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Abstract

The analysis of tribological researches on the most perspective way of restoration of a primary resource
of engines by means of a gas-dynamic spraying is resulted in article. It was found that to reduce the coefficient
of friction and increase the wear resistance of the coating is theoretically justified the use of copper-zinc powders
brand C-01-11, applied by gas-dynamic spraying. It is established that the physical and mechanical properties of
the coatings (roughness, microhardness, friction coefficient) on the restored turbocharger meet the requirements
of the manufacturer. The coefficient of friction in the connection, the rotor shaft (reduced powder with copper
and zinc), with a plain bearing (made of tin-lead bronze Bros - 10 - 10) is 20 % less than in the connection where
the rotor shaft is made of steel 40. The total wear in the bearing assembly with the restored gas-dynamic sprayed
rotor shaft is 20 % lower than in the assembly where the rotor shaft is restored by the basic technology. The
technology of restoration of a surface of a shaft of a rotor of the turbocompressor, under the bearing of sliding
(gas-dynamic spraying) which increases its resource by 23 % in comparison with basic technology of repair of a
shaft of a rotor is developed. This allows you to increase its operating time with the established regulatory and
technical documentation for overhaul of the engine. A stand for testing diesel turbochargers with recovery
technology has been developed, which allows to determine the parameters and characteristics of diesel engine
turbochargers in different periods of operation, running-in and adjustment. Tests on the stand showed that
turbochargers with restored rotor shafts according to the proposed technology after 2000 operating hours
increase all performance by 13 % more than turbochargers repaired by the basic technology. Operational tests
have shown that turbochargers repaired using the proposed technology have an operating time of 989 moto-hours
more than turbochargers repaired with existing technology.

Key words: gas-dynamic spraying, wear resistance, friction steam, turbocharger, recovery technology,
wear intensity.

Introduction

At the present stage of economic development of Ukraine there are questions of design, production and
efficient operation of existing machinery and equipment. Improving the efficiency of the existing fleet of
machines can be achieved by increasing the efficiency of equipment, reducing the cost of its operation and
reducing downtime for technical reasons [1].

The fleet of tractor and agricultural machinery, as well as mobile diesel power plants used in the agro-
industrial complex, is now characterized by accelerating its moral and material wear. This increases the intensity
of machine failures and the duration of downtime associated with the restoration of their efficiency, increasing
the cost of unscheduled maintenance and repair (TE and P).

The main power unit of almost any machine used in agricultural trials is a diesel. The analysis showed
that the least reliable unit of the diesel engine is a turbocharger (TCR). It accounts for more than 15 % of engine
failures. In turn, more than 80 % of TCR failures are due to the bearing assembly of the rotor shaft [2, 3]. The
difficulty of repairing turbochargers of tractor and agricultural machinery is that the areas where the equipment
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is operated are remote from the repair and maintenance bases. To reduce machine downtime for technical
reasons, it is necessary to increase the turbocharger to the value set by the regulatory and technical
documentation for TE and P engine.

Analysis of ways to increase the efficiency of friction joints shows that the most promising for the repair
of the bearing assembly of the turbocharger is to restore the seating surface of the rotor shaft of the turbocharger
with materials that reduce the load on the unit.

Literature review

Repair of agricultural machinery by 70 - 80 % is carried out using spare parts, while downtime of
machines due to their lack or low quality leads to large losses of agricultural products. The cost of spare parts is
constantly growing and therefore the restoration of worn parts with the provision of their resource at the level of
new - one of the most effective ways to save money. According to GOSNITI 85% of details, at their defectation,
have wear no more than 0,3 mm, ie their working capacity is restored at drawing of coverings of insignificant
thickness. However, the life of refurbished parts, compared to new parts, in many cases remains low [4].

Scientists and specialists from such organizations as TSNIIME, SPKTB Soyuzlesremmash (GNTSLPK),
MGUL, VLTA and others carried out a large amount of work to organize and improve the technical level of
operation of forest machines and repair work in the industry. Among them V.V. Balikhin, V.V. Bykov,
1.V. Voskoboinikov, V.N. Vinokurov, V.A. Goberman, N.S. Eremeev, V.M. A. V. Kotikov Pitukhin, A.V. Serov
and others.

To increase the net power of internal combustion engines, the most effective currently is the installation
of a turbo compressor. The turbocharger increases engine power by 30 % without increasing its displacement.

The turbocharger is also the least reliable part of a diesel engine. More than 60 % of failures are due to
the turbocharger. Table 1 shows the share of failures using the example of the repeatability factor of the main
elements of a turbocharger. About 81 % of turbocharger failures are caused by it.

