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ENVIRONMENTALLY SAFE TECHNOLOGY FOR INCREASING
THE DURABILITY OF HYDRAULIC HAMMER PARTS’

Tunyk V., student of group MC-51-21, KhNAHU

Abstract. The object of research is the processes of detonation spraying of important parts of
hydraulic hammers with the formation of special structures and properties of surface layers of parts to
increase durability in difficult operating conditions. The purpose of the work is to solve the scientific
and technological problem of increasing the durability of the working parts of heavy-duty machines
based on the use of detonation spraying for contacting surfaces of hydraulic hammer parts. Research
method — metallographic, microscopic and X-ray studies, bench tests of the durability of hydraulic
hammer parts. In the work, studies on the application of this method were carried out. Test results of
parts strengthened by this method are shown , which indicate an increase in the wear resistance of
parts by 1.3 times compared to the original version. Structural changes that occur during the test in
the surface layers of the parts are characteristic of the phenomena of secondary hardening with a
lower level of hardness than on the parts of the previous options.

Keywords: hydraulic hammer , detonation spraying , wear resistance, surface treatment, hardness,
durability.

EKOJIOI'THO BE3NEYHA TEXHOJIOI'EA IS IIABULIIEHHA
JOBI'OBIYHOCTI AETAJIEU I'TIPOMOJIOTA

Tynik B., ct. rp. MC-51-21, XHAZLY

Anomauia. O6’ekmom 00CHiONHCEHHs € Npoyecu 0eMmoHAYIlIHO20 HANULEHHs 8i0N08I0ANbHUX Oemaell
2I0poMoIomie 3 POPMYBAHHAM OCOOAUBUX CIPYKMYP | 61ACMUBOCHEN NOBEPXHEBUX WAPI8 demanell
071 NiOBUUeHHS 00820BIYHOCTII 8 CKIAOHUX YMO8AX excnayamayii. Memoio pobomu € eupiuienis Hay-
KOBO-MEXHON02IYHOT NpodIeMU NiOsUWeH s 008208IUHOCIE POOOUUX OP2AHIE BANCKOHABAHMAICEHUX
MAWIUH HA OCHOBI BUKOPUCMAHHA 0eMOHAYIUHO20 HANUIEHHSA KOHMAKMHUX NOBEPXOHbL Oemalell 2io-
pomonomie. Memoo 0ocniodicentss — memanoepaghiuni, MiKpOCKORIYHI MA PeHMEeHIBCbKI OOCIONCEH-
HSl, CMEHO08I SUNPOOYEaKHs HA 008208IUHICMb demanell 2i0pomonomis. B pobomi nposedeni doci-
0diCeHHs. W00 3acmocysants 0ano2o memody. Hasedeno pesynomamu sunpobysamns oemaneti, 3miy-
HEeHUX YumM MemoooM, AKI ceiduams npo nidguujerHs 3Hococmivkocmi 6 1,3 pazu 6 nopigHsaHHI 3 GUXi-
OHum eapianmom. CmpykmypHi 3miHu, wo 6i00y8alomvcsi Npu uNpoOy8aHHi 8 NOBEPXHEGUX WAPAX
Odemanell, XapakmepHi OJist A6ULY BMOPUHHO20 3MIYHEHHS 3 MEHWUM Pi6HeM MEepOOCHi, HidC Ha dema-
JISIX NONepeOHix 8apianmis.

Knrouoei crosa: 2iopasniunuii moiom, 0emoHayitine HanuieHts, 3HOCOCMIUKICMb, 00pPOOKA NOBePXHI,
meepoicmb, 006208IUHICb.

Introduction

The problem of effective development industries industry of Ukraine, especially the machine-
building complex, includes 2 main ones directions.

The first is this development new ones materials that combine in themselves different proper-
ties, for example, high coefficient friction with low intensity wear and tear, high strength with plastici-
ty. For systems that work in extreme the necessary conditions materials with special properties - corro-
sion, wear, radiation - resistant.

