group MC-31-21
Kharkiv National Automobile and Highway University

Abstract. Cast iron with vermicular graphite (CVG) has a sufficiently high level of mechanical and
casting properties. It is used to manufacture products for transport purposes. To improve the quality
of camshaft castings from CVG, a modification technology has been proposed.

Keywords: camshaft, cast iron, modification, vermicular graphite, ferrite, pearlite.

Beryn

Y cBiTAI  3pOCTalOYMX  BHUMOI  JI0  KOHKYPEHTOCIIPOMOXKHOCTI  BITYM3HSIHOTO
MalIMHOOYIyBaHHS B IHHOBAI[IMHIM eKOHOMIIl, T™poOieMa MiJBUIICHHS TEXHIYHHX Ta
eKCIUTyaTallifHUX XapaKTepPUCTHK MAIIMH Ta 00JIaJHAHHS, 1110 BUITYCKAE€THCS, € JOCUTh aKTyaJIbHOIO.
BpaxoBytoun, 1110 Maii’e MOJOBUHY AeTajeil MallluH CKJIa/1aloTh JUTI 3ar0TOBKHU Ta 01au3bko 80 % 3
HUX TIPUNAJa€ Ha YaCTKy YaBYHHUX BUJIMBKIB, CTAa€ OYEBUJHOIO AKTYaJIbHICTh 1 HEOOXIJTHICTbH
BUPIIICHHS TpoOJieMU MiJBULICHHS SKOCTI JUTHUX BUPOOIB 3a PaxyHOK CTBOPEHHS €()EeKTHBHHX
TEXHOJIOTI BHTOTOBIJICHHSI BWJIMBKIB 13 BHCOKHMH CIIO)KHBUHUMH XapakTepucTHKaMu. Lle moBHOIO
MipOI0 MO’XKHa BIJIHECTH /0 4aBYHIB 3 BepMHKYJspHUM rpadirom (UBI), siki XapakTepu3yrOTbCs
BUCOKMM pIBHEM MEXaHIYHUX 1 JIMBApHUX BIIACTMBOCTEH, BUCOKOIO TeruIonposigHicTio [1].
KpiM TOrO, 4yTnMBiCTh MEXaHIYHMX BJIACTHBOCTEH M0 3MIHHM MIBHAKOCTI oxoiokeHHS y UBI
3HaYHO MEHINE, HDK Yy CIpOro 4aByHY, IO JI03BOJIsiE 3a0e3MeuyBaTH BUCOKY SIKICTh Pi3HOCTIHHHMX
BUJIMBKIB CKJIaJHOI KOHQIrypamii He3ajlexHo Big Macu BuiauBka. Kpim Ttoro, y UBI' Huxue

17 Po6oTa BUKOHAHA T KepiBHUIITBOM jolieHTa HaTtamii JIAJTABAPOBOI
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CXHJIBHICTB JI0 BiJIOLTYy, HIK y CIpOro Ta BHCOKOMIITHOTO YaBYyHY 3 KyysictuMm rpadirom (BUKI), i
menie, Hixk y BUKT niniiiHa ycaka, 1mo 103BoJIsi€ BUTOTOBIISTH BHJIMBKY 0€3 MpUOYTKIB 1 HE MaTh
BiIOLTYy TOHKOCTIHHMX BWJIMBKIB. Takum umHoMm, UBI' mpunaTHwii AJis BUTOTOBICHHS IIUPOKOI
HOMEHKJIATYpU JIeTajieil B MalIMHOOYIyBaHHI — PO3MOALIBYMX BaJliB, KapTepiB, TajJbMiBHHX
OapabaHiB Ta iH.

Onnax BnpoBamkenHs: UBI, mo mae, sk rmokasaia nmpakTHKa, yHIKalIbHE MTOe€JHaHHS (i3uKo-
MEXaHIYHUX 1 JIMBAPHHUX BJIACTUBOCTEH, Y BITUM3HSIHE MAalIMHOOYAYyBaHHS BiOYBAa€TBhCS JOCHTH
MOBUIBHO, 1110 MOXKHA TTOSICHUTH.

[TosicHeHHSI IILOTO SIBUILIA KPHUETHCS Y BITHOCHO BUCOKi coOiBapTocTi BuiuBKiB 13 UBI uepes
BUCOKY A€(PEeKTHICTh X MIKPOCTPYKTYpPH, TIOB’s13aHy 3 HEJOCKOHAIICTIO TEXHOJIOT1i MOIU(IKyBaHHS
Ha BepMuKyJsipHuil rpadit [2]. Tomy npobdiema orpuMaHHs SKicHUX BUIMBKIB 3 UBI 13 cTabibHOIO
CTPYKTYPOIO 32 PaxXyHOK BJOCKOHAJICHHS IPOLIECY MOAU(iIKyBaHHS, € aKTyaIbHOIO.

AHani3z myOaikanii

UYaByH 3 BepMmukyisipauM rpadirom (UBI') mae yHikambHe MO€IHAHHS XapaKTEPUCTUK —
BiJIHOCHO BHCOKOI MIITHOCTI 3 BUCOKHMH TEILJIONPOBIIHICTIO, TPAHULICI0 TEKYYOCTi, eMI(PYIOUOI0
3ATHICTIO Ta HU3BKUM KOE(ILIEHTOM TEIUIOBOIO PO3IMIMPEHHS, BHCOKUM pIBHEM JIMBAPHHUX
BJIACTUBOCTEH, 110 J03BOJISIE HOrO0 PEKOMEHJyBaTH JJIi BUTOTOBJIEHHS BWJIMBKIB TPaHCIIOPTHOI'O
npu3HadeHHsa. OfHaK BIPOBaPKEHHS Yy BUpoOHHLTBO UBI™ cTpuMy€eThcss HEIOCKOHANICTIO MPOLIECY
Mo (iKyBaHHS, 10 HE JI03BOJISIE OTPUMYBATH SIKICHI BUJIMBKH [2].

Jist 3a0e3reyeHHs ONTUMATbHOT KOMOIHAITT IMBAPHUX BIACTUBOCTEH, MIITHOCTI, MEXaHIYHOT
o6pobmroBaHocTi Ta TerwonposigHocTi YBI' noBuHeH micTutn BepMukyssipauii rpadit (BI) > 80 %,
npu vactii Kysicroro rpadity (KI') < 20 % Ta BincytHocti utactuayacroro rpagirty (I11).

Bucoka gactka KI" pi3ko 30171bIIy€ CXUIIBbHICT CKJIaJHUX BUJIMBKIB 10 YTBOPEHHS YCAAKOBUX
PaKOBHH 1 IOPUCTOCTI, a TAKOX NMPU3BOIUTH JI0 TEIJIOBUX BIIMOB IPH €KCILTyaTallii JBUTYHIB.

TexHoNOT1UHI MpollecH BUTOTOBIEHHS BUIMBKIB 3 UBI™ BKIItOUatoTh, K IpaBUIIO, 1Bi CTaIii
nmo3amniyHoi 00poOKU BUXIAHOTO po3iaBy [3]:

— cepoinuzyrouy (BepMHKYJISApU3y0dy) OOpoOKy (MoaudikyBaHHA), IO 3abe3neuye
(dbopMyBaHHS TpadiTy BEPMUKYISIPHOT POpMU;

—rpadituszyroue MoAu(iKyBaHHS (IHOKYJIIOBAaHHS), IO CIpHUS€ HAaWOUIBII TOBHOMY
BUJIJIEHHIO rpadiTy 0€3 CTPYKTYpHO BUIBHOTO LIEMEHTHUTY (J1e1e0ypuTy).

3 MeToro 611b1I €(heKTUBHOIO BIUIMBY Ha PO3ILJIaB Ta OTPUMAaHHS MaKCUMAJIBHOTO PE3yJIbTaTy
PEKOMEHI0BAHO 3a3HavyeHi CTail pO3AUIATH Ta IPOBOAUTH MOCIIIOBHO.

VY BCIX NPOMOHOBAHUX TEXHOJIOTIAX BHUPOOHMIITBA YABYHY 3 BEPMHUKYJSIPHUM TpadiToM
BUKOPHUCTOBYIOTh HACTYIIHI OCHOBHI YOTHPH METOAM a00 BapiaHTH OOpPOOKH BUXITHOTO PO3IJIaBY
[3, 4]:

| — 0OpoOka MarHieMm, SIK OCHOBHHM IIHPOKO TMONIMPEHUM 1 JEIIEBUM CEepoian3yrouuM
rpadiT exeMeHTOM, MPHU BBEACHHI CBIJOMO MEHIIOI HOro KiIbKOCTI, HiXK HEOOXIJHO MJisi MOBHOI
cdepoinu3zarii rpadity B yaByHi;

Il — 06pobka ogHOYacHO (200 TOCTIAOBHO) MarHieM i iecepoinoizyrounm rpadiT ereMeHToM
(rOJIOBHUM YHHOM TUTAHOM);

Il — chepoinuzyroua o6pobKka MarHieM 1 3a ii pe3yibTaTaMu B 3aJI€XKHOCTI BiJl OTPUMAaHOi
¢dbopmu rpadity B mpo0i 3ailicHIOETHCS a00 106aBKa necepoinuzaropa (Ipyu OTPUMaHHI TEPEBAKHO
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KyJsicroro rpadiry), abo A0JaTKoBe BBeIeHHs cdepoimmzaropa (y pa3l OTpUMaHHS IMEPEBAXKHO
IUTACTHHYACTOTO rpadity);

IV — 06pobka piakozemensauMu Metanamu (P3M).

3 psany BigomMux crocobiB cdepoinu3yrdoi 0OpOOKHM BHXITHOTO PIIKOTO YaBYHY
MarHiiBMiCHUMHU TpucaakamMu (MoaudikaTopaMu) B JaHMUM dYac Ha TEPEBaXKHINM OLIBIIOCTI
MIPUEMCTB JUIsl BUTOTOBJIEHHSS UBI' BUKOPHCTOBYIOTH Ti K CIOCOOH, IO 1 NMPU BHUTOTOBJICHHI
BWIMBKIB 3 4aByHY 3 KyisictuM rpadirom. [lis dopmyBaHHS CTPYKTypu Ta BiacTuBocTeir UBI
BUKOPUCTOBYIOTh TaK0XXK TEXHOJIOT1I0 BHYTPIIIHHO(OPMHOT0 MOAM(IKyBaHHS.

Haii6inpm mmpoko B sikocTi Moaudikaropis UBI' BUKOPUCTOBYIOTH MOIU(IKATOPH MapoOK
KMrl — KMr9, ®C45, ®C75, KMr4, KMr3, KMr9, ®C30P3M30, @C10P3M10 [5, 6].

