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Currently, the use of new methods of surface strengthening has become relevant to improve the working tool.
These methods include detonation sputtering. The purpose of this work was to scientifically substantiate and
experimentally confirm the effectiveness of strengthening critical parts of a hydraulic hammer by detonation
sputtering. As a result of the study, the effect of detonation sputtering on the wear resistance and mechanical
properties of the hydraulic hammer working tool was established, and structural changes in the material during its
operation were analyzed. The results of testing parts strengthened with detonation sputtering show that an increase
in wear resistance by 1.8 times is achieved compared to the initial state.

PACS: 81.15.Cd

INTRODUCTION

The development of modern technology sets up
increasing demands on the performance characteristics
of hydraulic hammer parts. In the complex of problems
of improving reliability and durability thereof, a special
place is occupied by the issue of wear resistance.
Insufficient wear resistance limits the performance of
hydraulic hammers and their service life, and increases
repair costs.

In order to improve the performance characteristics
of the working tools of hydraulic hammers, new
methods of surface strengthening, including detonation
coating methods, are widely used.

1. REVIEW OF RECENT PAPERS

Currently, two types of hydraulic hammers are
produced: diaphragm and piston type. Their schematic
diagram is almost identical, but there are big differences
in how the work cycle is organized and how the impact
energy is generated.

Working cycle of the diaphragm type hydraulic
hammer (Fig. 1) is carried out in several steps. When
the hydraulic hammer is switched on, the working fluid
(nitrogen) enters the pressure line hydraulic accumulator
and the gas chamber through a check valve [1].

At the outlet of the drain line, there is a slide valve
that blocks it until the pressure inside the hydraulic
accumulator reaches the calculated value. After
reaching the required pressure, the slide valve opens the
drain line, and the striker moves up.

After moving the striker, the control valve opens,
and the slide valve changes position to the working
stroke. Due to the fact that the size of the working
stroke chamber exceeds the size of the idling chamber,
the striker slows down and begins to move towards the
working tool.

Before the impact, the control channel is combined
with the drain line, the slide valve changes position
backwards, and the working cycle is repeated.

For the piston type hydraulic hammer (Fig. 2) there
is no check valve at the inlet, pressure slide valve at the
outlet, hydraulic accumulator [2].

Both types of piston hydraulic hammers are
characterized by the formation of shock energy in the
piston pneumatic accumulator. During idling of the
striker, part of it enters the pneumatic chamber,
additional nitrogen compression occurs, collecting about
70% of the impact energy. The remaining 30% of the
energy is generated by the hydraulic line. The areas of
the working and idling chambers are designed so that
high pressure peaks do not occur in the hydraulic
system. The role of a hydraulic accumulator is
performed by pipelines and high-pressure hoses that
connect the hydraulic hammer and pump.

Fig. 1. Membrane type hydraulic hammer structure:
1 —working tool; 2 — upper sleeve;
3 —front head; 4 — cylinder; 5 — seal body; 6 — sleeve;
7 — valve body; 8 — battery; 9 — diaphragm;
10 — working valve; 11 — tie bolt; 12 — piston;
13 —thrust ring; 14 — working tool pin;
15 — working tool sleeve [1]

During the operation of hydraulic hammers, its
working tool is worn out.

Working tool is the industry name for a variable part
of the hydraulic hammer that directly interacts with the
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materials that destroys and transmits power and impact
loads to the object of destruction.

Fig. 2. Hydraulic piston hammer structure:
1 — lower body; 2 — oil pan; 3 — hydraulic accumulator;
4 — hydraulic distributor; 5 — nitrogen filling valve;
6 — tie bolt (stud); 7 — cylinder cover; 8 — piston;
9 — working cylinder; 10 — pin; 11 — lower sleeve;
12 — working tool (peak) [2]

The main principle of typing the hydraulic hammer
working tool is the type of contact of the tool with the
material that is being destroyed, according to which it
can be divided [3] into a tool with a constant contact
area and an area that changes in the process of
interaction with the material, the last can be divided into
the groups: with the initial contact along the line; with
the initial contact at the point; with the initial contact
along the site.

