ISSN 2409-9066. Sci. innov. 2017, 13(6): 34—38

https://doi.org/10.15407 /scine13.06.034

Student, M.M., Hvozdetskyi, V.N., Stupnytskyi, T.R., and Dzioba, Yu.V.

Karpenko Physico-Mechanical Institute, the NAS of Ukraine,
5, Naukova St., Lviv-60, 79060, Ukraine,
tel.: +380 32 263 3088, fax: +380 32 264 9427,
student-m-m@ipm.lviv.ua

DEVELOPMENT OF ELECTROMETALLIC EQUIPMENT
AND NEWEST CONSUMABLES FOR APPLYING PROTECTIVE
AND REDUCTIVE COATINGS TO PARTS OF MACHINERY
USED IN MINING, TRANSPORT,

AND FOOD PROCESSING INDUSTRIES

Design documentation has been developed and pilot industrial prototypes of stationary and manual arc spray gun have
been manufactured. The manufactured equipment is intended for spraying protective and reductive coatings by the electric
arc metallization method. The manufactured arc spray gun has been provided with power sources, commuting cables, and
with control panels designed and manufactured by the author team. The arc spray gun enables to apply antifriction, friction,
wear-resistant, corrosion-resistant and some other types of coatings from various electrode materials — solid and cored
wires. Gazotermik small state-owned corporation as partner of R&D project has tested the manufactured arc spray gun
equipment and determined the efficiency of developed and optimized cored wires.

Cylinder shafts for mining and food processing machinery have been coated using the developed equipment and new

electrode materials.

Keywords: stationary and manual arc spray guns, electric arc coatings, and electrode wires.

In recent years, application of coatings by
gas-thermal methods has become widespread for
restoring the geometrical dimensions of parts of
machines and structures used for various pur-
poses and enhancing resistance of their surfaces
to wear and corrosion. Electric arc spraying is
an economically advantageous and most effec-
tive method for applying protective and reduc-
tive coatings with given properties. It is in this
way the surface of parts can be coated with films
having a thickness from 0.1 to several ten mil-
limeters. In this case, the parts do not undergo
any thermal deformation, with physical and
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chemical properties of their material remaining
unchanged.

Firstly, solid wires were used as electrode ma-
terials for electric arc spraying to restore the
geometric dimensions of the parts and to ensure
their anti-corrosion protection, which greatly
narrowed the scope of method application. The
use of powder wires as electrode materials has
enabled to significantly widen the areas of appli-
cation of electric arc spraying as it can be used,
for example, to create wear-resistant disper-
sion-hardened coatings that can protect metal
structures from abrasive and gas abrasive wear
both at room temperature and while heating
(for example, heating elements of TPP boilers)
and operate under conditions of limited lubrica-
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Fig. 2. Stationary arc spray gun kit for application of
coatings

guns and Fe-Cr-B-C based powder wires to
protect the surfaces of parts from corrosive and
abrasive wear.

As part of the project, design documentation
has been developed for the production of experi-
mental and industrial samples of stationary and

Fig. 1. Manual arc spray gun (a) and a spraying kit (b)

tion, lubricate starvation (hydraulic cylinders
of mine equipment), and increased specific loads
(engine parts). However, electric arc spray guns
are not commercially manufactured in Ukraine,
and the known range of powder wires for elec-
tric arc coating does not enable obtaining wear-
resistant coatings for operation in corrosive en-
vironments.

The purpose of this research was to develop
prototypes of manual and stationary arc spray
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Table 1
General Specifications
of Manual Arc Spray Gun
Parameter Value
Arc operating current (ITH = 100%), A 50—250
Arc operating voltage, V 17—35
Wire diameter, mm 1.6—2.0
Nominal capacity of material spraying
(at operating current of 250 A), kg/hour:
steel 6
aluminum SvA5 GOST 7871-75; 8
zine TsI GOST 13073-77, 20.0
Material consumption rate for coating
flat products whose dimensions exclude
the material spraying outside the product,
at least:
steel (arc operating voltage 28 V); 0.65
aluminum (arc operating voltage 28 V); 0.7
zine (arc operating voltage 18 V) 0.6
Gas (air) consumption, m?/hour 60—90
Operating pressure of compressed air, MPa 0.5—0.6
Maximum power consumption, kW, at most <8
Dimensions, mm, at most <210 x 240 x 95
Device weight, kg, at most <25
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Fig. 3. Repaired surface of bricking cylinder shafts (mining

equipment) using the electric arc spraying method for ap-

plication of power wire coatings with further polishing: shaft
length is 600—1000 mm, shaft diameter is 40—100 mm

Fig. 4. Stainless steel rotor shaft of Lovara Shoe pump re-

paired in the tightened places. The pump is used for sun-

flower oil production in aggressive corrosive environment.

The coating is made of power wire I1/190X17PI'C; a — gen-

eral view of Lovara Shoe pump, b — rotor shaft of Lovara
Shoe pump

manual arc spray guns and their prototypes for
the application of protective and reductive coat-
ings by the electric arc spraying method have
been manufactured.

