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ELECTRIC PULSE TREATMENT OF WELDED JOINT OF ALUMINUM
ALLOY

Purpose. Explanation of the redistribution effect of residual strengthes after electric pulse treatment of arc weld-
ing seam of the aluminum alloy. Methodology. Alloy on the basis of aluminium of AK8M3 type served as the re-
search material. As a result of mechanical treatment of the ingots after alloy crystallization the plates with
10 mm thickness were obtained. After edge preparation the elements, which are being connected were butt welded
using the technology of semiautomatic argon arc welding by the electrode with a diameter of 3 mm of AK-5 alloy.
Metal structure of the welded joint was examined under the light microscope at a magnification of 200 and under the
scanning electronic microscope «JSM-6360 LA». The Rockwell hardness (HRF) was used as a strength characteris-
tic of alloy. Hardness measuring of the phase constituents (microhardness) was carried out using the device PMT-3,
with the indenter loadings 5 and 10 g. The crystalline structure parameters of alloy (dislocation density, second kind
of the crystalline lattice distortion and the scale of coherent scattering regions) were determined using the methods
of X-ray structural analysis. Electric pulse treatment (ET) was carried out on the special equipment in the conditions
of the DS enterprise using two modes A and B. Findings. On the basis of researches the previously obtained micro-
hardness redistribution effect in the area of welded connection after ET was confirmed. As a result of use of the in-
dicated treatment it was determined not only the reduction of microhardness gradient but also the simultaneous
hardening effect in the certain thermal affected areas near the welding seam. During study of chemical composition
of phase constituents it was discovered, that the structural changes of alloy as a result of ET first of all are caused by
the redistribution of chemical elements, which form the connections themselves. By the nature of the influence the
indicated treatment can be comparable with the thermal softening technologies of metallic materials. Originality.
The observed structural changes of alloy and related to them microhardness change in the areas near the welding
seam after ET are conditioned by both the change of morphology of structural constituents and the redistribution of
chemical elements. In case of invariability of chemical elements correlation in the phase constituents of alloy the
reduction effect of gradient microhardness should be far less. Practical value. In practice, the negative effect of the
wares embrittlement made using the casting technologies, excluding the pressure casting and quite difficult selection
of chemical composition of alloy can be significantly reduced during the treatment of alloy with electric pulses.
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Introduction

The welded joints formation using the technol-
ogy of melting is accompanied by significant
changes in the metal internal structure of the edges,
which are being joined. Proportional to the tem-
perature of heating and depending on the cooling
conditions the processes of structural transforma-
tions develop in the metal of pool and heat affected
zone. These transformations have an unchanging
influence on the property package of the welded
joint. Moreover, the observed structural changes
are in fact resulted from the simultaneous influence
of several factors, notably the processes of diffu-
sion mass transfer and redistribution of internal
stresses of different origin [7]. The residual stress
diagram after the welded joint forming might be of
such form that the summing of one sign of residual
stresses and the stresses from exploitation of con-
structions [11, 12]. In this case, the unaviodable
exceed of computed values from actual stresses
will lead to the breach of the guaranteed conditions
of trouble-free service for the welded joint. On this
basis, the development of measures to reduce the
value and gradient of residual stresses in the
welded joint is quite an urgent problem of moder-
nity [3, 13].

Except the thermal and mechanical ways to de-
crease the residual stresses, such as a reversible
deformation [1, 2], the use athermal technologies is
of some interest too. The technologies based on the
use of strong magnetic and electric fields should be
included to these treatments [5].

Purpose

Work purpose is the explanaion of redistribu-
tion effect of residual stresses after electric pulse
treatment of the silumin arc welded seam.

