IMATEPI/IAAI:I KOH®EPEHIIHUN 1 CEMHHAPOB

PoanNamn xRIBaNesTHIY HANDYRaHE Ha
E-fyTRIUMG NOSE0

Poanofin exESanaHTHI HANPDYMEHS Ha e
J0EHILHA Nosep Siann

wa x 700
uni so0
wo § a
gssnﬁ y T
e 200 § o
£ 390 4 H
: | £ 3o
El | =Y
4 5
| e | =
|
|
.
!
c

v v ' v >
= 100 50 100 150
Bacram, nw
Poanofin e<E8anssTH HANDYKSHE B
NANEDEUHOMY NEPE SDAIKE HA BHYTRILHIR
noBapIH

%0 w00 50
Bacram, um
PO exsiBaneHTHIY HaNPYxess 8
NONEDEUHOMY NEPeI] 3DAINE H3 J08HILMA

noSEH

Pucynok 6 — Pe3ynomamu mooento8anHs niacmutu 3 oegexmom

Jdimepamypa

1.

2.

3.

Hasnauenue u kiaccu(puKanys TEIUIOOOMEHHBIX ammapartoB: Pexxum moctyna https://openedu.urfu.ru/files/book/
I'maBa%201.html

Komrieke obopynoBanus it peMoHTa U o0ciyxuBanus TpyOHbIX myukoB /M.I. Boropoxckwuii, 5. Bepkaiik, .
BaH AueBaiik, 1O. Bambe // Mar. cemunapa «KOHCTpyKTHBHBIE W TEXHOJOTHUECKHE PEIIEHHMS 110 IMOBBIIICHUIO

(G (QEKTUBHOCTH  TEIUIO-MAacCOOOMEHHON W  Jpyrux BHJOB ammaparypbl HedremepepadarbiBaONMX U
He(TEeXUMHYECKHUX MTPOU3BOACTBY, . MockBa. —M., 2009. —C. 121-25.
[oB3yuicte matepianmiB: Pexxum noctyny https://uk.wikipedia. org/wiki

4. BpemeHHast HHCTPYKIIMS 10 TEXHOJIOTHSIM PEMOHTA CBAPKOH JIe()eKTOB TPyO M CBAPHBIX COEANHEHUH ra301IpOBO/IOB.

— M.: T'aznpowm, 2005.

Pihl T. Tallinn University of Applied Sciences,
Tallinn, Estonia

THE RENOVATION TECHNOLOGY WITH
COMBINED METHODS

Electroplating is a metal coating process, wherein
a thin metallic coat is deposited on the specimen by
means of ionized electrolytic solution. The specimen
(cathode) and the metallizing source material
(anode) are submerged in the solution where a direct

electrical current cause the metallic ions to migrate
form the source material to the work piece. Plating
is carried out for many beneficial reasons: corrosion
resistance, improved appearance, wear resistance,
higher electrical conductivity, better electrical contact
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and other properties. Electroplating for different
aluminium alloys may be serious problem if the
purposed is to renovate worn or damaged surfaces.
In this case the solution is to use good bond coating
material for old- and new coating. In the current
research are also used gas-dynamic powder spraying
to achieve bond coat and after that it is possible to
electroplate with different coatings [1].

The materials for gas-dynamic coatings depend of
base material and mechanical properties for repair or
renovating.

Specimens of aluminium alloy (EN AW 2024,
EN 573) with dimensions 30x30%4 mm were blasted
with AL O, abrasive and coated with copper up to
thickness of 150 um. Given bond coat was sprayed
with gas-dynamic spraying equipment Dymet
413. The specimens with same dimensions were
subsequently polished to the surface roughness
(Ra) of 0,8 um for electrochemical (electroplated)
coatings. The electroplated bond coat was blasted to
have thickness of 7 um (table 1).

Table 1
Blasting parameters for cold spraying bond coat
Gas for transportation: pressure of
conrljpressed a?r 0.6-1,0 MPa
Temperature of heated gas 30-500 °C
Gas flow 0,3-0,4 m* h
Spraying distance 10-50 mm
Powder feeding 0,3-3,0 kg/h
Machine used ILB 120
Grit used A1203 100-150 pm
Air pressure 0,6 MPa
Distance 40-50 mm

Equipment for cold spraying was Dymet 413
shown in Fig 1.