The manual arc spray gun (Fig. 1) is designed
for application of protective and reductive coat-
ings in stationary (shop) and field conditions. It
enables to restore worn surfaces and to apply an-
ticorrosive, heat-, wear-resistant and other coat-
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ings. The specifications of designed model are
given in Table 1. It is possible to use any metals
in the form of wire with a melting temperature
of up to 3000 °C. The device can be operated at
a temperature from —5 to + 40 °C and a relative
humidity of up to 80%.

The stationary arc spray gun (Fig. 2) is de-
signed for applying protective and reductive
coating in both shop and field conditions. The
device enables application of antifriction, fric-
tion, wear-, corrosion-resistant and other coats.
Its specifications are given in Table 2. Whole
zinc, aluminum and power wires with a melt-
ing temperature of up to 3000 °C can be used
as electrodes. The device can be operated at a

Table 2
General Specifications
of Stationary Arc Spray Gun
Parameter Value
Arc operating current (within the range
of control over wire feed rate and voltage
for given materials), A 50—300
Arc operating voltage, V 17—-35
Wire diameter, mm 1.6—2.0
Nominal capacity of material spraying
(at operating current of 300 A), kg/hour:
steel Cv-08 02.0 mm GOST 2246-70
(arc operating voltage 28 V); 10
aluminum SvAMts 02-2.5 mm GOST
7871-75 (arc operating voltage 24 V), 8.0
zinc Ts1 02.5 mm GOST 13073-77
(arc operating voltage 18 V) 25
Material consumption rate for coating
flat products whose dimensions exclude
the material spraying outside the product,
at least:
steel (arc operating voltage 28 V); 0.65
aluminum (arc operating voltage 28 V); 0.7
zine (arc operating voltage 18 V) 0.6
Gas (air) consumption, m3/hour 90—140
Operating pressure of compressed air, MPa 0.4—0.7
Arc maximum power consumption, kW,
at most <15
Dimensions, mm, at most <620 x 120 x 190
Device weight, kg, at most <15
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temperature from +5 to + 40 °C and a relative
humidity of up to 80%.

Based on the research carried out, Fe-Cr-B-C
powder wires were developed and their chemi-
cal composition was optimized (IT190X17PTC,
I1/120X16P3H2CIO). The blend composition
based on ferrochromber, ferrochromium, ferro-
silicon, ferromanganese and self-fluxing alloy
I[TH-10H-01 ensures a high hardness of electric
arc coatings (700—-800 HV), their low heteroge-
neity in terms of chromium content in the coat-
ing lamellas and, consequently, a high corrosion
resistance (compared to stainless steel).

Pilot batches of optimized powder wires
(ITA90X17PI'C and I1J120X16P3H2CIO) with
a diameter of 1.8—2.0 mm have been manufac-
tured and the modes for application of these
electrode materials using the developed arc
spray guns have been optimized.

The newly created stationary and mobile
equipment, as well as the proposed consumables
provide an opportunity to substantially extend
the service life of parts of transport and armored
machinery, equipment of thermal power stations,
parts of aggregates used in mining and food pro-
cessing equipment, gas pumping stations, compo-
nents of printing machines, etc.

The specifications (instructions, manuals, pro-
cess procedure for applying coatings) for apply-
ing the coatings with the use of manufactured
equipment have been developed.

The partner of R&D project, Gazotermik state-
owned company, has tested the prototypes and
proved the effectiveness of the coatings obtained
with the use of optimized powder wires on parts
of mine and food industry equipment (Fig. 3).

CONCLUSIONS

The design documents and specifications have
been developed and stationary and manual arc
spray gun prototypes for applying protective and
reductive coatings by the electric arc spraying
method have been manufactured. The devices
have been tested by Gazotermik state-owned
company as partner of R&D project, while apply-
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ing protective coatings on the parts of mine and
food industry equipment.

The chemical composition and diameter of
developed Fe—Cr-B-C based powder wires
(IT190X17PI'C and I1J20X16P3H2CIO) for
obtaining coatings having corrosion resistance
comparable to that of stainless steel in neutral
environments and under conditions of intensive
abrasive wear have been optimized.
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PO3POBJIEHHY YCTATKYBAHHY
JUIA EJTEKTPOJIYTOBOI METAJII3AILIT
TA HOBITHIX BUTPATHIX MATEPIAJIIB
U1 HAHECEHHY 3AXVCHUX
I BZTHOBHUX ITOKPUTTIB
HA JIETAJII TIPHUYO/IOBYBHOI,
TPAHCITOPTHOI TA XAPYOIIEPEPOBHOT
MPOMUCJIIOBOCTI