Methodology

An alloy on the basis of aluminium of AK8§M3
type served as the research material. 10 mm thick
plates were obtained as a result of the ingot me-
chanical treatment after alloy crystallization. After
the edge preparation the elements, which are being
connected were butt welded using the technology
of semiautomatic argon arc welding by the
electrode with 3 mm diameter of AK-5 alloy.
Metal structure of the welded joint was examined
under the light microscope at a magnification of
200 and under the scanning electronic microscope

«JSM-6360 LA». [6]. The Rockwell hardness
(HRF) was used as a strength characteristic of al-
loy. Indenter is a ball of 1.58 mm diameter with the
loading of 60 kg (State Standard 9013). Hardness
measuring of the phase constituents (microhard-
ness) was carried out using the device PMT-3, with
the indenter loadings 5 and 10 g. The crystalline
structure parameters of alloy (dislocation density,
disturbance of the crystalline lattice and the scale
of coherent scattering regions) were determined
using the methods of X-ray structural analysis [4].
The electric pulse treatment (ET) was carried out
on the special equipment in conditions of the DS
enterprise. The electric current density was 14 and

16 iz , respectively modes A and B.
mm

Findings

Taking into account the existence of qualita-
tively different structural condition of the metal
after the arc welded joint formation the studies
were carried out for two superheated areas (by two
sides from the welding pool, marked I and III, re-
spectively) and for the volume of the pool itself
(IT). After averaging of four - five values the alloy
hardness after welding without ET was 62 and
61 for I and III regions respectively, when for the
II region (weldin pool region) — 46.

The microstructural studies showed that the al-
loy represents a multiphase composition consisting
of a matrix in the form of a solid solution, and the
second-phase particles (Fig. 1). The metal of
welded joint has a structure of as-cast condition,
with almost the same dispersion (Fig. 2). As it is
shown above the volumes of alloy have multiphase
structure. Second-phase particles, which are simi-
lar in form to the plates, have an non regular distri-
bution in the metal matrix.

Micro-hardness measurements of the alloy
structural components showed quite significant
difference in the absolute values. For the second
phase particles, depending on the distance of tested
alloy volume from the welding pool, the micro-
hardness exceed as compared to the matrix has
reached from ten to a few times.
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Fig. 1. Edge structure of the AK8M3 alloy after the
welded joint formation at a distance 3 mm (a) and

6 mm (b) from the melting boundary.
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Fig. 2. The structure of the welding pool metal.

Magnification 200

For the alloy without electrical pulse treatment,
the parameters change of alloy crystalline structure
showed qualitative correspondence with the nature
of strength characteristics change, which is typical
for the majority of metallic materials [1, 2]. Dislo-

cation density increase (p) and distortions of the
second kind (p) during the coherent scattering

regions decrease (L) is accompanied by quite
natural hardness increase about 25-27%.

After ET irrespective of its mode a progressive
softening of alloy in the heat affected zone was
observed.

The intensity increase of the electrical pulse
treatment was accompanied by the decrease of
hardness characteristics as compared to the original
(without ET), for the regions I and III by 11% after
the A mode and 15% decrease after the B mode.
For metal volume of the welding pool the situation
is somewhat different. Initially the hardness meas-
urements showed increase in hardness from
46 (without ET) up to 56 for A mode and 48 for
B mode. The observed effect of changing the hard-
ness of the metal weld pool can be seen as evi-
dence of structural changes in the electric pulse
treatment in cast metal, and for heat-affected zone
[3, 12]. Moreover, the welding pool metal having
a different phase composition [9] with a simulta-
neous change of aggregative state (during the
welding) as a whole leads to the qualitative change
in the nature of hardness change. On the other
hand, the metal of heat-affected zone having a
multi phase structure may be subjected to the phase
hardening to a greater extent as a result of the
thermal stresses during the welding joint forma-
tion.