The parameters of a tool with a constant contact area
are determined by its shape and dimensions — the radius,
length, width, dimensions of the semi-axes of the
ellipse; ones with an area that changes during
interaction with the material — the length and angle of
sharpening, radii of the sphere or torus, the shape and
size of the initial contact site. The common name of all
types of hydraulic hammer working tools is “peak”.

The hammer working tool is cyclically affected by
compressive forces, both from the tail section, after
being hit by the hydraulic hammer striker, and from the
tool tip by the reactive force of the treated medium. The
compressive forces that cause elastic deformations,
differentially distributed along the length of the tool, are
replaced by inertial tensile forces. They alternate with
the frequency of hydraulic hammer operation, creating
wave processes of stretching/compression, resulting in
material fatigue. If the hydraulic hammer works for a
long time “at one point”, they can cause a resonance
phenomenon that contributes to the destruction of the
tool.

In the process of interaction with the treated
medium, intensive wear of the working tool occurs,

accompanied by strain hardening of its surface, release
of heat, which can lead to local tempering of the
material from which it is made, with loss of surface
hardness. As a result, there is an increase in the degree
of blunting of the tool. The intensity of the wear process
depends on the strength and abrasiveness of the medium
being destroyed, as well as the wear resistance of the
tool, which, as is commonly believed [4], is determined
primarily by the hardness of the working tool used.

Currently, coating methods are widely used in
mechanical engineering, which have significant
advantages: limited thermal effect, reduction of
deformations, minimal fusion penetration depth ensures
slight mixing of the base metal with the coating metal
and allows you to obtain physical and mechanical
properties of coatings close to the properties of the
surfacing material. In addition, it is possible to apply
coatings of various compositions and with specified
physical and mechanical properties to the worn surface,
saving material and energy resources by obtaining
coatings with minimal stock left for machining or its
complete exclusion. The study of the experience of
using high-energy power sources, as well as new
compositions of coatings for working surfaces, suggests
the feasibility of using them to increase the service life
of the hydraulic hammer critical parts.

Methods for the surface reconditioning and
strengthening of parts are shown in Fig. 3 [5].

Methods for the reconditioning and
I strengthening of parts ]

] L) L
[ welding || |L Soldering l|[ Surfacing 1| ||Gas thermal

process

Galvanic Plasma Thermo- Electro-

process coating chemical mechanical
treatment treatment

Polymer
coating

Fig. 3. Methods for the surface reconditioning and
strengthening of parts [5]

One of the most promising methods is detonation
sputtering. Detonation sputtering is a pilot technology
for improving the durability of critical machine parts

[4].
2. PURPOSE AND OBJECTIVES

The purpose of this work is to scientifically
substantiate and  experimentally  confirm  the

effectiveness of strengthening critical parts of a
hydraulic hammer by detonation sputtering.
Objectives: based on experimental studies, to

establish the effect of detonation sputtering of coatings
of the system comprising BK-25 (80%) and the
IIT-HA-01 binding material (Ni 91%, Al 9%) on the
wear resistance of the hydraulic hammer working tool.

3. MATERIALS AND METHODS

Detonation sputtering of BK25 hard alloy powder
(80%) and the IIT-HA-01 binding material (Ni 919%,
Al 9%) was performed on the cleaned surface without
pretreatment [6]. BK-25 powder is a tungsten-cobalt
(WC-Co) carbide containing up to 25% cobalt, and is
used for working in conditions of fretting corrosion,



abrasive wear at normal and elevated (up to 650 °C)
temperatures. A powder with a grain size of
20...100 mm was used; the powder was melted in an
oxygen-acetylene flame and transferred to the surface of
the part by a gas stream. Thickness of the sputtered
layer is 0.1 mm. The surface roughness of the parts
before sputtering was Ra0.35-2.5. As a result of
sputtering, the roughness of the working surfaces of
parts increased to Ra 4.8-5.4.

