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Hocaiodsceno axicmo mamepiany, ompumanozo memo-
dom npamozo eupowyeanns (Direct Energy Deposition)
i3 3acmocysannam mpvox Oxcepesn HAZPiGY: NAA3IMOBOL
Oyeu, enexmpuunoi 36apro6anvHoi 0yzu, 36apro6anbHOi
Oyeu 3 xon00HuM nepenecennam memany (Cold Metal
transfer). Y axocmi npucaonozo mamepiany euxopucmo-
eyeaecs opim 3i cnaasy AIMg5.

Hocaidxcenns npoeodunocs 3 memoro eusnauwumu,
npu saxomy 3 0Jcepes HAZPIBAHHS HANNAGAEHUI Mame-
pian 0yoe mamu euwji 3HAMEHHA QI3UKO-MEXAHIUHUX
xapaxmepucmux, a npoyec 6yoe mamu uwy npooyx-
muenicmo. Taxosc caio 6yno oyinumu axicmo, po3mip i
pieHoMipHiCMb PO3N00iNY HANAABTIEHUX C0I8, OCKIILKU
dani nOKA3HUKYU 6U3HAMAIOMb MOUHICML OMPUMYEAHO20
6upoby i 00360A10Mb IMEHWUMU NPUNYCK HA MeXAaAHiY-
HY 06po6KyY.

Buseneno enaue Oicepen naepiey na Qopmysan-
HA NOBEPXHI HANNAGNEHUX NAACMUNH: 3PA3KU, OMPU-
Mani Memooom naA3IM06020 HANNABNEHHS, MAIOMb
BUCMYNAHHA HANNABNEHUX WAPi6 GIuHIl NoGepxHi Ha
eucomy 00 2 mm, 3pa3Ku, Ompumani mMemooom ejex-
mpoodyzoeoi i CMT nannasenenns, — na eucomy 00
0,5 mm. Ompumani dani 003601AMb GUIHAUUMU MiHi-
ManvHUll 00NYCMUMUIL NPUNYCK HA Mexanivny oopooxy.

Ananiz ximiunoz0 ckaady noxasae, wo KoxicHe omyice-
peno nazpisy 00360s€ 3ade3newumu Ximiunuii cxaao
20mo06020 6upoly, 6i0noGionHuUN XximiunoMYy CKAAOY
nouamro6oz0 mamepiany. Po3noodin nesyrouux enemen-
mie pienomipnuil mixc nannasaenumu wapamu. Qonax
npouec CMT 3abe3nenus naibisvw mounuii po3nooia
Jle2ytouux enemMenmis.

Dizuro-mexaniuni 61aCMUBOCMi NAACMUH, OMPU-
MaHux Memooom npsamoz0 GUPOWYEAHHS, 3HAXOOAMLC
npubIU3HO HA 00HOMY pieHi 3 mamepianamu, aKi Oyau
ompumani mpaouyiinuMu Memooamu JUmms ma wmam-
nyeanms.

Haiieuwi 3nauenns mexanmivHux eaacmusocmeil
Maomo 3pasKu, OMPUMAHI MEMOOOM NIA3MOB020 HANJLAG-
nenna: 6,=28 mlla; oy ,=15; mlla; $=30,4 %, wo mosxcna
noscHumu Ginow OUCNEPCHOT CMPYKMYporo i 6UCOKUM
pieHem cnaasy wapis.

Ompumani oani 00360aamv GusHaAUUMU, AKe OHCe-
peno nazpisy 0ouinvHiue BUKOPUCIOBYEAMU 0Nl OMPU-
MaHHs HEOOXIOHUX KOHKPEMHOMY MEeXHOL02IMHOMY
npouyecy eaacmusocmeii. Bonu maxooc 0036ons10mv oyi-
HUMU 3ACMOCOBHICMb MeMOOY NPAMOZ0 BUPOUYBAHHSA 3
BUKOpUCMAHHAM 0Y208uUX 0Xcepest HazPiey Npu Cepilino-
MYy eupobHuymei demaneti

Knrouoei cnoea: adumueni mexmosozii, niasmose
HANNABTHHS, NPSAMe BUPOUWYBEAHHS, X0T00HE NepeHeceH -
Ha memany

0 =,

1. Introduction

Over the past decades, additive produce (AP) has grown
and spread throughout the world to a multi-billion dollar
industry encompassing a variety of technologies and types
of materials. AP methods form a group of new technologies
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that make it possible to create functional three-dimensional
objects from a series of materials including aluminum alloys
by layer-by-layer application of material to achieve final form
[1].