The experimental data analysis confirmed the
existence of qualitatively different nature of rela-
tionship between the metal hardness, p and L for

the alloy subjected to ET (Fig. 3). So, regardless of
the research areas I, II or III, the hardness increase
is accompanied by the decrease in defect number
of crystal structure and coarsening of coherent
scattering regions. In other words, for the vast ma-
jority of steels and alloys the nature of these rela-
tionships (HRF ~ f(p,L)) should correspond to

the development of softening process, not
strengthening. At the same time, it is unclear due
to what effects the nature of HRF ~ f(u) relation

remained corresponding to the hardening.
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Fig. 3. Parameter influence of the crystalline structure
of AK8M3 alloy on its hardness (dislocation density
according to interference (111) — (a), the size of co-

herent scattering regions — () and the distortion of the
second kind — (c). Sign: © — without ET, A — after

ET, mode A, A — after ET mode B

On the basis of studies the previously obtained
softening effect of aluminum alloy welding joint as
a result of electrical pulse treatment was confirmed
[5]. Explanation of the observed phenomena on the
basis of study of the crystalline structure character-
istics only did not uniquely determine the main
influence factors. It is hoped that the use of scan-
ning electron microscopy would give the opportu-
nity to get more information on the observed sof-
tening effect. Moreover, the qualitative changes of

the relation nature between the hardness and the
parameters of crystalline structure after the ET
shown on the Fig. 3 may be associated with the
changes of alloy phase composition. In case the
observed relations of crystalline structure and
hardness of alloy will be associated with the redis-
tribution of chemical elements forming the phase
components of the alloy, the processes of diffusion
mass transfer should explain the effects nature in
the ET.

The microhardness distribution in the alumi-
num matrix (#, ) depending on the distance from

the welding pool is shown on the Fig. 4. The ex-
treme nature of dependency indicates a rather
complex distribution of residual internal stresses.

Subjecting the heat-affected zone of alloy after
the welding joint formation to the electric pulse
treatment the nature change of microhardness dis-
tribution is detected.

The analysis of the dependencies indicates the
existence of qualitative differences, especially for
the superheated area of alloy. Moreover, based on
the comparative analysis of absolute values of the
alloy matrix hardness (o — solid solution Si in
Al), as a result of ET a decrease in hardness dif-
ference (approximately 10% from the minimum to
maximal values) is achieved. Something like that
by the nature of its manifestation is noted for the
areas of the second phases (Fig. 5).
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Fig. 4. The microhardness change of AK8M3 alloy ma-
trix depending on the distance from the welding pool
(o — after the welding, ¢ — after the welding and electri-
cal pulse treatment, mode B)
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Fig. 5. The microhardness change of the sections of
chemical compounds of AK8M3 alloy depending on the 5

distance from the welding pool (the signs are the same
as in Figure 4)

Comparative analysis of the absolute values of
chemical compounds hardness shows that as a re-
sult of ET the reduction of hardness difference is
also achieved. Although this reduction is more sig-
nificant: before ET the hardness difference was
75%, and after that — approximately half as large
(36%).

The experimental data analysis of microhard-
ness distribution indicates that as a result of ET use
of arc welding joint it is detected not only the gra-
dient microhardness decrease, but the simultaneous
reinforcing effect. Indeed, on the basis of the de-
pendencies shown on Figures 4 and 5, for both the
matrix and the chemical compounds for the full
range of distances (from the welding pool) a quite
unambiguous hardness increase is observed.

The results of studies of the alloy structure us-
ing the scanning electron microscopy are presented
on Fig. 6 and 7. The structure of heat-affected zone
section of the welded joint, which corresponds to
the alloy superheated area, is shown on the Fig. 6.

As compared to the microstructure observed un-
der a microscope PMT-3 (Fig. 1 and 2) when it can
only be classified as a two-phase, the electron mi-
croscopy indicates the existence of at least more two
chemical compounds and two solid solutions.
The obtained results of the study are in good agree-
ment with well known published data [9, 10, 12].
Despite this, the shown dependencies of change H,
for the solid solution areas and sections of chemical

compounds before and after ET (Fig. 4 and 5) still
represent a particular scientific interest.

Fig. 6. Different plases (a) and () AK8M3 alloy micro-
structure after the welded joint formation. Numerals
indicate the locations determining the alloy phase com-
position using the raster scanning electron microscope
«JSM-6360 LA»

(1, 4 — particles of a chemical compound
Al s(Fe,Mn),Si,;5— Al;FeSi ;2,7 - solid solution;

3, 6 —solid solution Si in A/)

This is caused by the fact that actually the rep-
resented dependencies are the result of the hard-
ness values averaging according to the two solid
solutions and some (although they are different)
chemical compounds.