Table 1

The results of laboratory tests for wear resistance of friction pairs

Stationary specimen Moving specimen I 1, Iz
Tin-lead bronze BrOS-10-10 | Steel 40 7.14-101 | 423-10% | 1.37-1010
Tin-lead bronze BrOS-10-10 | Nickel-plated coating | 1.27-10™ | 1.57-10%! | 2.84 - 101!
Tin-lead bronze BrOS-10-10 | Copper-zinc coating | 0.74- 10" | 1.38-10 | 2.12- 101!

At the same time; there are examples when the resource of parts restored by progressive methods is
several times higher than the resource of new parts. When choosing a method of restoring parts, it is necessary to
ensure high quality coatings, low cost of the process, minimum material consumption, labor and energy costs. At
the same time it is necessary to concentrate the attention on such ways which increase reliability not only details,
but also all assembly unit as a whole [5].

The main trend in the development of modern tractors and combines; engines - increase of aggregate
capacities at practical preservation of their weight and dimensions due to application of turbocharging. High
technical and economic indicators of gas turbine supercharging, as a way to increase power by 15 ... 30 %, led
to its widespread use in tractor and combine engines. At present, all combine and multi-tractor engines (SMD-
60/61, SMD-62/63, SMD-64/65, SMD-66/67, SMD-31/32, SMD-17/18, etc.) are provided with gas turbine
supercharging. For supercharging of these engines turbocompressors of the standard sizes are used: TKR - 11
(with external diameter of a wheel of the compressor Dk = 110 mm), TKR-9 (with Dk = 90 mm), TKP - 8,5
(with Dk = 85 mm), TKP - 7 (with Dk = 70 mm).

Experience in operation of turbochargers type TKP - 11, installed on engines SMD-60/61, SMD-62/63,
SMD-64/65; SMD-66/67, SMD-31/32, SMD-17/18, YAME-238NB, YaMZ-240NB shows that this unit is the
least durable unit. Thus, according to GOSNIT, the number of turbocharger failures is 2 ... 13 % of the total
number of engine failures. The life of the repaired turbocharger is only 62 % of the life of the new one [6].

Currently, there are two main areas in the repair of worn parts of turbochargers. The most common
methods - installation of repair parts, the method of repair dimensions, plastic deformation. Rarely used on the
surface of the layer: metal, compensating for the amount of wear (galvanic, surfacing methods).

All existing methods, along with the advantages, have certain disadvantages. When repairing
turbochargers, it is necessary to restore parts made of different materials (steel, bronze, aluminum alloy) and
different configurations; (planes, cylindrical outer and inner surfaces). In this regard, to restore worn parts, you
need a large range of equipment used [7, 8].

To improve the quality of repair and increase the service life of overhauled turbochargers, it is necessary
to develop a recovery technology that ensures durability and trouble-free operation of the unit for the period
before overhaul of the diesel engine on which this turbocharger is installed [9].
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One of the promising ways to restore the primary life of the engines is gas-dynamic spraying, but the
practical application for the restoration of smooth cylindrical surfaces on the example of the rotor shaft of the
turbocharger, this method did not work. Therefore, the task is to theoretically substantiate the increase in the
total wear resistance of the node "rotor shaft - plain bearing" and develop a method of restoring the surface of the
rotor shaft, which will increase the turbocharger to overhaul the engine.

Purpose

The purpose of the research is to increase the reliability of turbochargers for diesel tractors and
agricultural machinery by increasing the service life of the rotor shaft.

Research methodology

To determine the coefficient of friction and assess the intensity of wear, a set of laboratory tests was
performed, including checking the properties of the surface (hardness, roughness) and testing for the intensity of
wear on the friction machine.

A stand for overhaul tests of overhauled turbochargers was developed for bench tests.

For research, turbochargers were removed from diesels operated on farms. Next, the turbochargers
underwent a recovery procedure using the proposed technology. The repaired turbochargers were tested on a
stand of our own design, according to our proposed new method. To pass operational tests, turbochargers were
installed on tractors operated on farms [10].

The wear resistance of the coating is the most important criterion for assessing the service life of a
combination exposed to friction. Its value is greatly influenced by the physical and mechanical properties of the
coatings, the state of roughness and microhardness of the surface layer of the joint, as well as the coefficient of
friction and the load force acting on the joint.

When measuring the roughness of the coating, it was found that after testing in the reduced shaft of the
rotor coated with powder C-01-11, the roughness parameter for Ra was 0.235 pum, which is significantly less
than in other test samples. Reducing the value of surface roughness significantly reduces the intensity of wear.
During the bench tests, the turbocharger was disassembled at intervals of 100 moto-hours. The value of the
roughness parameter did not change with increasing operating time.

