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FORMATION MANAGEMENT
IN PARTS PROCESSING REGENERATED BY SURFACING

Abstract. In this paper, we consider the control of the shape formation of the surface and the formation of
specified properties, with the restoration of parts by overlaying. As an economically advantageous way of forming
the re-welded part by the authors, a method of friction treatment is proposed. A mathematical model of thermal pro-
cesses in the tool and part has been developed, which makes it possible to calculate temperatures in contacting bodies
by calculation and to provide values close to optimal.

It has been experimentally established that the temperature field in the instrument is determined by a number of
factors: the operating time, the thermos-physical and physic-mechanical characteristics of the instrumental and pro-
cessed materials; intensity of heat release, dimensional characteristics of contacting bodies. In modelling, taking into
account the schematization, the part is represented as a semispace, along the surface of which a linear thermal source
of length B, intensity ¢;, moves with speed S, with boundary conditions of the second kind.

Also shown is a dependency of heating temperature of the disk from the distance to the heat source. It is estab-
lished that a fairly sharp drop in temperature occurs as the heat source is removed. Relatively high temperatures
remain at a distance R <10 mm, after which a sharp decrease is observed.

The maximum value of the instrument's heating temperature during the entire period of resistance did not
exceed 90 °C. The average value of the disk heating temperature was 70+75 °C.

Keywords: overlaying, friction treatment, temperature field, heat source, friction disk, thermal conductivity,
thermo-friction cutting.

The relevance of research. Modern machine engineering constantly increases the requirements for
the quality of the surface of critical parts, which entails the further development of new approaches and
methods for controlling surface shaping processes.

At present, methods for multi-electrode welding and overlaying in protective environments are
mainly used for the repair and restoration of engineering parts. The range of parts is quite diverse, starting
from the cross-section of cardan shafts, hinges to tooling and stamps.

Methods combined with machining processes in the plastic condition, as well as methods for con-
trolling the composition and structure of the overlayed metal by forming combinations of electrodes and
filler materials, allow metal transfer through a concentrated energy flow (arc) during its deposition [1, 2].
Intensification of the above processes is achieved through the use of shock loads, the combination of
different methods of processing by concentrated energy flows (CEF), the use of powder and nanomaterials
as the main and filler materials. Electro-physical methods of processing are widely used, such as ¢lastic
vibrations of sound and ultrasonic frequency ranges, vibration processing, high frequency currents, laser
and electron radiations. Despite the offered technologies, significant growth in the quality of the material
structure, and therefore the level of the product properties complex, is not achieved due to a constant
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change in the parameters of the crystallization process associated with the dynamics of heat input and heat
removal from molten metal, changes in the chemical composition of the melt, formed by the electrode
material, filler material and the main metal of the product, which passes into the melt. The structure of the
seam is formed as a result of a balance between the processes of heat transfer, diffusion, chemical reaction
between the alloy components against the background of a rapid transition of the melt from overheating to
supercooling. At the same time, the qualitative and quantitative indices of the crystallization process, even
if expensive materials and equipment are used, can influence the results of the technological process in
very wide redistribution, up to the point of putting the product into flaw. The most effective results can be
achieved by using combined technologies, such as sonication, additional thermal effects on the melt
during the treatment with concentrated energy flows (CEF), the use of forced shaping processes and
combined machining (for example, frictionmachining).

Particular importance in welding and overlayinghas the formation of structure around the seam zone
and the weld metal itself in connection with the periodicity of the thermal action on them during heating,
cooling and crystallization [2, 3]. In most cases, the periodicity of the main technological effect on the
product is compensated for by periodic auxiliary technological influences such as preheating the surface to
reduce the temperature gradients in welding and surfacing in the base material, the subsequent heating or
cooling in thermostats to reduce the cooling rate, the periodic thermal action on the molten metal in the
process of its crystallization, periodic electromagnetic and ultrasonic effects e for the purpose of grinding
the structure of the weld metal, using the vibrations of the welded article; impulse supply of electrodes and
additives, etc.

