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Development of Avinit duplex technology to increase
the wear resistance of the gearbox separator
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Abstract. The Avinit duplex technology has been developed by means of plasma precision nitriding of Avinit N and the subsequent
application of a multifunctional antifriction coating Avinit C on the surfaces of rubbing bodies and perceives power loads.

The influence of the duplex process on the dimensions of the parts was investigated, the properties of the nitrided layer and the pa-
rameters of Avinit coatings were studied. Avinit duplex technology ensures the application of highly adherent, high-quality multifunc-
tional anti-friction wear-resistant Avinit C coatings on complex-profile parts. Using the developed Avinit duplex technology, a pilot
batch of separators for the freewheel of the main gearbox of the helicopter was manufactured. All parameters of the separator, manu-
Sfactured using the Avinit duplex technology, fully comply with the technical, metallurgical and metallographic requirements of design
documentation (thickness and microstructure of the nitrided layer, no brittleness, thickness and hardness of the coating, preservation
of geometric parameters with an accuracy of 0.5 microns). The Avinit coated freewheel separator has been successfully tested as part
of the main gearbox for a helicopter at a full-scale stand. As shown by the test results, the use of the developed Avinit duplex technology
ensures the complete absence of fretting wear of the working surfaces, which is common for serial separators.

Keywords: development of Avinit duplex technology, properties of the nitrided layer, characteristics of coatings, bench tests of sepa-

rators.

Introduction

Defects of free wheel units (FWU) have been ob-
served in MI-2 helicopters from the beginning of their
flight operation. These defects are explained mainly by se-
vere fretting wear of the friction surfaces.

The most vulnerable responsible element is the sep-
arator, i.e. free wheel units that transmit torque from the
engine to the main gearbox, and is designed for uniform
distribution of rolling elements (rollers) and the direction
of their movement.

In order to increase the efficiency of FWU elements
of the main gearbox BP-2, special coatings were developed
for separator. It is known that separator of gearboxes

DA A. Sagalovych
iht@kharkov.ua

X< V. Popov
fed@fed.com.ua

1 JSC “FED”, Kharkiv, Ukraine
2 SE “Ivchenko Progress”, Zaporizhya, Ukraine
3 0JSC “Motor Sich”, Zaporizhya, Ukraine

BP-8A, BP-14 are covered with polytetrafluorethylene by
electrophoretic method in order to reduce fretting wear [1].

Due to critical disadvantages of the electrophoresis
process, it was proposed to use antifriction coatings Avinit
[2, 3], developed by JSC “FED” and STC “Nanotechnol-
ogy”, Kharkiv city.

Studies [4-6] have confirmed the high antifriction
properties of Avinit C coating when applied to critical parts
in machinery industry. Coatings Avinit C310 and Avinit
C320 are successfully used in the spools of hydraulic units
manufactured by JSC FED, which, in particular, has in-
creased the life of the units in 2 ... 3 times [2, 3].

In order to determine the possibilities of applying
Avinit coating, SE “Ivchenko-Progress” and PISC “Motor
Sich” together with JSC FED and STC “Nanotechnology”
carried out researches [7, 8] and came to conclusion on
possibility for use of in aircraft gearboxes.

JSC FED and STC “Nanotechnology” have devel-
oped complex duplex technologies Avinit [9], including
plasma nitriding and ion-plasma application of wear-re-
sistant coatings in a single process.

Due to the absence of a brittle layer on the nitrided
surface after precision nitriding, retaining the original geo-
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metric dimensions that do not require further mechanical
rework, and compatibility of the processes of plasma pre-
cision nitriding Avinit N and vacuum-plasma application
of Avinite functional coatings, duplex technologies Avinit
allows application of highly adhered, high-quality
strengthening antifriction coating Avinit.

Developed complex duplex technologies Avinit
were used in manufacture of full-size high-precision parts
of gear wheels of 4th accuracy degree [9].

A pair of experimental gears 4501150003-02 and
4501150004-01, reinforced by duplex technology Avinit
and installed in the gearbox of the AI-450M engine instead
of serial wheels of the second stage of the gearbox, has suc-
cessfully passed field tests as a part of AI-450M engine
gearbox on the hydraulic brake stand at SE “Ivchenko-Pro-
gress” according to the program of equivalent-cyclic tests
within 26 hours.