Main advantages of this technology include significant
reduction of time and cost of making new products by elim-




inating intermediate stages of preparation of rigging and
mold tools [2]. Current aluminum products manufactured by
AP methods mostly relate to selective sintering using laser
or electron beam heat sources and aluminum alloy powders
applied in layers by stereolithography techniques. However,
other AP methods using aluminum alloy wire are also gain-
ing popularity [1].

One such method is directed energy deposition (DED)
method. This is an AP process in which focused thermal
energy (from laser, electron beam, electric arc or plasma arc
heat sources) is used to melt wire or powder materials with
further solidification [3].

This method advantage consists in ability not only to
manufacture parts but also repair them. The DED method
provides restoration of parts after their operation, correc-
tion of casting and stamping defects as well as production of
parts using the combined method when a part of the prod-
uct is manufactured by conventional methods with further
growing.

Based on study [4], it can be said that the processes using
wire as a filler material have greater productivity, are more
economical (due to almost 100 % efficiency of wire use) com-
pared to the processes in which powders are used as a filler
material [4].

Among the heat sources, laser and electron beam are
common since they enable high manufacturing accuracy
though they are expensive. Equipment for plasma and elec-
tric arc surfacing is less expensive. Evaluation of quality and
accuracy of material formation using aluminum wires is not
yet fully understood. Comparison of quality of the material
obtained by plasma, electric arc and CMT surfacing as well
as assessment of interchangeability and applicability of these
surfacing processes in serial production of aircraft parts of
aluminum alloys is an urgent task.

2. Literature review and problem statement

Results of study of the technology of additive manufac-
ture of aluminum products using welding wire (wire+arc
additive manufacture (WAAM)) were presented in [5].
Large-sized functional components of ribs and cones of alu-
minum alloy were grown. As a result, it was found that the
WAAM process is suitable for the production of large-sized
aluminum parts [6].

It was shown that introduction of conventional welding
process for aluminum WA AM is currently limited because of
flaws arising during solidification of the deposited material,
such as pores and cracks [7]. These flaws, to some extent,
have a negative effect on mechanical properties. Porosity is
the major problem in aluminum alloys which are much more
susceptible to this flaw than other metals. This is explained
by the fact that the residual amount of hydrogen often
exceeds the threshold concentration sufficient for bubble
formation in the weld pool [8].

Thus, parts of aluminum alloys produced by the method
of growing are prone to porosity. However, when using a
combination of high-quality welding wire and correct weld-
ing modes, porosity may be limited [5, 9]. Specifically, the
cold metal transfer (CMT) process developed by Fronius
GmbH (Germany) is a modified version of gas arc welding.
This method makes it possible to obtain finer grains and
uniform distribution of oxygen due to the low level of heat
input [5].

Besides the WAAM and CMT processes, the process
of plasma surfacing is also promising for growing blanks
for parts using wires. The use of plasma and microplasma
surfacing has some advantages in formation of multilayer
blanks. It provides regulation of fusion depth and width in a
wide range. Thermal and force effects of the arc in the sur-
facing zone are also controllable [10].

However, the problems associated with application of
these technologies not only in pilot and single-part produc-
tion but also in mass production of parts from aluminum
alloys as well as potential of interchangeability of these pro-
cesses have remained unresolved.

All this suggests that it is necessary to conduct studies
of materials obtained by plasma and electric arc surfacing
and the CMT method. Comparative analysis of the material
obtained using each of the heat sources should be made per-
taining to such parameters as:

— formation of layers, since accuracy of the grown prod-
uct affects machining allowance and, consequently, cost of
the product;

— maximum possible surfacing rate which will ensure
performance determination;

— chemical composition and distribution of alloying ele-
ments in the deposited material;

— values of mechanical properties and characteristics of
the metal structure that determine these parameters.