The microstructure studies revealed that ac-
cording to the characteristic features of the alloy
structure before and after the welded joint forma-
tion are practically the same that corresponds to the
metal condition after casting.

The observed minor differences have more to
do with segregation phenomena of chemical ele-
ments during the alloy manufacturing and its crys-
tallization.
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Fig. 7. Different plases (a) and (b) AK8M3 alloy
microstructure after the welded joint formation and fol-
lowing ET. Numerals indicate the locations determining

the alloy phase composition using the raster scanning
electron microscope «JSM-6360 LA» (8 — Al FeSi;

9— AL, Cu ; 10 — a solid solution A/ in Si; 11 —solid

solution Si in Al ; 12 — particles of chemical
compound A/, s(Fe,Mn),Si,)

After ET of the alloy welded joint the devel-
oped processes of structural transformations have
led not only to the changes of the structural com-
ponent dispersion, but also to the changes of their
distribution in the matrix (Fig. 7). Thus, the com-
parative analysis points to a qualitatively different
structural condition of the alloy after ET. Indeed,
in case the as-welded alloy has obvious signs of
cast condition, then after ET these signs are almost
absent. In the majority of cases the phase compo-
nents are presented in the form of globular parti-
cles (mark 9) or areas with definite length, marks
8, 12, Fig. 7.

When studying the chemical composition of the
phase components, it was found out that the ob-
served structural changes of alloy as a result of ET
first of all may be caused by the redistribution of
chemical elements, which form the compounds
themselves. Something similar was observed dur-

ing the variation of silumin chemical composition
[3, 12], the use of special modifiers [9, 13] or by
changing the crystallization conditions [1]. Indeed,
studies have shown that the relation of chemical
elements that are involved in the formation of cer-
tain compounds changes after ET. On this basis,
these chemical compounds in most part should be
referred to the compositions of «berthollides» type.
Moreover, if the chemical compounds, which are
being formed, were referred to the «daltonidesy,
i.e. to the compounds with the fixed chemical
composition, the effect of the microhardness gradi-
ent lowering should be less significant.

The microhardness nature of the phase compo-
nents confirms the above mentioned. If we con-
sider the microhardness change of the alloy matrix
(Fig. 4), then it is safe to assume that as a result of
ET the slight hardness increase as a whole should
not be accompanied by changes of solid solutions
concentration. The micro spectral analysis data of
solid solutions of the alloy matrix confirmed their
practical constancy. Indeed, oo — a solid solution
(S8i in Al), which consisted of 96% Al, 1.5% Si
and 2.5% Cu after ET remained almost the same:
96% Al, approximately 1% Si and 3.0% Cu.
The same can be said of B in the solid solution

(Al in Si). Before ET its composition was: 3.0%
Al and 97% Si, elsewhere 10% A/ and 90% Si,
which indicates the substantial liquation of the
chemical elements in solid solutions. After ET the
following relation of chemical elementswas found
out: 6.0% Al and 94% Si. Concentration averag-
ing of elements in the solid solutions alloy matrix
shows almost unchanged relation before and after
ET. Consequently, as a result of ET the relation of
chemical elements in the alloy matrix (o — solid
solution), and in the sections of [ solution after

termination of electrical pulses remains almost un-
changed. In this case the observed changes during
ET, should be more fully explained by structural
changes, such as changes in grain size and shape,
concentration and distribution of dislocations, co-
herent scattering regions that in fact is confirmed
by the results of X-ray analysis. (Fig. 3). During
the behavior analysis of the chemical compounds
the nature of changes is much more difficult. The
analysis of such chemical compound as A/ FeSi

has shown the constancy of elements relation, both
before and after the ET with a sufficiently high
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accuracy. Before treatment the compound included
60% Al, 16% Si and 24% Fe, and after treat-
ment 60% Al, 17% Si and the same 23% of Fe.
Another chemical compound, such as
Al (Fe,Mn),Si, showed the relation change of

