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CONCEPT OF DETERMINING THE FRICTION STIR WELDING MODE

Purpose. To determine the optimal mode of friction stir welding of aluminum alloy.

Methodology. 2.5 mm thick plates made of aluminum alloy AMg5 with chemical content of alloying elements
within grade composition were used as a material for the research. Friction stir welding was carried out using spe-
cially designed equipment with a preselected form and dimensions of working tool. At different ratios of the working
tool rotation frequency the forces of pressing and speed of its movement along the connecting edges determined the
metal heating degree and the quality of welded joint formation. Temperature of the connecting edges heating was
determined by thermocouples immersed in metal at different distances from the welded joint. Rotational speed of the
working tool was from 800 to 1600 min~" with the effort of pressing to the plate surface from 580 to 1370 N and the
speed of movement along the joint of 50 mm/min.

Findings. On the basis of different ratios of the working tool rotation speed and pressing to the connecting edges,
there were determined conditions for achieving the effect of constant softening during friction stir welding. In order
to achieve a high level of welding joint quality during friction stir welding it is necessary to carry out the process at high
revolutions of the working tool and low levels of pressing to the connecting edges.

Originality. At the constant speed of the working tool rotation proportional increase in alloy temperature from
increasing the level of its pressing to the connecting edges is disturbed by achievement of conditions of the dynamic
softening processes development.

Practical value. The concept of choosing the technological parameters of welding process is determined, when it
is preferred to increase in speed of the working tool rotation when the level of its pressing to the connecting edges
decreases.
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formation

Introduction. Friction stir welding (FSW) [1] refers
to diffusion technologies. They are characterized by the
lack of change in the aggregate state of the connected
edges metal. Metal heating is achieved by converting
mechanical energy into heat by the friction from inter-
action with the working tool surfaces.

Working tool determines the process of formation
and distribution of thermal energy in the welding zone,
its size and shape influence quality of the welded joint.
In this case, the right choice of the main parameters of
the instrument, namely the diameter and shape of the
shoulder and the pin, is an important problem.

Each part of the tool provides certain functions when
converting mechanical energy by friction into the heat.
So, the shoulder provides approximately 80 % of the to-
tal energy. The rest accounts for the pin, depending on
the contact conditions. Therefore, the main role in the
welding process is given to the shoulder and the choice
of its diameter.

The sufficiently complex form of working tool is due
to the need for specific distribution of the heating tem-
perature along the area of contact surfaces. In some
cases, it is necessary to make the work surfaces of the
tool with thread, grooves, spirals [2], and others. This

© Vakulenko I. O., Plitchenko S. O., Murashova N. H., Bohomaz V. N., 2018

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4

makes it possible to destroy the oxide film of the alumi-
num alloy surfaces at high level, as well as to increase the
diffusion degree between the weld metal, which in turn
improves mechanical properties of the welded joint.

The working tool pin is intended for distribution of
thermal energy over the welded joint thickness, crushing
oxide films of the ends of the welding surfaces and their
activation, ensuring diffusion during welding.

The form of the working tool pin can vary consider-
ably depending on its diameter, inclination angle of the
tool during welding, thickness of the base metal and its
chemical composition, and other features, which in turn
will influence the welded joint quality. Sometimes the
pin surface can be corrugated or threaded that makes it
possible to control the flow of plasticized metal and di-
rect it to the sealing of certain segments of the joint,
which reduces the probability of occurrence of such de-
fect as lack of root penetration.

As compared to the technologies of partial or full
melting the use of friction stir welding can significantly
reduce the metal overheating degree in the area of ther-
mal influence. Perspective directions of such technology
application involve connecting elements from dissimilar
materials that form heterogeneous melts or chemically
unstable multiphase mixtures during crystallization.
The resulting connections using traditional technolo-
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gies, such as electric arc welding, will be of very low
quality in comparison with derivative metal materials.