Changes in the geometry of the teeth of the wheel and
wear of the coating Avinit C was not detected after test.

The purpose of this work is to test Avinit duplex
technology on complex parts in order to increase the wear
resistance of the separator by plasma precision nitriding
Avinit N and subsequent application of antifriction coating
Avinit C320 on friction surfaces and surfaces that receive
force loads (“windows” and bore diameters).To study the
increase in wear resistance of the gearbox separator, PJSC
“Motor Sich” has manufactures test batch of separators
BP42121226 for FWU of gearbox BP-442 [10] for further
use of duplex technology Avinit with coating Avinit
C320[11].

Separator material is steel 38X2MIOA-I11, hardness
of the base is 27.0...38.5 HRC, operating conditions: air-
lubricating medium at a temperature of + 90 °C.

Technical requirements to application of Avinit
C320 coating.

1. The thickness of the coating is no more than
2-3 microns. Circular application is acceptable.

2. Part temperature during application of coating
should not exceed 300 °C.

3. One separator (process) is designed to test the
technology and subsequent metallurgical research (fig. 1).

4. The second separator with applied coating is in-
tended for use in main gearbox for the purpose of field
tests. Separators were subject to chemical and thermal
treatment and covered with antifriction coating by duplex
technology Avinit.

One of separators was subject to metallurgical study
in order to determine quality of plasma nitriding and Avinit
coating (fig. 2).

Measurements of microhardness along the depth of
the nitrided layer show that the nitrided layer is evenly dis-
tributed over the entire surface of the separator, the effec-
tive depth of the nitrided layer corresponding to 447 HV
(at groove face b) and 451 HV (at @ 52) is equal to 0.2 mm
(table 1).

Based on the micro-measurements of nominal di-
mensions of the separator before and after coating with

Avinit C320, it was found that the layer thickness is stable,
uniform and is equal to 1-2 um, Hp = 3000. The quality of
adhesion of the coating with the part is satisfactory and
there are no signs of peeling.

Fig. 1. Appearance of process separator with
Avinit C32 coating

Fig. 2. Scheme of metallurgical measure-
ments of separator

Table 1.
Distance Microhardness
Area Measurement .
name from the sur- units along cross section
face, mm of sample
0.1 HV0.05 799
HRCI15 91.5
Groove 0.2 HV0.05 447
face b HRCI15 83.0
0.3 HVO0.05 361
HRC15 78.5
0.1 HVO0.05 746
HRCI15 91.0
0.2 HV0.05 451
D52 HRC15 83.0
0.3 HVO0.05 408
HRC15 81.0
0.4 HV0.05 391
HRC15 80.0
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Results of measurement of hardness, depth of ni-
trided layer as well as thickness of antifriction coating Avi-
nit are shown in table 2.

Table 2.
Hardness Dept | Thickness
Area hof | ofcoating
name | Coating |nitrided | Bases, hi- Avinit
Avinit  |surfaces HRC tride | €320, mm
C320, |HRNI5 d
HV0,05 layer,
mm
Groove 047 .1124/92,0...93 02 |0,001...0,002
face 35
@52 91 0,2 0,001
D >83 (27,0...38,5| 0,2 |0,001...0,002
norms

The microstructure of the nitrided layer (fig. 3, 4) is
satisfactory and represented by martensite + nitrides, the
bases are low-carbon martensite, which is typical for steel
38X2MIOA, heat-treated for given hardness.

All parameters of the separator made by duplex tech-
nology Avinit (plasma precision nitriding Avinit N + appli-
cation of superhard antifriction coating Avinit C320) fully
meet the technical, metallurgical and metallographic re-
quirements of CD (thickness and microstructure of the ni-
trided layer etc., parameters are saved) [1] (fig. 5, 6).

The appearance of separators with antifriction coat-
ing Avinit C320 is shown in fig. 7.

Fig. 3. Microstructure of nitrided layer with
coating Avinit C320 x1000

1 ) A o fe
20 pm IMG1 |——+—— 20 pm

..Rf

‘
——t——1 20 pm Al K |—|—| 20 pﬁ
b
Fig. 4. Microstructure of ni- Fig. 5. Appearance of Ti-Al-N coating (cross section) in mapping
trided layer x200 a — groove mode.

face b - @ 52
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032 | 24.44 | 10.56 | 64.68 | 100

048 | 7.01 | 11.61 | 80.89 | 100

059 | 490 [ 11.78 | 82.74 | 100

b

Fig. 6. Appearance of Ti-Al-N coating (transverse section) with the indicated analyzed areas — a, approximate chemical
composition of the analyzed areas — b. Coating thickness ~ 1,5 MkM

The appearance of separators with antifriction coat-
ing Avinit C320 is shown in fig. 7.