Ha ocHoBi mpoBeneHoro anaiizy Oyia 3amporOHOBaHA MeTa POOOTH Ta 3aBIaHHS, SKI
HEeoOX1gHO BUKOHATH, 100 i1 JOCSITTH.

Meta po6oTu i 3aB1aHHsA

Mertoro po0OoTH € OTpUMaHHs SIKICHUX BHJIMBKIB i3 CTaOUIbHOIO CTpyKTypoio 3 UBI 3a
pPaxyHOK BIOCKOHAJICHHS NPOIiecy MOAU(DIKyBaHHS.

s nocsrHeHHs: MeTH OyJU MOCTaBJIeHI Ta BUPIIIEHI HACTYIIHI 3aBJIaHHS:

—aH”ami3 icHyrouux uuiaxiBe monaudikyBanHs UBI, Bubip momudikaropa Ta crocody
Moau(iKyBaHHS;

— IOCTIPKEHHSI BIUTMBY MOJM(IKyBaHHS Ha CTPYKTYpY Ta BiactuBocti YBT.

MarepiaJj i MeTOIU T0CTiIKEHHS

JlocmipKeHHsT IPOBOIUITUCS Ha 4aByHi XiMiuHoro ckimaay: 4,03 % C; 0,012 % S; 1,9 % Si;
0,39 % Mn; 0,094 % Cr; 0,06 % Ni; 0,15 % Cu; 0,027 % Ti; 0,037 % P. ExcriepiMeHTalIbHI TIAaBKA
BUKOHYBAINCHh B I1HAYKIIHHIA TurenbHId mewi LFD-20. BusnaueHHsT MOKa3HUKAa MIIIHOCTI Op
npoBo K Ha po3puBHii MammHi Mogeni UIT STM 50, BumiproBaHHSI TBEpJIOCTI — Ha TBEPAOMIpI
mozeni UIT HBW-1, mo npamtoe 3a metogom bpinemns. JocnipkeHHST MIKPOCTPYKTYpH YaBYHY
BUKOHYBAJIMCh Ha ONITUYHOMY MIKPOCKOIII.

Pe3yabTaTn gociiakeHHs

I3 ananizy 3po06sieHOro BHILE, MOKHA 3pOOUTH BUCHOBKH, 110 UBI' HalibinbIn panioHaaIbHO
BUKOPHUCTOBYBATH JJISi BUTOTOBJICHHs JeTajeld TPaHCIOPTHOIO MpH3HAuYeHHs. Y 3B’A3KYy 3 LIUM
dbopmyBaHHST CTpyKTypu Ta BiactuBocteii UBI' posrnsiganocs 3 BUKOPUCTaHHSM TEXHOJOTIT
BHYTPIIIHEO(QOPMHOT0 MOAU(]IKYBaHHS Ha MPHUKIaal (OpMyBaHHS BUIMBKA PO3MNOIUIHUOTO BaIly.

Bcranosneno, mo npu orpumandi UBI' mpu BHyTpimmHbohopMHOMY MOaM(IKyBaHHI, Ha
BIJIMIHY BiJl KOBIIOBOI'O, IIEPEMIITYBAHHS PO3IUIaBY ICTOTHO TipIIE Ta B Pe3yJbTaTi MOBHOL[IHHOTO
PIBHOMIPHOT'O MEpEepO3MO/IiTy KOMIIOHEHTIB YaByHY He B110YBa€ThCsI, PO3BUBAETHCS PO3IIAPYBaHHS
KYJIICTOTO Ta BEPMHKYJISIPHOTO IpadiTy.

JlonatkoBUM (akTOpPOM, IO MOTIPIIY€e CTPYKTYPOYTBOPEHHSI, € BAKOPUCTAHHS SIK MaTepiaty
i BHYTpilHbo(opMHOI 00pobku UBIT MonmudikaTtopa 3 BIJHOCHO BHCOKMM BMICTOM MarHiro
(monag 6,5 %) 1 Hu3zpkuMm BMictoM P3M (menme 0,8...1,0 %) y KiIbKOCTI, HEIOCTATHIA aJst
OTpUMaHHs HeoOX1aHOoro cTyneHs chepoinuzamii rpadity (CCT).
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Bci Bumie3asHaueHi HEJOJMIKH HAWOUIBIN SICKPAaBO BHUPAXKEHI MPH OTPUMAHHI JTOBFOMIPHHX
BWIMBKIB (IIpY CHiBBIJHOIICHHI CEPEIHBOrO JiaMeTpa 10 IOBXKMHU > 1:15), a came BHIMBKa
PO3MOALTRYOTO Bally, IO TOKa3aau BUpoOHUYI BUlIpoOyBaHHs. CTPYKTypa, OfepKyBaHa y BUINBKY
3 UBI" npu MonudikyBaHHI 32 TEXHOJIOTI€I0 BHYTPIIIHLO(GOPMHOTO MOAM(DIKYBaHHS, BIAPI3HAETHCS
BiJ perinamenToBanoi st UBI He TbKH KibKicTO KyJisicToro rpadity (B UBI Ginbiie 40 %), ane
1 OTO PO3MOAUIOM 3a Tepepi3oM 1 JOBXHHOK BUiuBKa. [Ipu BuKOpucTaHH1 (epociaikoMarHito
(Mmogudikarop P®CMr7, cepeaniii Bmict marHito — 7%, P3M — 0,5%) s dopmyBanHs
BepMUKYJSIpHOI (hopMu Tpadity 3a paxyHOK edekry HemoMoan(pikyBaHHS B MIKPOCTPYKTYpi
BUJIMBKA CIIOCTEPIraroThCs TaKi BiAXUICHHS:

[To-mepmre, mMae micue MOpQOIJIOTIYHE PO3MIAPOBYBaHHS TpadiTy 3a BHCOTOK MEpepizy
BWJIMBKA: y BEPXHIM TOJOBUHII BiA3HAYAETHCS HASBHICTH NMEPEBAXHO KyJsACTOro rpadiry, a B
HIDKHIA — TIepeBa)XHO BEpPMHUKYJsipHOro. PosmapoByBaHHS rpagiTy 3a BHCOTOIO Iepepisy
MOSICHIOETBCSI THUM, IO PO3IUIAB TPH 3aTiKaHHI B TOPOXXHUHY (OpPMH B MpoIeci peakiii 3
MoaU(]IKaTOPOM B peakiiiHiid KaMepi MOraHo MePEeMINIy€eThCs, 1 MarHiid, 110 Ma€ Mally MUTOMY Bary
(1,7 r/em®), crmBae y BepXHIO YaCTHHY BHJIMBKA, BUKIMKAIOUM, THM CAMHM, YTBODEHHS B Hiil
nepeBaXHo Kyisictoi popmu rpadity. [Ipu oMy po3KHII 32 TBEPAICTIO MK BEPXHBOIO Ta HIDKHBOIO
MOJIOBUHKAMU TIepepi3y BIIIMBKA CKiIanae B cepeaapomy 20-25 HB.

[To-ngpyre, mMae Micle HEOJHOPIAHICTH CTPYKTYPH 3a JAOBXKHHOIO BHJIMBKA, IO BHKIIUKAE
MOYaTKOBUU PO3KU 3a TBepaicTio (Bix 12 mo 56 HB) Mik 1-M KyJmaukoM poO3MOJIIBYOTO Bay
(cTpykTypa 3 mepeBaxaHHSAM BepMukyssipaoro rpadity BI'd2, BI'G3 nan kymsactum) ta 8-M
(ctpykTypa 3 KynsactuM rpaditom — K125, KT'[18) kynaukom.

[To-TpeTte, uepe3 BiTHOCHO BUCOKUHN BMICT Y MOAHM(DIKATOPI MIJIAKOYTBOPIOIOYOTO E€IEMEHTY —
KalbIil0 Ta KiJbKa 3aBUIICHOTO BMICTY MAarHil0 — MIKPOCTPYKTypa 4YaBYHY 3a0pyAHIOETHCS
[JTAKOBUMH BKITIOYCHHSIMHU.

Bigomo, mo P3M e Haiikpamumu ctadingizaTopaMud BEPMUKYISPHOL (MIPH MiABUILICHOMY
BMmicTi P3M Ta 3HMXKEHOMYy BMICTI MarHil0) Ta KyJscToi (mpu 3HMKeHOMYy Bwmicti P3M Ta
MIJBUIIEHOMY BMICTI MarHito) ¢opm rpadity B 4yaByHi. [Ipu 1ipomy ciig BpaxoByBaTH, IO BMICT
P3M y moaudikaTopi 00MeKy€eThCs IX BUCOKOIO BapTICTIO Ta aHTUTPAiTH3YIOUMMH BIIACTUBOCTSIMH.

[TopiBHIOBanM SKICTh BWJIMBKIB, OTpPMMaHUX 3 BHXiAHOIO Jjiratyporo DCMr7, 3
3alPONOHOBAHOIO TEXHOJIOT1€:0 MOU(IKyBaHHS JOBIOMIPHOTO BUJIMBKA.

BceranoBuim, mo onepxaHHA OJHOpPiAHOI 3a rpadiToM Ta 3 MiIHIMAJbHUM MEpenagoMm
MEXaHIYHUX BJIACTHBOCTEH Oe3leMeHTUTHOI cTpykTypu UBI' y BMIIMBKY 3a BCI€IO JOBXKHHOIO
3a0e3neuye po3po0ieHa TEXHOJIOTiSI  BHYTPIIIHBOPOPMHOrO  MOAM(DIKYBaHHS  JITraTyporo
®C30P3M30 3 mepen mommdikyBanHsM iratyporo ®C75 macoroi dpakmii 150-200 v B gammi
3anuBanbHOI hopmu (puc. 1).

[Ticnst MmoaudikyBaHHS CKJaJa YaByHY HaBeleHUM B Taom. 1.

