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MATEMATHUYHA MOZEJIb BIBPALIIIHOI OBPOBKY METAJTY
ITPY 3BAPIOBAHHI TPYBHUX 3ATOTOBOK

banakiu B.®., n.1.H., npo¢., CaBkuu C.B., acmipaHT

Harnjionanpaa mMerayprivina akagemis YKpaiam, YKpaifa.

Beryn. [MuTaHHSIM eKCIIepUMMEHTAaIbHUX OOC/iIKeHb BiGpaliifHoro oo6poOKu
MeTasiB Mpy 3BaplOBaHHI MPUCBSYEHA BejMKa KiIbKiCTh pobiT [1-5], mpu mbomy
BiACYTHI oOmmMcu MofeJieil, 10 AO3BOJSIOTb BU3HAUATU 3aJMUIIKOBI HAINpyru B
mpoieci penakcaiii. Y HasiBHMX ITyOJIiKallisiX OMMCAHi Juile TiJIbKM 3arajabHi
IIPUHLNUITM CTBOPEHHS TaKUX MOJeJieli [6], a TaKOX HaBOIATHCS 3aJIEKHOCTI, LI0
JIO3BOJISIIOTh OLLiIHUTY 3arajbHUI piBeHb 3HVDKEHHS 3/IMIIKOBUX HAMPYKeHb [7,8].

TakuM YMHOM, BMHMKAE HEOOXiMAHICTh B CTBOPEHHI MaTeMaTMUHOI Momei
BiOparliiiHoi 00poOKM [JIsT KOHCTPYKIiii pisHOI dopmu, mpu sKiit MOKIUBE
BM3HAUEHHSI BCiX KOMIIOHEHTIB T€H30pa HANpy>KeHb B JOBUJIbHIN TOYII].

OcHoBHMIfI MaTepian. [ 3BapHMX 3'€AHaHb IWIIHAPUYHOI ¢dopmu,
3TigHO [7], 3BapHi KOHCTPYKIIii pO3IISIAAIOTHCS SIK HECKIHUEHHO-A0BTi TOBCTOCTiHHI
LIWIIHAPY, HABaHTa)KeHi piBHMMM TMCKaMM Ha ITIOBEPXHSIX CIIOJydYeHHS. Po3paxyHOK
Hallpy>keHb, 1[0 BUHUKAKOTh B 3'€lHAHHI, MPOBOAUTHCS 3a YMOBM, IO 3BapHi
MTOBEPXHi 3HAXOSIThCS B IJIOCKOMY Ae(pOpMOBaHOMY CTaHi.

[Ipy 1OOYmOBi MaTeMaTHMYHOI MoOfesi 3BapioBaHHSI TpPyO BBOJSTbCS TaKi
TIPUITYIIIEHHS.

1. Marepian Tpy6, MO0 3BapOIOTbCI € imeaqbHO TMPYKHMUM 1 JIiHiIHO
nebopMyeEMUM.

2. TemniepaTypHe 1oJie B KOXKHili TOUIli TOBEPXOHb 3BAPIOBAHHS HE 3aJI€KUTh
Bil KOOPAMHAT TOYKMU.

st 1oOGymoBM MaTeMaTUMYHOI Mojesli BiOpalliiiHoro o6pobku Tpyod, IIo
3BapIOIOTHCSI BBOOVMO TaKi IPUITYILLEHHS :

- BilOyBA€EThCSI MUTTEBE YKIAAAHHS IIBA 110 BCiil TOBXKIHI,

- JIiHi1 3BaplOBa/IbHUX LIBIB € JIiHiSIMM HArpiBYy [0 TeMIlepaTypyu 3BaplOBaHHS;

- 3BapIoBaHi Tija i medopmaiiist ix MaTepiany € Mpy>KHO-TUIACTUUHNMMU;

- TIJIACTMYHA Tedis MaTepialy Ma€ XBUJIbOBUIA XapaKTep.
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[Ipy 1BOMY BBaKA€ETbHCSA, IO IUIACTUYHA HOedopmaliis PO3TAIHAETHCT SIK
CYKYITHICTb ITOC/IiJOBHO MPOTiKAUUX eJIeMeHTapHMUX pejaKCaliiiHuX aKTiB, B XOAi
SIKMX, B 00J1aCTi 1106113y KOHILIEHTPATOPiB HANIPYKeHb, 3aPOJISKYIOThCS 3pYIIEHHSI.