The ratio of oxygen content to acetylene content was
1/2; powder loading depth was 300 mm, spray distance
was 150 mm, powder weight was 200 g, barrel length
was 1.6 m, barrel diameter was 16 mm.

Detonation coatings are a type of gas thermal
coatings, and increasingly used in various industries due
to their higher characteristics. Due to the highest
characteristics (adhesion strength to the substrate up to
250...280 MPa), detonation sputtering can be preferred
for strengthening and reconditioning critical and loaded
parts and assemblies.

It is established that coatings based on tungsten
carbide from powders obtained by spheroidization have
the highest adhesion strength to the substrate and high
hardness. This is due to 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 a maximum degree of
saturation [7].

In addition to the dissolution of tungsten carbide in
cobalt, when sputtered under the influence of an
oxidizing medium, the process of decomposition of
monocarbide occurs, which has a negative impact on the
quality of the sputtered coating. In addition, brittle
double carbides Co3W,C are formed, which degrade the
properties of the sputtered layer. In powders obtained by
spheroidization, the carbide component is better
protected. The modes of the sputtering process also
significantly affect the structural-phase composition of
coatings and, consequently, their properties. The coating
structure is most strongly influenced by [8, 9]:

— composition of the working gas mixture;

— place of supplying the powder into the trunk;

— the degree of filling of the trunk with the working
mixture.

The adhesion strength to the substrate of combined
coatings with BK-25 sublayer reaches 200...250 MPa,
Rockwell Hardness — up to 70.

A distinctive feature of detonation sputtering is the
cyclical nature of powder delivery to the surface of the
workpiece at a speed exceeding the speed of sound. The
cyclic sputtering process is obtained using detonation
units, the schematic diagram of which is shown in Fig. 4
[71.

The unit includes detonation gun, powder and
combustible gas dispensers, and ignition system. The
protective chamber is formed by a part (4) being
sputtered and two covers (5, 6), one of which is
mounted on the trunk (1) of the gun and is equipped
with an elastic element. The gun is mounted on

horizontal movement mechanism (7); it consists of a
trunk, combustion chamber (2) and accelerating part (3).
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Fig. 4. Diagram of detonation units [7]

acetylene

The accelerating part is formed by bending the end
of the trunk along the radius to a right angle with a
conical narrowing at the end with a ratio of diameters
from 1/3 to 1/4. The trunk and accelerating part of the
detonation gun is located inside the part being sputtered.
The part is rotated by the mechanism (8). It provides the
possibility of detonation sputtering of the internal
surfaces of parts to increase their wear resistance.

The principle of operation of the unit is as follows.
From Block 1, the gas mixture is fed to trunk 5. At the
same time, fine powder is blown from the powder
feeder through the metering device (block 4) in
specified portions with nitrogen or air gas into the gas
mixture immediately before its ignition, and then the
gas mixture is ignited with the igniter 2. As a result of
ignition and movement of the ignitable mixture through
the channel, its explosion occurs with the release of a
significant amount of heat and the formation of a
detonation wave, which accelerates and transfers
through the barrel to the surface of the part 6 by
sputtering the particles 7 at the speed determined by the
trunk geometry and gas composition.

4. STATEMENT OF BASIC MATERIALS

The process of forming coatings by detonation
sputtering is complex and insufficiently studied. In
many ways, it is similar to the process of plasma
sputtering [10, 11]. The similarity is in the fact that the
adhesion of particles to the substrate and to each other
can occur in the molten and solid states. The adhesion
strength is mainly provided by sputtering with molten
and melted particles, which spread and crystallize on the
substrate surface due to chemical interaction.