I'padit y 1-my Ta 8-My Kynauky BHJIMBKA PO3IMOJALIBYUOTO Bajly MPAKTUYHO IOBHICTIO
NpeJCTaBIeHUN BepMUKYIsIpHOIO hopmoro. [Tonepenne rpadituzyroue MoanikyBaHHs JO3BOIUIIO
HiBemoBatu B UBI' rpazmienT koHuentpaunii P3M 3a NOBXWMHOIO BHJIMBKA, B PE3yJibTaTi 4Oro
OTPUMAHO YaBYH 3 JOCHTb OJHOPITHOI0 OE3[[EMEHTHUTHOIO CTPYKTYPOIO Ta HEBEJIUKOIO KUIBKICTIO
nepuity (I120) (Tadun. 2).
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BI'd2, KI'dh1,4,5; BI'p2; KI'p2; KI'n25-180; I1t1; [T10-I120
Pucynok 1 — Buxigna mikpoctpykrypa UBI'; 30inbmenns x50

Tabmuus 1 — Ximiunuii ckinag YBT micns moandikyBaHHs

C,% | S, % | Si,% | Mn,% [ Cr,% | Ni,% [ Cu,% | Ti,% | P,% | Mg,% | P3M, %

3,89 | 0,011 | 2,58 0,39 0,09 | 0,06 | 015 | 0,027 0’23 0,013 0,02

Tabmus 2 — MikpocTpykTypa Ta BnacTuBocTi 3pa3kiB UBI micis monudikyBanHs

MiKpocTpyKTypa 3TiIHO cTaHmapTy

9

on Mlla | 5% | HBW [Mepait (peput) | IlemeHTHT I'padiT, mkana Ne2-B
3350 | 18 | 149 1120 (080) HeMae BI70

TakuM YHHOM, 3allPONOHOBAHA TEXHOJOTIS BHYTPIIIHBO(POPMHOIO MOAM(IKYBaHHS, sKa
JI03BOJISIE OTPUMYBATH SIKICHI BWJIMBKM YaBYHY 3 BEPMUKYJSIPHUM TpadiToM, 110 MalOTh (Qeputo-

MEPJIITHY CTPYKTYPY.
BucHoBku

1.YaByH 3 BepMHUKYJISpPHUM TIpadiToM XapaKkTepU3yeTbCs BUCOKUM piBHEM (i3UKO-
MEXaHIYHHUX 1JIMBapHUX BIACTUBOCTEH, 110 pOOUTH HOTO HE3aMiHHUM MaTepialloM PH BUTOTOBJICHH1
JeTaNe TPAaHCIOPTHOTO MPU3HAUYEHHS — OJOKIB IMUJIIHAPIB, KOJIHYACTUX 1 PO3MOAUIBUMUX BaIIB Ta
1H.

2. OnHak He muBiIsA4YMch Ha Bel mepeBarn UBIT cmocrepiraerbcsi BiacTaBaHHS B HOTO
3aCTOCYBaHHI y BITYM3HSIHOMY MAlIMHOOYTyBaHH1 BiJl BUCOKOMIITHOT'O YaBYHY 3 KyJISICTUM IpadiToM,
1110 TOB’513aHO 3 HEJIOCKOHAIICTIO TEXHOJIOT1T MOAN(DIKYBaHHS Ha BEPMUKYJIIPHUNA TpadiT.

3. OnmepxaHHst OAHOPIAHOI 3a TpadiToM 1 3 MIHIMAJIBHUM HepenajoM MeXaHIYHHUX
BJIacTUBOCTeN Oe3nleMeHTUTHOI cTpykTypu UBI' 3a BCi€l0 NOBXKHHOIO JOBTOMIPHOTO BHIIMBKY
3a0e3neyye TeXHOJOris BHYTpilIHboGopMHOro MoaudikyBanss niratyporo @C30P3M30 3 nepen
MoaudikyBaHHsaM siratyporo OC75.
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MPOEKT EHEPTOE®EKTUBHOI'O BYJIUHKY 18
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Anomayia. Y cmammi npedcmasneno KOHYenyilo eKoni02iyHo20 OVOUHKY 3 a6MOHOMHUMU
IHOICEHEepHUMU — CUCTNeMAMU.  TeNI00OMIHHUM — 800ONOCMAYAHHAM, 300poM  00wj08oi 800U,
biomyanemom i3 MemaHo8i08eOeHHAM, BeHMUNAYIEIO 3 PEKYNEePayicio ma COHAUHOI eHepemuKoio.
Po3spobka 6azyemvcs Ha payionanbhomy po3miujerHi KOMYHIKayitl 6i0N08IOHO 00 NIAAHY NPUMILYEeHb
ma opienmayii OyOuHKy w000 cmopiu ceimy. Mema — 3MeHWUMU CNONCUBAHHS 308HIUHIX PeCypcie
i npodemoHcmpyeamu NPaKmMuyHe 3acmocy8aHHsa NPUHYUNIE CIMAl020 OYOIBHUYMEA.

Kniouosi cnosa: exobyouHok, pexynepayis, memad, O00wo08a 600d, eHepeoedeKmugHicms,
aemMoOHOMIA, COHAUHA eHep2isl.

ECOHOUSE CONCEPT

Ivan SAVYTSKY]I, student of the group 132-22-2,
Nataliia ROTT, Associate Professor, Iryna MATSIUK, Associate Professor
Dnipro University of Technology

Abstract. The article presents the concept of an eco-house with autonomous engineering systems:
heat-recovery water supply, rainwater collection, biotoilet with methane extraction, ventilation with
heat recovery, and solar energy integration. The design is based on efficient placement of systems
according to room layout and building orientation. The goal is to reduce external resource
consumption and demonstrate the practical implementation of sustainable construction principles.

Keywords: eco-house, heat recovery, methane, rainwater, energy efficiency, autonomy, solar power.

Beryn

CyuacHe 1HAMBiAyaJbHE OYIIBHHIITBO JEAalli YaCTIIIe OPIEHTYEThCS HA E€KOJIOTIYHICTb,
aBTOHOMHICTh Ta €HEpProeeKTUBHICTh. 3pOCTaioua BapTICTh peCcypciB, KIIMaTH4HI 3MIHH Ta
€KOJIOTIYHA CBIJOMICTh 3MYIIYIOTh IIYKaTH HOBI MIJXOJUA 10 MPOEKTyBaHHS kuTiIa. OgHUM 13
pilieHb € eKOOYAMHKHM — Oy/iBili, IO MIHIMI3YIOTh CHOXKMBaHHS €HEprii Ta BOJM, 3a0e3MeuyloTh
MOBTOPHE BUKOPUCTAHHS PECYPCIB 1 HE IIKOAATH JTOBKIJITIO.

VY wiil craTTi mpeacTaBieHO aBTOPCHKUHM BapiaHT €KOJOTIYHOTO YKHUTIOBOTO OYAMHKY, i€
IH)KEHEpHI CHCTEMM NpAIlOIOTh Yy B3a€MO3B’SI3Ky, 3a0€3Meuyloud aBTOHOMHICTh 1 3MEHIIEHHS

18 PoGoTa BuKOHaHa i KepiBHULTBOM nouenta Haranii POTT
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eHeprocnokuBanHs. OcoOiiMBa yBara NPUIUISETHCS 1HTErpaIii TEXHOJOTIH y TUlaH OyIuHKY 3
ypaxyBaHHIM IIPOCTOPOBOI JIOTIKM Ta Opi€HTALlll Ha COHIIE.

Ananiz nyoaikaunii

Y BIAKpUTHX JDKEpeNnax TMPEeICTaBICHO HIMPOKHHA CIEKTP PIllleHb Ui EKOJOTIYHOTO
JOMOOYMIBHUILITBA. Y TEXHIYHUX 1 HAYKOBO-TIOMYJISIpHUX Martepiagax [1-3] BHCBITIIOIOTHCS
repeBard COHSYHHUX MaHENIeH, pekyrepallii Teria 3 BEeHTW ANl Ta KaHajizamii, cucteM 300py
JIOIIOBOI BOJIM, @ TAaKOXK BUKOPHUCTAaHHSA OlOTyasleTiB 3 OakTepisMu I NMEPepOOKH OpraHIdYHUX
BiJIXO/IiB.

BinpuiicTe MpOEKTIB, M0 3rafylOThCs B MyOJIKALIAX, 30CEPEIKEHI HA OKPEMHUX acIeKTax
exoOyaiBHUIITBA: a00 Ha 30epeKeHH] eHeprii, a00 Ha BOJOOMIATHUX TEXHOJOTisX. BogHoyac mimicHi
pilieHHs, SIKI TOEAHYIOTh KUIbKa AaBTOHOMHHX CHCTEM B OJHOMY JKHTJIOBOMY IPOCTODI,
3QIMIIAIOTECA  piakicHUMU. [le BigkpuBae mpoOCTIp I PO3POOKH KOMILIEKCHHX PIllICHb,
aJIaNTOBaHUX JI0 KOHKPETHOTO TUIAHYBAHHS Ta JIOKAJIBHUX YMOB.

3anpornoHoBaHa y CTAaTTI MOJIEIIb CIIPSIMOBaHA caMe Ha IMOETHAHHS BXKE BIJIOMHUX TEXHOJIOTIH
y €JIMHY JIIEBY CUCTEMY B MEXaX 1HMBIIyaIbHOTO )KHTIIA.

Mera Ta 3aBiaHHs po0oTH

Mertoro pobOTH € po3po0Ka KOHIIETIIi €KOJIOTIYHOTO )KHUTIOBOTO OyIMHKY 3 iIHTETpOBAaHUMHU
IH)KEHEPHUMH CUCTEMaMHU, SKi JO3BOJISIFOTh 3HU3UTH 3aJICKHICTh BiJl 30BHIIIHIX JDKEPEN €HEprii Ta
BOAM. Y TPOEKTI MependadyeHo paiioHadbHE PO3MIIIEHHS KOMYHIKalild BIAMOBIIHO A0 IJIaHY
MPUMIIICHb, BHKOPHCTAaHHS TEXHOJOIIH TOBTOPHOTO 3aCTOCYBaHHS pecypciB (TeIuia, BOJH,
OpraHiku), a TaKOXX ypaxyBaHHs Opi€HTalii OyAiBJi BIJHOCHO CTODPIH CBITY 3 METOIO IiJIBUIIEHHS
eHeproe(eKTUBHOCTI.

MarepiaJj i MeTOAU TOCTiTKEHHS

[Tpu npoexTyBaHHI €KOOYIMHKY OyJI0 BUKOPUCTAHO JIOTIKY MOTOKIB: XOJIOAHA BOJA, rapsiya
BOJIa, TIOBITPsI, KaHaIi3allisl, eJeKTPOCHEPris Ta METaH — KOXKEH €JIEMEHT Ma€ CBOE OOIpYHTOBaHE
po3minieHHs. OCHOBHMH METOJ — 1€ IHXXEHEpPHE MOJETIOBAaHHS CHCTEM y MeEXaX KOHKPETHOTO
apXiTeKTypHOro miany (puc. 1).

Crinu 30ym0BaHi 3 MiHOOETOHY MaTepiaiy, 10 MO€AHY€E JETKICTh, BOTHECTIMKICTh 1 BUCOKI
TEIUI0130JIAL1MHI BIACTUBOCTI. 3aBJSKH MOPUCTIH CTPYKTYpi, MIHOOETOH €PEeKTUBHO 30epirae Termso
Ta 3MEHIIY€ YTBOPEHHS TEPMIYHUX MOCTIB — 30H, Yepe3 5Kl MOXKYTh BUHUKATH TEIIOBI BTPATH.

[lepekputts, OyAyTh JAEpeB’SIHUMH — 4epe3 JOCTYMHICTb, €KOJIOT1YHICTh 1 3AaTHICTh
yTpuMyBaTH Temio. JlepeBo Takoxk 3a0e3neuye rapHy akyCTHKY Ta €CTETHMYHY NpUBaOJIMBICTDH
BHYTPIIIHIX MPUMILICHb.

