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Sayenko V., st. of gr. MC-51-21, KhNAHU

Abstract. Object research - processes formation structures and properties teeth buckets excavators
ion-plasma chroming. Property from ub iv buckets excavators changed applying ion-plasma coat-
ings chromium nitride. This species is selected for protection from corrosion, wear, sticking to the
surface contacts mater ials. In practice modern enterprises are applied causing chrome coatings to
increase the service life teeth buckets excavators. Quality these coverage in does not meet the needs of
modern production. There are many nowadays attention is provided application modern methods su-
perficial processing for increasing wear resistance of parts of nodes that work in the conditions inten-
sive wear and tear. Based on analysis literary data and experience modern we had enterprises - the
ion-plasma method is chosen processing teeth buckets excavators, for increase their longevity. Caus-
ing coatings was carried out by the method of condensation in the conditions ionic bombing of the
Bulat 3T installation. Was selected coating composition and optimal modes him causing. Received
high hardness and wear resistance, low coefficient friction, good chemical stability what provided a
high resource of researched details in any conditions operation.
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EKOJIOTTYHI IHHOBAIIIL B TIPOMUCJIOBOCTI

Caenko B., c1. rp. MC-51-21, XHAY

Anomauin. O0'exm 0ocnioxncenus - npoyecu GopmyeanHs CmpyKmypu ma e1acmueocmi 3y0i6 Kosulie
eKCKABamopie I0HHO-NIA3M08020 XpomMysanHsa. Mema pobomu: po3poOKka mexHoa02iYHUX OCHO8 3a-
CMOCYBAHHS IOHHO-NAAZMOB020 XPOMYBAHHS OISl NIOBUWYEHHS 3HOCOCMIUKOCMI 3)0i8 KOBUIB eKCcKasa-
Mopa HA OCHOBI YNPAGNIHHA NAPAMEMPAMU CIMPYKIYPU MA QYHKYIOHATbHUMU 61ACMUBOCHAMU NOK-
pummig 015 3a0e3neyenus ix 0oszogiunocmi. Ilpedmem 00CHiONHCEHHS - 3AKOHOMIPHOCTT (DOPMYBAHHS
CmpyKmyp i en1acmugocmeti No8epxXHe8UXx uwiapie 3y0ie Kogulie ekckagamopis. Biacmugocmi 3y0i6 Ko-
BULI6 EKCKABAMOPIE 3MIHEHO HAHECEHHSAM [OHHO-NIA3MOSUX NOKpummis Himpudy xpomy. Lleii 6uo 06-
panutl 051 3axXucmy i0 KOpo3ii, 3HOULYBAHHS, HATUNAHHS HA NOBEPXHIO KOHmakmie mamepianis. Ha
NpAKmuyi Cy4acHux NIONPUEMCING 3ACMOCOBYIOMbCA HAHECEHHS XPOMOBAHUX NOKPUMMIE 0l 30i1b-
wieHHst mepMiny Ciyocou 3y0ie xosuiie exckasamopie. Axicme yux nokpummis He 8ionogioae nompe-
b6am cywacrhoeo supoonuymea. B oanuti wac bazamo ysazsu npudiisnemvcs 3aCMOCYSAHHIO CYYACHUX
Memodi8 nogepxHesoi 0OpoOKU 0Jist NIOBUUEHHS 3HOCOCMIUKOCMI Oemanel 8y31i6, Wo Npayrms 6
YMOBAX IHMEHCUBHO20 3HOWY8aHHA. Ha ocrosi ananisy aimepamypHux Oauwux ma 00c8idy CYYACHUX
HaMu NiONPUEMCME 00PAHO TOHHO-NAAZMOBULL Memo0 00poOKU 3Y0i6 KOBUIE eKCKasamopis, 0Jis nio-
suujents ix 0oszogiunocmi. Hanecenns noxpummis npooounoc mMemooom KoHOeHcayii 6 ymosax
ionHo20 bombapoysaunsa ycmarnosku byram 3T. 1lioibpano ckiad nokpumms ma OnmMuMAaibHi pexci-
Mu tioeo Hanecenns. Ompumana sucoka meepoicmo i 3HOCOCMIUKICMb, HU3LKUU Koe@iyicHm mepms,
Xopouia XiMiuHa cmiuKicmp, wo 3a0e3neuuno UCOKUL pecypc 00CioNCysanux oemaneil y 6y0b-saKux
YMOBAX eKchayamayii.