" PoboTa BUKOHaHA i KepiBHUITBOM Ipodecopa I'mymxosoi J1.5.
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Second the direction is modern technologies processing, with the help of whose you can pro-
vide in detail the necessary combination necessary properties, leaving from operating conditions.

Currently, they are practically absent reliable criteria for optimizing the composition and
structures coverage, in particular, obtained at high-energy influences, and prognostication him work-
ing capacity in conditions friction, because of dependencies strength and wear resistance coatings in
id many factors related with properties are connected materials and technology parameters their appli-
cation, often occurs necessity determine the values of the quantities are experimental.

In touch with hereby installation theoretical and technological foundations of formation pre-
dicted structures and properties of important parts of construction machines at high-energy influences
to increase their wear resistance and durability is important and an actual problem.

The solution given problems will open wide opportunities forecasting and management func-
tional characteristics of important parts of construction machines in a wide range of operating condi-
tions and will provide significant increase their longevity.

Working principle and requirements for the hydraulic hammer

Hydro hammer irreplaceable when destroyed solid rocks, concrete, frozen soil and brick build-
ings (fig. 1). At the same time productivity variable equipment determine energy and the beat frequen-
cy.

The analysis of the work of the hydraulic hammer showed that the longevity of its operation
depends on the main working tools: picks, hammer, bushings and the body of the hydraulic hammer
(fig. 2).

The body of the hydraulic hammer - the pickaxe - is prone to wear. The tip of a hydraulic
hammer can have different shapes: conical, pyramidal, shovel, chisel. The choice of the shape of the
peak depends on the type of material to be destroyed.

Fig. 2. Broken spade

In addition to various design features, the strength and durability of the tool are significantly
influenced by the choice of material from which it is made, and how correctly the heat treatment is
performed. So, the main reasons for the breakdown of the worker tool hydraulic hammer is:

- Pare diverse lateral load in progress works that create bending;

- Incorrect working angle (non-perpendicularity tool surface is collapsing material);
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- " Idle " work;

- Low temperature;

- Mechanical and thermal damage;

- Unqualified surfacing or sharpening;

- Shortage lubricants;

- Corrosion;

- Wear and tear;

Important parts hydraulic hammer is working peen and guide bushings.

Peen is the main element of the hammer. A fight is this certain mass m, which is required
move to some distance from tool and to disperse to given speed V to the side tool [1]. In order to dis-
perse fight to the right speed, to him necessary to attach the corresponding force, the magnitude of
which is defined pressure working family and the area on which it acts this pressure as well gas pres-
sure in the pneumatic chamber and appropriate area the end of the striker on which it acts gas pressure.

One with the main causes of destruction fights is fatigue metal, specialists allocate sufficient
attention study and determining the reasons for leaving failure of the relevant parts of the hydraulic
hammer, as well as on the increase their reliability and durability (fig. 3). On these properties hydrau-
lic hammer has a great impact are doing applied materials, technology production and constructive
features [2-5].

Fig. 3. Hammer striker (general view) and fatigue failure of the hammer striker
in the process operation

In series and works show that chemical and thermal processing workers surfaces hydraulic
hammer allows solve only private tasks

Study experience application high energy sources energy, as well as new ones made up coat-
ings for workers surfaces allows assume docility their use for promotion term services responsible
parts of hydraulic hammers.

Research methods

Methodology for determination of hardness and microhardness of coatings.

To detect changes in the surface areas, as well as to control the quality of the coating, hardness
measurements were carried out. This method makes it possible to carry out 100 % control of parts,
tests are not destructive, measurements can be carried out directly on the parts. The Rockwell method
was used for the study, which is usually used to study heat-strengthened material.

To determine the hardness of individual particles, as well as its anisotropy in different areas of
the coating, the microhardness measurement method was used in the work.

When choosing the load, we were guided by the fact that the minimum thickness of the
coating should exceed the depth of the impression by no more than 10 times. If the thickness of the
coating is unknown, several measurements were taken, successively increasing the load. If the material
of the base metal does not affect the measurement result, then the obtained microhardness values of
the coating will be close.

