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PLASMOTRON FOR COATING
INTERNAL SURFACES OF COMPONENT PARTS
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Plasma spraying is one of technologically appropriate, productive and effective methods of applying protective
coatings to component parts produced by aerospace, metallurgical and other industries, objects exposed to high tem-
peratures, dynamic loads, aggressive media, etc. Plasma spraying makes it possible to apply quite a variety of materi-
als, such as metals, oxides, carbides, nitrides, etc. to different surfaces. Certain problems may arise, though, in apply-
ing protective coatings to the inner surfaces of cylinders and complex parts of small size (about 100 mm). These com-
plexities depend on the dimensions of the plasma generator proper. There are no home-produced small-size plasma
torches, they are all imported from other countries. That causes certain problems with delivery, to say nothing of very
high commercial price. One of the ways to improve the situation is to develop small-size plasmatrons capable of apply-
ing high-quality coatings to the internal surfaces of limited-size parts; that may significantly reduce expenses through
import substitution.

The effectiveness of the proposed device is in working out a method of applying high-quality coatings to the inner
surfaces of orifices as small as 60 mm in diameter (operating a plasmatron of smaller size), as well as in significant
cost reduction due to domestic production. Sample calculations show that the price of that plasmatron type will not
exceed 0.5 million rubles.
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Inazmennoe Hanviienus sA6AsAMCcsi OOHUM U3 MEXHOIOSUUHBIX, NPOU3BOOUMENbHBIX U IPheKmuHbIx cnocobos Ha-
HeCeHUsl 3auWUMHbIX ROKPLIMULL HA U30ENUs. AIPOKOCMULECKOU, MEMATLYP2ULECKOU U OpYeUX Ompaciell npoMbluLIeHHO-
cmu, noosepeaemplx 6030€UCMBUI0 BbICOKUX MEMNEPAmyp, OUHAMUYECKUX HAZPY30K, a2peccusHbix cped u m. 0. Ilas-
MEHHBIM HANBLIEHUEM NPAKMUYECKU MOJICHO HAHOCUMb I00ble MAMEPUATbl, MaKue KaK Memaibl, OKCUOblL, Kapouobl,
HUMpUObL U m. 1. Ha paziudnvle nogepxHocmu. Ho cywecmeyrom npobiemvi no HAHECEHUIO 3aUWUMHBIX NOKPLIMULL HA
BHYmMpEnHIUe NOGEPXHOCTNU YUTUHOPUYECKUX Oemanell u demanei CLoANCHOU Gopmbl ¢ Heborbuwumu pazmepamu (0o 100
MM). Dmu CLOANCHOCIU C8513aHbl C 2aDAPUMAMU CAMUX NAA3MOMPOHOo8. Manocabapummuvle niazmomponst 6 Poccuu ne
NPOU3BOOSIMCSL, A UMROPMUPYIOMCSL U3 3APYOEI’CHBIX CIMPAH, Yo NpuyuHsiem psio Hey0oOCme, CEs3aHHbIX ¢ NOCMAGKA-
MU U O4UeHb 8bICOKOU KoMMepuecKkou yeHou. OOnum u3 nymetl pewenus 9mou npooiemvl A6Isemcsi paspabomrxa Manio-
2a0apUMHBIX NIA3MOMPOHO8, KOMOPbLE NO360AM HAHOCUMNb KAYECMBEHHblE NOKPbIMUS HA HYMPEHHUE NOBEPXHOCU
Odemanell ¢ 02PAHUYEHHBIMU PAZMEPAMU U CYUJECHIBEHHO CHUUMb UX YEHY 3d CUem UMNOPMO3AMEUeHUSL.

P pexmusnocmv om UCNONBL306ANHUS NPEONALAEMO20 YCMPOUCMEA Clledyen pACCMAmMpU8amsy Kax pesyivmam, no-
36ONAIOWUL HAHOCUMb KAYEeCHEEHHbIE NOKPBIMUS HA GHYMPEHHUE NOBEPXHOCHU OMBEPCMULL C MUHUMATbHLIM OUaMem-
pom 60 mm 3a cuem yMmeHbUleHUs 2aDapUmMos NAazMOMPOHA, A MAKIHCE CYWECMBEHHO20 CHUICEHUS e20 CIOUMOCIU 3d
cuem cobcmeenno2o npouzsoocmea. Ilpedsapumenvhvle pacuénmvl NOKA3LIGAIOM, YMO YeHAd NAAZMOMPOHA He NPedbl-
waem 0,5 man pyo.

Knrouesvie crosa: naasmompoH, nid3meHHoe HanvlileHue, Hanvllenhue Ha 6HYympeHHue no6epxXHoCcmu.
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Introduction In many industries, such as aerospace,
metallurgy, oil production, etc., there are increasing re-
quirements for reliability, durability and safety of prod-
ucts operated in extreme conditions (exposure to high
temperatures, dynamic loads, aggressive media, etc.).
These requirements create a demand for special protective
coatings. One of the most effective methods of applying
such coatings is plasma spraying, and the application of
the method is growing from year to year [1-17]. The
problems arising in application of protective coatings to
the inner surfaces of cylinders and complex parts of small
size (about 100 mm), refer to the dimensions of the
plasma torches in use — there is not enough space for them
in the sprayed area. Small-size plasma torches are not
produced in Russia, they are all imported; that involves
problems of shipment and delivery, of paying high com-
mercial prices. One of the ways to avoid these problems is
to develop home-produced small-size plasmatrons capa-
ble of applying high-quality coatings to the inner surfaces
of limited-size parts — import substitution means consid-
erably reduced prices.