[TokpiBas IUIAaHY€THCS TOXMIIOI, 3 METaJodyepenuiero ado aHAJOTIYHUM MaTepiajioMm,
NPUJATHUM JUIS BCTAHOBJICHHSI COHSYHUX OaTapel 1 TpyOOIpoBOIiB I MiIIrPiBYy BOJIM COHAYHOIO
EHEepri€lo.
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CUHIHN — X0JI0[JHA BOJIa; TIOMapaHueBUi — rapsya BoJia; MyTHO-3€JIeHHUI — 010B1IX0AH; 3€JIEHUI —
CBIXk€ MOBITPS; YePBOHUI — BUKOPUCTAHE MOBITPS; KOPUYHEBUI — BOJOCTIK
Pucynok 1 — Cxema po3ranryBaHHS IHKEHEPHUX CUCTEM €KOOYAHHKY

[IpocTip 101aTKOBO 130JIFOETHCSI CyYaCHUMH MaTepiajlaMd Ha OCHOBI MiHEpaIbHOI BaTH a0o
€KOBATH, 3 TEPMETH3AIIIE€I0 CTUKIB JJIS 3aMI00IraHHsI YTBOPEHHIO TEMIIEPATYPHUX MICTKIB.

Pe3yabTaTn goc/iaKeHHs

Ha ocHOBi po3ramryBaHHs KIMHAT Ta 1HKEHEPHOTO IUJIaHyBaHHS OyJIO peani3oBaHO KiTbKa
€KOJIOT1YHUX 1 (PYHKIIOHAIBHUX PIlICHb, OMMCAHI HUXKYE.

Cucrema BojioniocTauaHHs 3 peKynepariero. XojaoHa BoJa HaAX0uTh Y OyAMHOK 1 crepury
MIPOXOJUTh Yepe3 TEeIIOOOMIHHHK, /i€ HarpiBaeThCs 3a PaxyHOK KaHami3amiHux crokiB. IloTim
MiTHIMAETHCSI HA JaX, I B COHSAYHUX TPyOax N0aTKOBO HarpiBaeTbes. [apsua Boga po3noaliI€TbCst
0 KyXHI Ta 000X caHBy3JiB. Taka cucTeMa J03BOJISIE TOBTOPHO BHKOPHUCTOBYBATH TEILIO 3
KaHaji3auli Ta MiHIMI3yBaTH BUTPATH €HEprii.

Cucrema 300py nomoBoi Boau. JlommoBa Bojia CTIKae 3 1axy Y pe3epByap, /€ HAKOIMUYy€eThCS
JUI TIOAAJIbIIOT0 BUKOPUCTAHHA, 30KpeMa MOJHUBY pociuH. BoxocTtoku iHTerposaHi y dacan i
HiAKITI0YeH] 10 (QiabTpaniiHOl CHCTEMH.

bioryaner i nmoBropHa nepepoOka. CTiyHI BOJIM 3 KyXHI Ta TyaJIeTiB HAIPaBISAIOTHCS Y
MIJBAJIbHY €MHICTh, JI€ MICTAThCSA OakTepili Ui HepepoOKH OpraHikv. Sk MOOIYHMIA HPOAYKT
YTBOPIOETBCS METaH, SKAW BIBOAMTHCS TPYOOK [0 KyXHI IS BHKOPHCTAaHHS $K MalUBO.
Ile pimieHHA HE TUIBPKM 3MEHIIYE HABAaHTAKEHHS HA HABKOJIMILIHE CEpeloBHILE, a il 3abe3nedye
YaCTKOBY €HEPrOHE3aJIEKHICTb.

Bentunauiiina cucrtema 3 pekyneparopoMm. byauHok oOnagHaHMA BEHTHISLIEIO 3
peKyIepali€eo Teria, 1o J03BoJIsAe 30epiraTH TeMIeparypy BCeperHI NpUMIilIeHb 0e3 3HaYHMX
BTpat eHeprii. Cucrema mpartoe nocTiiHo, 3a0€3Meuyroun MPUILTUB CBI)KOTO MOBITPSI.

Consiuni Oarapei. Ha gaxy posmimeHo QoToenekTpuuHi maHemni, sKi 3a0e3nedyroTh
eIIEKTPOSHEPTI€I0 OCBITIICHHS, TPUJIAIU Ta YACTKOBO — OTajieHHs1. Po3TanryBaHHs maHeneil BpaxoBye
KYT HaXujIy Jaxy Ta COHSIUHY TPAEKTOPIIO /Ui MaKCUMaJIbHOI €()eKTUBHOCTI.

OpienTaris OyanHKy. By IHHOK Opi€HTOBaHUI TaK, IO OCHOBHI BIKHA BUXOJSTh HA MiBJCHb.
Ile 3abe3meuye MakcuMaiabHe COHSYHE OCBITJIIEHHS B3UMKY. [[iBHIYHA CTOpOHA Ma€e MIHIMYM BIKOH 1
CITy’KUTh JUISl TEXHIYHHUX 30H, 1[0 3HUXKYE TEIUIOBI BTPATH.
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BucnoBxu

3anpornoHoBaHa KOHIEMIIiS eKOOYIMHKY IMOENHYE CydacHI TEXHOJOTIT 300py, mepepoOKu Ta
MMOBTOPHOTO BUKOPHUCTAHHSI PECYPCiB. YCI CHCTEMH — BOJOMOCTaYaHHs, KaHAi3allisl, BEHTHIISALIS,
eHepro3ade3rneyeHHs — MPalloTh aBTOHOMHO Ta €KOJIOTIYHO Oe3nedHo. JloTpumanHs opieHTalil
OyAMHKY IIOJI0 COHSYHOI TPAEKTOPII JO3BOJISIE TOIATKOBO 3MEHIITUTH eHeproButpartu. Llei mpoexT
JEMOHCTPY€E MPAKTHYHY peaii3allifo MPUHIMIIB CTAJOT0 OyAIBHUIITBA B MEXaX 1HIUBITYyaJIbHOTO
KHTIIA.
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CTAH ITOBEPXHI ITICJISI IOHHOI'O BOMBAPYBAHHA TA i BILUTUB HA
IHUKJIIYHY JOBIOBIYHICTb BUPOBY *°

Cepriii CEJIE3HbOB, 3100yBau Buioi ocBitu rpynu MC-21-23
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauisn. /locniodxceno eniug ionHo2o 6omMoap0y6anHs HU3bKOEHeP2eMUYHUMU IOHaMU MUMany Ha
3MIHU CMAHY NOBEPXHI MA YUKATUHY 0082081uHICMb 8upo0bis 3i cmaneti 40X ma 651

Knrwuosi cnosa: cmanv, nosepxus, ionne 6omoapoy8ans, cyoMiKpoCmpyKmypyeants, nosepxHesa
UWOPCMKICIb, YUKTTYHA O0BIYHICHD.

SURFACE STAND OF ION BOMBARDING AND INFLUTION ON THE CYCLIC
DURABILITY OF THE VIROBE

Serhii SELEZNIOV, student of the group MC-21-23
Kharkiv National Automobile and Highway University

Abstract. The infusion of ion bombardment of low-energy ions to titanium on the surface change and
the cyclic durability of viruses in steels 40X and 65G were observed.
Keywords: steel, surface, ion bombardment, submicrostructure, surface hardness, cyclic durability.

Beryn

CborogHi OJHMM 3 HaAWOUIBLI NPIOPUTETHUX HAMNpsSMIB HAYKOBHUX JOCHIIKEHb €
yABTPAIPIOHO3EPHUCTI Ta HAHOMAaTepianu. Takuii MiIBUIIEHUHN 1HTEpeC 00YMOBICHUN MOMXIJTHBICTIO
OTpUMaHHS OUIBII BHCOKOTO PIBHS TEXHOJOTIIYHMX Ta EKCIUTyaTalliHUX XapaKTEePUCTHK
TPaIULIMHUX KOHCTPYKIIMHUX cTajiel 1 po3IIMpeHHsIM raiyseil ix 3acrocyBanHs. Kpim Toro ne
3a0e31neuye eKOHOMIIO IOPOTUX BUCOKOJIETOBAHUX CTAJIEH 1 TUM CaMHM 3JIEIIEBIIIOE caM BHPIO.

SIK B1IOMO, OTpUMATH yJIbTpaApiOHEe HAHOPO3MIPHE 3€PHO Y 3HAYHOMY 00’ €M1 METay MOXKHA
abo MeTo/1aMU IHTEHCUBHOI IJIACTUYHOT fedopMallii (pIBHOKaHAIbHE KyTOBE PECYBaHHS, KPYUEHHS
IiJT BUCOKMM THUCKOM Ta 1H.), a00 crmocobom mopomrkoBoi Metanyprii — [IM. Onxnak 111 mMetoau
TEXHOJIOTTYHO CKJIAAHI, BHMAraloTh CIEIIAJILHOTO OOJagHaHHSI Ta MAalOTh MEBHI HEIOIKH.
[HTeHCHBHHM TUTACTHYHUM Je(OPMYBaHHSIM MOKHA OTPUMATH JIMIIE MaJi 32 PO3MipaMH 3aTOTOBKH.
Kpim Toro, BUpoOM i3 3aroTOBOK, SIK MPaBMIIO, MOTPeOYIOTh TEPMIYHOI OOpOOKM ¥ Toxai edekt
3100yTOr0 BHCOKOTO DIBHS BiacTUBOCTeil He 30epiraerbes. Ilpu Bukopucranui IIM cyTTeBoro
POOIEMOIO € 1€ 1 3aJTUIIKOBA TOPUCTICTb.

3Ha4YHO NPOCTIlIe OTPUMATH YIbTPaApiOHO3EpPHUCTOT CTPYKTYPHU HE Y BCbOMY 00’ €Mi BUPOOY,
a TUIbKM Ha HOTo MoBepxHi. B cydacHiil mpoMHUCIIOBOCTI IMPOKO BUKOPUCTOBYETHCS HAHECEHHS Ha

19 Po6oTa BuKOHaHA T1i] KepiBHUITBOM npodecopa Ipuru JJOIEUKIHOT
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MMOBEPXHIO BUPOOIB PI3HOTO CKJIATy 10HHO-TUIA3MOBHUX MOKPHUTTIB (3 METOI 3MIHHM CHEIlaJbHUX
BJIACTUBOCTEH CaMe MOBEPXHEBUX IIapiB (OMOpPYy BTOMi, 3HOCOCTIMKOCTi, KOEQIIiEHTy TepTs,
KOPO31iHOI CTiifKOoCTi TOIIO). OCOOIMBICTIO TAKMX TOKPUTTIB € HAHOKPUCTAIIYHA CTPYKTYpa Ta caMme
3 HEIO MOB’SI3yI0Th BUCOKI CIIEI[iaJIbHI eKCIUTyaTaliiHi XapaKTepUCTUKU MOBEPXHEBOTO MIapy Micis
10HHO-TUTa3MOBO1 00poOKku (IT10).

