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cratuctuyHi Meroau. OpmHak, s BHOOPY aJeKBaTHUX METOJMIB aHaTI3y 3MIHIOBAaHOCTI
KOHTPOJIbOBAHOT XapaKTEPUCTHKH 3BAPHOTO IIIBAa, HEOOXITHO 3HATH CTATUCTUYHUN PO3MOJL,
SKUM OIMCYEThCS 11 3MiHIOBaHICTh. PoGoramu Bomuyenko B.H., Tapapuukina [.A. Ta iHmmx
JOCITITHUKIB 3aKJIaZIeHI OCHOBH 3aCTOCYBAaHHS CTATUCTHYHHX METOMIB Yy 3BaplOBAJILHOMY
BUpoOHUITBI. [ToTpedye mociimKeHHS aJeKBAaTHICTh 3aCTOCYBaHHS CTATUCTUYHUX 3aKOHIB JIO
BiJIOBITHUX TIOKa3HUKIB SKOCTI 3BapHUX MBIB [ 1, 2].

Hamu pocmimpkeHa 3MiHIOBaHICTh IMIMPUHKM CTUKOBHMX IIBIB, Ha IiacTuHax i3 craini BCt3cn
TOBIIMHOIO 3 MM, BHMKOHAHHMX JYrOBUM 3BapIOBaHHSIM IUIaBKUM enekTpoaoM CB-0812C
niametpoMm 1,2 MM y cepepoBuii cymimi 3axucHux raziB Ar + CO2(18%). CruianoBanuii Ta
MPOBEJCHUI TOBHO (DAKTOPHUI EKCIIEPUMEHT 10 BH3HAYCHHIO BIUIMBY CHJIU 3BapIOBAILHOTO
ctpyMy y miama3oHi Bim 150 A nmo 190 A Ha 3MiHIOBaHICTh IIMPWUHU 3BapHOro ImBa. Jls
3a0e3neueHHs] BUKOPUCTAHHS BUOIPOK TNPEACTABHUIIBKOTO 00’€My, BIANOBIAHO A0 IUIaHY
EKCIICPUMEHTY, Y KOXHIH 3 TPhOX TOYOK IJIaHY 32 HE3MIHHUX TapaMeTpiB PeKUMY 3BapIOBaHHS
OyJ0 OTPUMAHO MO 25 OJUHUYHHX JUISTHOK 3BAPHOTO IIBa HA KOXKHIN 3 SIKHX BHKOHAHO TIO 5
3aMipiB IIUPUHHU 3BAPHOTO IIIBA. 3a Pe3yJbTaTH 3aMipiB MPOBEACHE OIIHIOBAHHS a/IeKBAaTHOCTI
3aCTOCYBAHHS JI0 3MiHIOBAaHOCTI IIMPHHHM [IBA HOPMAIBHOTO PO3IOLTY, BU3HAYCHA CTATHCTHYHA
KEpOBaHICTh IMpoliecy 3BaproBaHHsA. 3a kputepismu Kommoropoma, Illamipo-VYinka, omera
KBaJpaT JOKa3aHa aJeKBAaTHICTh 3aCTOCYBaHHS HOPMAJIBHOTO PO3MOJUTY JO 3MiHIOBAaHOCTI
IIMPUHY 111BA, B JOCTIIXKEHOMY Jialla30Hi CUJIHM 3BapIOBAILHOTO CTpyMy (Tadum. 1)

Tabmuis 1 - [lepeBipka aieKBaTHOCTI 3aCTOCYBAaHHS HOPMAaJIHHOTO PO3IOILTY

Po3paxyHnkoBuii YmoBa Crarucruka
KpHTepili KpuTepilo KpuTepilo 150...155 A | 170...175 A | 185...190 A
Kpurepiit D <D D1a6n 0,909 0,909 0,909
Konmoroposa pos  Tabn Dpos 0,815 0,7833 0,509
Kpurepiit W SW W 461 0,916 0,885 0,885
[Tamipa-Yiaka pos Tab1 Wopos 0,993 0,7672 0,968
7
Kpurepiii omera wz <m2 O a005) 0,126 0,126 0,126
2
KBaHpaT po3 Tabn ® o 0’ 113 0’ 118 0,028
Bceboro (miaTBepkeH0/3aCTOCOBAHO KPUTEPIiB) 3/3 2/3 33
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AHAJIT3 BILTABY KIJIBKOCTI HATLTABJIEHB HA TBEPJICTH TOBEPXOHD
BIIHOBJEHMX JETAJEN

