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INCREASING OF WEAR RESISTANCE OF RESPONSIBLE
PARTS OF THE HYDRAULIC BREAKER BY ION-PLASMA
TREATMENT

JI.B. I'nywxosa, O.1. Bopouros, I.I. Kupuuenxo, O.fl. Hikonoé. MeToA MiBHUIIEHHSI 3HOCOCTIiKOCTI BiIMOBiIaILHUX aeTaJieit
ripoMo/10Ta i0OHHO-NJIa3MOBOI 00po0KH. [leTaii rixpoMonoTa MiAJaloThCs B MPOLECi eKCIUTyaTalii iHTeHCUBHOMY aOpa3uBHOMY 3HOCY,
IO MPU3BOJUTH JIO 3MEHILEHHS TPUBAJIOCTI iX poOoTH. IInTaHHA MiJBHMINEHHS 3HOCOCTIMKOCTI 3aiiMae 0coOJMBE MicCLe NPU BUPIIICHHI
npobiemMu 3a0e3nedeHHss HEOOXiIHOro pecypcy LUX JeTanell. BigmoBimHo mo jiTepaTypHHMX [aHHX, a TAaKoXK Ha INJICTaBi aHaJi3y
6araTopiuHOi NPAKTUKHU EKCILTyaTalil rijpOMOJIOTIB, BUKOPUCTOBYETHCS 6araTo METO/IB 00'€MHOTO 1 HOBEPXHEBOIO 3MIilIHEHHs AeTallel, sKi
HE J]al0Th 1CTOTHOTO e(heKkTy. ToMy aKTyallbHUM CTaJIO 3aJy4€HHSI HOBUX METO/(IB [IOBEPXHEBOTO 3MIIIHEHHS. [10 TaKUX METO/IIB BIZTHOCUTHCS
10HHO-TIITA3MOBE XPOMYBaHHs. B sIkocTi 3aja4 poOoTH nepenbadanocs MpoBeeHHs JOKIIAAHOTO aHANi3y ITOMIKOUKEHUX POOOUHX OBEPXOHb
JIeTanei riipoMOJIOTyY; IOCHIIKEHHS 3MiH CTPYKTYpH Ta BJIACTHBOCTEH 3MILHEHMX MOBEPXHEBHUX IUITHOK IPU EKCIUlyaTalii; po3poOka
TEXHOJIOTIYHOTO MPOLECY 3MILIHEHHS, AKUil 3a0e3reuye 1miIBULICHHS 3HOCOCTIMKOCTI JAeTajiell B pe3yJibTaTi I0HHO-IUIa3MOBOIO XPOMYBAHHSI.
JlocmipKkyBann HOBEpXHiI geTayseldl OOMOK 1 MiKy ICNs IIOBEPXHEBOrO 3MIIHEHHs 1 ekcruryaramii. OTpuMaHi JaHi Hpo Xapakrep i
IHTEHCHBHOCTI 3HOCY IO 30HaM 1 JUISHKaM KOKHOI Jetaii. BHCOKOSIKICHI MOKPUTTS XpOMy OTPUMaHi IpH TeMIepaTypax MiJKIaJKu He
Hwk4ae 80-100 ° C. Ha niacTaBi eKCIEPUMEHTAIBHUX JOCITIDKEHb BCTAHOBJICHO BIUIMB 10HHO-TIJIA3MOBOIO XPOMYBAHHS Ha 3HOCOCTIHMKICTS i
MEXaHiYHI BIACTHBOCTI AeTaJlel IMAPOMOJIOTa, a TaKOX IPOAHATI30BaHI CTPYKTYpHI 3MiHHM B Marepiaii. Ilicist excruryaramii mOBepXHs
JieTaini Mo)ke MaTu Taki Je(eKTH, SK 3a{pH, TPILLIMHY B3J0BXK BICi AeTajeil, BTpaTa MacH MeTaily (3MEHIICHHS TOBIIMHH TOKPHTTS), @ TAKOX
MicueBuii Hakien i gedopmariiss Merany. [OHHO-IIa3MOBE XPOMYBaHHs JI€Tajedl 3a 3alpOIOHOBAHOK TEXHOJOIIEK MiABUIIMIO iX
3HOCOCTIHKiCTh B 1,75 pa3u B MOPIBHSHHI 3 THMH, IO HE 3Mil[HIOBaIH. TEXHOJIOTIS 10HHO-IIA3MOBOIO XpOMYBaHHs 3a0e3redye podoTy
3MilHEHHX JeTaneili 0e3 ckoliB i 6e3 BUKpalryBanHsa. Ha JisHKax MOIIKOMKEHHs AeTallell Bil3HAUYal0ThCsl 30HU CTPYKTYPHHX HEPETBOPEHD,
XapaKTepHi JUIs SBUIL BTOPUHHOTO TapTyBaHHs.
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D. Hlushkova, O. Voronkov, I. Kirichenko, O. Nikonov. Increasing of wear resistance of responsible parts of the hydraulic break-
er by ion-plasma treatment. During operation, parts of the hydraulic hammer are subjected to intense abrasive wear, which leads to a de-
crease in the duration of their work. The issue of increasing wear resistance occupies a special place in solving the problem of ensuring the
necessary resource of these parts. In accordance with the literature data, as well as on the basis of analysis of many years of experience in
operating hydraulic hammers, many methods of volumetric and surface hardening of parts are used that do not give a significant effect.
Therefore, it became relevant to attract new methods of surface hardening. These methods include ion-plasma chromium plating. As the
tasks of the work, a detailed analysis of the damaged working surfaces of the hydraulic hammer parts was provided; the study of changes in
the structure and properties of hardened surface areas during operation; development of the hardening process, providing increased wear
resistance of parts as a result of ion-plasma chromium plating. We investigated the condition of the working surface of the critical parts of
the hydraulic hammer - the hammer and peaks - after hardening and operation. Data were obtained on the nature and intensity of wear in the
zones and sections of each part. High-quality chromium coatings were obtained at substrate temperatures not lower than 80-100 ° C. Based
on experimental studies, the effect of ion-plasma chromium plating on the wear resistance and mechanical properties of hydraulic hammer
parts is proved, and structural changes in the material are analyzed. After operation, the surface of the part may have defects such as scuffing,
cracks along the axis of the part, loss of metal mass (decrease in coating thickness), as well as local hardening and deformation of the metal.
lon-plasma chrome plating of parts according to the proposed technology increased their wear resistance by 1.75 times compared with un-
stressed. The technology of ion-plasma chromium plating ensures the operation of hardened parts without chips and without chipping. In
areas of damage to parts, zones of structural transformations characteristic of secondary hardening phenomena are noted.
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Introduction