Texnomorist ioHHO-TIIa3MoBOi 00pooku IT1O (meTox KIB) ckimamaerses 3 1BOX cTafiil: i0HHE
oomOapayBanHs (Ib) Ta HanecenHs mokputtsa. [Ipu npomy Ib € 000B’SI3KOBOIO MONEPETHHOIO
OTIepalli€l0, MPU3HAYCHOK JIJISl SIKICHOTO OYHMIIICHHS MOBEPXHI Ta MOMIMIICHHS aire3ii MOKPUTTS 3
ocHOBHUM MeTajoMm [1]. OmgHak iCHYIOTh HAyKOBI poOOTH, sIKI HAJAIOTh IMJICTaBy PO3IJISIATH
MOBEPXHEBI IIapH HABAHTAKCHOTO TBEPAOIO TiJla SIK BIAKPUTY MiJACHCTEMY, MOBEIIHKA SKOI B
3MIHIOETBCSI B TIporieci aedopmaiiii Ta BIUIMBAE HA MEXaHIYHI XapaKTEPUCTHKU BUPOOY 3arajiom.
Taxkum YMHOM 3MiHU CTaHy MOBepxHi mix Aieto Ib moBuHHI BIMHYTH Ha AedopMariiiiHy MoBeIiHKY
BUPOOIB Mij PI3HUMHU BUJIaMU HaBaHTAKEHb 1 3MIHM iX MEXaHIYHUX BiIacTuBOcTel. Lle monmoskeHHs
JISITJI0 B OCHOBY HAIIIOTO JIOCITIJKCHHSI.

AHani3z myOaikanii

B po6ori [2] mokazano, mo Ib moBepxHi BIJIMBa€e Ha MOBEAIHKY 3pa3KiB i popMyBaHHS iXHIX
BJIACTUBOCTEH y TpOIIEC PO3TATAHHS, a caMe MiABHINYIOThCS MOKA3HUKH MIIHOCTI Ta BOJHOYAC
30epiraloThCsi BUCOKMMH JIHCHUH Omip pyHHYyBaHHIO SK Ta XapaKTEpUCTHKH IUTACTHYHOCTI BUPOOY.
[Tpu ibOMy MeXaHI4HI XapaKTEepPUCTUKH CaMOT0 MaTepialy He 3MiHIOIOTHCSA. ABTOPH TMOSCHIOIOTH 11€
YTBOPEHHSM TOHKOI'O CyOCTPYKTYpPHOI'O IOBEPXHEBOTO 11apy. Ha moka3HUKM BIacTUBOCTEH CYyTTEBO
BILJIMBAE BIJHOIICHHSA IUIONII MOAKU(]IKOBAHOTO IMIapy A0 IUIOIII BChOTO Mepepizy, a caMe KON e
MoKka3HUK > 1 (TOHKI IJIOCKI 3pa3ku), TO BiAOyBaeThcs 3HAUYHA MIACTU(IKALS MPU MiIBUIICHHI
MminHocTi. B nmocmimkenni [3] mpuumHa mnactudikamii 3paskiB NpU PO3TATaHHI MOSCHIOETHCS
3aJIIKOBYBaHHS MOBepxXHEBUX AedekTiB npu Ib popMyBaHHIM B MOBEpXHEBOMY IIapi KOMOIHOBaHOT
CyOMiKpO-HaHO3EPEHHOI CTPYKTYPH 3 IIMPOKUMH TPAHUIISIMU 3€PEH, KA 33 Cy9aCHUMH YSIBICHHIMHA
JI03BOJISI€ 1ICTOTHO 3MEHIIMTH OKPUXYEHHS MaTepiany. [[iIBUILIEHHS! KOHCTPYKIIIHOI MIITHOCT1 IIpH
Ib Haiimo BpoBaKeHHS B IPOMUCIIOBOCTI IPU 00poO11i AaTyHHUX O0JTIB [4]

Merta i mocTaHOBKA 3aBAaHHS

Mertoro naHoi poOOTH € MiIBUIIEHHS OMOPY BTOMI Ta JIOBIOBIYHOCTI BUPOOIB.
BupimryBanucst HacTyIH1 3aBIaHHS: TOCTIAUTH CTPYKTYPHI 3MIHM, IIOPCTKOCTI MOBEPXHI i
niero Ib Ta X BIUIMB Ha IUKIIIYHY JTOBTOBIYHICTb.

MarepiaJj i METOAUKH TOCTiIKEHHS

Crani 11 gocnipkeHHs Oyiu oOpaHi 3 MpakTUYHUX MipKyBaHb. 31 ctaii 40X BUTOTOBISAIOTh
nerani (oci, IIATyHH, IIECTEpHi, BajM), sSKI EKCIUTyaTYIOTbCS NPH OaraTO3MIHHUX IUKIIYHHX
HaBaHTaxeHHAX, Ctanb 601" € pecOpHO-IPYKUHHOIO, Ta OJJHA 3 OCHOBHUX BUMOT /10 BUPOOIB 13 TAKUX
cTajei — BUCOKa BTOMHA MiIHICTb. BuxiHuii cran 3pa3kiB 31 ctaini 40X — nmokpaieHHs (rapTyBaHHs
3 BUCOKHUM BIJIITyCKOM), a cTaii 651" — rapTyBaHHS 13 CEpeIHIM BiIITyCKOM.

3pa3ku y BUXIJHOMY CTaHI Mi/1aBajid 10HHOMY OOMOapAyBaHHIO HU3bKO €HEpreTHYHHMU
(~ 1,5 xeB) ioHamu THTaHy y CepelOBHIII aproHy Ha yctaHoBIli «bynar-31». [lapamerpu npouecy
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(THCK Ta3y, CHJIa CTpyMYy, HaNpy>KeHHs) BUOMpAIIM 3 ypaxXyBaHHSIM 3armo0iraHHsl po3irpiBy 3paska.
Yac o6pobku ckiamaB 30 ta 90 cex. [{na 3abe3neueHHs piBHOMIpHOI 0OpOOKHM MOBEPXHI 3pa3ku
o0epTayncs 3a I0MOMOTOI0 TUIAHETAPHOT'O MEXaHI3MYy.

Jlyist BUtipoOyBaHb Ha BTOMY BUTOTOBJISUIACH CIICIialibHI HECTAHJAPTHI 3pa3Ku 3 YKOPOUCHOIO
POOOYOI0 YACTHHOIO 33 PAXYHOK MEPEX1THUX NMEPETUHIB, 10 JO3BOJIMIIO 3MEHIIUTH BUKPUBIICHHS (HE
oimpire 0,05 MM) i 301IBIIATH KOPCTKICTH (puc. 1).

Pucynok 1 — CtangapTHuUi 3pa3ok (a) Ta 3 yKOPOUYCHOI pOOOYO0r0 YaCTHHOIO (0)

SIk BiToMO, cTaH po0O0O401 MOBEPXHI 3pa3Ka, a caMe MOPCTKICTh NOBEPXHI, 3HAYHO BILUTUBAE HA
MOKa3HUK TPAHUIIl BUTPUBAJIOCTI i TOMY BOHa OyJia peTebHO MOJIipoBaHa.

BumnpoOyBanHs Ha BTOMY BHKOHYBajaM Ha MamuHi MVYI-6000 3a craHAZapTHOIO CXEMOIO
YKMCTOrO MOBTOPHO-3MIHHOIO BUIMHY 33 CUMETPMYHHM LHKIOM. basa BumpoGysanb ckiagana 107
[UKJTIB HABAHTAKEHHSA. 3 METOI OTPHUMAaHHS JOCTOBIPHHX pE3YJIbTaTiB IS KOXKHOTO CTaHy
MaTepiay BUIPOOYyBaHHSIM IIISATAIN HE MEHII 5 3pa3KiB.

MikpocTpykTypy BuB4anu Ha ontuuHomy wmikpockorni UIT MicroMet-1-102BD Tta npu
BEJIMKHX 30UIBIICHHSX Ha €JIeKTPOHHOMY Mikpockom REM-106.

HlopcTkicTh Ta mpodisk MOBEPXHI OL[IHIOBAIIM 3a I0IIOMOrot0 mpodinomerpa-npodigorpada
NR200.

Pe3yabTaTn nociiakeHHs
VY pesynbraTi 10HHOrO OOMOapayBaHHS HpoTsAroM 30 ¢ BUAMMHUX 3MIH MIKPOCTPYKTYPH

3pa3kiB He BinOyBasiocs. BinMiHHICTE Oyia juile B MPUCYTHOCTI Ha noBepxHi micns Ib HeBenmkoi
KUTBKOCTI Kparejib TUTaHy (puc. 2)

Pucynok 2 — [ToBepxns 3pa3ka crani 40X micins Ib npotsirom 30 c; X600

[Ticns Ib mpotsirom 90 ¢ MIKpOCTPYKTypa IOBEPXHEBOrO MIapy CYTTEBO 3MIHMJIACS:
B1JI0yJI0Cs pi3Ke MOAPIOHEHHS 3epHa 3a paXyHOK KiHETU4YHOi eHeprii i0HiB TuTany. [lo Ib cepenniit
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po3Mip 3epHa OyB 40 MKM, a TICJIsI TOBEPXHEBOi 0OPOOKH B TOHKOMY ITOBEPXHEBOMY 3MEHIITUBCS JI0
650 uMm (puc. 3).

Pucynok 3 — MikpoctpykTypa 3pa3ka crani 40X no (a) Ta micis (6) Ib nporsirom 90 ¢; x8000

Amnanoriuni cTpykTypHi 3minu micis 1B Oynu BusiBieHi i y 3paska 3i crami 650 (puc. 4).
3adikcoBaHa po3BUHEHA CYOCTPYKTypa 3 MIMPOKHMHU MEKaMHU 3€peH, PO3Mip SIKUX B Mexkax 600-
800 um.

Pucynok 4 — MikpoctpykTypa 3paska crani 650" 1o (a) ta micis (0) Ib nporsirom 90 ¢; x12000

OxpemMi Kpamii TUTaHy, L0 OCIJalOTh Ha MOBepxHi mif yac Ib, moTpamisioTe B MicIs
NOBEpXHEBUX JAe(eKTiB (Mopu, 3amaJuHU, MIKPOTPILIUHM), «3ATIKOBYIOTH» iX 1 3MEHIIYIOTh
KIJbKICTh KOHIICHTPATOPIB HAIpyKeHHs (puc. 5).