In the current research were used two different
technologies for making the bond coat. Firstly base
coat with cold spraying equipment Dymet 413 was
made and after that bond coat was on based by
electroplating. For sprayed bond coat were used
special powder on base of copper (commercial type

C-01-01, Cu and AlO,). The bond strength of the
sprayed layer was from 40 MPa to 50 MPa.

The electroplating (brush plating) was done by
applying commercially available solutions from Sifco
Inc. The electroplating was carried out according to
the supplier’s recommendations and specifications
with the following parameters:

Mean current density I = 1,5 A/cm?

Mean temperature t = 30 °C

Single phase power pack SMPX 60-35

Electrolytes properties from supplier and research
data can be followed in Table 2.

Hard chrome coating electrolyte were made
on the base of chrome crystals from Caswelle Inc,
H,SO, and mixed with distilled water [3]. The coated
aluminium alloy specimen is shown in Fig. 2.

In figure 3 is shown the structure of sprayed
copper and electroplated chromium coatings.

In figure 4 is given structure, where are shown
two electroplated coatings. Bond coat is nickel and
top coat chromium. The deposited thickness of the
coating was 200 um.

In figure 5 is shown wear resistant hard chrome
coating without bond coat. On the graph of the
microstructure can also be followed the course of
cracks and structure after the start of corrosion.

Fig. 1 — Cold spraying equipment Dymet 413

Table 2

Electrolytes for wear resistant coatings on aluminium [2]
Operation Material Volts Polarity
Electro clean SCM 4100 Forward
Pre-wet and etch SCM 4300 Reverse

Pre-wet and pre-plate Nickel SPS 5600 1010 12
Electroplate SPS 5727 Forward
Electroplate SPS 5644

36

| ((I/IH)KBHBP-MBX&HPIK»




IMATEPI/IAAI:I KOH®EPEHIIHUN 1 CEMHHAPOB

Fig. 2 — Coated specimen with hard chro- Fig. 3 — The coating structure: 1 — electroplated hard chromium,
mium 2 — sprayed copper bond coat, 3— base material (aluminium)

The properties of coatings
depend on current density and
deposition time. Using too low
current density (0,2-0,5 A/cm?)
causes the process to proceed
slowly and bond strength between
coating and base material will not
be sufficient (Fig. 6).

The sprayed copper bond coat
consist the small particles of ALO,

(3]

3. (small black points) The results
- | of the current research show that

| 200um the depositing time has to be

' between 60-90 minutes. Using

Fig. 4 — The electroplated coatings structure: 1 — electroplated chromium, depositing time more 90 minutes
2 — electroplated nickel, 3 — base material aluminium causes appearance of cracks and

increases the porosity. Increasing
the thickness over 300 pm, causes
the need apply more than one layer
and before depositing new layer
heating the specimens up to 300 °C
and hold steadily for 30 minutes.
In figure 7 are shown the defects
caused by wrong application
parameters.

In the current research was
investigated and measured the
hardness of coatings as an important
factor of sliding wear properties.
The results of Vickers hardness
are given in Table 3. From the
measured data can be followed the
dependence of base coat hardness

Fig. 5 — The structure of damaged hard chrome coating without bond
coat; 1 —hard- chrome coating, 2 — base material (aluminium)
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Fig. 6 — The structure of deposited coating with low current density:
1 — hard-chrome coating, 2 — bond coat (nickel), 3 — base material (alu-
minium,)

o

Fig. 7— The damaged structure of hard-chrome coating: 1 — hard-chrome
coating, 2 — bond coat (nickel), 3 — base material (aluminium)

Table 3
The Vickers hardness of electrochemical coatings

Specimen Hardness

Base material AICuMgl 75 HV 3/15
Base coat sprayed copper 141 HV3/15
Top coat hard -chromium

Base coat nickel

Top coat hard-chromium 269 HV 3/15

1 1
Base coat (Aeronickel) 342 HV 3/15

Top coat hard -chromium

Commercially coated cilider 407 HV 3/15

!— Sifco product SPS 5644

For testing the bond strength
were used the bending of sprayed
coating. The different results are
shown in figures 8—11.