Determination of the depth of the riveted layer of the friction surfaces was carried out using
the PMT-3 device. The essence of the technique is that the measurement of the microhardness of the
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friction surface is carried out under different loads on the diamond pyramid from 0.02 HV to 2 HV,
while the depth of the introduction of the pyramid h is determined by calculation:

h=

z
7
where z - is the length of the diagonal of the diamond pyramid imprint.

Metallographic, electron microscopic and X-ray studies.

When choosing the number of samples, their sizes, location and plane of cuttings, they are
guided by the tasks of microstructural analysis. Transverse samples are usually cut out, the plane of
study of which is located perpendicular to the coating.

When cutting the samples, the cutting tool moved from the restored layers to the base metal.
Otherwise, the probability of delamination of the coating increases due to the occurrence of tensile
stresses when the tool reaches the surface. It is required that the samples are not heated to high
temperatures during cutting, as the occurrence of additional stresses caused by the temperature
gradient leads to cracking of the coating or its peeling. In addition, it is possible to change the structure
of the base metal due to heating or defamation.

Polishing was carried out with diamond pastes. Etching of the examined surface - with a 4%
solution of nitric acid to detect the border between the base and the coating.

The structures were studied and photographed on a MIM-7 microscope at magnifications of x
(70-1000) times.

To detect the structures of bronze coatings and cast bronze coatings, cast bronzes were used
pickling agents of the following compositions:

1. Iron chloride - 3,5 1; hydrochloric acid - 35 ml; ethyl alcohol - 75 ml.

2. 10% aqueous solution of ammonia with washing with methyl alcohol.

3. 10% aqueous solution of ammonium persulfate.

The structure of coatings and powders from chromium-nickel alloys was revealed by a 50 %
solution of HCI in alcohol, as well as by electrolytic etching in a 10% aqueous solution of chromic
anhydride.

The structures were studied and photographed on a MIM-7 microscope at a magnification of
(70 - 1000) times. The structure of the steel-molybdenum coating was revealed sequentially by etching
steel particles and molybdenum particles with various reagents. For steel particles, a reagent was used:
30 ml of nitric acid, 40 ml of hydrochloric acid, 40 ml of water; for molybdenum particles - 10 rred
blood salt, 10 ml - caustic soda, 100 ml of water.

Electron microscopic and micro X-ray spectroscopic studies were conducted to establish the
relationship between the conditions of recovery through worn layers, their microstructure and
operational characteristics .

Electron microscopic studies were performed on a UEM 100 ML microscope using varnish
replicas manufactured according to standard methods.

The structure of the surface before and after operation was studied using a SEM scanning electron
microscope at an accelerating voltage of 30 kV in a wide range of magnifications from 20 to 10 thousand times.
To analyze the phase composition of the base metal and coating, X-ray structural phase analysis was performed
on the URS-50 unit.

The amount of residual stresses in the near-surface layers was determined on the DRON-2
installation by the method of repeated oblique surveys in the radiation of a copper anode with a
graphite monochromator. Vacuum-annealed o-Fe and Ni powders were used as a standard. The profile
of the diffraction line was constructed by points. The exposure time of one point was 20 s for ferrite
and 100 s for titanium nitride.

Methodology of bench tests.

In order to determine the influence of different types of strengthening on the durability of the
hydraulic hammer, its parts after strengthening by various methods were tested on the bench (fig. 4).



80

We studied the working parts of the hydraulic hammer , which were manufactured and heat-
treated to a hardness of 42-44 HC. Tests were performed on the stand in the amount of 1000 load
cycles. After every 250 cycles, the device was dismantled, inspected and the nature of damage to the
working surfaces was recorded.

After 1000 load cycles, the reduced diameter of the casing channels in the shear zone
increased to the point where 125,3 mmthe strikers in the "N" zone wore out by 0,3 mm, in the " F "
zone - by 0,35 mm. Peak wear is 0.3 and , respectively 1,2 mm.