Pucynok 5 — Kpamns tTutany y 3anaauHi Ha oBepxHi 3pa3ka mija yac Ib; x8000
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[Toxa3HUKH TIOPCTKOCTI MOBEPXHEBOTO IIApy CBIAYATh, 110 HE3BAKAIOUM HAa HASBHICTh
KPaIIMHHOTO THTaHy Ta PO3BHHEHY CyOCTPYKTYpY, IiuOuHa penbedy noBepxHi micis Ib 3HauHO
3MEHIIYETHCS, 110 MOKa3yITh IpodisiorpamMu Ha puc. 6.
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a—go Ib, 6 — micnsa Ib
Pucynox 6 — llopcTkicTh MoBepxHi 3pa3ka 3i craii 40X

Taki 3MiHM CTaHy IOBEpXHEBOTO Iapy, SK 3MCHIICHHS IIOPCTKOCTI, «3aJiKOBYBaHHS»
MOBEpXHEBUX JeEKTiB, Ty>Ke CYTTEBE MOAPiOHEHHS 3epHA MOBUHHI MO3HAYUTHUCS HA TOBTOBIYHOCTI
BUpOOiB. Pe3ynbraTi BUIIPOOYBaHb HA IUKIIYHY JOBIOBIYHICTH 3pa3KiB 13 JOCTIJKEHHUX cTayled
HaBeaeHi B Ta0i. 1.

Tabmung 1 — Bruus Ib Ha nukiIiuHy 10BroBiuHICTh 3pa3kiB 31 craneit 40X ta 65I°

Martepian Ta 06poOka Hanﬁrﬁzl{m, Iﬁg;ﬁ;;;g:;;f PesynbTar BUpoOyBaHb
Cranp 40X, BUXIAHUH 380 297600 3pyiHyBaBcs
Crainp 40X, Buxin. + 1b 380 1000000 He 3pyiiHyBaBcH
Craunp 651, BUXigHHUH 380 937440 3pyiHyBaBcs
Cranp 651, Buxin. + Ib 550 1116000 He 3pyiiHyBaBcH

Buxoasuu 3 3aB0ICEKOT0 OCBiLY, 151 BU3HAYEHHS KUIBKOCTI IIMKJIIB 10 pyHHYBaHHS 3pa3KiB
niametpoMm 7,5 MM HampykeHHs naopiBHioBaio 380 MIla. flk BugHo 3 Tabn. 1, mpu Takomy
Harnpy>keHHi 3pa3ok 31 craii 40X 6e3 Ib 3pyitnyBascs micns 297600 nukoris, a micis Ib Bin BuTpuMan
1000000 ukiniB 6e3 pyiHyBanHs. [lle 3HauHe 301IbIICHHS UKIIYHOT JOBIOBIYHOCTI (PIKCY€THCS Y
3pa3kiB 31 crami 650. bes Ib npu nanpyxenni 380 MIla pyiinyBanHs BinOysocst dyepes
937440 nukniB, a micns Ib HaBiTh Tpm miABHWINEHHI HampykeHHS Ha 44 % (mo 550 MIla —
MaKCHUMaJbHOIO JUIs  JliaMeTpa BHIIPOOOBYBaHMX 3pa3KiB) 3pa3Ku BUTPUMAIU  Oijblie
11160000 muk:iniB HaBaHTAXKEHHS Ta HE 3pYHHYBaIHCA.
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TakuMm 4MHOM, TTEPEKOHIMBO TOKA3aHO, M0 MOAU(DIKYBaHHS MMOBEPXHI OJTHUM 13 Cy4aCHHUX
METOAIB — O0MOapAyBaHHAM HU3bKOCHEPT€TUYHUMH 10HAMH, ICTOTHO MiBHIILY€ OIip BTOMI BUPOOIB
IPU TUKITIYHIX HABAHTAKEHHSX.

BucHoBku

1. IToBepxueBe ionHe OomOapmyBanHs (IB) HH3BKOEGHEpPreTMUYHWMHM 10HAMU THUTAaHY Ha
rIIMOMHY MeHIIe | MKM IPUBOJIUTH IO CYTTEBUX 3MiH MiKPOCTPYKTYPHOTO CTaHY.

2. ITicna 1b 3nauno moapiOHIOeThes 3epHO — 3 40-50 MM 10 500-700 HM, dopmyeThes
pO3BUHEHA CYOCTPYKTypa, 3aliKOBYIOTHCS TMOBEpPXHEBI nedeKTi, sAKi € JOKAIbHHUMH
KOHIICHTPAaTOpaMH HAIPy>KEHb 1 MOTEHIIHHUMHU ocepeKkaMi (popMyBaHHS MIKPOTPIIIUH.

3. CyTTeBO 3rIa1Ky€ThCA peibed) MOBEPXHI — MIOPCTKICTh TOBEPXHEBOTO IIapy 3MEHIITY€THCS
30,56 10 0,015 MKM.

4. 1b cnin po3riasgaTH K CaMOCTiHHY 0OpOoOKyY Ui CyTTEBOTO MMiJBUILICHHS OMOPY BUPOOiB
BTOMI IPH IUKIIYHUX HABAHTAKCHHSX, OTXKE SIK CIOCIO ITiIBUIICHHS JOBrOBIYHOCTI BHUPOOIB B
eKCIUTyaTaIllii.
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®OPMYBAHHSA MTPYKHO-INIACTUYHUX BJIACTUBOCTEM MOJIMEPHIX
MATEPIAJIIB TEPMIYHOIO OBPOBKOIO IICJISI FDM-JIPYKY 2°

Henunc IUTOBKA, 3100yBa4y Buioi ocBitu rpynu MC-41-21,
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauin. Iloxaszano, wo 3acmocyeéanns mepmiunoi obpooxu nicias FDM-Opyky szabezneuye
NONINWEHHS.  NPYICHO-NAACMUYHUX — 81ACMUBOCMEU  NOJNIMEPHUX — MAamepianie i  po3uwuproe
MONCIUBOCI 3ACMOCYBAHH AOUMUBHUX TMEXHOJLO02IN /1 8USOMOGIEHHS | peMOHMY Oemanel MAuUH.
Kniouosi cnosa: mepmiuna o06pobka, nonimepni mamepianu, FDM-0pyx, npyosicno-niacmuuni
811ACIMUBOCMI, MIYHICMb, NIACTMUYHICIND.

FORMATION OF ELASTIC-PLASTIC PROPERTIES OF POLYMER MATERIALS BY
THERMAL TREATMENT AFTER FDM PRINTING

Denys LITOVKA, student of group MS-41-21,
Kharkiv National Automobile and Highway University

Abstract. It has been shown that the use of heat treatment after FDM printing improves the elastic-
plastic properties of polymer materials and expands the possibilities of using additive technologies
for the manufacture and repair of machine parts.

Keywords: heat treatment, polymeric materials, FDM-printing, elastic-plastic properties, strength,
plasticity.

Beryn

JUis IMPOKOro 3acTOCyBaHHS MOJIMEPHHUX MarepialiB B aJUTHBHMX TEXHOJOTISIX
BUPOOHMIITBA Ta PEMOHTY JieTaJIel MAIllMH MOTPIOHO MiABULUTH 1X MPY>KHO-TIJIACTUYHI BIIACTUBOCTI,
B TOMY UHCJII 3aBASIKH TepMidHii 06pooui miciast FDM-npyky. IToku 110 11i nepcrnekTuBHI MaTepiaim,
SK1 4aCTO MaloTh Oe3MepeyHi NepeBaru Mo TEXHOJIOTIYHUM 1 eKCIUTyaTalliHUM XapaKTepUCTUKAM,
I1e He peasTizyBalid CBOi MOTEHITIHI MOXJTHBOCTI.

Pesynabratu pocnimkens [1, 2] nmo3Bonuiau chopMyltoBaTH OCHOBHI TEXHIYHI BUMOTH IO
MaTepiajiB, 0 BUKOPUCTOBYIOThes Uist 3D-apyky. Tak marepianu, npu3HadeHi s BUKOPUCTAHHS
B FDM aguTHMBHHX TEXHOJIOTISAX, IIOBHHHI MaTH TaKl BJIACTHBOCTI: JOCTATHIO MIIHICTH, IO
OOYMOBIIIOETBCSL 1X NPYKHO-TUTACTUYHUMH BJIACTMBOCTSIMM; TEPMOCTAOUIBHICTh, TOOTO, MaTu
MiHIMaJIBHY YCaJKy; TeMIlepaTrypa MepepoOKH MOBHHHA OyTH HIDKYE 3a TeMIepaTypy MHOYaTKy
JECTPYKLIi; 3aTHICTh YTBOPIOBATU MPH €KCTPY3ii ModiMepy HHUTKY 3a/JaHOTO JiaMeTpy; MICTHTH
MiHIMaJIbHY KUIBKICTh BOJIOTH, ITepel NepepoOKOI0 MaTepiaay HeoOXiaHe HOro CyUIiHHS.

2 PoGoTa BMKOHAHA M KepiBHUITBOM npodecopa IOpis 1Y IYKAJIOBA
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Taxkum ymHOM, 11 3acTocyBaHHsa Yy FDM amutuBHIN TexHonorii 3D-npyky MoXyTh OyTH
BUKOPUCTaHI TEPMOIUIACTUYHI MaTepialy Pi3HOro NMpPU3HAYEHHS, aje OUIBLIICTh 3 HUX MOTpelye
MOJJAJIBIIOTO MiIBUIIICHHS TapaMeTpPiB MPYKHO-TUIACTHYHUX BIACTUBOCTEH.

AKTyalbHOMY MHTaHHIO BIUTUBY TepMiuyHOi 00poOku micass FDM-apyky Ha mOpyskHi
BJIACTHBOCTI MOJIIMEPHHUX MaTepialiB MPUCBIYCHE TaHE JOCIIKSHHS.

AHaJji3 myoJikamii

AJIIMTUBHI TEXHOJIOTIi HA CHOTOAHINIHIN JCHb € TJIOOAJIBPHUM TPEHIIOM PO3BUTKY Cy4aCHOTO
MaIIMHOOYyBaHHS, a iX BHMKOPHCTaHHS JEMOHCTPY€E Te€, SK HOBITHI PO3pPOOKH Ta IepeaoBe
YCTaTKyBaHHS MOKYTb HOJIMIIUTH TPpaJuiiiiHe BUPOOHUITBO [3].