OCHOBHUM TEXHOJIOTIYHHM MPOIIECOM NUIAMOBHX TOCIIOJIAPCTB € TMEepeKadyBaHHS ITyIIbITH
HacocaMd. Jlo IPYHTOBHMX HACOCIB, II0 € OCHOBHHM arperatoM B TEXHOJOTIYHOMY IpoLeci
nepeKavyyBaHHs, TMPE SIBISIOTHCS BUMOTH 3 IMIJIBUIIEHOI 3HOCOCTIMKOCTI JCTaliel, sIKi
B3a€MOJIIIOTH 3 MyJbI0I0. CKIIaJHICTh MOJIATaE B TOMY, L0 JIETajli HAcOCY MOBMHHI B PiBHIM Mipi
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NPOTHAISITA K  aOpa3WBHOMY  3HONIYBaHHIO, TaK 1  yJapHUM  HaBaHTaAKCHHSIM
BEJTMKOOCKOJIOYHUMH BKJIFOYCHHSIMH ITYJIBITH. Bennka KiTbKiCTh BHCOKOAOpa3WBHHUX YaCTUHOK
NPHUBOAMTH JO IHTEHCHBHOTO 3HOCY pOOOYMX jeraieil HacociB. Ban sBuserbcs 06a3oBOrO
JETaJUTF0 HACOCHOTO arperary BiIHOCSTHCS J0 HaWOUIbII HaBaHTAXXCHHUX neranieil. Ha Ban miroTh
HABaHTAXXCHHS, SKI CTBOPIOIOTHCS MAaCOK POOOYOro Koseca, TipaBIidYHUMHU CHIIAMH 1 CHIIaMU
JTUHAMIYHOT HEBpiBHOBaXKEHOCTI [ 1].

VY 3B’s3Ky 3 UM IIPU PEMOHTI J0 BaJiB NIIAMOBUX HACOCIB NP/ IBISIOTHCS BUCOKI BUMOTH,
SIK TIO SIKOCT1 BIJJHOBJICHHS 3HOIIICHUX MMOBEPXOHb, TAK 1 IO TOYHOCTI 1 YUCTOTI 1X 00poOKH [2].

Jlnsi poBENCHHS JOCIIPKEHb OYyJ0 BHUPIINICHO BHKOPHCTATH 3pa3KW: IMEPIIU 3 MpPOKaTy;
JpYyTHUil 3 Baly IpyHTOBOTO Hacoca, IKUA BUPOOHB CBii pecypc podotu. Marepiain 3pa3KiB cTallb
45 TOCT 1050-88 (puc.l). HanmaBnenuit map ckiagaB 5...6.MM, KUIBKICTh HaIUIaBJICHb JO
CeMHU.

-y

Puc. 1 — 3pa3ku 11 BUMIpIOBaHHS Puc. 2 — Touku BUMiproBaHHS TBEPJOCTI Ha
TBEPJIOCTI 1 BUBUEHHS MIKPOCTPYKTYPH 3paskax

B sxocTi (i3uKo-MeXxaHIYHUX BJIACTUBOCTEW BUOpanu TBEpPAICTb. BUMIproBaHHS TBEPAOCTI
IIPOBOJIMIIM B JIAOOPATOPHUX YMOBAX 3a JIOIIOMOI00 ITOpTaTuBHOrO TBepaoMipa TAM-1.

TBepaicTe BUMIpIOBATIM Ha 3pa3kax 000X BUIIB 3a CXEMOIO Bij LIEHTPY 110 nepudepii (puc.2),
TOOTO OCHOBHOTO Me€Taly, 30HM TEPMIYHOIO BIUIMBY 1 HaIUIaBJIeHOro Iapy. B pesynbrarti
MPOBEJEHHS JOCHIKEHb (DI3UKO-MEXaHIYHMX BJACTMBOCTEH MeETally BIJHOBIEHOTO Baily
IPYHTOBOTO HAacoca BHM3HAYEHO PO3MOJUI TBEPJOCTI BiJ HAIJIABIEHOI 30HU JI0 OCHOBHOTO
MeTany.

3 giarpaMu po3MOiTy TBEpAOCTI MO MNEpeTHHY Baldy Ha 3pa3kax Oe3 BIUIMBY BTOMHOI
MiLHOCTI (3pa3ku 1) (puc.3) BUAHO, 110 TBEPAICTh HAMJIABIEHOIO HIapy Micis 1-ro HallaBlIeHHS
30imprmnacs 1o HRC 40, 3 2-ro 1o 6-ro HaruaBneHs Tpumaetbes B Mexi HRC 25...22, 1 micns
7-ro "HamasienHs 3menmmiaca 1o HRC 20.

Jliarpama po3mojiay TBEPIOCTI MO MEPeTHHY Baly Ha 3pa3kax BiJMpalbOBaHUX pecypc
(3pa3ku 2) (puc.4), BUAHO, IO TBEPAICTH OCHOBHOT'O METATY 1CTOTHO 3HM3MJIACS y TIOPIBHSIHHI 13
3pa3kaMu, 1[0 HE MalOTh BIUIMBY BTOMHOI MIITHOCTI, @ TBEPIICTh HAIUIABJICHOTO mIapy Bia 1-ro
no 6-To HammaBieHHs KoiuBaeThes B Mexkax HRC 22....21 (BUKIIOUEHHS CTaHOBHUTH 2- Te€
HaruaBieHHss e HRC 18), icToTHO 3MeHIIMiIacs TBEPIICTh HAIJIABIEHOTO IIapy Micis 7-To
HaraBnenHs HRC 16.