Knwouogi cnosa: 3nococmiiikicms, abpasue, 36aprogants, niazma, KOGUL, wap, KOpo3is, Cmaib.
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18

Introduction

Technology engineering - the field of technical science, which engaged study connections and
installation patterns in the process manufacturing machines. It is designed to develop theory
technological provision and promotion quality products engineering with the smallest cost price their
release , as well as ensure the ecological safety of production. When choosing a material and methods
of its strengthening, first of all, it is necessary to comprehensively consider the conditions of its
operation and rank the factors affecting the material according to the degree of their influence on the
reliability of the machine or mechanism. Necessary form technical material requirements on the basis
of tribological tests, as well as on the basis of bench and industrial tests [1].

The correct choice of material for the manufacture of the considered parts, as well as the
method of their strengthening, is an urgent and important task.

Relevance of development

Working conditions and causes of failure of teeth of excavator buckets

Tooth refers to constructive elements excavators and others earthmoving machines, namely to

their details workers organs and methods their manufacturing. Excavator bucket tooth consists from an
adapter whose shank has corresponding slots for attachment to buckets excavator (fig. 1, 2).
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Fig. 1. General view of the bucket

Fig. 2. Loss of shape of teeth of excavator buckets
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According to practical observations, after the production of 35,000 cubic meters of sand-
crushed soil , the teeth of the excavator bucket are in the stage complete wear and tear. Their sharpen-
ing angle increases by 2.5 times, and working length is decreasing more than 3 times.

A similar state of the working body is common lowers general productivity construction spe-
cial equipment, because all the energy engine excavator aimed not at work, but at overcoming new
ones obstacles

Types of protection and restoration of teeth

Alteration by electroplating.

They are widely used in enterprises galvanic processes. They are used for compensation wear
and tear workers surfaces, as well as when applied to parts anti-corrosion and protective and decora-
tive coverage.

Galvanic coating receive with electrolytes, as whose apply water solutions metals, which nec-
essary to cover details (fig. 3). Cathode with electroplating sedimentation metals with electrolytes is in
renewable part, anode - metal plate. Soluble anodes are made with metal which settles on the part, in-
soluble anodes - with lead.

1 - bath with dielectric ; 2 - soluble anode ; 3 - cathode ( product );
4 - electrolyte; 5 - current source
Fig. 3. Scheme of electroplating

But, unfortunately, these methods do not give stable industrial results. In addition, they are not
dangerous both for the environment and for those who work with them [2]. Therefore, recently, the
most promising method of applying protective coatings is plasma spraying, in which heating, melting,
spraying and the transfer of the sprayed material is carried out by a plasma jet obtained by heating the
gas flow in an electric arc discharge. Effective about will protect metal worn out the surface from
abrasive wear use became and with increased strength characteristics.

The experience of industrial enterprises recently proved the expediency of increasing the
durability of the considered parts due to the use of surface strengthening methods.

In mechanical engineering, such coating methods as detonation and plasma are used.

These methods have a number of advantages:

— limited thermal influence,

— reduction of deformation.

At the same time, the properties of coatings and their structure have not been sufficiently
studied

The task of choosing the optimal properties of the working layers is solved purely
experimentally. In this regard, conducting research to identify the possibility of using different
methods of applying coatings to increase the durability of the teeth of the excavator buckets is an
important and urgent task.
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In this work, we used the technique of ion-plasma coatings to increase the durability of the
teeth of excavator buckets.

Material and research methodology

Research materials.

In most cases, the teeth of excavator buckets are made of 09G2S steel, the chemical composition
of which is shown in table 1.

The stability of properties in a wide temperature range allows the use of parts from this brand
in the temperature range from -70 to +450 C. The properties of 09G2C steel are: with steel 09G2 S
after processing on a two-phase structure has increased limit of endurance; simultaneously the number
of cycles to destruction in the area increases by approximately 3-3.5 times low - cycle tiredness

(fig. 4).

Table 1 — Chemical composition of 09G2S alloy

Steel Availability chemical elements , %
ee

C Si Mn Cr No S Cu As P
09G2S 0.12 0.5-0.8 1.3-1.7 0.3 0.3 0.04 0.3 0.08 0.035

Disconnection others areas of martensite and high plasticity ferrite much make it easier initial
plastic deformation.

Fig. 4. Microstructure of steel 09G2S, x1000

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 (fig. 5).

Fig. 5. Hardness measurement
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Metallographic analysis.

The structures were studied and photographed on an Altama MET 1 microscope at a
magnification of (70 - 1000) times (fig. 6).

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.

Methods trial materials for friction and wear .

Fig. 6. Altama MET 1 microscope

For assessment efficiency application materials , methods their processing , constructive
changes in details and others measures were used laboratory and bench test that modeled the maxi-
mum approximation to real operating conditions .

The tests were carried out on a car friction SMC - 2, which allows comparison research sub-
jects materials on wear resistance , antifriction and their properties in the process making according to
the "roller- block " scheme (fig. 7) .

P
1 — stationary sample ( block ); 2 — movable sample
Fig. 7. Wear test

Tribotechnical characteristics are the main criteria for assessing the workability of materials
for volumetric hydraulic drive parts and the effectiveness of their surface treatment.