The development of modern technology imposes ever-increasing demands on the performance of
critical parts of a hydraulic hammer. In the complex of problems of increasing their reliability and du-
rability, the issue of wear resistance occupies a special place. Insufficient wear resistance limits the
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growth of the performance of hydraulic hammers and the terms of their operation, increases the cost of
repairs and spare parts.

Increasingly, to solve the problem of improving the operational characteristics of materials, new
methods of surface hardening are used, in particular, ion-plasma coating methods.

Analysis of literary data and problem statement

From the publications it follows that many hardening methods are used to increase the wear re-
sistance of the working surfaces of machines, but all of them do not provide a significant increase in
their durability [1, 2, 3]. Therefore, it was advisable to use ion-plasma technologies aimed at increas-
ing the wear resistance of the working surfaces of parts operating under abrasive wear [4 —7]. Over
the past decade, interest in environmentally friendly vacuum coatings, in particular in PVVD coating
technologies (Physical Vapor Deposition), has grown in many industries [8]. One of the most ad-
vanced PVD technologies is coating deposition using an electric arc discharge in a vacuum. Vacuum
arc coatings are characterized by high strength compounds with the base metal, have high resistance to
frictional wear, erosion under the influence of cavitation, gas and dust flows, as well as good corrosion
resistance under the influence of air atmosphere and corrosive environments [3]. Coatings are charac-
terized by high density, the absence of cracks, good adhesion to the material of the workpiece, and can
be obtained at relatively low heating temperatures (~350...400 ° C) of the coated products [8].

The application of high voltage to the condensation surface for some time in the middle of the
process leads to a suspension of grain growth and the formation of a fine-grained structure. The reason
for its formation is considered to be the beginning of the process of coating spraying [9, 10], when
there are many local defects that act as crystallization centers during further coating. Such a coating
structure has higher protective properties against wear.

Purpose

Improving the wear resistance of critical parts of a hydraulic hammer by ion-plasma treatment.

The objectives of the study

Based on experimental studies, it is necessary to solve the following problems:

1. To analyze the damaged working surfaces of the tested parts of the hydraulic hammer accord-
ing to the nature and location of the zones.