Analysis of the previous research. The results of ex-
perimental studies [3, 4] determined sensitivity of the
welding joint quality according to the friction stir tech-
nology not only to increase in the level of metal material
plasticity, but also from achieving a certain degree of its
stir in the area of welding joint. Based on this, one of the
reasons for the need to maximize heating of the edges is
to increase the homogeneity of the metal when stirring
and increase the metal density due to decrease in the
number of cavities in the joint area [5, 6]. Thus, forma-
tion of welded joints to a large extent should be deter-
mined by the peculiarities of development of the diffu-
sion mass transfer processes, and increase in the metal
heating degree is a well-founded decision [7]. Analysis
of numerous studies of the internal structure of metal
materials after welding joint formation according to the
technology of friction stir welding indicates a qualitative
coincidence in the indicators with the structural state of
the metal after hot reduction.

According to results of studies of the internal struc-
ture elements of metal materials, obtaining qualitative
welded joints is possible due to the achievement of tem-
peratures in the joint area not lower than the level of
0.8—0.9 from the melting temperature (K). On the other
hand, different sensitivity of metal materials to overheat-
ing should limit the metal heating temperature. Indeed,
heterogeneity of the plastic deformation distribution in
the joint area, along with the proportional acceleration
of the diffusion mass transfer processes, will lead to a
significant anisotropy of the microstructure and corre-
sponding decrease in the complex of properties. Thus, a
substantiated limitation of the edge heating degree can
be used to inhibition of structural transformation pro-
cesses that contribute to the formation of its significant
heterogeneity [8].

Objectives of the article. The article is aimed to de-
termine the concept of choosing the mode of friction
stir welding of aluminum alloy.

Material and methodology of the research. The
FSW process (Fig. 1) consisted of the following opera-
tions. The working tool 7, which was given a certain ro-
tational speed, approached the base metal 3 and 4 until
a dense contact at a small angle (2...3°) was established.
Moreover, constant normal effort of the tool was given,
according to which the shoulder 5 was immersed in the
blank to a depth of about 10 % of the total thickness of
the welding edges.

In this case, due to the formation of frictional forces
on the contact surfaces of the shoulder 5, the pin 6 and
the connecting elements 3 and 4 the heating of the base
metal begins. Using the pin, the heat is almost evenly
distributed across the thickness of the edges. After
reaching the required heating degree the metal starts to
be stirred.

The welding tool was made using high-speed steel
R9, which retains its mechanical properties at elevated
temperatures of the tool heating during the friction stir
welding of most aluminum alloys. Also, the tool was
subjected to a special heat treatment.
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Fig. 1. The process of welding two blanks from AMg al-
loy 5:
1 — welding tool; 2 — welded metal; 3 — welding seam; 4 —
advancing side tool; 5 — retreating side tool; 6 — shoulder;
7 — pin

The form and dimensions of the working tool used in
the work are presented in Fig. 2. The length of the pin
was found using the ratio of 0.9...0.95 % of the thick-
ness of the base metal.

Diameter of the working tool pin was chosen to take
into account the conditions for maintaining the strength
of the pin itself when entering the cold metal at the be-
ginning of the welding process and during subsequent
welding, reliable stirring of joint contact surfaces metal,
even in case of a slight gap or deviation of the tool move-
ment trajectory from the joint axis.

Friction stir welding was carried out using specially
developed equipment, which, along with the selected
parameters of the working tool met the requirements [9]
and made it possible to obtain a quality welded joint.

2.5 mm thick plates made of aluminum alloy AMg5
with chemical content of alloying elements within grade
composition were used as a material for research. At dif-
ferent ratios of the working tool rotation frequency the
forces of pressing and speed of its movement along the
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Fig. 2. Schematic diagram of working tool for friction stir
welding:
1 — shoulder; 2 — pin
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connecting edges determined the metal heating degree
and the quality of welded joint.

The heating temperature of the connecting edges
was determined by thermocouples of the chromel-alu-
minum system immersed in metal at different distances
from the welded joint axis at the intersection of welded
joint.

Rotational speed of the working tool was the value
from 800 to 1600 min~"' with the pressing effort to the
plate surface from 580 to 1.4 kN and the speed of move-
ment along the seam of 50 mm/min.

Explanation of scientific results. According to the ex-
ternal signs of the diagram (Fig. 3), the heating temper-
ature increase of the connecting edges (7") during fric-
tion stir welding from the pressing force (P) and rotation
speed of the working tool (v) can be divided into three
sections, with a qualitatively different nature of the ratio
of technological parameters.