The initial signs of wear of the working surfaces of the parts in the form of small scratches
appeared at the peak in the "F" zone after 250 load cycles, on the bushing in the "B" zone after
450 cycles, and on the upper parts (the striker and the body), respectively, after 300 and 500 cycles.
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Fig. 4. Test stand hydraulic hammer (general look)

The tested parts of the device were cleaned of soot, washed in kerosene and subjected to
metallographic studies.

The central part of the striker (zone "F") has the appearance of a diameter spot 40 mmwith a
smoothed surface (fig. 5). Around the central spot, ring zones with a relief formed by intermittent
short folds are visible, with a general radial orientation.

Fig. 5. The nature of damage to the Fig. 6. Nature of damage to the
surfaces of the hull and striker surface of the pin and sleeve

The "M" zone, adjacent to the "N" zone, covers about half of the surface. They show the wear
of surface volumes of metal in the form of protrusions and depressions (grooves).

Zone "B" extends to the lower part of the surface, and is characterized by intense metal plating
with the formation of a shiny, smoothed, flaking surface.

Zone "E" is characterized by wear and slander of surface volumes of metal.
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Fig. 7. Striker after operation: wear of the surface

On the cross-section of the case (from "A") it is observed formation nodes seizure metals,
slander and wear and tear surface layer. In zones "B" and "C" defamation and micro cutting metal with
education folded relief, oriented along the channel forming the hull (fig. 6). On the surface of the hull
channel (zone "D") is observed wear, slander and shelling surface riveted layer.

On the surface of the hull channel, there are soot and colors variability (fig. 7).

Character of wear pike and bushings are almost identical damage upper parts. It is noted more
intensive wear and tear peaks in the "M™ and " F" zones in comparison with corresponding zones of

the fight. Quality material of parts.

Table 1 - Mechanical properties material of parts at a temperature of 20 °C

Name detail and | Directly inarow Mechanical and so on properties

samples in o5, MPa oz S, ¥, KCV,

MPa % % 1/cm

1 2 4 5 6 7 8

that 's it 1450-1460| 1360-1370 [14.0-15.0/56.0-59.0| 48
Body and body o ent - tsandalne | 1460 | 1360 1370| 130 | 450 | 4042
that 's it 1440-1450| 1330-1370 [13.0-14.0|54.0-56.0| 34
Because he k tangent - cial  [1440-1490| 1350-1410 [12.0-13.0{42.0-43.0| 34-82
axial 1465-1480| 1370-1390 |14.0-16.0|54.0-59.0 | 4648

Bushing tangent -tsand alne | 1475 | 1400-1410 | 13.0 48.0— 48
Work and tools ( that 's it 1320 | 1250-1260 [16.5-17.0(62.0-64.0| 68-72
p and ka ) tangent - ts and alne [1310-1320| 1250 |15.0-17.0(54.0-56.0| 54-58

Material of the studied parts according to the chemical composition is satisfactory require-

ments operation.

Hardness material corps, fights and of peaks is almost the same in the cross section of the parts

and is:

body - HRC 43-45;
sleeve - HRC 42-44;
Mechanical properties the material of parts was determined on cut samples axial and tangen-
tial directions at 20 °C (table 1). Results tests mechanical properties are listed in table. 2. Analysis of
table 2 allows do conclusion that mechanical properties case material, striker, bushings and peaks at
20 °C satisfy requirements operation
When researching macrostructures it was established that the metal of the parts is dense, de-

fects metallurgical origin absent (fig. 8-10).

fight - HRC 43-44;
p i ka - HRC 39-40.
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Fig. 8. Structural changes Fig. 9. Structural changes
materials of the body and striker materials of picks and bushings

a b
Fig. 10. Macrostructure in the diametrical plane: a - housings; b - bushings

The microstructure is of the sorbite type, uniform in the section of the parts.

Pollution body metal, striker, bushings and pike non-metallic inclusions is almost the same,
and is evaluated with a score of 1.5 GOST 1778-70 scale. They are observed sulfo-silicate and oxide
inclusion.