In touch with hereby for conducting this one work selected methods tests which allow simu-
late the main ones processes friction and wear real details.

Galvanic technique chrome plating
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Process electrolytic application of chromium is based on the method electrolysis metals Its es-
sence consists in passing electric current through the electrolyte. Electrolyte is solution in which are
included chromium salts, acid or alkali. When passing electric current with solution chrome anhydride
and sulfuric acid stand out chromium cations which settle on the processed surface.

Galvanic process chrome plating lead to the following average parameters:

— chromic anhydride - 250 g/l;

— sulfuric acid - 2.5 g/l;

— temperature - 50 ° C for decorating details and 55-60 °C to receive functional surfaces ;

— current density — 25 A / dm? for decoupling and 60 A/dm? - functional chrome-plated sur-

faces (fig. 8).

Fig. 8. Installation for galvanic chrome plating

High-quality electroplating depends from temperature electrolyte and current density. Tsi and
parameters affect the external appearance and characteristics of the applied layer.

Method of applying plasma coating.

The application of plasma coating was carried out on the Bulat-3T installation (fig. 9).
It consists of a chamber, a vacuum pumping system, evaporators, a rotary device, a water system and a
stand [3].

1 - | focus on the camera ; 2 - cathode; 3 - incendiary electrode ;
4 - chamber-anode; 5 - layer ; 6 - nitrogen a trap
7 - water a trap 8 - high vacuum unit; 9 - heater ;
10 - form vacuum pump; 11 - monometric lamp;
12 - water cooling system of the installation
Fig. 9. The general scheme of the Bulat-3T installation
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The camera is a cylindrical vessel with in and out with a diameter of 500 mm and 500 mm
long, in which flowing process spraying. On camera and lids are located six nozzle and in with flanges
to which are attached: window review; device rotary; evaporators and adapter to the system vacuum
pumping out.

Parameters process application, primarily the condensation temperature and speed application,
determine properties cover Condensation temperature, which depends mainly on properties material
pads, support constant for everything process causing cover.

Influence of ion plasma chrome plating on the durability of excavator bucket teeth

Development of optimal technological parameters of deposition of plasma coatings in the
heating temperature were selected as optimal application parameters the substrate on which the coating
is applied, and the deposition time [4-5].

As is known, the main parameter of the process of condensation of matter under conditions of
ion bombardment is the pressure of the reaction gas. This parameter is determined in each specific
case and depends on the composition of the cathode, the model of the installation on which the coating
is applied, and the operating conditions (fig. 10).

nitrogen pressure a — 3 -10 2Pa; b — 1.0 Pa
Fig.10. The microstructure of the obtained chromium nitride coating
at different nitrogen partial pressures

According to the technical data , the temperature in the chamber of the Bulat 3T installation
varied from 300 to 800 °C.

lon bombardment has a positive effect on the part at its temperature of 500-800 °C, which
exactly corresponds to steel 09T2C and gives the best adhesion of the coating to the part and,
accordingly, the highest wear resistance of parts with such a coating during operation (fig. 11).
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Fig. 12. Microdistribution of chromium on the surface after
ion bombardment, x1000

The time of applying the CrN coating is 10 um / h. Taking into account that the most adhesive
activity of coated substrates is possessed by chromium nitride coatings with a thickness of 2 to
5 microns, the coating time ranged from 12 to 30 minutes.

When chromium nitride coatings are applied to the working surfaces of teeth made of 09G2C
steel, the best adhesion occurs (fig 12).

At lower temperatures, there is a tendency to decrease the adhesion of the coating, which is
accompanied by peeling of the coating during operation, this phenomenon is especially noticeable
when the heating temperature of the surface to which the coating is applied exceeds the tempering
temperature of the steel due to the strengthening of the latter .

Coating time is also an important parameter to be optimized (fig. 13).

Fig. 13. The initial stage of exfoliation, x1000

A significant increase in wear resistance is achieved when the substrate is heated to a
temperature of 500 °C.

Laboratory studies of restored teeth

To prove the advantages of the developed method of processing the teeth of excavator buckets
over other methods, it is necessary to conduct comparative tests parts made by various methods used in
industry at this time.

Of all the changes in the properties of surfaces, the increase in resistance is most evident
during tests on friction machines.

The conducted tests showed that burrs appear in the coating obtained by the galvanic method
under a load of 800 N. At the same time, the coating obtained by ion-plasma sputtering works without
the appearance of burrs under a load of up to 1000 N. Thus, the degree of increase in anti-burr
properties multi-layer coating of the tooth, the vacuum-plasma method gives the greatest effect.