the certain elements only. Indeed, if before ET the
phase consisted of 52% A/, 12% Si, 18% Fe and
18% Mn , then after the electric pulse treatment, it
was depleted by 6% 4/ and 1.5% Si. The concen-
trations of Fe and Mn remained unchanged
(18%). Moreover, within the chemical compound
Al s(Fe,Mn),Si, in addition about 7% Cu was

found. Unexpected results should also include the
appearance (after ET) of the new chemical com-
pound ALCu (50% Al, 2% Si and up to 48%
Cu).

Taking into account the relatively high sensitiv-
ity of aluminum alloys to the presence of iron in
their composition that reduces the plastic charac-
teristics supply the reduction of the negative influ-
ence of Fe is an important technological problem.
This effect is caused by the formation in the sys-
tem Al-Si— Fe of brittle eutectic in the form of

the plates ( Al FeSi — mark 5, Fig. 7 b, or more
complex compositions: Al (Fe,Mn),Si, — marks

1, 4, Fig. 7 a). On these plates the crack is quite
easy to develop. In practice, one reduces the em-
brittlement effect by the change of casting technol-
ogy, using the injection casting and chill casting, or
changing the chemical composition of the alloy
[8]. Indeed, the harmful iron influence can be re-
duced by the manganese or chromium introduction
[9, 10]. On the basis of data of the work [12], the
complexity of these phases results in the change of
their morphology: the form of plate is replaced by
the skeletal form. In this case, the eutectic compo-
nents location at the grain boundaries of the alloy
matrix results in the deviation from the strict plate
form. As a result, a decrease of the embrittlement
effect is observed. And even higher level of plastic
characteristics is observed for globular structures.
In this case, the plasticity increase can reach the
level of 3%.

The results indicate quite significant influence
of electrical pulse treatment on both the morphol-
ogy of alloy structural components and the relation
of chemical elements involved in the formation of
certain phases. Indeed, if after the welding (in the
heat affected zone) the alloy had the majority of

the signs of the cast condition with characteristic
plate forms of the eutectic components (Fig. 6), the
use of ET has led to the quite significant qualita-
tive changes in the internal structure. The globular
structures formation (Fig. 7) indicates a high de-
gree of ET influence on the development of struc-
tural change processes. In some cases the above
mentioned treatment can even compete with the
thermal technologies. On this basis, the effect of
gradient microhardness reduction (gradient of in-
ternal stresses) in the heat-affected zone during the
welded joint formation is actually quite clearly ex-
plained by structural changes.

Originality and Practical Value

The observed silumin structural changes and
the microhardness change in the heat-affected zone
of the welded joint after ET related to them are
causeed by not only the change of the structural
components morphology, but also by the redistri-
bution of chemical elements that form the com-
pounds themselves. In case of stabiility of the
chemical element relation in the alloy phase com-
ponents, the effect of gradient microhardness low-
ering should be less significant.

In practice, the negative embrittlement effect of
products made according to casting techgnologies
except the injection casting and quite complex se-
lection of the alloy chemical composition can be
efficiently reduced during the electric pulse treat-
ment of alloy.

Conclusions

1. After the electric pulse treatment of the
welded joint, the silumin hardness increase is ac-
companied by the decrease in the number of crystal
structure defects and coarsening of coherent scat-
tering regions. The observed behavior of these re-
lations corresponds to the development of soften-
ing processes in metallic materials.

2. As a result of silumin ET the change of
phase composition, form and dispersion of the
structural components was found out.