The first section (OA) is directly proportional in-
crease in the heating temperature of the connecting
edges from the pressing force. The second section (AB)
is T increase under conditions of the constant force of
the tool pressing. A characteristic feature of the third
section (BC) is the outpacing decrease in the force P at
the increase in the metal heating temperature.

At the section OA for the studied rotational speeds
of the working tool the monotonous increase in degree
of its pressing to the connecting edges corresponds to
the directly proportional increase in the temperature of
metal heating. Approximating the experimental data by
direct dependencies, one can determine the existence
of quite expected influence from the tool rotation speed
on the edge heating (Fig. 4). At the same level of press-
ing, increasing the tool rotation speed leads to increase
in the speed of heating the metal.

On this basis, the tool rotation speed should, to a
greater extent, determine both the level of critical value
of the tool pressing, and the transition nature to the sec-
ond part of the dependence, which is confirmed by the
data [3, 5, 7]. As the analysis of diagrams shows, with an
increase in v the characteristic features of the transition
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Fig. 3. Influence of pressing force and rotation speed of
the working tool on the heating temperature of con-
necting edges:
1—-800min™'; 2— 1250 min™'; 3 — 1600 min™
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Fig. 4. Influence of pressing force and rotation speed
(& — 800, m — 1250; A — 1600 min™") of the working
tool on the heating temperature of the connecting edg-
es at the section OA

moment to the second section AB is a decrease in the
level of critical force of pressing and a more flat form of
the dependence itself.

On the other hand, the moment of deviation from a
directly proportional ratio can be taken as the beginning
of qualitative change development in the internal struc-
ture of the alloy. Indeed, on the basis of numerical ex-
perimental studies it was determined that in the process
of plastic deformation increase in the heating tempera-
ture of metal material is accompanied by acceleration of
the diffusion mass transfer processes. This in turn should
influence the ratio of the development of strengthening
and softening processes [10].

For the alloy under study and the interval of the
working tool rotation speeds the moment of deviation
from the direct proportional ratio corresponds to ap-
proximately the same temperature at the level of 90 °C.
Under conditions of unchanged v, proportional increase
in the heating temperature with the pressing force in-
crease can be achieved only by exaggeration of the
strengthening effect over the softening one. Initial stages
of deviation from the proportional dependence indicate
that there were achieved conditions when the rate of
structural transformations (displacement and annihila-
tion of the crystalline structure defects during deforma-
tion) can no longer be compensated by the additional
introduction of the crystalline structure defects. On this
basis, the first stage should be recombination of disloca-
tions, which leads to the formation of dislocation po-
lygonal groups in the form of the emergence of different
types of boundaries with small angles of disorientation.

Conditions of accelerated increase in the heating
temperature at almost unchanged P force correspond to
completion of the transition zone from the OA to AB
section. According to the presented nature, behavior of
the alloy under study is, to a large extent, similar to the
development of superplastic flow in metallic materials.
To this end, it is necessary to evaluate the probability
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and determine the nature of development of the internal
reorganization processes in the alloy under investigation
during the friction stir welding.

In the process of plastic deformation at elevated tem-
peratures substructural transformations during develop-
ment of dynamic polygonization processes correspond
to the first qualitative signs of internal reorganization of
metal material. When heating the most cold-deformed
metal materials, the temperature of the beginning of the
polygonal boundaries formation (7p) is subject to the
ratio

TP:O'4TM3 (1)

where T), is the melting temperature K). According to
the given dependence for the investigated alloy during
the processes of plastic deformation the temperature of
the beginning of substructural transformations develop-
ment should be at the level of 100 °C. In comparison
with static conditions (cold plastic deformation and
subsequent metal heating) deformation at elevated tem-
peratures leads to acceleration of processes of substruc-
tural transformations. This is caused by the fact that
during separate heating of cold-deformed metal internal
stresses from the introduced crystalline structure defects
are the main driving force for movement and redistribu-
tion of dislocations. And polygonization development
occurs only under the influence of linear tension of dis-
locations.

As for the deformation at elevated temperatures to-
gether with acceleration of diffusion mass transfer leads
to the emergence of additional factor — continuous ac-
tion of stress, which greatly facilitates the development
of substructural transformation processes. Thus, one
should expect a shift of the moment of the beginning of
the substructural transformation development during
friction stir welding towards lower temperatures, as
compared to the estimation according to the ratio for Tp.