On the basis of Prigogine principle — the minimum production of entropy applicable to non-equilib-
rium physical-chemical processes proceeding at a constant speed, we can speak of the predominance of
heterogeneous sequential crystallization, which is energetically more advantageous than the bulk homo-
geneous solidification, and the existence of both mechanisms in competitive interaction and the domi-
nance of heterogencous crystallization.

The dynamics of supercooling at the interface between the phases and in the melt volume of the wel-
ding-surfacing bath, as part of the process of cooling and crystallization of the welding or surfacing seam,
can be different, due to a change in the chemical composition in the interphase boundary zone in the
process of separation diffusion and supercooling degradation on one side and introducing, for example,
filler material into the tail part of the bathtub on the other side. It should also take into account the release
of heat in the latent heat of fusion during crystallization at the interphase boundary, which also reduces the
actual supercooling of the melts in the active growth zone of the crystals. This is typical for both hetero-
geneous and homogeneous crystallization. A significant difference in the process of crystallization of the
melt of a welding-surfacing bath is the instability of the chemical composition of the melt in the crystal-
lization region, associated with the supply of filler materials, the transition of chemical elements from
protective media, the burning out of the melt components during the transition through the arc, the incom-
pleteness of the reactions of chemical interaction due to the short-term metallurgical processes in melt the
bath. A number of melt components in the crystal growth zone change the position of the non-equilibrium
liquidus, both toward its growth and decrease.

Thus, control of surface formation and formation of specified propertics, when restoring parts by
surfacing, is quite a complex and urgent task.

The advantages of the proposed technology. The technological process of machining parts after
overlayingincludes, mainly, turning with tools with plates of superhard materials, as well as preliminary
and final grinding operations. Typically, the processing of such parts is associated with certain difficulties
due to the increased hardness of the material being processed. In some cases heat treatment (tempering) is
applied, after which it becomes possible to turn or milling with sufficiently low resistance of cutting tools.

New technologies combining several types of energy [4, 5] may prove to be the most effective in
solving such a complex multi-criteria problem. These methods include frictional processing combined
with high-speed cutting. The friction disc is heated and the reduced surface of the part is pre-treated, after
which the final processing is performed by the cutting tool at high speeds. Also perspective is the com-
bined processing methods based on the mechanism of cutting thermo-friction cutting at low speeds [6-9],
such as multi-blade rotational turning [10, 11], rotational-friction turning [12, 13], thermos-friction milling
and of the interval [14, 15].
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The main advantage of these processing methods is the provision of high accuracy and quality of pro-
cessing at a lower cost of operations due to the use of cutting tools made of non-instrumental materials.
And also, with the right choice of optimal cutting conditions, the treatment with the proposed methods
climinates the need for the finishing operation - grinding.

Mathematical modelling of thermal processes. To ensure optimal conditions and processing con-
ditions, it is necessary to strive to ensure optimal temperatures in the cutting zone [16-18]. The proposed
mathematical model of thermal processes in the tool and the part allows us to calculate the temperatures in
the contacting bodies by calculation and to provide close values to optimal. In frictional processing, the
thermal action process is characterized by two modes, such as unsteady and steady. The unsteady mode
takes place at the beginning of the processing, when the part and the tool begin to interact. To develop a
mathematical model of thermophysical processes, it is necessary to schematize the process.

Taking into account the schematization, the part can be represented as a half-space, on the surface of
which a linear thermal source of length B, with an intensity g1, moves with velocity S,, with boundary
conditions of the second kind [17, 19]:

q1=px.y.z, 9=0,

that is, the law of distribution of heat fluxes.
Initial conditions:

f(;(x’y’z):@(? bl
where ®, — the ambient temperature, (©,=20°C).
Formula for calculating temperature:

O(x,z) = %exp(— S Z]K{LJ ‘4 sz
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The friction disk is represented as a wedge with an angle of 90 °, on the edge of which there acts a
fixed, linear, continuously operating thermal source with intensity .