3. The aim and objectives of the study

The study objective was to establish effect of plasma,
electric arc and CMT heat sources on formation of deposited
layers, chemical composition, physical and mechanical prop-
erties and structure of the material, determine applicability
and interchangeability of these processes in the mass pro-
duction of parts (on the example of AIMg5 alloy).

To achieve this objective, the following tasks were set:

— grow specimen blanks and conduct visual inspection
of surfaced plates, assess their formation quality and size of
overlay protrusion;

— conduct studies of chemical composition after surfac-
ing to assess distribution of alloying elements;

— perform mechanical tests, assess the effect of structure
on mechanical properties of the alloy and evaluate the mate-
rial quality based on the results obtained.

4. Materials and methods to study aluminum alloy
deposited by direct growing

4. 1. The methods used for studying the deposited
material

To perform the tasks set in this study, we used the
methods of studying chemical composition, structure and
properties of experimental alloys. We used methods for
qualitative and quantitative evaluation of structural com-
ponents at macro and micro levels and determination of
physical, mechanical and structural properties of the ma-
terial under study.

AlMg5 alloy grown using three heat sources was
chosen as the study object. The resulting alloy must meet
all requirements of relevant regulatory and technical
documentation on physical, mechanical and operational
properties [11].



Compliance of structural components was quantitatively
assessed according to requirements of ISO 18273 to alumi-
num alloys [12].

The following main property indicators of the aluminum
alloy were determined in the experiment: tensile strength
(oy), yield strength (o¢.2), elongation (3).

4. 2. Surfacing procedure. Test materials and equip-
ment used in the experiment

Surfacing of test specimens using AIMg5 filler wire was
carried out in three stages.

The specimen No. 1, 1.6 mm dia. wire, was manufactured
by SBI Company for Motor Sich Company using plasma sur-
facing on PMI 500 TL semiautomatic machine using CNC
of SWD 3000 machine (SBI, Austria). Surfacing mode was
as follows. Current: 120—100A, voltage: 25 V, surfacing rate:
18—45 mm/s, gas consumption: 12 1/min, wire extension:
17 mm, arc length: 2 mm.

The specimen No. 2, a plate made from 1.2 mm dia. wire
was made by the method of electric arc surfacing using
MagicWave 1700 semi-automatic machine equipped with
Fanuc robot. Surfacing mode was as follows. Current: 65—
70 A, voltage: 12.6 V, deposition rate: 18—30 mm/s, gas con-
sumption: 8 1/min, wire extension: 20 mm, arc length: 5 mm.

The specimen No. 3 was made by Fronius GmbH for
Motor Sich Company using the CMT surfacing method with
the help of Trans Plus Synergic 2700 CMT semi-automatic
machine equipped with Motoman robot. 1.2 mm dia. Wire.
Surfacing mode was as follows. Current: 80—40 A, voltage:
11-14V, deposition rate 20-30 mm/s, gas consumption
8 1/min, wire extension: 15 mm, arc length 3 mm.

Chemical and spectral analysis methods were used to
control chemical composition of the alloy, its structure and
physical and mechanical properties.

Macrostructure and microstructure of the surfaced spec-
imens of the aluminum based alloy were examined. Struc-
ture components of the alloys were determined by methods
of qualitative and quantitative metallography.

Mechanical grinding and polishing operations were used
to prepare microsections of the studied metals and alloys.

Structure of the specimens of aluminum alloys was re-
vealed by etching microsections with Marble reagent (4 g
of copper vitriol, 20 ml of concentrated hydrochloric acid,
20 ml of distilled water).

Chemical composition was determined by X-ray fluores-
cence analysis with the help of EDX 6000B spectrometer
(Skyray Instrument, USA).

Quantity, color, shape, size, location and other character-
istics of the structural components were determined by means
of Stemi 200-c, Observer.D1m (Zeiss, Germany) metallo-
graphic microscopes at magnifications from 100x to 1000x.