The model currently used most widely is F1 plasma
torch, intended for applying various high-quality coatings
by the method of plasma-powder spraying to inner sur-
faces of orifices as small as 70 mm in diameter [18]. The
manufacturer is “Innatech” company (Dinse -
www.dinse.eu, AMT — www.amt-ag.net). The drawbacks
of the plasmotron are the limited period of plasma torch
operation (not more than 50 hours) and the unit’s high
cost — more than 1.5 million rubles. This article presents a
comparison of capacities demonstrated by the F1 plasma
torch and the currently developed small-size plasmatron
PM-2, capable of applying coatings to inner surfaces of
orifices as small as 60 mm in diameter.

Experimental parameters. The proposed plasma
torch make comprises coaxially and sequentially mounted
cathode assembly, insulating bushing, anode assembly,

5’ 1

working (plasma forming) gas and cooling water
supply systems, injector for supplying powder under the
nozzle edge. In the developed plasmatron design, the noz-
zle with the sealing gaskets is removed from the anode
assembly; its function is overtaken by water-cooled anode
assembly, into which a tungsten insert is pressed to in-
crease the endurance of the nozzle. The cathode and an-
ode assemblies have separate cooling systems. The cool-
ing channels are formed by covers soldered to the cathode
and anode assemblies — that eliminates the need for gas-
kets, which often wear out. These changes allow smaller
dimensions of the plasma torch. The insulating bushing
is installed between the cathode and anode assemblies,
and these are held together with three screws in insulating
cover.

Fig. 1 is the cross section view of the plasmotron con-
struction.

Fig. 2 is a 3D graphic presentation of the cathode /
and anode 3 assemblies with cooling channels 6 and 7.

The proposed plasmotron design comprises cathode
assembly / with cathode 2 and anode assembly also per-
forming the nozzle function 3, into which a tungsten in-
sert 4 is pressed to increase the endurance; covers 5 are
soldered to the cathode and anode assemblies to form
cooling channels 6 and 7; electrical insulator § separating
the cathode assembly from the anode assembly; tungsten
cathode &; three screws 9 in insulating covers /0 to hold
the cathode and anode assemblies together; plugs /7 for
fixing the cathode; feeder /2 of the working (plasma-
forming) gas to channel /3 in the cathode assembly body,
to the gas distribution ring /4 installed at the entrance to
discharge chamber /5 comprising cathode assembly 7,
ceramic ring /6 and anode assembly 3 (that provides uni-
form distribution of the gas inside); tubes /7 to feed cool-
ing water to channels 6 and 7; injector /8 for feeding the
spraying powder, and orifices /9 in insert 4 for the plasma
jet.
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Fig. 1. Plasmotron PM-2

Puc. 1. Ilnazmorpon IIM-2
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Fig. 2. Cathode and anode assemblies

Puc. 2. Katonnslii 1 aHOAHBIN y3en

Comparative characteristics of the plasmotrons

Parameter Plasmotron F1 (GTV) Plasmotron PM-2
Maximum power, kW 25 20
Arc current, A Up to 500 Up to 400
Immersion length at spraying, mm 500 600
Min diameter of the orifice for spraying, 70 60
mm
Max plasmotron overall size, mm 50 35
Operation time at medium current, hr 50 < 50<
Type of cooling Water Water
Technological powder Metal, Metal,
composite, composite,
ceramic ceramic

The plasma torch works as follows: water is fed
through cooling tubes /6, plasma-forming gas is fed to
tube /2, and an electric arc is initiated between cathode 2
and tungsten insert 4 pressed into the anode assembly.
The working (plasma-forming) gas is fed through the inlet
channel /3 and gas distribution ring /4 into plasmotron
discharge chamber /5 (fig. 1), formed by cathode assem-
bly I, ceramic ring /6 and anode assembly 3; the gas gets
ionizes and escapes through orifice /8 of insert 6 at high
speed, producing a jet of plasma, into which the powder
material is fed through injector //, mounted in anode as-
sembly 3.

In the developed design of the plasma torch (PM-2),
the overall dimensions are minimized: 33 mm vertically,
35 mm in diameter. The plasma torch is capable of apply-
ing coatings inside smaller orifices (as small as 60 mm in
diameter). The make allows to adjust the immersion
length at spraying by installation of longer nozzles.

The operational parameters of two small-size plasmo-
trons are compared in table.

Tests were carried out to check the adherence of coat-
ings applied by the plasmatrons at their maximum power.
The strength of the coating adhesion to the substrate
was determined by pull-off method (adhesive binding,
VK-9 glue) according to GOST (State standard specifica-
tion) 209-75 with the use of Eurotest T-50 universal
test machine. The obtained data showed that the adhesion
strength of aluminum oxide coating applied to steel sam-
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ples by the experimental plasmotron PM-2 comes
between 8 and 10 MPa, which is close to the results
of plasmatron F1 (GTV) coating strength tests, showing
9-10.5 MPa. But the min diameter of the orifice for spray-
ing allowed by plasmatron F1 is 70 mm — the limit
determined by the overall plasmotron dimensions (see
table).

Conclusion. The efficiency of the proposed plasmo-
tron design is in the potential of applying high-quality
coatings to the inner surfaces of orifices as small
as 60 mm in diameter by reducing the overall dimensions
of the plasma torch; the cost of the device can also
be significantly reduced. Sample calculations show that
the price of the plasmotron will not exceed 0.5 million
rubles.
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