2
(9()6,2,2’):q—2 — E, R )
47A, 4o,
where R2:x2+y2; —=LyS.

where L, — length of the surface to be treated, m; S — feed, m/sec; ;- the heat release density of the source
acting on the chips, W/m?; E; — Euler function; x, z — coordinates of the point under study, m; @, — coef-
ficient of thermal diffusivity of the material of the disk, m*/sec; A, — coefficient of thermal conductivity of
the material of the disk, W/m°C; t — time of action of the source, sec.

Since the heat source is located at the tip of the wedge, the thermal regime in it, taking into account
the effect of the reflected sources, can be written as:

G| | K
O(x,z,7) = 7[21{ EiLa’lTD (3)

To determine the heat release density q; and qp, it is necessary to solve the heat balance problem,
which determines the amount of heat entering the workpiece and the friction disk. To solve the balance
problem, boundary conditions of the fourth kind are used, according to which there exists an equality of
the mean or maximum temperatures within the contact area of two bodies.

We introduce the notation:
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The coordinates of points for which it is necessary to calculate the temperature lie on the surface, i.c.
x = 0. At a point with the coordinate z = 0, the Euler and Bessel functions tend to infinity, therefore it
takes z = 0.05.

Taking into account formulas (4) and (5), the system of equations will have the form:
{qlB +q, 7D =PV
Vid, = V>4,

Solving the system of equations, we calculate accordingly the values of q; q», which determine the
heat fraction for calculating the temperature of the part and the friction disk:

(6)

g = PV
e (7
[B-i- '//1]*2 ﬂ.l)d]p)
Wy
— g L
qZ ql 1/12 (8)

With tool diameter D = 500 mm with cutting modes V = 10 m/s, S = 60 mm/min, the heat balance
was 93% and 7%, respectively. 93% enters the body of the friction disk and dissipates in it by thermal
conductivity. The remaining 7% of the heat goes to the heating of the part. Knowing the ratio of the
amount of heat entering into the contacting bodies, it is possible to determine the surface temperature of
the workpiece and, through changing the cutting conditions, ensure the optimum temperature in the
contact zone.

It has been experimentally established [17, 20] that the temperature field in the instrument is deter-
mined by a number of factors: the operating time, the thermo-physical and physical-mechanical characte-
ristics of the instrumental and processed materials; intensity of heat release, dimensional characteristics of
contacting bodies.

The operating time of the friction disc determines the length of the machined surface and the cutting
modes.

Figure shows the plot of the heating temperature of the disk from the distance to the heat source.

The graph (see the figure) characterizes quite a sharp drop in temperature as you move away from the
heat source. Relatively high temperatures remain at a distance R<10 mm, after which a sharp decrease is
observed. The maximum value of the instrument's heating temperature during the entire period of resis-
tance did not exceed 90°C. The average value of the disk heating temperature was 70+75°C.
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Dependence of the heating temperature of a disk from the distance to the heat source

— 105 =—



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Conclusions.

1. Friction machining is the most effective and economically profitable way of forming a part that has
been repaired by overlaying, ensuring uniform heating of the surface and at the same time removing the
defective layer.

2. Heating the surface takes place in two modes: stationary and non-stationary. The non-stationary
mode takes an insignificant period of time and depends on the cutting regimes, thermo-physical and
physical-mechanical characteristics of the contacting pair.

3. As a tool material for the friction disk, it is recommended to choose materials with a high
coefficient of thermal conductivity, as they increase the heat flow into the body of the tool and actively
exchange heat with the environment. It is also necessary to take into account the thermo-physical
characteristics of the material being processed to ensure the optimum temperature in the disk-part
pair.