Studies were performed using REM-1061 and JEOL
JSM-6360LA (FEI, Holland) scanning electron micro-
scopes at magnifications from 1000x to 10,000x. Element
composition of local areas was determined using the X-ray
microanalyzer (energy dispersion and wave spectrometers).

5. Results of studying the grown plates

This study was conducted with three specimens ob-
tained using AlMg5 filler wire applying different heat
sources (Fig. 1).

Specimen No. 1 was obtained by the method of plasma
surfacing. Dimensions: 360x250x12 mm.

Specimen No. 2 was obtained by electric arc (MIG) sur-
facing. Dimensions: 350x300x12 mm.

Specimen No. 3 was obtained by CMT method. Dimen-
sions: 120x25x10 mm and 150x30x10 mm.

Visual inspection has shown that the side surface of the
plates had a predominantly even surface. The deposited
layers protruded to a height of no more than 1-2 mm in the
specimen No. 1 (Fig. 1, a), to a height of 0.3—0.5 mm in the
specimen No. 2 (Fig. 1, b) and to a height of 1-1.5 mm in the
specimen No. 3. Width of the surfaced plates of the specimen
No. 3 (10 mm) was made to demonstrate ability of the CMT
process to ensure narrow surfaces of small parts escaping
overheating (Fig. 1, ¢).
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Fig. 1. Specimens obtained by the DED method with various
heat sources: specimen No. 1 was obtained by the method
of plasma surfacing (a); specimen No. 2 was obtained by the
method of MIG surfacing (b); specimen No. 3 was obtained
by the method of MIG /CMT surfacing (c¢)

According to the data of quantitative spectral analy-
sis, chemical composition of the specimens obtained by all
three surfacing methods met requirements of AWSAS5.10
to AIMg5 (ER5356) alloy and was close to composition of
AMg5 alloy (GOST 4784-74) with the exception of manga-
nese and magnesium (Table 1).

Table 1
Comparative analysis of chemical composition of the material
obtained
Content, %
Product name - ontent, %
Si | Fe | Cu Mn Mg
No. 1. Plasma surfacing 0.05 | 0.08 | 0.03 0.1 4.75
No. 2. MIG surfacing 0.04 {0.09 | 0.01 0.09 5.10
No. 3. MIG-CMT surfacing | 0.02 | 0.1 [0.005| 0.17 4.97
AWS A5.10 norms for
AIMg5(ER5356) alloy >0.25(>0.4 | 0.10 {0.05-0.20{4.5-5.5
GOST 4784-74* norms for
AMr5 alloy >0.5 [ >0.5 0.3-0.8 |4.8-5.8

Note: * — for reference purposes, not applied to AIMg5(ER5356) alloy

X-ray microanalysis (X-ray SMA) has shown that in the
specimen material obtained by plasma surfacing, there was
concentration inhomogeneity in the content of Fe, Mg, Mn
found at locations of precipitation of hardening phases which
is characteristic of this alloy in the deformed state (Fig. 6).
Spectral analysis was carried out in randomly selected areas
of microsections (Table 2).

Distribution of chemical elements was uniform in each of
the three specimens, (Table 2).
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Fig. 2. Zones of distribution of elements in the area of
specimens: microsection of specimen No. 1 (a); microsection
of specimen No. 2 (b); microsection of specimen No. 3 (¢)

Table 2
Quantitative distribution of elements
Surfacing Analysis Element, wt. %

method zone Mg Al Si Mn Fe
Spectrum 2 | 519 | 93.0 | 0.05 | 0.22 | 1.53
Spectrum 3 | 4.72 | 95.03 0 0.16 | 0.09

Plasma Spectrum 4 | 2.55 | 97.25 0 0.11 | 0.09
Spectrum 5 | 9.81 | 90.08 0 0.10 0
Spectrum 6 | 2.94 | 96.89 0 0.13 | 0.04
Spectrum 1 | 4.85 | 95.16 0 0 0