Ocumioounii XapakTep IIaCTUYHOI Teuii 103BOJsIE PO3MISAaTH el mpoiec
SIK @BTOKOJIMBAJIbHUIA. BU3HAUMBILM BJIaCHY 4aCTOTY OCLMJISILINM IJIaCTUYHOI Teuii,
MOKHa 3a /[JOTMOMOTOI0 pPEe30HAHCHOTO 30BHIIIHBOTO BiOpallifiHOTO BIUIUBY
BUKJIMKATU IITy4HE MiABUIIEHHS IHTEHCMBHOCTI IUIACTUYHOI Teuil TBepAOro Tiia
(MeTasty abo CIUIaBy), i 38 paXyHOK IIbOTO JOMOTTUCSI 3HUKEHHS BEeJIMUMHI 3y CUJLIIS
nedbopmatii [9].

MaTremaTnyHa MOAe/Ib TPYOHOTO 3BAPHOTO 3'€IHAHHS, B yMOBax BibpalliiiHOro

BIVIMBY Ma€ BUIJIAM .

U= ffb Wrdrdz — min, (1)

Upy = Uy (2)

Uy g = Uy 3)

may + min @(a) < w < mw, + max Q(a). 4)

PiBusinust (1) mpencTaBise coboil0 MiHiMizallilo (QyHKIIOHATy MOTEHIiHOI
eHeprii, 1Mo HaKOMMYYETHCS B 3'€fHAHHI; (2), (3) — 0OMekeHHS Y BUIJISIAI PiBHOCTI,
IO OIMMCYIOTh YMOBM 34YeIUVIEHHS IIapiB; (4) — oOMeKeHHSI Y BUTJISIAI HepiBHOCTEN
171 YaCTOT BiOpallifiHOro MpUCTPOIO.

CriBBigHOLIEHHS (4) ONMUCYE MeXy YaCTOTHOI CMyTrM, B MeXax KOl
BiOpalliifHuit BIUIMB Ma€ CTUMYJIIOIOUY Iif0 Ha TIpoliec IJIacTUYHOI Jedhopmaliii.

TyT: W — muTOMa IOTeHIliiiHa eHepris, 110 HAKOMUUYETHCSI B OOUMHUYHOMY
niapi meTtany; Upgrlp s Uy g Uy = IOTUYHI KOMIIOHEHTY BeKTOpa MmepeMillleHb IIapiB
MeTany 3 giametpamu ¥ U y; @(a) — GYHKIS 30BHIIIHBOTO BIUIMBY; V — 06'eM
3BapIOBaJIbHMX LIAPIB; w — LIMKIIYHA YaCTOTA HABAHTAXKeHHS ; w, — BlIaCHAa LIMK/IIYHA
yacTOoTa OCUWISLIN; @ — TOYaTKOBa (pa3a HABAHTAXKEHHS; m — YMCJIO IIapiB.

[IrToMa MOTeHIIiliHA eHeprisl OAMHUYHOTO IIapy CKIAJA€ThCs 3 MOTEHIIIMHUX
eHepriii B3aemMo/iii OKpemMux 4aCTUHOK [10]:

w=ZXr,w, (5

Ie W, — mUTOMa IOTeHIIiliHa eHeprisd i — 0l YaCTUHKM; . — UMCJI0 YaCTUHOK B IIapi.
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Iiss nuToMOiI IIOTeHILifHOI eHeprii 4YacTMHKM Ma€ Miclle HacCTyIlHa
dbopmyna [9]:
4 fam d\™ m
we=0-5( -() %) ©

r r n

TyT: d — pgiamerp 4YacTMHKM; r — BiCTaHb MiX HaOMVKUMMM CYCimHiIMU
YyacTUHKamMu; 4,8 — MOCTiViHI Ajsg 3aaHol pedoBUHM (4 = 0; 6 = 0); m — UYNUCIO
mapis.

[T 3HaxXoIkeHHST 00'emy V 3BaploBajJbHMX IapiB Mae€ MicClle HACTyIHa
dbopmyna:

V =mnm(y — 0)%/4. (7)

V mpoiieci 3BaplOBaHHS MJIACTUYHA Teuisi BTpaya€ aBTOKOJMBAJIbHUII XapaKTep
i IMMOBHICTIO IMiAIIOPSIKOBYEThCS 30BHIllIHINM [ii BiOpaliii, TOOTO HacTae Tak 3BaHMUIL
BiOportacTuuHuii  eekT, Tpu I[bOMY KOMIIOHEHTM TeH30pa HampyKeHb
3HAXOSThCS 3 pillleHHs AudepeHIiaTbHOTO PiBHSIHHS

7428 y+wiy =Heot+a;y,; t), (8)

Tyt: £ — omeparop TeH3opa fedopmaliiii ;;; t — 4ac; y, — BUXIHI Hampyru,
CTBOpEHi 30BHIIIHIM BIVIMBOM; Flwt+a;yv,; s;t) — QyHKUiS BibpauiiiHoro
3MYLIYIOYOTO BIVIMBY; ¥ — OTIEPATOP TEH30Pa HATIPYKEHb V.