T.T. Hacax', K. T. Illepog?, B. H. AGcagsixos®, C. O. Tycymosa®,
A. A. Carutos?, T. B. Agayramesa®, A. E. Oknméaesa®

! DHTeThC TEXHOTOTHATBIK HHCTHTYTHI ((pumman) FO. A. TarapuH aTbIHIAFsI
CaparoB MEMIICKCTTIK TCXHHKAIBIK YHHBCPCHTCTI, JHTCITBC, Peceid,
2KapafaH;:[m MCMIICKCTTIK TCXHUKABIK YHHBEpcHuTETi, Kaparanmer, KazakcTawn,
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BAJKBIMA KAIITAYMEH KAJIIIBIHA KEJTIPIJITEH TETIKTEPAI OHJAEY KE3IHAE
MNIIITHKAJBIIITACTBIPY1bl BACKAPY

Annoramus., bepinreH sxympicTa OommekTi 0aaKpMa KANTAYMCH KANIMBIHA KCNTIPY Ke3iHACT1 OCT MIlmiHHIH
JKacamybIH 0ackapy >KOHC OCPINTCH KACHCTTEPAl KAMBINTACTHIPY CYPAKTaphl KAPACTHIPBLUTFAH. bankpiMa KantayMeH
KAIIIBIHA KCITIpiATeHOOMICKTIH MIIHIH KacayaplH 3KOHOMUKATBIK THIMII OICi PETiHAC aBTOPMAapMCEH (DpPHKIHA-
JBIK OHACY oAiCi YChHbUTFAH. Kypaa MCH OeimmueKTepri KUY IBIK YPAICTSPOIH MATCMATHKAIBIK YATICI JaspIaHIsL,
OJI TYHICYII ACHCACPACT] TCMIICPATY PAHBI CCENTIK KOIMCH AHBIKTAYFA KOHC OHTAMITBIFA )KAKBIH MOHII KAMTAMACHI3
eTyre MyMKIiHIIK Oepeni.

Kypanamarsl TeMmeparypanslk epic OipkapaT (akTopiapMeH AHBIKTANATBIHBI TOHKIPHOCTIK AHBIKTAJIBL, O
(haxTopmapra; KYMBIC VAKBITBL, KYPAIIbIK *KOHC OHACIVINI MATCPHATIIBIH KBLIY IBIK-(DH3HKATBIK ICH (DH3HKATIBIK-
MEXaHHKANBIK CHIATTAPBI, KbULy OONIHYIIH KAaPKbIHABUIBFBL, TYHICYII ACHENCPIIH OJIIEMIIK CHIATTaMaIapbl
SKaTaapl.

Cynbanay sl eCKepin YATIICY Ke3iHAe OOIICK KAPTHI KCHICTIK TYPiHAC 00MIaIbl, OHBIH OCTIMCH Y3BIHABIFH B,
KAPKBIHABLIBIFHI ¢, KBUTIAMIBIFHI .S, CKiTIK THOTI MCKAPAIBIK JKaFgaitra ue OONATHIH CHI3BIKTHIK JKBITY K631 OPBIH
aybICTBIPATIBL

CoHbBIMEH KOCa, JUCKIHIH KbI3y TEMIIEPATYPACHIHBIH, >KbIIIYJIBIK KO3T¢ JCHIHTI aPAKAIIBIKTBIKKA TOYEIIAUIIK TPpa-
(uri xkenripineni. TemmepaTy paHbIH AHTAPIBIKTAH TE€3 TOMEHICY1 >KBLTYJIBIK KO3ICH aJIbICTay bIHA OAWIaHBICTHI O0Ma-
TBHIHBI aHBIKTANABL. CambBICTHIPMAIBI KOFaphl Temneparypa R<10 MM KanIbIKTBIKTA CAKTanazabl, COAAH KCHIH TE3 TO-
MeHaey Oaifkamansl. KypamablH KbI3y TEMIICPATYachIHBIH €H KOII MOHI TYPAKTBUIBIKTBHIH OapIbIK Ke3eH OaphICHIHIA
90°C acmazsl. JIUCKiHIH KbI3y TEMIIEPATyPAChIHBIH oprama MaHi 70+75 °C KypazmbL.