Fig. 7. Appearance of separators with antifriction
coating Avinit C320

Fig. 8. Separator (nitriding of Avinit N + Avinit C
C320 coating) after tests

FWU separator (free wheel unit) coated with Avinit
C320 was tested as part of the main gearbox on a full-scale
stand [11] (fig. 8).

Test results show that Avinit plasma nitriding in
combination with the subsequent application of Avinit C
superhard coating prevents fretting wear of work surfaces,
which is common for serial separators.

Separator with an Avinit C320 covering is recom-
mended for serial production after carrying out technolog-
ical tests in BP-442 main gearbox.

The separator coated with Avinit C320 and used
in main reducer is subject to long-term tests on the full-
scale stand and operational tests of the separator simul-
taneously with the modified main shaft as a part of the
helicopter.

Conclusions

1. Developed duplex technology Avinit for plasma
precision nitriding Avinit N and subsequent application of
multifunctional antifriction coating Avinit C on friction
surfaces and surfaces that receive force loads (“windows”
and bore diameters) on complex parts (separator).

Avinit duplex technology ensures the application of
highly adhered, high-quality strengthening antifriction
coatings Avinit C on complex open details.

2. Test batch of separators BP42121226 for free
wheel unit (FWU) of main gearbox BP-442 was manufac-
tured using the developed duplex technology Avinit
(plasma nitriding Avinit N + vacuum-plasma coating
Avinit C320).

All parameters of the separator, made by duplex
technology Avinit, fully meet the technical, metallurgical
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and metallographic requirements of CD (thickness and mi- Test results show that the use of the developed du-
crostructure of the nitrided layer, absence of fragility, etc.,  plex technology Avinit ensures the complete absence of
thickness and hardness of the coating, preservation of geo-  fretting wear of work surfaces that is common for serial
metric parameters with an accuracy of 0.5 um). separators.

3. Free wheel unit separator coated with Avinit C320
has been tested as part of helicopter main gearbox on a full-
scale stand.
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Po3poOka n1ynjaexkcHol TeXHO0JI0rii Avinit 1151 miABUIEHHsI 3HOCOCTINKOCTI cemna-
paropa peaykropa

O. B. Caranosny, B. B. [lonos, B. B. Caraiosuy, C. ®. [lyauik, A. b. €ExunoBuy, O. A Ctynakos

Anomauia. Pospobnena oyniexcua mexuonoeia Avinit wnsxom niasmoeoeo npeyusitinoeo azomysarnns Avinit N i nodanvuiozo Hane-
cenHsi nonigpynkyionanvHoco anmugpuryitinoco nokpumms Avinit C nHa nogepxui, o mpymscs i CHpulimMaloms Cuiosi HasaHma-
JICEHHS.

Hocnioosceno enaue OynieKcHo2o npoyecy Ha po3mipu demanel, 6USYEHI 6IACMUBOCT A30MO6AHO20 Wapy i Napamempu NOKpUmmie
Avinit.

Hynnexcna mexnonoeis Avinit 3abe3neuye HanecenHss MiYyHO3YENIEHUX, UCOKOAKICHUX NOMIQDYHKYIOHATILHUX AHMUDPUKYILHUX 3HOCO-
cmitkux nokpummis Avinit C Ha cCKIaOHORPO@INbHUX demaisix.

13 3acmocysannam po3pobnenoi OyniekcHoi mexHonozii Avinit uzomoeiena 0oCiiona napmis cenapamopia s My@mu 6i1bHO20 X000y
2071081020 pedyKmopa 26UHMOKPUIA.

Bci napamempu cenapamopa, 6ueomoeneno2o 3a OynieKCHor mexHoni02ieio Avinit, nosHicmio 8i0N08I0a My MexXHIUHUM, Memanypeili-
Hum i memanozpagiunum eumocam K/l (moswuma i MiKpocmpykmypa a3omoeaHo2o wapy, 6i0CYmMHiCmb KPUXKocmi, moeujuta i
meepoicmb NOKpUMMmsL, 30epedceHHs 2eoOMempUYHUX napamempis 3 mounicmio 00 0,5 mxm).