At the same time, the detonation sputtering, in
contrast to continuous plasma sputtering, is cyclic,
powder particles are provided with higher speeds, which
determine the features of the coating formation
mechanism.

During detonation sputtering, the particle speed, in
contrast to plasma sputtering (100...200 m/s) reaches
400...1000 m/s. Therefore, in addition to thermal
activation, plastic deformation in the zone of contact
between particles and the substrate has a significant
effect on the mechanism and kinetics of formation of
sputtered layers. However, the main contribution to the
formation of coatings during sputtering is made by
thermal activation.

The experience of using various sputtering methods,
including detonation, proves that in order to obtain a



satisfactory adhesion of powder particles to the
substrate, it is necessary that a significant part of them is
transported to the substrate in molten or melted state.
Experimental studies on the process of forming coatings
by detonation sputtering presented in [11, 12] show that
the state of particles in a two-phase flow is
inhomogeneous.

At the beginning and in the middle of the flow, they
are in molten or melted state, and the temperature in
contact with the substrate reaches their melting point. At
the same time, due to the heat released when particles
with a speed of ~400m/s hit the substrate, the
temperature in the contact zone increases by about
100 °C.

When sputtered with powder materials with a
melting point exceeding the melting point of the base
metal, the latter is melted. When applying coatings with
powdered hard alloys of the BK type on corrosion-
resistant steels, which are melted and mixed with
molten particles of the powder that is sputtered, thereby
increasing the adhesion strength.

Preliminary shot blasting of the sputtered surface
contributes to an increase in adhesion, as with other
methods of gas thermal sputtering [12, 13]. In this case,
it is possible to obtain strong bonds between the
sputtered material and the substrate with hardness
higher than 60 HRC.

When the first layer is sputtered, pores may appear.
When the second layer is sputtered, the powder particles
deform and compact the first layer, which crystallizes,
and helps to eliminate or reduce porosity. This
phenomenon is characteristic of detonation sputtering,
and the authors of [12] called it “the effect of hot impact
pressing”.

Larger particles from the end (tail) of a less
concentrated stream have lower speed and are most
often deposited on the substrate surface in an undiluted
form. When forming a coating, such particles play a
twofold role: useful — remove defective areas of the
previously applied coating, increasing its density,
physical and mechanical properties; adverse — with a
significant increase in the kinetic energy of large
particles, cracks and even complete peeling may appear
in the coating. These phenomena can be adjusted by
changing the rate of fire mode of the unit and the
granulation of the sputtered powder.

From the point of view of the materials and
equipment used, the detonation sputtering process is
quite simple. The main factors determining the nature of
detonation sputtering are the gas mixture, powders, and
the trunk of the unit [13, 14].

However, the use of these factors in the
technological process of sputtering is associated with
changing and controlling a number of parameters of
each of them. For a gas mixture, this is the composition
of the gas mixture; dose of the gas mixture per shot;
composition of the gas mixture in the trunk between
shots. For powder this is chemical composition of the
powder; granulation of the sputtered powder; location of
the powder in the barrel at the time of ignition of the
mixture; distribution of particles by size. The trunk is
characterized by geometric parameters: diameter and
length.

In turn, these parameters give rise to others that
characterize the final state of the process: concentration,
temperature and speed of particles; chemical
composition of the medium; surface temperature of the
substrate.

Thus, the technological process of detonation
sputtering is complex, and the quality of coating
formation depends on the totality of numerous
parameters, their maintenance within optimal limits.

Studies of the wear resistance of parts strengthened
by detonation sputtering were carried out by bench tests.
The tests were carried out for 1800 cycles.

The type of damage to parts strengthened with
detonation sputtering is shown in Figs. 5, 6.

The location and nature of damage to the surfaces of
parts of the same type and observed on previously
studied sets of the device. On the body and sleeve, such
characteristic signs of the surface volume degradation of
the part material are noted as wear, strain hardening,
plastic deformation with the formation of radial furrows,
surface oxidation.