Tyiiin ce3aep: OankeMa KanTay, (PUKUHAIBIK 6HICY, TCMICPATYPANIBIK OPIC, KBUIYITBIK K631, (DPHKIHAIBIK
JIUCK, >KbLIY OTKI3TIMTIK, TEPMOPPUKIHSIIBIK KECY.
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YHNPABJEHUE ®OPMOOBPA3OBAHUEM IIPU OGPABOTKE JETAJIEM,
BOCCTAHOBJIEHHBIX HAILJTABKOH

Annoramusa., B gaHHON padoTe paccMOTPCHBI BOMPOCH VIPABICHHA (POPMOOOPA3OBAHHEM MOBCPXHOCTH H
(hOopMHUPOBAHUS 3aTAHHBIX CBOMCTB IPH BOCCTAHOBJICHWH JICTANCH HAIIABKOH. B KauecTBE 3KOHOMHYECKH BBITOJI-
HOTO crocoda (popMooOpa30BaHUI BOCCTAHOBICHHON HAIUIABKOM JETAIH aBTOPAMHM IPEUIOXKEH CIOCO0 (DPHUKITHOH-
HOM 00paboTku. PaspaboTaHa MareMaTHUCCKAs MOJCHH TCIIOBBIX MPOICCCOB B HHCTPYMCHTS W ACTAIH, KOTOpas
MO3BOJIIET PACUYCTHBIM IyTEM OIPENCIATh TEMIICPATYPhl B KOHTAKTHPYIOIMX TEIAaX M OOCCICYMBATH 3HAYCHHI,
OJIM3KHE K ONTHMAIBHBIM.

OKCHEPUMEHTAIBHO YCTAHOBJICHO, YTO TEMIICPATYPHOE IOJIC B HHCTPYMCHTE ONPEACILIETCS PAIOM (PakTOpOB:
BPEMEHEM Pa0OTHI, TEILIOPU3HICCKUMA U (PH3HKO-MEXAHUUCCKUMH XapaKTCPHCTHKAMH HHCTPYMEHTAILHOTO U 00-
padaThIBAEMOTO MATEPHAJNIOB, HHTCHCHBHOCTHIO TEIJIOBBIACICHUS, PA3MEPHBIMH XapPAKTCPUCTHKAMH KOHTAKTHPYIO-
X Tel. [Ipn MOACTHPOBAHKH C YUETOM CXEMATH3AIMHI ACTAIb IPEICTABICHA KaK MOIYTIPOCTPAHCTBO, 0 MOBEPX-
HOCTH KOTOPOTO MCPSMCIIACTCS TMHCHHBIH TCIIOBOH HCTOYHHK JTHHOH 53, HHTCHCHBHOCTBIO 1, CO CKOPOCTBEO S, C
TPAaHUYHBIMH YCIOBHSIMHE BTOPOTO POJA.

Taxske mpuBoguTCS TpaUK 3aBECHMOCTH TEMIIEPATYPhl HATPEBA AUCKA OT PACCTOSIHUSA O TEIUIOBOTO HCTOY-
HHUKA. YCTAHOBJICHO, YTO AOCTATOYHO PE3KOC CHIDKCHUE TEMIIEPATY Pl MPOUCXOJUT MO MEPE YAANCHHUS OT TEINIOBOTO
HUCTOYHHKA. OTHOCHTEIBHO BBICOKHE TEMIICPATYPBI COXPAHIIOTCS HAa paccTosHud R<10 MM, mocie yero HabmoaaeT-
CSl pPe3KOE CHIDKCHHE. MaKCHMANbHOE 3HAYCHHE TEMIIEPATypPbl HATPEBA MHCTPYMEHTA B TEUCHHE BCETO IIEPHOIA
croiikocTH He mpeBbruano 90°C. CpeaHee 3HAYCHHC TEMIICPATY PBI HATPEBa JUCKA cocTaBmio 70+75 °C.

KimoueBpie cioBa: HaniaBka, PpUKIMOHHAS 00pabOTKa, TEMIIEPATYPHOE TOJIE, TEIUIOBOH WCTOYHUK, (DPHK-
[OHUOHHbIA TUCK, TEIUIOIPOBOIHOCTD, TEPMO(PUKIMOHHOC PE3aHNE.
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