2. Develop a process for hardening. To provide increased wear resistance of parts hardened by
ion-plasma chromium plating using advanced technology.

3. To study changes in the structure and properties of hardened surface areas of the investigated
parts during operation.

Research method

The test results of parts hardened by ion-plasma chromium plating showed that before the coating
breaks, good wear resistance of the hardened parts takes place [8, 9]. Therefore, the right choice of
ion-plasma chromium plating modes, which allows increasing the wear resistance of critical parts of a
hydraulic hammer, is relevant [10, 11, 12]. Hardening treatment (ion-plasma chromium plating) was
performed using an advanced technology that excludes overheating of parts during coating and its
chipping during testing [13].

High-quality coatings of pure metals were obtained at substrate temperatures of at least
80...100 °C. The initial technological materials for vacuum ion-plasma deposition are the cathodes of
the sprayed metals, in this case chromium (BX-1). We used the Bulat-3T installation for vacuum ion-
plasma deposition (Fig. 1). It consists of a chamber, a vacuum pumping system, evaporators, a rotary
device, a water system and a stand.

Research results

Fig. 2 shows the nature of damage to parts hardened by ion-plasma chromium plating using ad-
vanced technology during the test.

The initial signs of failure of the coating in the form of scoring marks were revealed at the peak
in zones “M” and “F” after 300 loading cycles, at the striker in the same areas after 450 cycles.
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Fig. 1. General scheme of the installation of “Bulat-3T ”: 1 — focusing coil; 2 — cathode; 3 — ignition electrode; 4
— camera anode; 5 — substrate; 6 — nitrogen trap; 7 — water trap; 8 — high vacuum unit; 9 — heater; 10 — form
vacuum pump; 11 —a monometric lamp; 12 — installation water cooling system. The thickness of the applied
Chrome coating was 50...60 microns

In the cavity of the bushing channel, risks appeared after 600 cycles, in the cavity of the body af-
ter 700 loading cycles. In the channels of the housing and the sleeve (zone B) and their slice after 800
cycles cracks formed oriented along the axis of the parts. Due to wear of the coating on the most load-
ed areas of the device parts, the test was terminated after 1730 loading cycles.

Measurements of worn parts show that the reduced diameter of the channels of the housing and
the sleeve in the shear zone increased to 125.5 mm. The firing pin has worn out in zone “N” by 0.2
mm, in zone “M” by 0.5 mm. Peak at 0.3 mm and 0.85 mm, respectively. The locations of the areas of
greatest wear and the nature of the damage to the parts are similar to those observed on the parts inves-
tigated above.

In zone “A” of the striker channel (body) and sleeve, wear, hardening and plastic deformation of
the metal are observed (Fig. 3). These phenomena are more intense on the sleeve. In zone “B”, wear,
plastic deformation of the surface layer and the formation of scoring grooves are visible. On the
sleeve, the tops of the furrows are smoothed, worn out (in places to the base); there are rough furrows
on the case, with no signs of wear. In zone “C” there is uniform wear, hardening and peeling of the
surface layer. Peeling on the body is significant, on the sleeve it is in the initial stage of development.
Small areas of the preserved hardened layer are noted on the body. On the housing and the sleeve, the
wear of the coating passes without signs of spalling or peeling.

The nature of the damage to the striker and peaks is similar to that observed on previously inves-
tigated parts, hardened by ion-plasma chromium plating using the original technology. In the central
part of the striker (zone “N”), a smoothed spot with a preserved coating is noted. On the striker, the
coating is less worn than on the peak. Zone “M” is characterized by the presence of a relief of scoring
grooves, developed to a greater extent at the peak. On the striker as a result of wear, the relief of the
furrows is significantly smoothed. It is noted that the degree of development of the furrows of the fir-
ing pin and peak differ less than the firing pin and peak of previously studied hardening options. Zone
“F” is characterized by wear of the coating, hardening and smoothness of the surface. Damage in this
area is uniform along the circumference of the parts and is almost the same at the striker and peak.
Traces of running-in and hardening of the coating are observed in zone “E”. Along the contour of the
parts, a coating of metal on the edge of the cylindrical surface is noted.
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Fig. 2. Wear peaks and bushings, hardened by ion- Fig. 3. Deterioration of the hull and die, hardened by
plasma chromium plating (by advanced technology) ion-plasma chrome plating (advanced technology)

Cracks are observed on the tested parts of the investigated variant (Fig. 4, 5).