Oco065mBO cii/1 BiI3HAYUTH TEXHOJOTIYHICTh MOMIMEPHUX MaTepiaiiB. Husbka Temmnepartypa
TUTABJICHHS, BUCOKHUW PiBEHb IUIACTHYHOCTI, 100pa 00poOIIOBaHICTh IUX MaTepiaiB 3a0e3MeuyroTh
3HAYHI1 TepeBard B TEXHOJOTIYHOCTI BUPOOHUIITBA 3 HUX BUPOOiIB MammHoOyayBanHs. Kpim Toro,
3HIDKEHHS IIyMy, BiOpaiii, TWHAMIYHMX HaBaHTa)XeHb, poOOUOi TeMIlepaTypu B TMOEAHAHHI 3
MIJBUIICHHSIM KOPO31MHOT CTIMKOCTI Ta HaAIWHOCTI BUPOOIB J03BOJISE BIIMOBHUTHCS BiJl PAILY
CHelialbHUX IPOEKTHO-KOHCTPYKTOPCBKUX 1 TEXHOJOIIYHUX 3aXOJiB, CIPSIMOBAaHUX Ha
3abe3neueHHs] KOMPOPTy Ta Oe3MeKd MalrH. 3aCTOCYBaHHS MOJIMEPHHX MaTepiamiB 3a0e3mnedye
3HaYHYy €KOHOMIUHY €(eKTHBHICTS [1, 4].

BitactuBocTi BHp0OiB 3 MOIMEPHUX MaTepialliB 3HAYHOKO MIPOIO 3aJIeKAaTh BiJl TEXHOJIOTIT X
BUTOTOBJICHHS Ta NEpepoOKH Marepiany. AHAJOTIYHA 3aJeXKHICTh CIOCTEPIraeThCs 1 Tpu
BHUT'OTOBJICHHI METaJIeBUX BHUPOOIB, IIPOTE BILIUB PEKUMIB ITEPEPOOKH HA BIACTHUBOCTI MOJIMEPHUX
MaTepiajiB Mae cBOi 0COOIMBOCTI, IO MOB’sI3aH1 3 0yI0BOIO Ta MEPETBOPEHHSIMU HAJAMOJIECKYISIPHOT
CTPYKTypH [4].

OnHuM 3 eheKTUBHUX LUIAXIB MiJBUIIEHHS €KCIUTyaTalliiHUX XapaKTePUCTHK KOMIIO3UTIB €
3aCTOCYBaHHA TepMiyHOi 00poOku. TepmiuHa 0OpoOKa MOJIMEPHUX MaTepialiB € BaKIMBUM
TEXHOJIOTTYHUM IIPOLIECOM BChOTO KOMILJIEKCY IepepoOku nonimepis [5, 6]. HaBits y ToMy Bunaaxy,
KOJIU J10 BUpOOY 3 IIacTMAac He Mpe]1’ IBJITIOTHCS BUMOTH BUCOKOT MIITHOCT1 200 3HOCOCTIMKOCTI, JIJIst
3HSATTS BHYTPIIIHBOI HAIllpyTH, 110 YTBOPIOETHCS NMPU BUTOTOBIIEHHI OYy/b-AKOi JieTani, HeOOX1THO
MPOBOJIUTU TEPMiUuHY 0OpoOKy. PaiioHanbHOI0 TepMOOOPOOKOI TEPMOIUIACTUYHUX IMOJTIMEPHUX
MaTtepialiB, 10 KPUCTATI3yIOThCs, MOKHA MiJIBUIMTU LIUIbHICTh, TBEPAICTh, MOJEKYJISIPHY Macy,
MEXY MIIHOCTI NMpH PO3TATYBaHHI Ta CTHCKY, YJAapHY B’S3KICTb, 3HOCOCTIMKICTb 1 CTaOUIBHICTD
reOMETPUYHUX PO3MIPIB JIeTalell y mporeci iX eKcruTyararii.

Pexxum TtepmMooOpoOku (puc. 1) XapakTepu3yeTbCsl MaKCHUMAaJbHOIO TEMIIEPaTypoOro
HarpiBaHHA 7yaxc; YACOM BUTPUMKH t2 MaTepiaiy 3a Li€i TeMIepaTypu; HBUAKICTIO HarpiBaHHS Viar
1 IIBUKICTIO OXOJIOKEHHS Vox MaTepiaiy.

EdexTuBHICTh TepMOOOPOOKH 3aI€KUTh BiJl YCbOIO LUKIY TEMIIEPAaTYpHUX PEXKHUMIB Yy
Mporieci BUTOTOBJICHHS BHUPOOy 3 momimepiB. [ns momiMepiB Tak camo, K 1 JUIsi METalliB
3aCTOCOBYIOTh YOTHPH BUIU TEPMOOOPOOKH: 3arapTyBaHHSs, BiMal, HOpMai3allis Ta BiAIMyCK.

Pexum TepMooOpoOku Moke OyTH CKJIaJHUM, L0 CKJIAJA€ThCsA 3 JBOX a00 JEKTBKOX
HarpiBaHb, IEPEPUBYACTOTO Ta CTYMIHYACTOTO HArpiBy (0xoiomkeHHs). TepmooOpodka Moxe OyTu
KOMOIHOBaHOIO, KOJM JieTajdb IIICiAsl BUTPUMKM B Macii 3a TEBHOI TeMIepaTypu JIeIio
OXOJIOJIKY€ETHCS, a MOTIM 3aHYPIOETHCS Y BOAY 3 Temneparypoto 98°C st HacCHYeHHS BOJIOTO10.
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Pucynox 1 — ®@a3u repmiuHoi 00poOKH (Bigmany)

Bignyck — me mpouec, 110 BKJIKOYae HarpiBaHHsS IOJIIMEPHUX JeTalleil B 1HEPTHOMY
CepeIoBUILI 10 TeMIepaTypHu HUXKY€ KPUTHUYHOI TOUYKU JAHOT'O HNOJIMEPY 3 NOJANBIIUM [OBUIBHUM
OXOJIOJKEHHSIM. Biamyck mpoBoIsATh i cTabimizamii Ta 3HMKEHHS BHYTPILIHBOI HANPYTH J0
BEJIMYMHU, SIKOT MO’KHA 3HEXTYBaTU. BijoMi JaHi Ipo yCHilIHE 3aCTOCYBaHHSA BIIYCTKH CHUIIb(OHIB,
BUTOTOBJICHHX 13 modjinpormijeny. Taky TepMooOpoOKy MpOBOIMIM B MiHEpaJbHINA Ol MapKu
MC-20 npu Temneparypi 60—65°C 3 BHUTPHUMKOIO MPOTITOM 1 TOJ 1 MOJATBIIMM MOBUTHBHHM
oxosomkeHHsIM 110 20°C. B pe3ynbpTaTi Takoi BiIITyCTKH 3HAYHO 3HU3HMJIACS KOPCTKICTh CHUIIb(OHIB,
1 3yCHJUIsI, HEOOX1/THE TX CTUCHEHHS, 3MEHIIIMIIOCS MaiiKe BABIUI.

Bun pexumy TepMoOOpOoOKH 3aleXHUTh BiJl THUITy IOJIMEPHOTO MaTepialy, KOHCTPYKIIii
nertanel Ta ymMoB ii excrutyaraniii. Ha ocHOBI y3arajqbHEHHs BITUM3HSHOTO Ta 3apyO01KHOTO AOCBiAY
CKJIaJIeHO pEeKOMEeHJallli MI0J0 3acTOCYBaHHS TEPMIUHOI OOpOOKM JeSKUX KPHUCTATIYHUX
TEPMOIUIACTUYHHUX MOJIMEpHUX MaTepianiB [3]. ONTHUMAaJIbHOIO TEMIIEPAaTypol0 TEpMOOOPOOKU
(3arapTyBaHHsI, BiJIMATY) 17151 KPUCTAIIYHUX TEPMOILIACTIB € TEMIIepaTypa MaKCUMaIbHOI IIBUIKOCTI
Kkpuctamzanii. TeopeTnyHuil iHTepBan KpUcTaIi3alli 3HaX0AUThCA MIXK TEMIIepaTypaMu IUIaBJIEHHS
Ta CKIyBaHHS. Butrpumka paeraneld mpu BUOpaHiil Temmeparypl 3 METOH MPHUCKOPEHHS MPOlecy
penakcaniii B TOTOBUX BHpOoOax, 10 MalOTh BHYTPIIIHI HAPYXKEHHS, 3aJIEKUTh B1J MOJEKYJSPHOI
MacH, HaIMOJIEKYJISIPHOT CTPYKTYpH Ta TEMIIEPATypH TEPMOOOPOOKH.

Merta Ta 3aBraHHs po0oTH

Merta poOOTH — BCTAHOBJICHHS yMOB IIiIBUIICHHS TPYXKHO-TUTACTUYHUX BJIACTUBOCTEH
noyiiMepHUX MatepianiB micias FDM-npyky [uisi po3IIMpPEHHS MOKJIMBOCTEH 3aCTOCYBaHHS
aQIUTUBHUX TE€XHOJIOTIN MTPH BUTOTOBJICHHI Ta PEMOHTI JIeTajei MaIlvH.

OOG’eKT JOCTIKEHHSI — pecypco30epirarodi aJuTHUBHI TEXHOJIOTIl JJII BUTOTOBJICHHS Ta
PEMOHTY JIeTajieid MalllvH.

3aBnaHHs poOOTH — JOCHIHKEHHS BIUTUBY TepMidHOT 00poOku miciiss FDM-npyky Ha npyskHO-
IUTACTHYHI BIACTHUBOCTI MOJIMEPHUX MaTepiaiB.
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Marepiajm i MeTOAM TOCTiTKEHHS

Jlist nocimkeHs OyiiM BUTOTOBIJICHI CHEIiaibHI 3pa3Ky 13 moiMepHux matepianis. [Ipomec
3D-npyky moumHaeThCs 31 CTBOpeHHsS BipTyanbHoi 3D-mopmemi. it CTBOpEHHsSI TaKMX MOJENEH
3aCTOCOBYBajach KoMl toTepHa nporpama Fusion 360 (puc. 2).

Tl

£ =l

Pucynok 2 — 3D-mozeni ekcriepuMeHTaIbHUX 3pa3KiB AJisl JOCTIIKEHb

3pasku it BUIpoOyBaHb Oy BuKoHaHi Ha 3D-npunTepi Moen Ender 3Pro comom 0,3 MM
3 ogaEM TiepumeTpoM i 100 % 3armoBHEHHSM.

Tak, U1 ekcriepuMeHTaIbHUX 3pa3KiB 3 ABS macTuKy 3aCTOCOBYBAINCH HACTYIIHI PEKUMH
IpyKy: Temmeparypa ekctpynepa — 250°C; mBuakicte apyky — 80 mwm/c; xoedimieHT momadi
mwiactuka — 0,97; miamerp comna ekcrpynepa — 0,3 mum; mmpuna Hutku — 0,45 MM; BHCOTa 1IapiB —
0,25 mMm; Temmepatypa ctony nepuoro mapy — 115°C; remnepatypa crony inmux mapis — 105°C.
TakuM yuHOM, B Tpoleci APYyKy MOJIIMEpPHHM Marepial Ma€ iCTOTHHUH TEpMIYHUM BILUIUB, TOMY
TepMmiuHa 0OpoOKa Mmicis reHepaiii 3pa3KiB Moxke OyTH BU3HAUYEHA SIK JOJATKOBA.