Research results
During tribotechnological laboratory tests on the AlI-5018 friction machine, measurements of various

parameters at simulation of various types of work of the engine were made. In fig. 1 shows the dependence of
the change in the coefficient of friction in the test materials under the influence of simulating the dynamic load.
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Fig. 1. Dependence of change of coefficient of friction on force, acting on the connection

From the presented dependence it follows that the rotor shaft of the turbocharger coated with copper-zinc
powder brand C-01-11 has a lower coefficient of friction than a standard shaft made of steel or a shaft having a
nickel coating N-00-14. This is due to the fact that initially the basic coefficient of friction in copper is lower
than in nickel and especially steel.
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After a comparative assessment of the mutual wear intensity of the rotation pairs, the dependences of the
change in the wear intensity were revealed [11]. In fig. 2 shows the total wear intensity of the samples after
testing for wear resistance on the friction machine Al - 5018. In table 1 shows the wear intensity of the rotor
roller, simulating the shaft, and the pad, which simulates a plain bearing when tested on a friction machine.
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g. 2. The total wear intensity of the experimental samples:
1 — steel with bronze;
2 — nickel with bronze;
3 — copper with bronze

The diagram shows that the wear rate of the bearing assembly, restored by gas-dynamic spraying with
copper-zinc powder is seven times less than the standard friction pair of steel with bronze.

Wear intensity in friction pairs "copper-zinc - BrOS-10-10" is 4 times less than in pairs "steel - BrOS-10-10".

Comparative tests of turbochargers repaired by the proposed method of gas-dynamic spraying and
turbochargers repaired by existing technology, on the stand for acceptance tests, showed that turbochargers
repaired by the proposed method provide the main performance [12].

In fig. 3 presents the results of processing changes in the main operating parameters of the turbocharger,
which affect the performance of the engine.

From the graphs it turns out that the turbocharger, repaired by the proposed technology has after running
in 2000 moto-hours. the main operating parameter, the air pressure in the combustion chamber is 13.6% higher
than that of turbochargers repaired by previously existing technology, and vibration acceleration increases by
12.4%. Development of the turbocharger of these characteristics allows to operate equipment without carrying
out unplanned repairs [13].
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Fig. 3. The main operating parameters of the turbocharger:
a—air pressure in the combustion chamber;
b — vibration acceleration

After statistical data processing, the scatter of the main performance of the turbocharger was.

During operation, the equipment worked in normal modes, without which or complaints about the
instability of the turbochargers. Operating time was 900 ... 2000 moto-hours. At the enterprises where the tested
turbochargers were tested, they received positive recommendations for their work [14]. After testing, the
turbochargers were disassembled and measured the wear of the shaft surface under the plain bearing. Mutual
wear on the new turbochargers in the bearing assembly was 35% of the limit, and in the bearing assembly,
restored by gas-dynamic spraying, was 15 % of the limit.

Conclusions

The analysis of literature and information materials showed that during the operation of the internal
combustion engine the turbocharger is the most loaded. The most common failure is the wear of the bearing
assembly of the turbocharger, their share in the total number of failures is 81%. Restoration of the bearing unit
with increased wear resistance is the most urgent task. Existing methods of recovery are either expensive or do
not provide the required durability. One of the most promising ways to restore the primary life of engines is gas-
dynamic spraying. To reduce the coefficient of friction and increase the wear resistance of the coating, the use of
copper-zinc powders brand C-01-11, applied by gas-dynamic spraying, is theoretically justified.

As a result of the conducted researches the necessary recommendations on the technique of tests of
turbochargers were made. The development complements and develops the capabilities of the defect system and
calibrates in terms of improving the efficiency and ease of operation of bench equipment during repair and
maintenance of turbines.

Thus, the technical feasibility of using the technology of recovery by gas-dynamic spraying and the
choice of copper-zinc powder brand C-01-11 for coating the rotor shaft of the turbocharger.
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Mapuenko /I.JI., MaTtBeeBa K.C. [locmimkeHHS 3HOCOCTIMKOCTI MOKPHUTTS BajliB TypOOKOMIIpecopa
JIU3EIBHOTO IBUTYHA BiJTHOBICHHMH 32 JIOTIOMOT'OI0 T'a30MHAMIYHOTO HATIMJICHHS.