3. The development of the redistribution proc-
esses of chemical elements during the electric
pulse treatment is accompanied by the morphology
changes and the structural components distribution,
the appearance of additional chemical compounds.
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EJEKTPUYHA IMITYJIbCHA OBPOBKA 3BAPHOI'O 3’€E/IHAHHS
AJIIOMIHIEBOI'O CIIVIABY

Mera. [losicHeHHs eQeKTy Mmepepo3noaily 3aJHIIKOBIUX HAMpPYKEHb MICIS eIeKTPUIHOI IMITyIbCHOI 00poOKH
€JIEKTPOAYTOBOTO 3BApHOTO IIIBa AFOMiHIEBOTO CcIuiaBy. MeToguka. MaTepiasioMm Uit AOCHiIKEHHs OyB CIUIaB Ha
ocHOBI amoMiHito Tty AK8M3. [Tnactian ToBmuHO 10 MM OTpUMYBAaJH B pe3yJIbTaTi MEXaHIYHOT 00pOOKH 31TH-
TKiB micis Kpucramizamii cruraBy. Ilicisi HMiATOTOBKM KPOMOK 3’€IHYBaHI €JIeMEHTH OylIn 3BapeHi B CTHK 3a
TEXHOJIOTIEI0 HAIliBaTOMAaTUYHOTO aprOHHO-IYTOBOTO 3BapIOBAaHHS €NEKTPOIOM JiameTpoM 3 MM 3i ciutaBy AK-5.
CTpyKTypy MeTaxy 3BapHOTO 3’€THAHHS JOCIiKYBaJIH MiJ CBITIIOBHM MikpockoroM npu 36imsimenHi 200 i 3a mo-
MMOMOTOI0 PACTPOBOIO CKAHYIOUOTO EJICKTPOHHOro Mikpockomna «JSM — 6360 LAy. SIk xapakrepucTHKa MII[HOCTI
craBy Oyia BukopucTtana Teepaicth 3a Poksemiom (HRF). TBepaicth ¢a3oBux ckianoBux (MiKpOTBEPAICTb)
BUMIpIOBaJM, BUKOpucTOoBYtoun npwiaa [IMT-3, npu HaBanTaxkeHHsX Ha iHzgeHtop 5 i 10 r. [lapamerpu ToHKOT
KpHCTaIiuHOi OyJOBM CIUIaBy (IyCTHHA AMCIIOKALilM, BUKPUBIEHHS JAPYTrOro poly KpUCTaNIYHUX Tpar i po3mip 00-
JlacTel KOrepeHTHOTO PO3CiIOBaHHS) BU3HAYAIM 13 3aCTOCYBaHHSAM METOIMK PEHTI€HOCTPYKTYPHOrO aHamizy. Enek-
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Tpu4HY iMITyIsCHY 00p0oOKy (EO) 3milicHIOBaIM Ha cHemiaJbHOMY YCTaTKyBaHHI B YMOBax migmpueMcTBa «DS», 3a