Using analysis of dependencies Ig T=f(Ig P) (Fig. 3)
the moment of violation of the direct proportional in-
crease in the edge heating temperature from the force of
the working tool pressing can be considered as the evi-
dence of appearance of qualitative changes in the inter-
nal structure of alloy. In comparison with the practically
identical temperature of the beginning of deviation from
the directly proportional ratio (90 °C), the moment of
achieving a constant level of pressing (point 4, Fig. 4)
has a definite dependence on the working tool rotation
speed and makes a value in the range of 100...120 °C.
Detailed study determined that with increase in the val-
ue v the temperature of achievement of the constant
pressing force (point A, Fig. 4) shifts towards higher
loads.

Taking into account the known experimental data on
the study of substructural transformations in the process
of hot reduction of metal materials, it is likely that the
presented nature of the alloy behavior corresponds to
the initial stages of the development of dynamic
polygonization processes. Formation of polygonal sub-
boundaries of different perfection degrees with simulta-
neous increase in the accumulated number of crystalline
structure defects occurs at the background of steady in-
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crease in the heating temperature of connecting edges.
Thus, the maintenance of conditions of constant press-
ing force with the increase in the heating temperature
can be provided only by the corresponding accumula-
tion of the crystalline structure defects during the hot
reduction of metal.

At the same time, increase in the efficiency of metal
heating with increase in the working tool rotation speed
has a definite practical significance when developing the
concept of friction stir welding. To this end, an estima-
tion of the angular coefficient (K) for the dependencies
(Fig. 4) according to the relation was carried out

AT
K AP )

Having analyzed the given dependence, we can be
conclude that increase in the value K forms a value from
0.05 to 0.16 deg/N for the corresponding speeds of rota-
tion v (800...600 min~'). Thus, it can be assumed that
when developing the welding technology under condi-
tions of the same power of the process, it should be pre-
ferred to increase the tool rotation speed and to reduce
the degree of its pressing to the connecting edges.

Existence of the sections with a constant level of tool
pressing deserves a detailed assessment. For the tool ro-
tational speed of 800 min~!, the temperature interval of
the existence of a constant force P (1.4 kN, Fig. 4) is
250 °C (from 100 to 350 °C). Increasing v from 1250 to
1600 min~!, the section length along the temperature
scale decreases and equals 120 and 30 °C respectively,
and the maximum value of P decreases from about 1 to
0.65 kN (Fig. 4).

In the first approximation, existence of the sections
of the edge heating temperature increase at a constant
level of pressing, according to external signs corresponds
to the conditions of the steady nature of hot reduction.
Execution of the given ratio between 7 and P is possible
only by maintaining the balance between the develop-
ment of strengthening and softening processes, which is
ensured by the immutability of the dislocation density at
deformation. Excessive number of introduced disloca-
tions to support the conditions for continuous propaga-
tion of the plastic flow should be compensated by the
development of annihilation processes during recombi-
nation of dislocation groups. Indeed, if one estimates
the value of plastic deformation as the proportional to
the tool pressing force, a greater number of dislocations
per one rotation in metal at a speed of 800 min~! should
be introduced as compared to the speed of 1600 min~'.

Taking into account the high level of energy of the
stacking faults in aluminum-based alloys, accelerating
the development of substructural transformations, for
example, under conditions of v = 1600 min~', will take
place at relatively low plastic deformations caused by
pressing of 0.65 kN. With increase in the degree of de-
formation from the action of force of 1.4 kN, the in-
creased number of introduced dislocations in metal will
lead to increase in their concentration and violation of
the conditions for their exit from the slipbands. As a re-
sult, the complications arising during development of
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dynamic polygonization processes will lead to a shift of
the moment of the third section beginning to the depen-
dencies towards higher temperatures (Fig. 3).

Analysis of the results of aluminum alloy behavior
during friction stir welding indicates existence of a cer-
tain sensitivity of the development of substructural
transformations processes to technological parameters
of the process.

For the section BC (Fig. 3), the characteristic feature
is impossibility to prevent decrease in the tool pressing
force with increase in the heating temperature of the
connecting edges (Fig. 5).

Analysis of numerical experimental data indicates
that the given behavior in general terms corresponds to
the conditions for the development of dynamic metal
softening. For most aluminum-based alloys, the ratio
between the degree of softening and proportion of the
recrystallized volume makes it possible to determine the
nature of the processes of structural transformations.