Study of wear resistance of parts reinforced by detonation spraying

Conditions for strengthening treatment

Detonation coatings, which are a type of gas-thermal coatings, due to their higher characteris-
tics, are increasingly being used in various industries. Due to the highest characteristics (adhesion
strength to the substrate up to 250-280 (MPa) detonation spraying may be better for strengthening and
restoring responsible and loaded parts and assemblies.

It has been established that coatings based on tungsten carbide from powders obtained by the
spheroidization method have the highest adhesion strength with the substrate and high hardness.
This is explained by the fact that the dissolution of WC in Co (Ni) partially occurs already when the
powder is obtained.

During sputtering, this process continues, as a result of which the solid solution has the maxi-
mum degree of saturation.

monocarbide decay occurs, which has a negative effect on the quality of the sputtered coating.
In addition, brittle double carbides CosWsC are formed, which deteriorate the properties of the sprayed
layer. In powders obtained by the spheroidization method, the carbide component is better protected.
Modes of the sputtering process also significantly affect the structural-phase composition of coatings
and, therefore, their properties. The structure of the coating is most strongly influenced by:

- the composition of the working mixture of gases;

- place of introduction of powder into the barrel,
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- the degree of filling of the barrel with the working mixture.

The adhesion strength of combined coatings with a sublayer of VK-25 to the substrate
reaches 200-250 MPa, Rockwell hardness - up to 70 units.

A distinctive feature of detonation spraying is the cyclical nature of powder supply to the sur-
face of the processed part at a speed exceeding the speed of sound. The cyclic sputtering process is
obtained with the help of detonation units, the schematic diagram of which is presented in fig. 11.

The device includes a detonation gun, powder and combustible gas dispensers, and an ignition
system. The protective chamber is formed by a part that is sprayed (4) and two covers (5, 6), one of
which is installed on the barrel (1) of the gun and is equipped with an elastic element. The gun is
mounted on a horizontal movement mechanism (7), it consists of a barrel, a combustion chamber (2)
and an accelerating part (3).

The expansion part is formed by bending the end of the trunk along the radius to a right an-
gle with a conical narrowing at the end with a ratio of diameters from 1/3 to 1/4. The barrel and the
accelerating part of the detonation gun are located inside the sprayed part. The part is rotated by the
mechanism (8). The possibility of detonation spraying of the internal surfaces of parts to increase their
wear resistance is provided.
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Fig. 11. Scheme of detonation devices

The principle of operation of the installation is as follows. From block 1, the gas mixture is
fed into the barrel 5. At the same time, from the powder feeder through the dosing device (block 4), in
specified portions, gas - nitrogen or air - finely dispersed powder is blown into the gas mixture imme-
diately before its ignition, then the gas mixture is ignited with the igniter 2. As a result of ignition and
movement along the channel of the combustible mixture, it explodes with the release of a significant
amount of heat and the formation of a detonation wave, which accelerates and transfers the sputtering
particle 7 through the barrel to the surface of the part 6 at a speed determined by the geometry of the
barrel and the composition of the gas.

The process of forming coatings by detonation spraying is complex and insufficiently stud-
ied. In many ways, it is similar to the process of plasma sputtering. The similarity lies in the fact that
the adhesion of particles to the substrate and to each other can occur in the molten and solid states.
Bonding strength is ensured mainly by sputtering with molten and fused particles, which spread and
crystallize on the surface of the substrate due to chemical interaction.

At the same time, the detonation sputtering process, unlike the continuous plasma sputtering
process, is cyclical, the powder particles are given higher speeds, which determines the features of the
coating formation mechanism.

In detonation sputtering, the speed of particles, unlike plasma sputtering (100-200 m/s),
reaches 400-1000 m/s. Therefore, in addition to thermal activation, a significant influence on the
mechanism and kinetics of the formation of sprayed layers is exerted by plastic deformation in the
zone of collision between the particles and the substrate. However, the main contribution to the for-
mation of coatings during sputtering is made by thermal activation.