BucHOBKM. B 1polieci 4McenbHOro eKCIIEpUMMEHTY BM3HAUaJIOCS BIJIUB
reoMeTpuyHuX, (Gi3MKO-MexXaHiYHMX BJACTUBOCTEN MaTepiaiiB, IO 3BapIOKOTHCS,
YAaCTOTHMUX XapaKTepPUCTUK BiOpaIliiHOTO BIUIMBY Ha BeIMUMHU HaAMNpyXeHb B
3BapHOMY 3'€JHaHHI.

HaBemeHi Buille 3a71€3KHOCTi JO3BOJISIIOTh 3pOOUTY BUCHOBKM IIPO IOIIIbHICTD
3aCTOCYBAaHHSI MaTeMaTMUYHOIO MOZENIOBAHHSI 3 METOI0 ITPOTHO3YBAaHHSI BeIVUMHU
3QJIMIIKOBMUX HAIMpPyr y 3BapHMX INBax i OUISIIOBHMX 30HaX 3BapHUX TpPyO B
3aJIeKHOCTI BiJl 32CTOCOBYBAHOI B IIPOIleci 3BaplOBaHHSI YaCTOTH BiOpaliii.
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MATHEMATICAL MODEL OF VIBRATION PROCESSING
OF METAL DURING WELDING OF BILLETS
Balakin Valeriy, Savkyn Svyatoslav

Abstract. This article discusses methods for numerical measurement of the
effect of vibration frequency on the physical properties of the metal. A literature
review of known studies on the effect of vibration on the physical properties of
metal. According to the wave theory of vibration, by determining the natural
frequency of oscillations of the plastic flow, it is possible to intensify the process of
metal processing by pressure and to achieve a reduction in the magnitude of the
deformation force. The mathematical model of pipe welded connection in the
conditions of vibration influence taking into account the assumptions necessary for
approximation of calculations is offered. Particular attention was paid to the specific
potential energy of a single layer, which consists of the potential energies of
interaction of individual particles. The dependences presented in the work allow to
make positive conclusions about the application of mathematical modeling in order

to predict the level of residual stresses in welds.

ISSN-online 2708-0102 99



Ministry of Education and Science of Ukraine
The National Metallurgical Academy of Ukraine, Dnipro, 16 — 18 March, 2021

Keywords: vibration, residual stresses, mathematical model, welded joint,
specific potential energy.

References
1. Skakovsky V.D. Development of technology of vibration processing of welded structures
of beam type / dissertation author's abstract on scientific degree competition Ph.D., K.,
1987.-16 p.
2. Ragulskis K.M. and others. Vibration aging. L .: Mechanical Engineering, 1987.- 72 p.
3. Anistratov V.D., Gini E.Ch. Vibration aging of body cast-iron parts of machine tools:
Review.- Moscow: NIIMASH, 1981.- 36 p.
4. Ivanova G.N., Mogilner M.N., Polnov V.G., Chikadali O.D. Vibration stabilizing treatment
of metal parts.- Alma-Ata, 1987.- 61 p.
5. Lashchenko G.I. Vibration treatment of welded structures. - Kiev: "Ecotechnology",
2001. - 56 p.
6. Eldarkhanov A.S. Application of physical methods of modeling to study the effect of
vibration on the solidification of alloys // Dis. Dr. tech. sciences. - Kiev, 1996. - 321 p.
7. Balakin Yu. A., Gladkov MI Calculation of the parameters of vibration treatment of
crystallizing metals. Izv. universities. Black metallurgy. - 2003.— No. 9. - S. 56-60.
8. Polnov V.G., Mogilner M.P. Determination of modes of vibration processing of welded
structures in order to reduce residual stresses / Welding production.- 1984.- No. 2.- P.32-33.
9. Didyk R.P., Kuznetsov E.V., Zabara V.N. Physical foundations of strength. Textbook. -
Dnepropetrovsk: "Science and Education”, 2005. - 608 p.
10. Podgorny A.N., Marchenko G.A., Pustynnikov V.I. Fundamentals and Methods of Applied
Theory of Elasticity.- Kiev: Vischa Shkola, 1981.- 328 p

100 ISSN-online 2708-0102