Thus, with a decrease in the absolute value of the an-
gular coefficient K approximately by 5...6 times the
specified limit can be taken as an indicator separating
the area of influence completion from the development
of dynamic polygonization processes and beginning of
recrystallization acceleration.

According to the presented dependence, softening
effect to the level of 50 % should be ensured by the de-
velopment of dynamic substructural transformation
processes. In this case, the proportion of the recrystal-
lized alloy does not exceed 10 %. Further increase in the
softening degree during hot reduction is, to a greater ex-
tent, ensured by the development of the dynamic recrys-
tallization processes.

Evaluating the level of alloy softening at the third
section (Fig. 5) using the pressing force reduction in the
process of friction stir welding (AP), the characteristic
inverse proportional dependence AP on the working
tool rotation speed confirms the above mentioned pro-
visions.
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Fig. 5. The ratio between P and T for the BC section de-
pending on v:
1— =800 min™'; 2 — 1250 min™"; 3 — 1600 min™"
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Fig. 6. Influence of v on the degree of metal softening at
the section BC

When decreasing v from 1600 to 800 min~' AP in-
creases from 40 to about 70 % (Fig. 6).

Thus, it can be assumed that the alloy softening ef-
fect at high speeds of the tool rotation is, to a greater
extent, caused by the development of the dynamic sub-
structural transformation processes. When reducing ro-
tation speed and increasing the pressing force, the soft-
ening effect begins to be more determined by increase in
the influence of dynamic recrystallization process devel-
opment.

Conclusions.

1. At constant speed of the working tool rotation, the
proportional increase in the alloy temperature from in-
creasing the level of its pressing to the connecting edges
is disturbed by the achievement of conditions of the dy-
namic softening processes development.

2. On the basis of different ratios of the working tool
rotation speed and pressing to the connecting edges, the
conditions for achieving the effect of constant softening
during friction stir welding are determined.

3. The concept of choosing the technological pa-
rameters of the welding process is determined, when it is
preferred to increase the working tool rotation speed de-
creasing the level of its pressing to the connecting edges.
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KoHuenuiss BU3HAYEHHS peXXuMy 3BAPIOBAHHS
TEPTAM 3 MepeMilllyBAHHAM

1. O. Bakynenko, C. O. [lnimuenko, H. I. Mypawosa,
B. M. boeomas
JIHIMponeTpoBCbKUI HallilOHATbHUN YHIBEPCUTET 3aJ1i3HUY-
HOTO TpaHCIOpTY iMeHi akagemika B.JlazapsiHa, m. JIHinpo,
VYkpaiHa, e-mail: plitdenko@ukr.net

Meta. Br3HaueHHS ONTUMAJIbHOTO PEXUMY 3Ba-
PIOBaHHS TEPTIM 3 MEPeMilllyBaHHSIM aJTIOMiHi€BOTO
CILIaBY.

Metomuka. MatepiasioM Uisi OOCTIIXEHb Oyiu
TUTACTUHU TOBIIMHOIO 2,5 MM 3 1e(hOPMiBHOTO aJTIOMi-
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HieBoro craaBy AMrS i3 XiMiYHUM BMiCTOM JIETYIOUMX
€JICMEHTIB y MeXXaX MapOYHOTO CKiIamy. 3BaplOBaHHS
TEePTSIM 3 TIepeMilllyBaHHSIM ITPOBOIUJIN Ha CIleLliaIbHO
pO3po0JIeHOMY YCTaTKyBaHHi, i3 TTONepeIHbO O0OpaHU-
MU (HOpPMOIO I po3MipamMu poOOUYOro iHCTPYMEHTY. 3a
Pi3HUX CHiBBiAHOIIIEHb YACTOTU OOEPTaHHSI PpOOOYOTO
IHCTPYMEHTY, CUJIM TIPUTUCKAHHS U IIBUAKOCTI Mepe-
MillleHHS 1OT0 B3I0BX 3’€IHYBaJbHUX KPOMOK BHU3HA-
Yyaju CTYIiHb PO3irpiBy MeTajy Ta SKiCTb (hOpMyBaHHS
3BapHOro 3’eqHaHHs. TemnepaTypy po3irpiBy 3’€IHy-
BAJIbHUX KPOMOK BU3HAYAJIU 3aHYPEHUMHU B METaJl TEP-
MoTapaMy Ha pi3Hiil BiacTaHi Big 3BapHOroO IIBY.
IIBuakicTs o0epTaHHSI pOOOYOr0 iIHCTPYMEHTY CKJIa-
nana Big 800 1o 1600 xB™' mpu 3ycuILTi IPUTUCKAHHS 10
noBepxHi macTuH Big 580 mo 1370 H i mBuakocti ne-
peMillleHHS Y300BXK 1By 50 MM/XB.

