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AUTOMATIC DETECTION SYSTEM FOR THE SEAM
AT THE ELECTRON BEAM WELDING PROCESS

In the article the description of device, which provides automatic positioning of electron beam relative to joint
of welded parts during welding, is given. Search of the acme, based on synchronous detection of sensor signal (X-ray
or secondary emission) is realized in the device. Measurements were made when beam goes out of the channel
following the welding direction.
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JAETABALMSL IMTATYP Al-Zr U Al-Ti C HEJIbIO IIOBBIINEHUSI
MEXAHHWYECKHUX CBOUCTB KOHCTPYKIHMOHHOTI O CIIJIABA AJI27-1

Ipeosapumenvnsiii nepennag aueamyp Al-Zr u Al-Ti npusooum k nogvluueHUI0 MeXaHu4yecKux ceoucms cniasd
AJI27-1.

Kniouesvie cnosa: nepennas, nueamypor Al-Zr u AI-Ti, mexanuueckue ceoticmsa, cnaias AJI27-1.

B aspokocmuueckoil oTpaciau npu IpOU3BOACTBE Bbl- IlneHka Ha MOBEPXHOCTH >KUJIKUX CIUIABOB CHUCTEMBI
COKOHArpy KEHHBIX JINTHIX JeTaliel JeTareNbHbIX anmapa-  Al-Mg, conepxamux 6onee 1,0 % Mg, cocrout u3 mno-
TOB IIUPOKO TPUMEHSETCA AIFOMHHHEBO-MAarHUEBLIH  PUCTOI pBIXJIOH okucu Maraus MgO, He NpensarcTByo-
cae AJI27-1 (cocrae mo T'OCT 1583-93: Mg —  1meif B3anMoJelcTBUIO pacmiaBa ¢ ra3oBoi armocgepoit
9,5...11,5 %; Be — 0,05...0,15 %; Ti — 0,05...0,15 %; [3], B cBsI3u ¢ ueM B cocTaB CIUIaBa BXOJUT OEpUILIUIA,
Zr — 0,05...0,20 %; Al — ocranbHoe; npuMecH — He Gonee  OOPasylOmMH Ha TOBEPXHOCTH JKHAKOTO METaa Mpod-
0,05 % xaxmoro snementa: Mn, Cu, Zn, Si, Fe; cymma  HYIO OKCHAHYIO IUIeHKY BeO.
npuMeceii s BCEX BUOB JUThs — He Gonee 0,5 %). DtoT Ewe ozxHoit 0cobGeHHOCTBIO CruaBoB cuctemsl Al-Mg
CIUIaB XapaKTEpPU3YETCsl BHICOKOW YJIENbHOM MPOYHOCThE0  ABIACTCA HMX 3aTBEPACBAHNE B IIMPOKOM HMHTEPBAJIC TCM-
M KOPPO3HOHHOI CTOHKOCTBIO, CIIOCOOHOCTBIO Bhigepkn-  11eparyp. Ilpu sToM kpucTammsanus mpoMCXOIUT OXHO-
BaTh BBICOKHE CTATHYECKHE W yAapHble Harpy3ku. Tpe- ~ BPEMCHHO B Gompmom 00beMe MeTajlla MpH CHIBHO pas-
GyeMble MEXaHHYECKHE CBOMCTBA CIUIABA B TepMuuecku  BETBJICHHOH CETKE JCHIPHUTOB, YTO 3aTPYIHSACT MUTAHHE

o0paboranHoM coctostHud  (pexxum  T4): Bpemennoe — OTIMBKH JKMIKHM METAJJIOM B MEKICHIPUTHBIX TIPO-
CTpaHCTBax. BciencTBHe 3TOr0 OTIIMBKA OKa3bIBAETCS

MOPa>KEHHON PAaCcCesTHHON yCa04HOM MOPUCTOCTBIO, PU-
BOJALIEH K CHIDKEHHIO TePMETUYHOCTH OTIUBOK U yXY[-
IIEHUIO UX MEXaHUYECKHX CBOMCTB, 0COOEHHO MPOYHOCT-
HBIX. Kpome Toro, mpucyTcTBylomune B pacIijiaBe Tra3bl
B MPOIIECCEe KPUCTAIM3ALNN BBIACIAIOTCS B MOPHI, 00pa-
3ysl TaKk Ha3blBaEMYyIO Ta30BO-yCaJ0YHYIO IIOPUCTOCTb,
KOTOpasi B emle OonblIel CTENEHU YXyALIaeT yKa3aHHBIC
XapaKTEPUCTUKH.