MIG
Spectrum 2 | 4.98 | 95.02 0 0 0
Spectrum 1 | 4,95 | 95.05 0 0 0
MIG/CMT

Spectrum 2 | 4.95 | 95.05 0 0 0

Mechanical properties of deposited materials

Table 3

Specimen Cutting | Mechanical properties
Heat source | reference directi
name trection o, mPa |62, mPa| §, %
1.1 27.7 14.8 29.2
1.2 transverse | 28.5 14.9 | 30.0
! 1.3 28.3 15.4 30.4
Plasma 14 269 | 1627 | 124
surfacing
1.5 longitudinal | 27.6 17.32 | 17.6
1.6 25.3 13.9 11.6
Mean value - 27.4 15.4 25.2
2.1 27.0 13.2 | 34.0
2.2 transverse | 27.0 12.6 24.0
2.3 27.0 15.1 | 28.0
MI(.; 2.4 24.0 12.0 16.0
surfacing
2.5 longitudinal | 26.9 14.0 | 24.0
2.6 26.8 13.1 20
Mean value - 2645 13.3 | 24.3
3.1 26.7 12.3 15.2
3.2 transverse | 27.0 129 14.4
3.3 26.8 13,9 14.0
MIG/C.MT 3.4 26.6 119 13.0
surfacing o
35 longitudinal | 26.0 11.7 | 13.0
3.6 25.7 12 12.8
Mean value - 26.1 12.45 | 13/7
Norms*
- of GOST - >27.0 | =12.0 |>13.0
17232-99
Norms
- of EN - 25 12 8
I1SO 18273
30
Eot
.E
:é" ®50.2, mPa
E

Mechanical properties of the grown specimens were test-
ed on tensile specimens cut along and across the deposited
layers in initial state (after surfacing). Mechanical proper-
ties are presented in Table 3.

As can be seen from Table 2, 90 % of the specimens
obtained with the use of three heat sources complied with
standards EN ISO 18273 for aluminum alloys. Mechanical
properties of the surfaced specimens were approximately
10 % inferior to those specified in GOST 4784-74 for
wrought metal plates.

It is characteristic of the material obtained by the use of
each heat source that the specimens cut across the deposited
layers (1.1,1.2,1.3,2.1,2.2,2.3, 3.1, 3.2, 3.3) had mechanical
properties superior to those cut lengthwise (1.4, 1.5, 1.6, 2.4,
2.5,2.6,3.4,3.5,3.6).

As can be seen from Table 3 and Fig. 3, specimens No. 1
had the highest strength, relative elongation, and yield val-
ues. Values of strength and yield of specimens No. 3 were
10 % lower and values of relative elongation were 40 % lower
than those of specimens No. 1 and 2 (Table 3).

Plasma
surfacing

Electric arc  CMT surfacing Forge surfacing  ISO AIMg5
surfacing by GOST
17232-99

Fig. 3. Comparative analysis of mechanical properties of
materials

Specimens No. 3 had strength values superior to those of
specimens No. 2 but inferior to specimens No. 1. Yield and
relative elongation values were lower than those of speci-
mens Nos. 1, 3. The low value of mechanical properties for
specimen No. 1.6 can be explained by accumulation of micro
pores in the specimen fracture (Fig. 4).

Mechanical tests of plates Nos. 1, 2 were carried out with
cylindrical specimens and plate No. 3 was tested with rect-
angular specimens (Fig. 4).

Macrostructure was examined in plates grown with the
use of three different heat sources cut along and across the
deposited layers and along the specimen height.
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Fig. 4. Fractures in specimens after mechanical testing: fracture of
specimen No. 1 (a), fracture of specimen No. 2 (b), fracture of
specimen No. 3 (¢), fracture of specimen No. 1.6 with pores (d)

Structure of all three specimens was examined on mi-
crosections cut in longitudinal and transverse directions
relative to the fusion line.