P03p006ieH0 KOHCTPYKTOPCHKY JAOKYMEHTAIIO Ta BUTO-
TOBJIEHO JIOCJIiTHO-TTPOMHCJIIOBI TPOTOTUIIN CTAI[iOHAPHOTO
Ta pyuHoro mMetamizatopis. [IpucTtpoi npusnadeno s Ha-
HEeCeHHH 3aXMCHUX 1 BI/ITHOBHUX MTOKPUTTIB METOJIOM €JIeK-
TpoAyroBoi MeTasi3zailii. [[poBesieHO KOMILIEKTAIII0 BUTO-
TOBJICHUX METAJi3aTOPIB JKEpeJaMy JKUBJICHHS, KOMYTY-
I0YMME KabeJsIMU, IyJIbTaMy KepyBaHHsI BIAACHOT PO3PO6-
Kku. MeTasizaTopu 03BOJSIOTh HAHOCUTH aHTU(M PUKITIHHI,
(pukiiitni, 3HOCOCTIIKI, KOPO3IMHOTPUBKI Ta iHII BUAN
IMOKPUTTIB 3 PI3HUX €JIEKTPOJHUX MaTepialiB - CYIIJIbHUX
Ta IMMOPOIIKOBUX JIPOTIB.

[lepxxaBurM MamuM TianpueMcTBOM <«lazorepMiky, sIK
MapTHEPOM HAYKOBO-TEXHIYHOTO IPOEKTY, IIPOBEAECHO J10-
CITIIHO-TIPOMUCJIOBY TIEPEBIiPKY BUTOTOBJIEHOTO YCTAaTKY-
BaHHS /IS €JIEKTPOLYTOBOI MeTastizallii Ta BusHaueHo edek-
TUBHICTH PO3POOJIEHUX Ta ONTUMIZ0BAHUX MOPOIIKOBUX
npotiB. Po3pobiieHnM 001 fHAHHSIM i3 BAKOPUCTAHHSIM HO-
BUX €JIEKTPO/IHUX MaTepiajiiB HaHeCeHO MMOKPUTTS HA IITOKN
HUJHHAPIB U1 06JIaHaHHS TipHUYOK00YBHOI Ta XapyoBol
TTPOMHUCIIOBOCTI.

Knwouoesi croea: crarfionapauil Ta pyqHUI MeTaizaTo-
PH, €JIEKTPOIYTOBI MOKPUTTS, €JI€KTPO/IHI IPOTH.
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PASPABOTKA OBOPYJOBAHUA
JUIA 9JIEKTPOIYTOBOM METAJIJIN3 AT
1 HOBEWIIINX PACXO/IHBIX MATEPUAJIOB
JUIA HAHECEHNMA SAOINTHBIX
1 BOCCTAHOBUTEJIbHBIX TOKPBITU I
HA JETAJIN OTBETCTBEHHOTI'O
OBOPYINOBAHUNA

PazpaboTano KOHCTPYKTOPCKYIO TOKYMEHTAINIO 1 H3T0-
TOBJIEHO OHBITHO-TIPOMbBINIJIEHHDIE TTPOTOTUIILI CTAallMOHAP-
HOTO U PYYHOTO METAJUIM3aTOPOB. YCTPOUCTBA IIPpeHAZHAYE-
HO JUUIsI HAHECEH VST 3alIUTHBIX U BOCCTAHOBHUTEIbHBIX TIOKPbI-

TUI METOZIOM 3JIeKTpoayroBoit Metasnsaiuu. [Iposeseno
KOMIICKTAIINIO H3TOTOBJICHHBIX META/IN3ATOPOB HCTOYHMU-
KaMu ITUTaHKs, KOMMY TUPYIOIMMU KaOeJsIMHU, Iy IbTaMu Y-
paBiieHusi COGCTBEHHON Pa3paboTKi. MeTain3aTopsl 103-
BOJIIIOT HAHOCUTD aHTH(PHUKIIOHHbIE, (PPUKIIMOHHBIE, H3HO-
COCTOIiKHE, KOPO3MOHHOCTOIHKIE 1 HEKOTOPBIE APyTHe BUIBI
HOKprTI/II‘;I U3 Pa3JUYHbIX 3JIEKTPOJAHBIX MaTe€pUaiOB —
CIJIONTHBIX M TIOPOIIKOBBIX IPOBOJIOK.

TocynapcrBennbIM MasbiM nipeinpugTeM <lazorepMuxs,
KaK IapTHEPOM HAYYHO-TEXHUYECKOTO IIPOEKTA, IPOBEEHO
OIBITHO-TIPOMBINITICHHYIO TPOBEPKY N3TOTOBJICHHOTO METa-
JIM3AIFOHHOTO 06OPYIOBAHMS 1 OIpeseseHo adhdeKTns-
HOCTDb paSpa6OTaHHBIX " OTITUMHU3VPOBAHHBIX ITOPOITKOBBIX
poBOJIOK. PazpaGoTaHHbiM 060PYI0BAHIEM C UCTIOJIb30BA-
HUEM HOBBIX 3JIEKTPO/JHBIX MaTE€PHUAJIOB HAaHECEHO ITOKPbITHUE
Ha JIETaJIN TOPHOAOOBIBAIOIIEN 1 [INIIEBOI TPOMBIILIEHHOCTH.

Kawuegvie crosa: cTalMOHAPHBIN U PYYHON MeTaJLIH-
3aTOPBI, 2JIEKTPO/LyTOBbIE IIOKPBITHS, 31€KTPOJIHbIE IIPOBO/IA.
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