C 1eNbI0 MOBBIIIEHUS] MEXaHUYECKUX CBOMCTB JIMTHIX
n3fenuil, nomyyaemeix u3 criasa AJI27-1, npu ero npu-
TOTOBJICHUM B PACIUIaB B COCTaBe JIUTATyp BBOJSAT TUTaH
U LUPKOHUH, MPUBOIAIINE K U3MEJIBYEHUIO CTPYKTYPHI
CIUIaBa.

conpoTuBieHue G, > 350 Mlla; oTHOCUTENBHOE YIUTMHEHNE
8> 15 %; tBepaocts no bpunemnro HB > 75 [1].

Henmocratku nuteiHbIX CIUiaBoB cucteMbl Al-Mg 3a-
KJIIOYalOTCSI B MX NOBBIIIEHHONW CKJIOHHOCTH K B3aMMO-
JCUCTBHIO C Ta3aMH, YTO IPHBOAUT K OOpa30BaHHIO B
OTJIMBKaX ra30BOH MOPHCTOCTH W T'a30BBIX PaKOBHUH, I0-
9TOMY HpPUTOTOBJIICHHE TAKHX CIUIABOB HYXHO IPOBOJIUTH
mox ¢mrocoM. C 3TO¥ ke LENBI0 PU JHUTHE B TIECYAHO-
TIIMHUCTBIE POPMBI B (POPMOBOYHYIO CMECh JOOaBISIIOT
OOpHYIO KHUCIOTY [2], KOTOpask MPETATCTBYET B3aUMOIEH-
CTBHIO KHJIKOTO MeTajula ¢ BJaroil GopMoBO4YHON cMecH,
OJTHAKO TPHBOAMT K 00pPa30BaHHUIO B CIUIaBE HEMETAILIH-
YEeCKHUX BKIIOUEHHUH ¥ OKCHAHBIX TICHOK.
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W3 n3BeCTHOr0O KJIaCCHYECKOT0 COOTHOIICHHUS XOIa—
Iletua [4; 5]

H,(c,) =H0(00)+L,
NI

rne H, — TBepIOCTh MaTepHalla; Gt — MpeJed TeKY4eCTH;
H, — tBepmocTh Tena 3epHa; Gy — BHyTPEHHEE HampsiKe-
HHE, NPEeNsATCTBYIOIIEE PAaCIpPOCTPAHEHHUIO IIIACTHUECKO-
ro CcIOBUTA B Teje 3epHA; k — Ko3dduimenT npomopiwo-
HaJbHOCTH; D — pa3mep 3epHa, CleayeT, YTO MPU YMEHb-
IICHUW pa3Mepa 3epHa MPOUCXOTUT POCT MPOYHOCTH Ma-
Tepuana.

OpmHako THTaH W HUPKOHUH SBISIOTCS aKTUBHBIMH I10-
IJIOTUTESIMU BOJIOPO/A, KOTOPBIA BBI3BIBAET 00pa3oBa-
HHUE Ta30BOM MOPHUCTOCTH U Ta30BBIX PAKOBWH, YTO TPH-
BOJHUT K CHIDKCHUIO MX MEXaHMYECKHX CBOWCTB CILIaBa
AJI27-1 [6; 7].

Jnst ynaneHus BoIopoAa U3 MPUMEHSIEMbIX NPH MPH-
rotoBineHnn cmiaasa AJI27-1 muratyp «Al — 3,0 % Zr»
u «Al — 3,0 % Ti» ux npenBapuTeIbHO MEPEILIABISIN
B TeueHUe 15 MHH B BaKyyMHOM MHAYKLIHUOHHOW BBICO-
koyacToTHOH neun npu 1 373...1 473 K u pazpexeHun
6...8:107 Mm pT. ct. (0,799...1,066 I1a) ¢ mocnemyromeit
pPa3IMBKOM C IIOMOLIBIO YCTPOWCTBA, HAaXOAALLErOCs
B meuu, cioeMm 15...20 MM B 4YyryHHbIE HEMOAOIPETHIE
M3JIOKHHIBI 0e3 CHATHS BaKyyMa.

Pabounii crmmaB TOTOBWJIM B JJIGKTPHYCCKOW ITCYH
COIIPOTHUBIICHHUS B TpaduTO-IIaMOTOBOM THIJIE. BHauaie
B THTEJb 3arpy’kajli HaBeCKy aJlOMHHUS, B KOTOPYIO I10-
Clle pacIUIaBIICHHUS IIOCIIEAOBATEIFHO BBOAWIHM AJIOMH-
HHUEBO-OeprueByto auratypy (Al — 4,26 % Be), amro-
MHUHHEBO-IIUPKOHHEBYI0 suratypy (Al — 3,0 % Zr), amnro-
MHUHHEBO-TUTaHOBYIO uratypy (Al — 3,0 % Ti) u marauit
mapku Mrl. ITocie pacTBopeHHs] MarHus ¢ MMOBEPXHOCTH
paciuraBa CHUMaJIM IIJTAK ¥ OKUCHYIO INICHKY U HPOU3BO-
qun ero paduHupoBanue rexcaxiopatanom C,Clg B 1Ba
npuema u3 pacuera 0,25 % (50 r) or maccel iaBku. [lo-
clie BbICTauMBaHUs ciaBa B TeueHue 8...10 MuH u mo-
BTOPHOU OYKCTKH ero nosepxHoctu npu 720 °C B KOKHIIb
OBUTM OTJIMTHI MPOOBI AMaMETpOM 35 MM, M3 KOTOPBIX
nociie TepMudeckor 006padotku (pexum T4) BeITaunBan
00pa3upl (Mo 3 MTYKW) AN UCTBITAHUS MEXaHHYECKUX
CBOMCTB.