For renovation worn machine
parts and different scratches the
first crucial action is to prepare
the surfaces. The next step will be
filling the scratches or renovate
the dimensions with gasdynamic
spraying. The sprayed coatings
structure are given in figures 12 to
17 below.

Before the electroplating it is
needed to machine the surfaces.
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Fig. 8 — The the coating bond strength tested Fig 9— Al Zn coating (90 deg)
samples

Fig 14 The CuZn coating on aluminium alloy Fig 15. The CuZn coating on steel
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Fig 16 — The Ni coating on aluminium alloy

Fig. 18 — The renovated shaft before hard chromium or
Nickel coating

Conclusions

The whole plating process where work piece from
aluminium alloy was plated with hard chromium
coating is described in detail. The research results
were obtained in the laboratory.

Overall, it appeared that the galvanization is
based on electrolytic process which allows plating
decorative, wear-proof and corrosion resistant
coatings. It also appeared that during the coating
process it is recommended to use current in the
range of 0,5-1,0 A/cm?, in order to achieve the best
relationship between the porosity and adhesion.

Structural studies showed that the hard chromium
is by nature a very porous material and if too high
current is used while plating the work piece, the
number of pores increase rapidly. That as a result
causes cracks in coating.

The research also showed that the thickness of the
coating depends on the time of specimen handling.
The longer the process lasts, the thicker coating is
achieved. However, plating excessively thick coating
layer increases internal tensions in plated metal
which also cause cracking and chunking.

Fig. 20 — Renovated engine block
with combined coatings

From the results of micro-hardness tests, which
showed 257-336 HV 3/15, it can be concluded that
the durability of the coating is very high, so the hard-
chromium is suitable for cover the cylinders of engines
or repairing defects as shown in Fig. 19 and Fig. 20.

Further investigations could be carried out in
the field of electrolytes to get to know their precise
formulations, which allows determining the impact

40

| ((I/IH)KBHCP-MBX&HHK»




IMATEPI/IAAI:I KOH®EPEHIIHUN 1 CEMHHAPOB

of different chemicals on plating results. In addition,
the thickness of coating should be investigated due
to internal tensions in other words; it is advisable to
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YIIPABAIHHS PUSHKAMH HA IIIAIIPHEMCTBI
MAIIIHHOBYAIBHOI I'AAY3I

JlocBin MpOBITHUX MIXHAPOIHUX KOMITaHIN J10-
BOJIMTh, L0 CTa0UIBHICTD PO3BUTKY Oi3HECy 1 MiJBH-
HICHHS €(QEeKTHUBHOCTI YMNpaBIiHHSI HEMOXIHUBI 0e3
AKTHBHOTO BUKOPHCTAHHS PH3MK-MEHEKMEHTY SIK
CKJIA/IOBOT YACTHHH CHCTEMH YIIPaBIIiHHS KOMIIAHIE0
He3aJIe)KHO BiJI 1 MacmTadiB i crieruika BUPOOHU-
1TBa abo HagaHHS MOCTyr. OCOOIUBO BaXIIUBUM I1€
€ JUIA TATPUEMCTB MAITMHOOYIIBHOI Tamy3i, sKa 3a-
HWMae omHe 3 TIEPITUX MICIh 32 MacmTabaMu BUPOO-
HUIITBA, 00’ eMaM# TIPOYKIIii, IO BUPOOIAETHCS, 3a
CKJIQJIHICTIO BUPOOHUYMX Ta OpPTaHi3alliifHuX MpoIie-
ciB. UMHHMKaMH, SIKi TiJIBUIIYIOTh aKTyaJIbHICTh BH-
BUCHHSI IPOOJIeMHU OpraHizalii ynpaBIiHHSI PU3UKaMU
Ha MalMHOOYIIBHOMY MiJNPHEMCTBI € Oararorpas-
HicTh (popM TIPOSIBY PH3HKY, HEMOXJIMBICTH a0CoO-
JIFOTHOTO YHUKHEHHS HOTO IMOBIPHOCTI, BiZICyTHICTh
YHIBEpPCAJIbHUX 3aC00IB MiHIMI3aIlil pU3KKY Ta BTPaT.