Fig. 5. Damage to peaks and sleeves strengthened by
detonation sputtering

In Zone “A”, wear and strain hardening are observed
on the body, and shear lines are characteristic on the
sleeve. In Zone “B”, a weakly expressed fold-shaped
relief is noted on the body, on the sleeve the relief of
furrows is smoothed to the base, so that a picture of
undulating crumple zones is observed. Peeling of the
surface layers of metal in Zone “C” differs on the
sleeve, on the body — the surface is smooth. In Zone
“D” there are traces of surface treatment.

The wear pattern of the striker and peak is typical. In
the presence of a central spot and furrows in the
peripheral part of Zone “N”, A folded relief of furrows
in Zone “M”, wear and plastic deformation with the
formation of a rough, peeling surface in Zone “F” and
wear with a strain hardening in Zone “E”, there is a



smaller “roughness” of the relief and a larger smoothed
one for the striker and peak. On the striker, the degree
of damage is less.

Fig. 6. Damage to the body and striker strengthened
with detonation coating

The body and striker are characterized by the
presence of darker oxidizing colors on the surface.

During the test, cracks formed on all the examined
parts of the device. On the sleeve, cracks up to 0.05 mm
deep are isolated and are observed only in Zone “C”
(Fig. 7). On the body, cracks are visible in Zones “A”,
“B” and “C”, with depth of 0.25 mm, 0.4 mm and
0.1 mm, respectively (Fig. 8).

There are no cracks in Zone “D”. Cracks are also not
found on the striker and peak in Zone “N”. In Zones
“M” of the striker and peak, there are cracks with depth
of 0.3...0.4 mm. Cracks with a depth of 0.1 mm are
located in Zone “F” of the peak and 0.15 mm — of the
striker. Cracks were found both in and out of the zones
of structural changes.

In the working zones of all the studied parts of the
device, almost complete wear of the detonation coating
occurred during the test, only in Zone “M” of the body
and sleeve, coating residues up to 20 um thick are
observed. The same single sites are located on the
striker in Zone “F”.

Structural changes in the base metal were detected in
the damage zones of all parts. On the body and sleeve,
structural changes are observed in Zones “A” and “B”
to depth of about 0.2 mm on the body and 0.15 mm on
the sleeve.

The hardness of the material in these zones is
HV 414-540 on the body and HV 414-645 on the
sleeve. In zones “C” of the body and sleeve, the depth
of structural changes does not exceed 0.05 mm
(HV 460-480).

Fig. 7. Structural changes in the material of the body
and striker strengthened by detonation sputtering

Fig. 8. Structural changes in the material of peak and
sleeve strengthened by detonation sputtering



On the striker and peak, structural changes in the
metal are observed in Zone “M” to depth of
0.25...03mm and in Zone “F’ to depth of
0.1...0.15 mm (for both) at hardness of HV 340-475 (in
some places at the peak — HV 560-675). In Zones “E”
on the striker and peak and in Zone “N” of the striker,
there are no structural changes. On the peak in this zone,
the depth of structural changes is 0.15 mm (HV 340-—
560).

CONCLUSIONS

1. The composition of the detonation coating based
on tungsten carbide was chosen to strengthen the
surface of the studied parts by detonation sputtering.

2. Detonation sputtering modes are proposed.

3. The conditions for carrying out strengthening
treatment are determined.

4. The nature of part damage after detonation
sputtering has been established.

5. The results of testing parts strengthened with
detonation sputtering show that an increase in wear
resistance by 1.8 times is achieved compared to the
initial state.
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HNPUMEHEHHUE JETOHALOUOHHOI'O HAIIBUIEHUSA JJI51 TIOBBILIEHUSA
JOJTOBEYHOCTH OTBETCTBEHHBIX JIETAJIEH THJPOMOJIOTA