The working surfaces of the parts were strengthened by spraying VK25 alloy (80%) and PT-
NA-01 binder (Ni 91%, Al 9%). The thickness of the sprayed layer is 0.1 mm. The surface roughness
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of the parts before spraying was Ra 0.35-2.5. As a result of spraying, the roughness of the working
surfaces of the parts increased to Ra values of 4.8-5.4 on the body and bushing and to 2.8-3.7 on the
striker and pike. The wear resistance of parts reinforced by detonation spraying was studied by means
of bench tests.

The initial signs of failure of the strengthened layer were detected at the peak after 400 load
cycles. Risks-bumps in zones "M" and "F" for the fight, see (fig. 9) appeared after 1300 cycles, on the
sleeve after 1050 load cycles and on the body after 1700 cycles. The tests were carried out in the
amount of 1800 cycles.

Measurements of the tested parts show that the specified diameter of the channels in the cut
zone has increased to 125.2 mm. The striker was worn by 0.25 mm, the peak in the "M" and "F" zones
received wear of 1.2 mm.

Crack formation and characteristics of the structural state of the material of parts

During the test, cracks formed on all the examined parts of the device (fig. 12, fig.13). On the
sleeve, cracks up to 0.05 mm deep are single and are observed only in the "C" zone. Cracks are visible
on the body in zones "A", "B" and "C", with a depth of 0.25 mm, 0.4 mm and 0.1 mm, respectively.
There are no cracks in zone "D". Cracks were also not found on the pique and pique in the "N" zone.
There are cracks with a depth of 0.3-0.4 mm in the "M" zones of the striker and peaks. There are
cracks with a depth of 0.1 mm in the "F" zone of peaks and 0.15 mm - a crack. Cracks were found
both in the zones of structural changes and outside them.

In the working zones of all the investigated parts of the device during the test, almost complete
wear of the detonation coating took place, only in the "M" zone of the case and the bushing are the
remains observed coating up to 20 microns thick. The same single plots are on the battlefield in zone
"F

In the damage zones of all parts, structural changes of the base metal were detected. Structural
transformations are observed on the body and sleeve in zones "A" and "B" to a depth of about 0.2 mm
on the body and 0.15 mm on the sleeve.

Fig. 12. Structural changes material of the case and striker, strengthened detonation spraying
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Fig. 13. Structural changes material pike and bushings, strengthened detonation spraying

Hardness the material of the parts is: sleeve — NRS 43; pika - NRS 33-40; corpus - HPC 42-
43; fight - NRS 43.

Microstructure the material of fine-dispersed sorbite-type parts buildings.

The results tests mechanical properties the material of the tensile parts is given in (table 3).
From table 2 it can be seen that mechanical properties material peaks after the test is not complete
satisfy to the requirements that are presented.

Table 2 - Mechanical material properties of reinforced parts by detonation on sawing

Direction Mechanical properties
Name details trimmings of o o
Samples G, MPa 00_21 MPa 8, ) \P, 0%
axial 1480-1490 1350-1360 14.0 49.5
corps
P tangent - cial 1490 1360 11.0-12.0 39.0
fight axial 1490 1390 12.0 39.0-42.0
9 tangent - cial | 1480-1490 | 1360-1390 14.0 51.0
. axial 1470-1480 1390-1400 12.0-12.5 45.0
bushing .
tangent - cial 1480 1400 13.0-14.0 52.0-54.0
axial 1320-1325 1250 15.0-16.0 54.0
physiognomy -
tangent - cial 1310 1230-1240 13.0 42.0-47.0
Conclusions

1. The test results of parts reinforced by detonation spraying show that an increase in wear
resistance is achieved by 1.8 times compared to the original (not subjected to special strengthening)
version.

2. Location of damage zones and their character on the details, strengthened detonation
spraying, similarly observed on parts manufactured without additional strengthening

3. Damage to parts consists in wear and sprayed cover, slander, formation burr furrows.

4. Structural changes that observed in the surface layers of details, characteristic of phenomena
secondary hardening
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