Pesyabratu. Ha oCHOBiI pi3HMX CIHiBBiZHOIIIEHb
LIBUIKOCTI 00epTaHHS pOOOYOTo iHCTPYMEHTY Ta Mpu-
TUCKAHHS 10 3’€IHYBaJbHUX KPOMOK BU3HA4YEHi YMO-
BU JOCSTHEHHSI €(heKTy IOCTIfHOro MOM’SIKIIeHHS
MPU 3BapIOBaHHI TEPTSM 3 TIEPEMIlLIyBaHHSIM. 3 METOIO
TIOCSATHEHHSI BUCOKOTO DPiBHSI SIKOCTi 3BapHOroO IIBa
MpU 3BAPIOBAHHI TEPTSIM 3 TEpEMilllyBaHHSIM Tpeda
3MiiCHIOBATU MPOLEC 3a MiABUIIIEHUX 00ePTiB podOoUO-
ro iHCTPYMEHTY 11 HU3bKUX PiBHIB IMIPUTUCKYBAHHSI 10
3’€THYBAJIbHUX KPOMOK.

HaykoBa wnoBusna. Ilpu mnocTiiiHiii BUAKOCTI
obepTaHHS poOOYOro IHCTPYMEHTY, ITPOITOPIIiIiHE TTi/I-
BMIIICHHS TeMIIepaTypH CIUIaBY Bill 301JIbILIEHHS PiBHS
Oro MPUTUCKAHHS 10 3’€NHYBAJbHUX KPOMOK MOPY-
IIYEThCS JOCSITHEHHSIM YMOB PO3BUTKY IPOLIECIB ITH-
HaMi4HOTO MOM’SIKILIEHHSI.

IIpakTuyna 3HaYuMicTh. BU3HaueHa KOHLIEMILLisSI BU-
0Opy TEXHOJIOTIYHUX MapaMeTpiB MPOolieCcy 3BaprOBaH-
Hsl, TiepeBara BinjgaHa 30ibIIEHHIO HIBUAKOCTI 00ep-
TaHHSI POOOYOr0 iHCTPYMEHTY TpU 3HUKEHHi PiBHS
OTO IIPUTUCKAHHS 0 3’ € THYBAIBHUX KPOMOK.

Kimouosi cnoBa: 3saprosanns mepmsam 3 nepemiuiy-
BAHHAM, 00epmu pobo4H020 IHCIMPYMeHmMY, CUAQ NPUMUC-
KaHHs, memnepamypa Haepiey, cniae anrroMminir, degop-
Mmauis

KoHnenuus onpenesyieHus pexkuMa CBapKu
TPEHHEM C TNepeMelMBAHNEM

U. A. Bakynenko, C. A. [lnumuenxo, H. I. Mypawosa,
B. H. boeomas
ﬂHerOHCTpOBCKI/Iﬁ HaHHOHaJTBHBIf;I YHUBEPCUTET KEJIE3HO-
JOPOKHOI0 TpaHCIIOpTa MMCHM aKaaCMHKa B.J'Ia3ap;ma,
r. Inenp, YkpauHa, e-mail: plitdenko@ukr.net

ems. OnpeneneHne ONTUMAILHOTO peXXrUMa CBap-
KA TpeHMEM C TiepeMelIMBaHUEM aJTlOMUHUEBOIO
CILUIaBa.