BucHoBok: BukoHaHO eKcriepUMEHTalbHI JOCHIPKEHHS 3MIHM TBEPIOCTI HAIIaBJIEHOTO
iapy MeTajgy B 3aJIeKHOCTI B KUIBKOCTI BUKOHAaHUX HAIJIaBJ€Hb BaJly IPYHTOBOTO Hacoca.
MoskHa 3poOUTH BUCHOBOK, IIO 31 30UIBIIEHHSM KUTBKOCTI BiTHOBJICHb TBEPAICTh HAIJIABICHOTO
[1apy 3MEHIIYETHCS, TAKOK 3MEHIIIYETHCS 1 3HOCOCTIHKICT BiTHOBIIEHUX TTOBEPXOHB/

Jlis mojanpmioro JOCHiIKeHHS 3 000X BHJIB 3pa3KiB HEOOXigHO Oyae BUTOTOBUTH
MIKpOILTi(pM Ta BUKOHATH E€KCIIEPUMEHTAJIbHI NOCTIIKEHHS 3MIHU CTPYKTYPH HAIUIaBJIEHOTO
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mapy MeTainy B 3aJIe’KHOCT1 BiJ KUTBKOCTI BUKOHAHUX HAIJIABJICHB 1 B 3QJIEKHOCTI BiJ] BTOMH

OCHOBHOTI'O METAJIy Bajly IPyHTOBOI'O Hacoca.

HannaBKa TE5

Hannaska 3

40

Hannaska 5

Hannasxa 2

Hannaska 4 Hannaska 6

Hannaska 1

Puc. 3 — Jliarpama po3noaiiay TBEpAOCTI 10 IEPETUHY Bally Ha 3pa3Kax 0e3 BILUIUBY

BTOMHOI MinHOCTI 1,2,3,4,5

TOYKH BUMIPIOBAHHS TBEPAOCTI Ha 3pa3Kax

Hannaa«a 7 E T4

Hannaska 5

Hannaska 4

Hannaseka 3

7%

Hannaska 1

2 0 8 6 4 2 0 8 6 4 2 0
o~ o~ ot - b o - -

OdH

Hannaseka 6

Hannaska 2

Puc.4 — Jliarpama po3noisly TBEpOCTI MO EpETHHY Baly Ha 3pa3Kax BiANpanbOBaHUX

pecype 1,2,3,4,5 - TOUKH BUMIPIOBaHHS TBEPIOCTI Ha 3pa3Kax
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PROCESS OF BRAZING IN CONDITIONS OF LOCAL HEATING OF THE JOINT
ZONE

Brazing is the process of permanent joining of parts by heating a joint zone to the temperature
where filler melts. The brazing process could have stationary and non-stationary conditions.
Brazing process considered as stationary when heat energy supplied steadily and constantly to
the whole assembly being joined. Process is considered as non-stationary when the joint zone of
parts being brazed is heated up by contact with hot solid body used as heat source. Propagation
of heat flow from the heating zone across parts imposes certain restrictions on the possibility of
implementing this process, especially in the case of brazing materials with high thermal
conductivity. Fast local heating of joint zone could be achieved, for instance, using heat source
that can generate intense heat flux from exothermic reactions of high temperature synthesis
(gaseless burning). Alumothermic-based reactions in powder compounds are considered as
appropriate materials for such heat source [1].

However, when choosing parameters for the heat source one should take into account not only
the size of parts being brazed, but also properties of parts material and properties of filler braze
being used. This restricts the choice of parameters of the heat source as it, on the one hand,
should ensure melting of the filler, and on the other — it should prevent heating of the core
material to the temperature of its melting.

This work considers a model of brazing for flat plates combined into one system with a heat
source by mechanical compression. The redistribution of heat in such system are presented in the
form of finite difference equations, taking into account the thermal resistance at the borders
between components: the heat source and the plate, the plate and the braze.

Based on this computational model, the software which provides possibility to study the effects
of the system parameters on the conditions of braze meting and process duration was created. The
possibility to determine the parameters of heat source necessary to melt the braze, for a given
system parameters is demonstrated. Using self-consistent calculation based on experimental data
on temperature changes in specific points of the system, which consists of limited size aluminum
plates, during its local heating, thermal parameters of the system could be defined [2].

The effects of porosity were studied using alumothermic heaters compacted at different
pressure to ensure different levels of porosity. The calculation of temperature fields for the
assembly during heating and brazing was made and thermal parameters including heat source
thermal conductivity were determined. A technological scheme of practical implementation for
brazing in non-stationary conditions during the joint zone heating is proposed.
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