Y po0oTi 3anponoHOBaHa METONKA YIPABIIHHS
pU3UKaMH I TIAMPUEMCTBA MAITUHOOYAIBHOI ra-
Ty3i, po3pobieHa Ha TiICTaBi y3araIbHeHHS PE3YITb-
TaTIB aHaTi3y IMOJIOKEHh HOPMATUBHUX JTOKYMCHTIB
[1-3] Ta nochimxens paxy ¢axiBIiB y Tamy3i yrnpas-
THHS pr3UKaMu [4-6].

Mertonuka peanizyeTbes y IeKiIbKa eTarliB:

1. ITouatok mpouecy ynpaBiliHHS PU3UKAMH.

2. 3arajibHe OI[IHFOBaHHS PU3HKY.

3. BupoOneHHs ynpaBistourx BIUIUBIB.

4. Peanizaiiist ynpaJsitOunX BIUIHBIB.

5. MOHITOpHHT Ta KpUTUYHE aHAIIi3yBaHHS.

JIeKOMIO3HUIIisl TIEPIIOro eTary BUINISIAE TaKUM
YHHOM:

- BUOIp 00’€KTa ynpaBiiHHS pU3MKaMH (HaIpu-
KJIa 1, Tiporiec abo rpyrma mpoIecis);

- (opmyBanHns Tpynu excreptiB (5—10 oci0, ki
MOBUHHI OyTH KOMIIETEHTHI i HAJIE)KHUM YUHOM I10-
iHpopMOBaHI B Tamy3i (QYHKIIOHYBaHHS 00 €KTa
yIpaBIiHHSA pU3UKaMH. Hampukian, KepiBHUKHA Ta
CTHIO)KHMBadi TPOIIECIB TOIIO);

- 30ip BUX1AHOI iHGOpMAITiT;

* BU3HA4YEHHS HeOOXiTHUX PECYPCiB;

* BCTAHOBJICHHS KPUTEPIiB PU3HKY;

- BU3HAYEHHS MEePIOANYHOCTI TOCIKSHHS.

Jpyruii eran ckiagaeTbcs 3 HACTYNHHUX IIiJeTa-
MiB: i1eHTH(IKYBaHHS PU3HKY, aHATI3yBaHHS PHU3HU-
KY, OLIHFOBaHHSI PH3HKY.

st ineHTH]iKyBaHHS PU3HUKY €KCIIEPTHOIO Tpy-
MI0I0 BUKOPUCTOBYETHCS METONl «MO3KOBOTO MITYp-
My» 3 HACTYITHOK MOOYIOBO jaiarpamMu IcikaBu,
fKa BUCTyNA€ B SKOCTI METOMy TpadivHoi Bisyaui-
3amii HeOe3mexK.

Cramii aHamizyBaHHS Ta OIIIHIOBAHHS PH3HUKY
MIOJISITAlOTh Y BU3HAYEHHI PIBHS PU3HKY IS KOXK-
HOI BUSIBIICHOI HEOE3MeKH, 110 BIUIMBA€E Ha MPOLEC.
KinpkicHe OIiHIOBaHHS pU3UKIB 3/IIHCHIOIOTH 32 Me-
TOZIOM aHaji3y BUIIB Ta HacmiakiB BimmMoB FMEA
(Failure Mode and Effects Analysis) 3 BuU3Ha4YeH-
HSIM «TpiopuTeTHOro uncna pusuky» — RPN (Risk
Priority Number:

RPN=S-F-D,
ne 1 <5< 10 — 3HaunMicTh (OIiHKa HAWOUIBII cep-
HO3HOTO HACIHIJKY OTEHIIIHOI 3arpo3u (PU3HKY) IS
00’exty; 1 < F' < 10 — Bimobpaskae HMOBIpHICTH BH-
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