In galvanic coatings, significant surface destruction is observed,
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For galvanic coatings, although high values of the coefficient of friction (up to 0.6) are also
characteristic, but when the load increases, its sharp increase is not observed, and even at 800 N, its
value is 0.63-0.65 (fig. 14, curve 3). At the same time, coatings obtained by high-frequency current
treatment are characterized by a low coefficient of friction (0.2) at low loads - at the level of 200 N.
As the load increases to 600 N, the value of the coefficient of friction increases to 0.25. When the load
is higher than 600 N, there is a sharp increase in the friction coefficient - up to 0.45 (fig. 4, curve 2).
This shows that multilayer coatings cannot withstand high loads under dry friction conditions.
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Fig. 14. The influence of the type of application of a multilayer coating
on the sliding friction resistance

For ion-plasma coatings under loads from 200 to 1000 N, the coefficient of friction remains
almost constant - 0.20-0.23. Thus, the proposed method makes it possible to reduce the coefficient of
friction by 2.5-3.0 times compared to galvanic coatings (fig. 15).

fo e
ot 08‘ _,_—-“/3
§ !
] v
H 04 //
g /2/ -
02 —
200 400 600 800 1000

masasTamenss , H

1 — treatment with high frequency currents; 2 — galvanic method,;
3 —ion-plasma method
Fig. 15. The effect of the type of coating on the change in
the coefficient of the friction pair

The dependence of the intensity of wear on the specific pressure retains a linear character for
all types of processing (fig. 16).
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1 — treatment with high currents frequencies , 2 — galvanic method,
3 —ion-plasma method
Fig. 16. Influence of the coating method on linear
wear of casting samples

For coatings treated with high-frequency currents are characterized by a smooth increase wear
to a load of 400 N, then with increase load up to 600 N is observed strong magnification intensity wear
up to 0.78 « 10 “* um/km. The coatings obtained during treatment with high-frequency currents are in
the data conditions slightly increase durability multi-layered cover

Coatings obtained by the galvanic method have wear
(0.2-10 * pm/km when the load increases to 800 N).

lon-plasma coatings are characterized by minimal wear at all tested loads from 200 N to
800 N. Wear is at the level of 0.2-0.39-10 * um/km. Conducted studies have shown that the ion-
plasma method of applying a multilayer coating increases the wear resistance of the material by 1.6—
1.7 times compared to the galvanic method, by 2.1 times — with high-frequency current treatment.

As the tests showed, stabilization of the friction moment occurs faster in friction pairs with
ion-plasma coating, why after other types of processing (fig. 17).
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1 — treatment with high frequency currents;
2 - galvanic method; 3 — ion-plasma method
Fig. 17. Effect of different coating methods at the
moment of friction and wear of the friction pair

In ion-plasma coatings, it occurs at a load of 1400 N, in coatings obtained by chemical-
thermal treatment - 1600 N, in coatings obtained by the galvanic method - 1500 N. Analysis of the
curves of the dependence of the wear of the friction pair on the duration of running in shows that the
coatings have the least wear during running in , obtained by ion-plasma sputtering.

In ion-plasma coatings, it occurs at a load of 1400 N, in coatings obtained by chemical-
thermal treatment - 1600 N, in coatings obtained by the galvanic method - 1500 N. Analysis of the
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curves of the dependence of the wear of the friction pair on the duration of running in shows that the
coatings have the least wear during running in , obtained by ion-plasma sputtering.

Thus, comprehensive studies of fatigue , anti-friction properties and wear resistance of the
multilayer coating revealed the following advantages of the developed method of applying the coating
in comparison with the existing ones (high-frequency currents, galvanic method):

- increased carrying capacity;

- increased wear resistance;

- reduction of the friction coefficient;

Such significant advantages make it possible to recommend the developed method for
processing the teeth of excavator buckets in order to increase their wear resistance and performance
with the corrosive influence of the environment, and can be recommended for practical use.

Conclusions

1. The results of tests of the teeth of excavator buckets strengthened by ion-plasma chromium
by the method of substance condensation under ion bombardment (IBM) conditions show that their
wear resistance is increased by 1.75 times compared to the original ones that were not subjected to
special strengthening.

2. The conducted research made it possible to establish that the optimal technological
parameters for applying plasma coatings to the teeth of excavator buckets are a nitrogen partial
pressure of 1 Pa, a surface heating temperature of 500—550 C°. The surface roughness on which the
coating is applied is Ra = 016 pm, the thickness of the applied coating is 5 pum.

3. The improved technology of ion-plasma chrome plating ensures the operation of hardened
parts without chips and cracking of the coating, and meets the conditions of environmental and
security

4. The wear resistance of the studied details increased by 1.75 times.

5. The work was implemented at SE "Kharkiv Mechanical Plant" in the educational process in

the courses "Technology of coating”, "Increasing corrosion and wear resistance".
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