nBoMa pexxnMamu — A 1 B. PesyabTaTn. Ha 0CHOBI BUKOHaHUX JOCHIKEHb OYB MiATBEPIHKCHUH paHille OTpHMa-
HUH e(eKT Mmepepo3noaily MiKpOTBEpAOCTi B 0bnacTi 3BapHOro 3 emHaHHA micist EO. Y pe3ynpTari BAKOPUCTAaHHS
3a3HaueHoi OOpoOKM Oyno BH3HAYEHO HE TIABKM 3MEHIIEHHS Tpaai€HTa MIKpOTBEpIOCTi, a H OIHOYaCHUH
3MILHIOBaJIbHUI €(eKT y MEeBHUX 30HaX TEPMIYHOIO BIUIUBY moOnu3y miBa. [1ix yac qociipkeHb XiMIYHOTO CKIIaay
(ha3oBuX CKIaZOBUX OyJ0 BU3HAYCHO, IO CTPYKTYpHI 3MiHH cIulaBy B pe3ynbrati EO B meplry uepry 3yMOBIIeHi
Nepepo3NoIIIOM XIMIYHUX €JIEMEHTIB, 1110 YTBOPIOIOTH caMi 3’€THaHH:. 32 XapakTepoM BIUIMBY 3a3HaueHy 00poOKy
MOXKHa MOPIBHATH 3 TEPMIYHUMHU TEXHOJIOTIAMHM IIOM’SIKIICHHS MeTaleBHX Marepianis. HaykoBa HoBH3Ha.
CTpyKTypHi 3MiHU CHITyMiHY, IIIO CIIOCTEPIraroThCs, i OB’ s3aHa 3 HUMH 3MiHa MiKpOTBEPIOCTi B 00JIACTi 3BapHOTO
3’emHaHHS MOONMM3y mBa micis EO 3yMOBIeHI HE TITbKH 3MIHOIO MOPQOJIOTii CTPYKTYPHHAX CKIAJIOBUX, a U mepe-
PO3MOALIOM XiMIYHUX €NIEMEHTIB. Y pa3i HEe3MIHHOCTI CITiBBiTHOMICHHS XIMIYHUX €JIEMEHTIB y ()a30BHX CKIIAIOBHX
criaBy eeKT 3HIKEHHS TPaieHTa MIKPOTBEPIOCTI MOBHHEH OyTH 3HauHO MeHinM. [IpakTuuHa 3Haunmicts. Ha
MPAKTHUIl HETAaTUBHUI e(DEeKT OKPUXHEHHS BUPOOIB, BUTOTOBJICHMX 3a JIMBAPHUMH TEXHOJIOTISAMH, OKPIM JIATTS i
THUCKOM 1 JIOCUTh CKIIQIHOTO MiI00py XIMIYHOTO CKJIaly CIUIaBy, MOXke OyTH e(DeKTHBHO 3HMIKEHHM IIijl yac 00poo-
KU CIUIaBY €JIEKTPUYHUMH IMITYJIbCAMH.
Kniouosi crosa: tBepaicTh; (baza; XiMiyHa CIIONyKa; CHIIyMiH; 3BapHHH 11IOB
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QJIIEKTPUUYECKASA UMITYJIbCHASA OBPABOTKA CBAPOYHOI'O
COEAUMHEHUA AIIOMUHHUEBOI'O CIIVIABA