.b. I'nywrkosa, U.I'. Kupuuenko, B.A. bazpos, H.E. Kanununa, T.B. Hocosa

B nacrosiee Bpemst IS TTOBBIICHHS JIOJITOBEYHOCTH Pab0Uero MHCTPYMEHTA CTAJI0 aKTyaJIbHBIM IIPUMEHEHHUE
HOBBIX METOJIOB IOBEPXHOCTHOTO ymnpouyHeHus. K Takum MeTogaM OTHOCHTCS JETOHALlMOHHOE HamblieHue. Llenb
JTAaHHOW pabOTBl — HAy4YHO OOOCHOBAaTh M HKCIEPHUMEHTAIBFHO TOATBEPANUTH S()(HEKTUBHOCTh YKPEIICHUS
OTBETCTBEHHBIX JeTaleli THAPOMOJIOTa METOAOM JETOHAIIMOHHOTO HAIBIICHHA. B pesyipTraTe NPOBEICHHOTO
HCCIICIOBAHMS YCTAHOBIICHO BIHMSHHE JETOHAIIMOHHOTO HANBUICHHS HAa HM3HOCOCTOMKOCTP M MEXaHHYECKHUE
cBOMcTBa paboyero MHCTPYMEHTA THAPOMOJIOTA, MPOBEJCH aHAIM3 CTPYKTYPHBIX HW3MEHEHHH B MaTepuajie B
IpoIiecce €ro 3KCIUTyaTaldd. Pe3ynbTaThl MCTIBITAHUS JA€Tanel, YIPOYHEHHBIX JCTOHAIIMOHHBIM HaIBUICHHEM,
MTOKa3BIBAIOT, YTO JIOCTUTAETCS MOBBIIIEHNE H3HOCOCTOWKOCTH B 1,8 pa3a 1o CpaBHEHHIO ¢ MCXOJHBIM BAPHAHTOM.



3ACTOCYBAHHS JETOHAIIMHOT O HANIWJIEHHA UIA INTJABUIIIEHHA
JOBI'OBIYHOCTI BIAIIOBLIAJIBHUX JETAJIEU I'TIPOMOJIOTA

A.B. I'nywixosa, 1.I'. Kupuuenxo, B.A. bazpog, H.€. Kaninina, T.B. Hocosa

Ha nanwuii yac Ayt miJBUIICHHS JOBTOBIYHOCTI pOOOYOro IHCTPYMEHTA CTaJI0 aKTyaJbHHM 3aCTOCYBAaHHS HOBUX
METO/IiB IIOBEPXHEBOTO 3MillHEHHSI. [0 TaKMX METO/IB BITHOCHTHCS JICTOHAIIHE HamWiIeHHs. MeTa nanoi pobotn —
HAYKOBO OOIPYHTYBaTH 1 CKCIEPHUMEHTAIBHO MiATBEPAUTH CPEKTHBHICTh 3MIIHCHHS BINMOBINATBHUX JCTAJCH
TipoMOoJIOTa METOJIOM JIETOHALIHHOTO HAaNWICHHs. B pe3ynbraTi MpoBeIeHOro JOCIiIKEHHS BCTAaHOBJICHO BILIHMB
JIETOHALIKHOTO HANWJICHHS HAa 3HOCOCTIMKICTH i MEXaHi4HI BIACTUBOCTI poOOYOro iHCTpYMEHTa TiIpOMOJIOTa,
MPOBEIEHO aHalli3 CTPYKTYpHHX 3MiH y Marepiami y mporeci Horo ekciuryaramii. Pe3ympTaté BuUnpoOyBaHHS
JieTaje, 3MIITHEHUX JeTOHAIHHIM HAIMJICHHAM, NOKa3yIOTh, IO JAOCITAETHCS IiBUIICHHS 3HOCOCTIiHKOCTI B 1,8
pa3u y MOpiBHSAHHI 3 BUXIAHAM BapiaHTOM.