Metoauka. MaTepuajioM IJisl UCCeN0OBaHUI ObLIU
TUTACTUHBI TOJIIUHOM 2,5 MM ¢ 1e(hOpMUPYEMOTO aTio-
MUHHEBOTO criaBa AMrS ¢ XMMUYECKUM COAepKaHU -
€M JIETUPYIOIINX 3JIECMEHTOB B IIpelejaX MapOYHOIO
coctaBa. CBapKy TpeHHEM C TIepeMEITMBAaHUEM TIPOBO-
A Ha CIIeIIUAIbHO pa3padoTaHHOM 000pyIOBaHUH,
C IIpeaBapUTEIbHO BRIOPAHHBIMH (DOPMOIA 1 pa3Mepa-
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MU paboyero MHCTpyMeHTa. [Ipu pasTMyHBIX COOTHO-
IIEHUSX YacTOTHI BpallleHUsT pabouero MHCTPYMEHTa,
CWIbl TPVMXUMAHUSA U CKOPOCTH TEpeMeIeHUsT ero
BJIOJTb COEIMHUTEBHBIX KPOMOK OTIPEIe/IsIT CTeNeHb
pasorpeBa MeTajlla U KauecTBO (hpopMUPOBaHMUSI CBAp-
HOTO coerHeHus1. Temmneparypy pa3orpeBa coenquHU-
TEeJIbHBIX KPOMOK OIpeaesisiiii MOTPYy>KeHHbBIMU B Me-
TaJ1 TepMOIIapaMM Ha pa3HOM PacCTOSTHUU OT CBapHO-
ro 1mBa. CKoOpocTh BpallleHus paboyero MHCTpPYMEHTa
cocrasisa ot 800 o 1600 Mun ™! npu yeunmmu npyku-
Ma K nmoBepxHocTu riactuH ot 580 no 1370 H u ckopo-
CTU TIepeMeIleHUS BIOJIb 11Ba 50 MM/MUH.
Pesyabratel. Ha ocHOBaHWUM pa3iMYHBIX COOTHO-
IIEHWI CKOPOCTH BpallleHUsI paboyero MHCTpyMEHTa
W CWIBI TIPUXKUMAHUS K COCAUHUTEIbHBIM KPOMKaM
OIpee/IeHbl YCIOBUS TOCTIKeHUS 3 dekTa mocTo-
STHHOTO pa3MSITYeHUs TPU CBapKe TPEHUEM C repeme-
muBaHueM. C 1IeJIbI0 TOCTUKEHUSI BBICOKOTO YPOBHSI
KayecTBa CBApHOTIO 1IBa MPU CBapKe TPEHUEM C Tepe-
MEIIMBAaHKEM HEOOXOAMMO OCYILIECTBISATh IPOIECC
MPU MOBBIIIEHHBIX 000pOTaX pabovyero MHCTPyMEeHTa
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W HU3KHAX YPOBHSX MPMXKMMa K COCIMHHUTCIHHBIM
KPOMKaM.

Hayuynas wnoBusnHa. [Ipu TOCTOSIHHOW CKOpOCTU
BpallleHusI pabodyero MHCTPYMEHTa, TIPOIMOPIIMOHATIb-
HOE TOBBIIICHUE TEMIIEPATyPhl CIIJIaBa OT YBEIUUCHMS
YPOBHS €r0 MpUXaTusl K COENUHUTEIbHBIM KPOMKaM
HapyllaeTcsl TOCTVKEHUEM YCIOBUM pa3BUTUSI TTPO-
LIECCOB AMHAMUYECKOTO pa3MsITYeHUsI.

IIpakTuyeckas 3HauuMocTh. OmnpenesieHa KOHLIEI-
1I1sI BBIOOpA TEXHOJIOTUYECKHUX MMapaMeTpoB IMpoliecca
CBapKu, MPEeArnoyTeHWe OTIAHO YBEJIWYEHUIO CKOpO-
CTHU BpallleHUs pab0oYero MHCTPYMEHTA IIPY CHIDKEHUH
YPOBHS €T0 TIPIZKATHS K COCTMHUTEIFHBIM KPOMKAM.

KioueBble cioBa: ceapka mpenuem ¢ nepemeuiuga-
Huem, 060pombl padoyeeo UHCMPYMeHma, Cuia npuiica-
mus, memnepamypa Hazpesd, cnaas artoMutus, degop-
mayus

Pekxomendosano 0o nybaikauii dokm. mexH. HAyK

B. O. 3abaydoscokum. [lama HaoxooxncenHus pykonucy
03.07.17.
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