Visual inspection have shown that macrostructure of
specimen No. 1 had a uniform matte etching background
without manifestation of macro-grains and lines of fusion
of deposited layers (Fig. 5, a). It should be noted that there
were small 60..90 pm dia. round pores in the specimen
structure throughout the cross section (Fig. 5, b).

a b c

Fig. 5. The specimen obtained by the metod of plasma
surfacing: without magnification (a); 6.5 magnification (b);
50 magnification (c)

Visual inspection has shown that 1.5...2.0 mm thick de-
posited layers with a clear interface are visible in specimen
No. 2 (Fig. 6, a). With the use of binocular microscope, it was
revealed that the structure had a matte background without
macro-grain manifestation. Small 12...14 um dia. pores were
observed in some parts of the specimen (Fig. 6, b).

a b c

Fig. 6. The specimen obtained by MIG surfacing: without
magnification (a); 6.5 magnification (6); 50 magnification

Macrostructure of the tensile specimen No. 3 obtained
by the MIG-CMT method was tested on the surface and in
a cross section along the deposited layer. Macrostructure and
microstructure were examined on microsections cut in longi-
tudinal and transverse directions relative to the fusion lines.

Visual inspection and examination using a binocular
microscope have shown that the specimen also had layers
of transverse orientation. There were fine 30—-50 pm po-
res (Fig. 7, ¢) which could worsen mechanical properties
(Table 3).

Microstructure of specimen No. 1 obtained by plasma
surfacing was not uniform across the section. Metal struc-
ture was characteristic of overheated state in the specimen

surface along the layer fusion line. Farther in the
specimen cross section, it consisted of more dis-
persed precipitates of hardening phases in a solid
solution typical of AIMg type alloys (Fig. 8, a).

Microstructure of the deposited material of
specimen No. 2, both in the zone of fusion line
and in the layers, was identical: it was an o solid
solution and hardening phases which is typical of
AlMg alloys (Fig. 8, b).

Microstructure of specimen No. 3, both in the
fusion line zone and in the layers was identical: it
was an o solid solution and hardening phases which
is typical of AlMg-type alloys. Microstructure of
the specimen material was identical to the surfaced
plate and typical of AlMg-type alloys (Fig. 8, d).

c

Fig. 7. The specimen obtained by MIG-CMT surfacing
method: without magnification (a); 6.5 magnification (b);
50 magnification (c)

Size of the hardening phases in the specimens deposited
with the help of plasma and arc heat sources was smaller
than that of the specimens grown by the CM T method which
has made it possible to provide higher values of mechanical
properties for specimens No. 1, 2. Number of hardening
phases in each of the specimens was approximately at the
same level (Fig. 8).

Fig. 8. Comparative analysis of structures: structure obtained
by plasma surfacing at 500 magnification (a); structure
obtained by MIG-surfacing at 500 magnification (b);
structure obtained by CMT /MIG- surfacing (c); structure of
wrought aluminum AMg5 (d)



An overheated zone was revealed along the line of fusion
of metal layers in the surface of specimen No. 1. The struc-
ture was characteristic of the superheated state. The super-
heated layer was at a depth of ~1.0 mm (Fig. 9, a).

In some places of the specimen No. 2 surface, material
discontinuity lines were visible. They reached length of up
to 116 um (Fig. 9, b).

Microanalysis of the discontinuous specimen No. 3 also
revealed 16...61 um dia. discontinuities (Fig. 9, ¢).
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Fig. 9. Flaws in the surface of a specimen obtained by the method of direct
deposition: plasma at 500 magnification (a); MIG at 200 magnification (b);

MIG /CMT at 500 magnification (c)

The same defects for other metallurgical processes were
characteristic of the growing methods. During the study,
such defects as gas pores, overheating, discontinuities in a
form of slag inclusions were found in the grown specimens.

6. Discussion of results of studying the influence of heat
sources on the grown material quality

Each of the three specimens was obtained at currents of
75-120 A to heat the metal and ensure fusion with the sub-
strate and 45-100 A directly during growth of a simulator
plate. The plasma heat source has enabled use of high surfac-
ing rates and had the highest productivity, up to 45 mm/s,
due to deep penetration and a concentrated arc. Specimens
obtained by electric arc and CMT surfacing have a maxi-
mum speed of up to 30 mm/s.