B crarti npuBeneHo aHaniz TPUOOJOTIYHMX MOCHKEHb 3 HaHOLIBII IEPCIEKTUBHOTO CHOCO0Y
BIZIHOBJICHHS IIEPBUHHOTO PECYpCY JBUTYHIB 32 JIONMOMOI'OI0 Tra30JMHAMIYHOTO HaIWIeHHs. BusBieHo, mo s
3HIDKCHHs Koe(imieHTa TepTs 1 WiABHIOICHHA 3HOCOCTIHKOCTI MOKPUTTS TEOPETHYHO OOTIPYHTOBAHO
3aCTOCYBaHHS MiJTHO-IIMHKOBHX ropomkiB Mapku C-01-11, HaHeceHHX METOIOM Tra30JHHAMIYHOTO HAITHJICHHS.
BcranoBneno, mo ¢i3nko-MeXaHiqHI BIACTUBOCTI MOKPHUTTIB (IIOPCTKICTh, MIKPOTBEPAICTh, KOSQIIIEHT TepTs)
Ha BiJHOBJICHOMY TypOOKOMIpEecOopi BiONOBiZarOTh BHMOTaM 3aBOoAy BHTOTiBHHKa. KoedimieHT TepTs B
3'€eqHAaHHI, Bal poTopa (BiAHOBICHHH MOPOIITKOM Milb 3 ITMHKOM), 3 MiAIIMITHUKOM KOB3aHHS (3 OJIOB'STHHCTO-
cBuHIIEBOT OpoH3u bpoc - 10 - 10) ma 20 % MeHme, HIX Yy 3'€AHaHHS, JI¢ BaJl pOTOpa BUTOTOBIEHHH 13 crami 40.
CyMapHUii 3HOC B HiIIIMITHUKOBOMY BY3J1 3 BITHOBJICHHM Ta30JUHAMIYHHM HaIMICHUM BajoM poTtopa Ha 20 %
HIDKYE, HDK Yy BY3J, Je BaJl pOTOpa BiJAHOBICHWH 3a 0a30BOI0 TexHoJOTi€r0. Po3pobieHa TexHOJOTIs
BIZIHOBJICHHSI TIOBEpXHI Bally poTopa TypOOKOMIpecopa, MiJ MiAIIMITHUK KOB3aHHA (Ta30JMHAMIYHHM
HaIWJICHHSIM), sika 301IbIIye fioro pecypc Ha 23 % B MOpiBHSHHI 3 0a30BOI0 TEXHOJIOTIEI0 PEMOHTY Bally poTOpa.
Ile mo3Bossie 30LMBLIIMTH HOTO HANpAILOBaHHS BCTAHOBJIEHOIO HOPMATHBHO-TEXHIYHOIO JJOKYMEHTAI€l0 Ha
KaliTalbHUH PEMOHT JBHryHa. Po3po0ieHo creHn aist BUNPOOYBaHHS TYpOOKOMIIPECOPIB JAW3EINB IpU
TEXHOJIOTil BiJHOBJCHHS, SKHH [O3BOJSE€ BH3HAYUTH IApaMeTPH 1 XapaKTePHUCTHKH TypOOKOMIIpecopiB
IU3CNPHUX JBHUTYHIB B Pi3HI IEpioAM eKcIuTyaTarii, OOKaTKM i perymtoBaHHSA. BumpoOyBaHHA Ha CTEHII
NOKa3aJd, M0 TYpOOKOMIIPECOPH 3 BiJHOBJICHHMMH BajlaMH POTOPIB 3a 3alpPONOHOBAHOIO TEXHOJOTIEIO IICI
2000 MoOTO-TOJ HANpaIfOBaHHS IMiABUINYIOTH Yyci poOodi xapakrepucTukn Ha 13 % Oinpire, HiX
TypOOKOMIIpecOpH, BiJPEMOHTOBaHI 3a 0a30Bor0 TexHoioricto. Excruryararniitni BUIpoOyBaHHS MMOKa3ald, IO
TypOOKOMITPECOPH, BiIPEMOHTOBAHI 32 3aIIPOIIOHOBAHOIO TEXHOJIOTIEI0 MAIOTh HalpalloBanHsI Ha 989 MoTo-rox
OinbLIe, HiXK TypOOKOMIIPECOPH, BiPEMOHTOBAHI 32 iCHYIOUOIO TEXHOJIOTIEO.

KoarouoBi ciioBa: razosmHamMiuHe HalMJICHHsI, 3HOCOCTIHKICTh, apa TepTs, TYPOOKOMIIPECOp, TEXHOJIOTis
BiJTHOBJICHHI, iIHTCHCUBHICTh 3HOIIIYBaHHSI.