Cenapamop mygmu inbH020 X00y 3 noKpummsam Avinit YCniwHo npotuos sUNPoOYSants 6 CKIaoi 201086H020 PeOYKMOpa 26UHMO-
KpULy Ha HamypHOMy cmeHO.

Ax nokasanu pesynomamu eunpobysanb, 3acmocy8ants po3poonenoi oyniekcrnoi mexnonozii Avinit 3abesneuye nogny eiocymuicme
¢pemune-3n0cy poboyUX NOBEPXOHD, 38UUATIHO20 OISl CEPIlIHUX Cenapamopis.

Knrwuoei cnosa: pospodxa oynnexcnoi mexnonozii Avinit, 1acmueocmi a3omosano2o wapy, Xapakmepucmuky NOKpUmmia, CmeHoo8i
BUNPOOYBANHS CENnapamopie.



Mech. Adv. Technol. no. 3(90), 2020 87

Pa3paboTka 1ynjieKcHO# TeXHOJ0ruM Avinit J1Jisl HOBbIILIEHUSI H3HOCOCTOMKOCTH
cenaparopa peayKkropa

A. B. Caranosuy, B. B. Ilonos, B. B. Caranosunu, C. ®. J/lynauk, A. b. Exunosunu. A. A. Ctynakos

Annomayusn. Paspabomana Oyniekcras mexwonoz2us Avinit nymem niasmeHHO20 NpeyusuoHHo2o asomuposarus Avinit N u nociedy-
Houjec0 HaHeceHus NOAUPYHKYUOHATLHO20 AHMUPPUKYUOHHO20 nokpbimus Avinit C Ha noeepxHOCMU MPYWUXCA U B0CHPUHUMAIOTM
CUNIOBbLE HAZPY3KU.

Hccredosano enusinue OyniekcHo2o npoyecca Ha pasmepsl 0emaineti, U3yueHvl C80LCMEa a30mupo8aHHO20 Cl0sl U Napamempsl NOKpPbl-
muii Avinit.

Hynaexcnas mexnonoeusn Avinit obecnewusaem namecenue nPOYHOCYENTIEHHBIX, BLICOKOKAYECMBEHHBIX NONUQYHKYUOHATIbHIX AHMU-
ppuryuonnvix usnococmotixux nokpvimuil Avinit C Ha Cl0HCHONPODUIbHBIX OeMANSX.

C npumenenuem paspabomannoil OYnIeKCHOU mexnonro2uu Avinit u3eomosnena onvimuds Napmusi cenapamopos 015t Mygmol c60600-
HO020 X004 2NA8HO20 PeOyKmopa epmonema.

Bce napamempur cenapamopa, uzeomoseneHHo20 no OYnIeKCHOU MexHOA02uu AVinit, NOIHOCMbIO COOMEEMCMBYIOM MEXHUYECKUM, Me-
manypeudeckum u memannocpaguueckum mpebosanuim KA (monyuna u Muxpocmpykmypa asomupoeaHHo20 cios, Omcymcmaue
XPYRKOCHU, MONUWUHA U MEEPOOCHTb HOKPLIMUS, COXPAHEHUE 2e0MEMPUHECKUX NAPAMempPOs ¢ MOYHOCmbio 00 0,5 mkm).

Cenapamop my@mul c60600H020 X00a ¢ hokpuvimuem Avinit ychewno npouien UCHbIMaHus 8 COCmage 21agHO20 peOyKmopa 6epmonenty
HA HAMYPHOM CEHOe.

Kax nokasanu pesynbmamul ucnvlmanuil, npumenerue paspabomannoi OynaiekcHou mexuonoauu Avinit obecneuusaem noanoe om-
cymcmeue hpemmune-usHoca pabouux nogepxHocmeil, 00bIYHO20 sl CEPUTIHBIX CENapAmopos.

Knroueevie cnosa: paspabomra Oyniexcroil mexnonoeuu Avinit, ceoticmea az3omupo8anHo20 Cl0s, XApaKmMepucmuky noKpulmui,
CMEHO0Bble UCNBIMAHUS CEnapamopos.