Lines of deposited layers were clearly seen by the naked
eye in specimens No. 1 and No. 3.

The specimens obtained by the method of plasma surfac-
ing had the greatest surface roughness of up to 2 mm which
adversely affects machining allowance.

The specimens obtained by electric arc surfacing had
surface similar to the cast metal surface. The deposited lay-
ers protruded to a height of no more than 0.5 mm which is
the best indicator of the surface quality compared to other
specimens. This method will make it possible to obtain parts
with a minimum machining allowance.

Specimens obtained by the CMT method had layers
height of 1-1.5 mm. This allowance is higher than that of
specimens No. 2, however, these dimensions were obtained
on narrow surfaces during surfacing of £50 mm long sections
and at more correct modes. The CM T method enabled obtain-
ing of a surface wall with a minimum allowance of up to 0.5.

Each heat source has made it possible to ensure chemical
composition of the finished product corresponding to the
chemical composition of the initial material.

X-ray microanalysis has shown that distribution of alloy-
ing elements in the specimen material was uniform between
the deposited layers. However, the CMT process provided
the most accurate distribution of alloying elements.

Specimens obtained by the method of plasma surfacing
had the highest values of mechanical properties despite the
presence of micropores in some parts of the specimens. The
lines of fusion of the deposited layers were not traced in the
cross section of the specimens obtained by the method of
plasma surfacing which indicates a deep fusion penetration
in the material.

There was an overheating line in the surface of specimen
No. 1 at a depth of 1 mm which can be explained by the fact
that each subsequent applied layer anneals
the previous one. It could also cause higher
mechanical properties for specimens No. 1
(mechanical tests were carried out on speci-
mens made from a material taken below the
overheating zone). If adjustment of modes
does not eliminate this process feature, then
the depth of the overheated layer should be
taken into consideration when introducing a
machining operation.

The specimens grown by electric arc sur-
facing had a minimum porosity of up to
14 pm as compared with other specimens
corresponding to the normative values of
mechanical properties and qualitative structure characteristic
of AIMg alloys with a clear manifestation of deposited layers.

Mechanical properties of the material grown by the
CMT method which are inferior to those of the rest of
specimens can be explained by presence of micropores up
to 30 um and also by the fact that the surfaced blanks had
significantly smaller width (about three times) than other
surfaced plates.

It should be noted that the CMT method makes it pos-
sible to grow products up to 10 mm wide without manifes-
tation of metal overheating and with a high-quality metal
structure. Obtaining of such narrow surfaces by electric arc
and plasma surfacing is problematic since the deposited met-
al may become overheated and flow off the surface.

7. Conclusions

1. A surface of highest quality which makes it possible to
set minimum machining allowance at the smallest height of
layer protrusion up to 0.5 mm was obtained by arc welding.
The maximum protrusion height of 2 mm was obtained by
plasma surfacing.

2. Chemical composition of specimens prepared by direct
growth with the use of various heat sources (plasma, electric
arc, CMT) met requirements of AWSAS5.10 to AIMg5 alloy
(ER5356) and was close to composition of AMg5 alloy
by GOST 4784-74. Each heat source has made it possible
to provide chemical composition of the finished product
corresponding to the chemical composition of the original
material. X-ray microanalysis has shown that distribution of
alloying elements in the specimen material was uniform in
the deposited layers. However, the CMT process provided
the most accurate distribution of alloying elements.

3. Mechanical properties of the specimens deposited by
plasma, electric arc and CMT surfacing met requirements
of GOST 17232-99 for deformed AMg5 alloy plates and
requirements of EN ISO 1827 standard. The grown material
had structure characteristic of the AMg5 alloy which is an o
solid solution and hardening phases. Maximum values of me-
chanical properties of the grown material were provided by



the plasma heat source: 6,=28 MPa; 6(9=15 MPa; 6=30.4 %  sources have made it possible to grow critical aviation parts
which can be explained by the presence of the most dispersed ~ with physical and mechanical properties corresponding to
structure compared to other specimens. The studied heat  quality of wrought and cast blanks.
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