Jlng HaniiiHol (ikcallii miacTUKy MiABUILYIOTh HOro aaresito o miatdopmu. Pobnare ue
HaHECEHHSM NeppOopOBaHOTO MOKPUTTS Ha CTLJ, JJAKOM 1 MiJBUILIEHHS Horo temnepatypu. Ha 3D-
npunrtepi mozeni Ender 3Pro 3actocoByethcs miairpiB crony no 115°C, mo gonmomarae 3MEHIIUTH
edeKT TeMIepaTypHOi yCaJKH IIaCTUKA Ta HE A€ MO 3ITHYTHCS, BIJIIPBABIINCH BiJl CTONIY.

Tepmiuniit 06poOui mijyisaranu noniMepHi marepianu ABS, PLA, PETG 1 ASA npu Binnaii B
70°C, 90°C, 110°C, 130°C, 150°C i1 170°C. Bu3znauanach 3MiHa pO3MipiB 1 MIIIHICTh HA PO3PUB Y LIUX
TJTACTUKIB.

Bynu po3apykoBaHi 5 TeCTOBUX 3pa3KiB s JOCTIKEeHb. Pe3ynbTaTi eKcrepuMeHTaIbHUX
JOCITIKEHb 00pOOIISITNCh METOIaMU MAaTEMATUYHOI CTATUCTHUKH.

BunpoOyBaHHs 3pa3kiB Ha pO3TATHEHHS 3/11HCHIOBANIOCS Ha BUNIpoOyBasibHIN ycTanoBui UIT
STM 050/300. Busnauanacsi Mexa MIIIHOCTI Ha pO3TAT. MeTOI0 eKCIIepUMEHTAIbHHUX JTOCIiKEHb
OyJ10 OTpUMaHHS 3aJI€KHOCT1 MEX1 MIIIHOCT1 Ha PO3PUB 3pa3KiB 3 PI3HUX MOJIMEPHHUX MaTepiaiB BiJl
napameTpiB TepMi4HOT 0OpOOKH.

Mesxa MIIHOCTI Ha PO3TATHEHHsS BH3HAuauacs MPH IIBUJIKOCTI BUIPOOYBaHb Ha pPO3pPUB
5 MM/XB.

Pe3yabTaTH n0c/iaKeHHA

Bymn posnpykoBani TectoBi 3pasku posmipom 80x10x4 mm 13 PLA, PETG, ABS ta ASA.
Jaui ix mogimmm Ha 7 rpym. [leprry rpyiy He BiamatoBaIu, HII TPYTH BIATATIOBAIN 32 BIMOBTHIMUA
TeMIepaTypaMu.
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Jlo Ta micis Bimaimy Bci 3pa3kd OyJM BUMIPSHI IITAHTEHIIUPKYJIEM IO TPOM OCsiM. Po3mipu

KOXKHOI TPy 3pa3kiB Oynu ycepenHeHi. Bumipn mokasaiu, mo po3ApyKIBKU 3a3HAIOTH HAMOUIBII

CHJIbHE YCAJIKy 110 HAMIOBIII cTOpOHI Moieni — noBxwuHi (Tabm. 1). [To mmprHi Takok crocrepiranacs

ycajika, ane MeHma (tadu. 2). A 1o TOBIIMHI PO3JPYKIBKM Maike HE 3MIHIOBATUCS B PO3MIpI.

Ta6mun 1 — 3miHa BITHOCHUX PO3MIpiB 3pa3KiB MO AOBXHUHI, %o

Mapka Temmneparypa Biamany, °C
noJTiMepy 20°C 70°C 90°C 110°C 130°C 150°C
PLA 100 98 96 94 92 90
PETG 100 99 98 96 94 92
ASA 100 98 92 89 — —
ABS 100 97 92 88 — —
Tabnuis 2 — 3MiHa BITHOCHUX PO3MIpiB 3pa3KiB MO MUPHHI, %o
Mapka Temneparypa Bignany, °C
noiMepy 20°C 70°C 90°C 110°C 130°C 150°C
PLA 100 98 96 95 94 92
PETG 100 99 98 97 96 95
ASA 100 98 94 90 — —
ABS 100 97 94 89 — —

PosnpykiBku 3 PLA BUSABMINCS HAWOLIBII CXHJIIBHIMH JI0 3MiHH po3MmipiB. Bike npu 70°C BoHM
MOYMHAIM JepopMyBaTUCS MO BCIX OCAM, a MPH MOJAIBLIIOMY IiJIBHIICHHI TEMIIEpaTypu HE MPOCTO
nedopmyBanucs, a mounHau masutucs mpu 170°C.

PETG po3apykiBku BUTpuMyBaaM Temmeparypy 1o 90°C 6e3 3HauHoi nedopmartii, a micis
niBuieHHs Temneparypu 10 110°C 1 Bue nounnanu nepexpyuysarucs. [Ipu 170°C PETG nounnas
TUIABUTHCS.

ASA ta ABS nounnanu nepopmysarucs mpu 110°C.

Ha pospugniit mammmui UIT STM 050/300 Bci 3pa3ku po3TsryBaiy y HMPOTHICKHI CTOPOHH,
BUMIPIOIOYH CHITY, HEOOXIHY /sl pO3pHBY BUPOOIB. Y cepeHeHi MoKa3HUKH TPE/ICTaBIIeH] Ha pHC. 3.
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1-PLA;2-PETG; 3—-ASA; 4 - ABS
Pucynok 3 — BumiproBaHHs MIlTHOCTI Ha PO3PUB Y BIJNAJICHUX PO3JIPYKIBOK
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Sk nmokazano Ha rpadiky, mpu Bianaiai 90°C 1 Buie, MinHICTh Ha po3puB y PLA 3pocna Gunblie,
HiK y iHImX mwiactukiB. st PETG minHicTs Ha po3puB 3pocia smiie 3a temrepatyp Butie 110°C, a ot
Biaman npu 70-90°C 3HaYHO i1 3HU3UB. AHAIOTIYHI PE3yJILTaTH CIIOCTEpiratoThes y ABS a fioro mexa
MminHocTi HWk4a, HK y PETG. Minnicts Ha po3puB y ASA NpakTUYHO HE 3MIHIOBaiacs 3a OyIb-aKoi
TeMIlepaTypH Bilnaiy.

JI)11 BU3HAYECHHS BILTMBY MPOLIECY BiINATy HA TEPMOCTIMKICTh BUPOOIB BUMIPSITH TEMITEPATYPY
TEIUIOBOI JleopMallii y BilMAJICHUX Ta HEBUITAJICHUX TECTOBHUX 3pa3KiB. [l BU3HAUCHHS TeMITEpaTypH
TEIUIOBOi nedopmariii po3ApyKIBKH TMOBLIBPHO HArpiBajd 3 HABAaHTAXCHHAM 25 T, TOKH 3pa3Kk HE
MPOTMHAIIKCS HA 331aHy MIIMOWHY 2 MM.

Jnst Tecty 3pasku 3 MarepianiB Oynu poszauieHi Ha 4 rpymu. Jins koxHOro mMarepiany 1 rpyma
3anMIIanacs HeBianaueHoro, pemra 3 BigmamoBanucs npu 70°C, 90°C, 110°C. 3pasku, BianaieHi 3a
BUILMX TEMIIEPATyp, TECTYBATH CEHCY HE 0YIJI0, OCKUTHKH BOHH J0 TeCTy Oy 3aHaATO JepopMOBaHi.

Pe3ynbraTti BUMiproBaHb HaBeZeHO y TaoI. 3.

Tabmuig 3 — MakcuMalbHa TeMIiepaTypa TeIrioBoi aedopmariii

Temneparypa Bignainy, °C
Mapia 20°C 70°C 90°C 110°C
PLA 58 58 105 128
PETG 75 75 78 85
ASA 105 110 110 105
ABS 105 115 110 110

Takum umHOM, TepMmocTiiikicte PLA 3poctae 3a temmeparypu Bianmamy B 90°C 1 110°C.
Aule Biinaj pH TakKMX TeMIepaTypax CHiIbHO epopmye PLA BUpoOu Ta 1o CyTi MOKe 3aCTOCOBYBATUCS
TUIBKU JIO BUPOOIB 3 MPOCTOI0 T€OMETPIEI0 Ta BIACYTHICTIO MpeHM3idHMUX JeTaneld. TepMocCTifKicTh
PETG 36umbumnacs nume npu Bignami 110°C. JIngs ASA ta ABS TepMOCTIHKICTh NMPAaKTHYHO HE
3MIHIOETHCS 32 OY/Ib-SIKHX TEMIIEpaTyp BiNay.

BucHoBku

Bcranosneno, mo tepmocTiikicte PLA pi3ko 3pocrtae 3a Temneparypu Bianairy B 90°C i
110°C. Ane Bignain npy Takux TeMIepaTrypax JOCUTh CHIIbHO Jedopmye nojimepHuil matepian PLA
1 MOK€ 3aCTOCOBYBATUCS TUIBKU 10 BUPOOIB 3 MPOCTOK F€OMETPIEI0 Ta BIACYTHICTIO MPELU31HHUX
neraneit. [lns nonimepHoro marepiany PLA mpu Bianami 70°C minnicts PLA po3apyKiBKH Ha po3puB
3Ha4YHO 30UIBIIYEThCSA, a TepMOCTiiKicTh mpu Biamam Buimie 90°C mpakTHUYHO MOABOIOETHCS.
Axne Bignan PLA cTBoproe cunbHy nedopmartiro HaBiTh 3a 70°C. Tox MOXHA pEeKOMEH TyBaTH BiTal
ipu 90°C.

Jns ASA ta ABS TepMOCTIHKICTh MPAKTUYHO HE 3MIHIOETHCS 3a OYIb-SKHX TEMIIEpaTyp
Bijmmany.

Jns nonimepiB PETG moka3zHuku TepMOCTIHKOCTI 3pocTatoTh npu 3amikanHi Bume 110°C.
Bpaxosytoun, mo 3 nonimepy PETG posnpykiBku no6pe Ttpumarots popmy ao 110°C, moxHa
BIJINAJIIOBATH X MpH Lii Temreparypi.

TakuM YWHOM, TepMiuHy OOpOOKYy (BiAman) AOIIIBHO 3aCTOCOBYBATH 3 JOCHIKEHUX
noniMepHux MatepianiB ass PLA 1 PETG Bupo0iB mpoctoi reomeTpii 6€3 BUCOKOTOUHUX JI€TaNIEH.
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