Heas. O0psacHeHue 3(dexTa mepepacpeaeeHis 0OCTATOYHBIX HAPSHKEHUH TTOCTIe IIEKTPHYECKON UMITYIIBCHOM
00pabOTKH 3JIEKTPOAYTOBOrO CBAPOYHOTO IIBA aJTFOMHHUEBOTO ciuiaBa. Mertoauka. MarepuaioM JUisl NCCIIEI0BAHUS
CIIy>XuIl cilaB Ha ocHoBe amomuHusa Thma AK8M3. IlmactuHer TommuuoW 10 MM monmy4ann B pe3ynbTare
MEXaHMYeCKOH 00pabOTKU CIIMTKOB IOCIE KPUCTAIM3AlMKU ciulaBa. [locie moaroToBKM KPOMOK COEAMHSEMBIE diie-
MEHTHI ObLTH CBAPEHBI B CTHIK T10 TEXHOJIOTHH TT0JIyaTOMaTHIECKOW aprOHHO-AyTOBOI CBApKH EIIEKTPOJOM JHAMETPOM
3 mm u3 cruaa AK-5. CTpykTypy MeTaiia CBapOYHOTO COSTUHEHUS UCCIIEA0BANIN 0T CBETOBBIM MUKPOCKOIIOM TPHU
yBemraernd 200 1 pu TOMOIIN pacTPOBOTO CKAHUPYIOIIETO AIIEKTPOHHOTO MUKpockona «JSM-6360 LA». B kadect-
BE€ IPOYHOCTHOM XapaKTEPUCTHKM CIUIaBa MCIoib3oBanack TBepaocTh 1o Poxeemny (HRF). M3mepenus tBepmoctu
(ha30BBIX COCTABISIONINX (MUKPOTBEPIOCTH) OCYIIECTBILUIN ¢ MpuMeHeHneM mpudopa [IMT-3 npu Harpy3kax Ha WH-
nerrop S u 10 r. [TapameTpsl TOHKOKPUCTAIMYECKOTO CTPOCHUS METallIa CIlaBa (IUIOTHOCTh JUCIOKAIMi, HCKaXe-
HHS BTOPOTO poJia KPHCTAIMIECKOH PEIEeTKH W pa3Mep 00JacTell KOrepeHTHOTO PAacCEMBAaHMs) ONPENEIIN C HC-
TIOJIb30BAaHUEM METOIMK PEHTI€HOCTPYKTYPHOTO aHalu3a. DJIEKTPUUECKYIO UMITYJIbCHYIO 00padoTky (D0) ocyiecT-
JISUTH Ha CHEIHATHHOM 000pYyIOBAaHUHU B YCIOBHSX npennpustus «DS» mo nym pexxnmam — A u B. PesyabraTsl. Ha
OCHOBaHUM MPOBE/ICHHBIX HCCIIEAOBaHUN ObLI IMOATBEPXKIECH paHee IOJydeHHBIH 3(QeKT mnepepacripeneneHus
MHKPOTBEPAOCTH B 00J1aCTH cBapo4HOro coenuuenus mnociie 0. B pesynbpraTe ncnois30Banust ykazaHHON 00paboTKH
OOHapy>KHBaeTcs He TOJIBKO YMEHBIICHHE TPaIieHTa MUKPOTBEPAOCTH, HO ¥ OJJHOBPEMEHHBIN YIIPOUHSIOMUN B dexT
B OIpE/EICHHBIX OKOJIOUIOBHBIX 30HaX TEPMHYECKOTO BIMSHUS. [IpH M3yU4eHNH XHMHYECKOTo cocTaBa (ha3oBBIX CO-
CTaBJLIIONMX ObUIO 0OHApYKEHO, YTO HAOIIOaeMble CTPYKTYPHBIE M3MEHEHHS cIulaBa B pesyisrare DO B MEpBYIO
ouepenb 00yCIIOBIIEHBI IIepepacipeieNieHeM XUMUYECKHUX 3JIEMEHTOB, 00pa3yIoMX caMu coenuneHus. [1o xapakre-
Py BIMSHHA yKa3aHHas 00pabOTKa MOXKET OBITh CPAaBHUMA C TEPMUYECKUMH TEXHOJIOTHSIMHU Pa3ylpOYHEHHs METaLTH-
yeckux MarepuaioB. Hayunass HoBu3Ha. HaOmonaemble cTpyKTypHBIE N3MEHEHUs CHIIyMHUHA W CBS3aHHOE C HUMH
HW3MEHEHHE MHUKPOTBEPIOCTH B OKOJIOIIOBHOM 00JIaCTH CBapOYHOro coeanHeHus mocie IO 00yCIIOBICHBI HE TOIBKO
CMEHOH MOP(OJIOTHH CTPYKTYPHBIX COCTAaBIISIOLIMX, HO U IepepacipeiefieHHeM XHUMHUYECKUX 3JIEMEHTOB, 00pasyro-
IIMX CaMU COEAMHEHMs. B ciyuae HEM3MEHHOCTH COOTHOIIEHHS XUMUYECKUX 3JIEMEHTOB B (Da30BBIX COCTABIISIOIINX
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ciaBa 3(GQEeKT CHIKEHUS TIpajieHTa MHKPOTBEPHOCTH NOJDKEH ObITh MeHee 3Ha4MTeNbHBIM. IIpakTHyeckas
3HAYMMOCTh. Ha npakTike HeraTHBHBIN 3 QEKT OXPYITIUBAHUS U3/IEINI, N3TOTOBJICHHBIX M0 JINTEHHBIM TEXHOJIOTH-
SIM, KPOME JIUThS IO JaBICHUEM U JIOCTATOYHO CJIOKHOrO I0I00pa XMMHYECKOro COCTaBa CILIaBa, MOXET ObITh 3¢-
(heKTUBHO CHMOKEH TIPH 00pabOTKe CIUIaBa AJIEKTPUIECKUMH UMITYJILCAMH.

Knrwouesvie crosa.: TBepaocTh; (ha3a; XMMUUECKOE COSIMHEHHE; CUIIYMHH; CBApOYHBI II0B
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