Cracks on the body and sleeve are observed in zones “A” and “B”. Their depth on the case reach-
es 0.55 mm, on the sleeve — 0.4 mm. There are no cracks in zone “C”. On the striker, cracks are fixed
in zone “N” up to 0.3 mm deep and in zone “M” up to 0.6 mm. At the peak, cracks are observed only
in the “M” zone up to 0.6 mm deep.

The type of fractures in kinks is similar to that previously observed on other hardening options
(contoured contour, oxidation and smoothness of the surface).

On the housing and the sleeve, coating residues are observed in zones “A” and “C”.

The thickness of the preserved coating on the sleeve in zones “A” and “C” is 10 um, on the body
(channel) in zone “C” up to 10 um. At the striker and peak, coverage was preserved only in zones “N”
and “E”. The layer thickness at the striker is 10 um, at the peak up to 5 um.

Structural changes are observed in the metal of the investigated parts in the damage zones. On the
sleeve, structural transformations to a depth of 0.25...0.30 mm are noted in zones “A” and “B”, on the
top — to a depth of 0.15...0.20 mm in zones “A”, “B” and “C”. The hardness of the material in the
zones of structural transformations is HV 510...645.

In the material, peaks of structural changes to a depth of 0.25...0.30 mm are observed in zones
“N” and “M”. At a striker in the same zones, the depth of structural changes is 0.15...0.20 mm. The
hardness of the material in the zones of structural changes is HV 510...585.

The hardness of the material of the investigated parts is:

sleeve — HRC 40...42; peak — HRC 40...42;

case — HR C40...42; striker — HRC 40...42.

Microstructure of the material of sorbitol-type parts, finely dispersed structure. The test results of
the mechanical properties of the material of the parts in tension are presented in Table.
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Fig. 4. Structural changes in the material of the body
and hammer, hardened by ion-plasma chromium
plating (by advanced technology)
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Fig. 5. Structural changes in the material of the peaks
and bushings hardened by ion-plasma chromium

plating (using advanced technology)

Mechanical properties of the material of parts hardened by ion-plasma chromium plating (using advanced

technology)

The name of Sample cutting Mechanical properties
detail direction o, MPa Go2, MPa 3, % v, %
Striker axial_ 1390.0...1430.0 1310.0...1360.0 8.0 23.0
tangential 1490.0 1400.0...1430.0 15.0 56.0
Peak axial 1460.0 1380.0 6.4...8.0 3.0...15.0
tangential 1450.0...1510.0 1360.0...1375.0 13.0 51.0...54.0
Conclusions

The wear resistance of critical parts of the hydraulic hammer by ion-plasma treatment is in-

creased.

Based on experimental studies, the following tasks were solved:
1. The analysis of the damaged working surfaces of the tested parts of the hydraulic hammer by

the nature and location of the zones.

2. The technological process of hardening is developed. Improved wear resistance of parts hard-
ened by ion-plasma chromium plating using advanced technology. The test results of parts hardened
by ion-plasma chromium plating using advanced technology indicate that their wear resistance is in-

creased by ~1.75 times compared to the original (not subjected to special hardening).

3. The effect of ion-plasma treatment on the nature of damage to the hydraulic hammer coatings
and on the wear of the lower parts (sleeve, peak) is investigated. Damage to the working surfaces of
the tested parts by the nature and location of the zones is similar to the previously investigated parts.
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Damage to parts is characterized by wear of the coating, metal hardening, the formation of scoring
grooves and cracks. In the most loaded parts of the parts (in zones “B” and “C” on the striker body and
sleeve and “M” and “F” on the striker and peak), the hardening coating is almost completely worn out.
The advanced technology of ion-plasma chromium plating ensures the work of hardened parts without
chips and chipping of the coating. A feature of the test results of this variant of hardening is less wear of the
lower parts (sleeve, peak) compared to the upper ones.

4. The change in the structure and properties of hardened surface areas of the investigated parts in
the process of operation was investigated. In the areas of damage to parts, zones of structural trans-
formations of the material to a depth of 0.3 mm, characteristic of secondary hardening phenomena, are
noted. There are cracks on all the parts: on the body and sleeve in zones “A” and “B” up to 0.55 mm,
on the striker and peak in the zone up to 0.6 mm. In the remaining areas, damage to the details of the
cracks was not detected.
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