CocTtaB CHIIaBOB KOHTPOJHPOBATH XHUMHUYECKUMHU
criocobamu.

Ilo onMcaHHOIN TEXHOJOTMM NPOBOAMIIM CEPUIO ILIa-
BOK, MIOJIy4€HHBIE Pe3yJIbTaThl HCIBITAHNH MEXaHUYECKUX
CBOWCTB YCpeOHIH. AHAJIU3 dTHX Pe3yJbTaTOB (CM. Tald-
JIMIly) TOKa3aj, 4YTO IpHU NpPHUMEHEHHE pa3paboTaHHOM
TEXHOJIOTHH TPUTOTOBJICHUS CIDIaBa BPEMEHHOE COIPO-

TUBJICHHE Pa3phIBy G, OTHOCHUTEIHHO TpeOyeMoro 3Have-
Husg o 'OCT 1583-93 moBeicuinocs Ha 14,1 % (c 320
10 365 MIla), otHocuTenbHOE yinHeHue O — Ha 58,3 %
(c 12,0 mo 19,0 %), tBepmocts mo bpunemmo HB —
Ha 2,7 % (¢ 75 mo 77). Ilpu 3TOM IUIOTHOCTH CILIaBa, OII-
peacicHHas IrmapoCTaTUUYCCKUM METOAOM, YBEJIUYHIIACh
c 2545 110 2 565 xr/m’.

Kazanock ObI, 4TO Takoe, Ha MEPBEIIA B3I, HECYIIe-
CTBEHHOE MoBbIIeHUe IOoTHOCTH (Ha 0,78 %), HEe UMeeT
ocoboro 3naveHus. OqHako B pabote [8] ObUIO TIOKA3aHO,
YTO NPHUPOCT MIOTHOCTH ciutaBa AK94 Bcero Ha 0,43 %
(c 2 564 10 2 575 kr/m’) B pe3yibTaTe H3MEHEHHUS TeMITe-
pPaTypHOTO peXHMa €ro MPUTOTOBIICHHUS B OMPeIeIeHHON
CTENICHN KOppEeIupyeT ¢ yBenuueHueM o, Ha 10,4 %
(c 235 no 260 MIla) (oTMETHM, YTO OTIMYAIOIINECS BE-
JUYUHBl KOPPENSIUH MMPOYHOCTH U IUIOTHOCTH CIUIABOB
AJI27-1 m AK94 cBsi3aHBI ¢ UX MPUHAJISKHOCTHIO K pa3-
HBbIM CHUCTEMaM: HepBbIﬁ U3 HUX OTHOCUTCA K CHUCTEMC
Al-Mg, BTopoii — k cucreme Al-Si). YBenuueHue mioT-
HOCTH CIUIaBa CBUJETEIBbCTBYET 00 YMEHBILEHHUU CyM-
MapHOro o0beMa JIeeKTOB Ia30BOT0 MPOUCXOXKICHUSL.
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XUMHYECKHIT COCTAB M MeXaHHYeCcKHe CBoiicTBa ciiaBa AJI27-1

Copepxanue KOMHOHCHTOB*, % MexaHnuyeckue cBoiicTBa
TexHomorus . s , HB,
Mg Be Zr Ti MIla /npu- % / pu- MIla /mpu-
poct, % pocrt, % pocrt, %
I'OCT 1583-93 9,5...11,5 0,05...0,15 | 0,05...0,20 0,05...0,15 320 12,0 750
Tpennaracmas 10,5 0,041 0,061 0,027 365/14,1 19,0/58,3 770/2,7
ABTOPOM

* ~
OcTanbHOE — ATFOMHHHIA.
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DEGASIFICATION OF Al-Zr AND Al-Ti ALLOYING COMPOSITION FOR INCREASE
OF MECHANICAL PROPERTIES OF CONSTRUCTIONAL Al 27-1 ALLOY

The preliminary refining of Al-Zr and AI-Ti alloying compositions leads to increase of mechanical properties

of A127-1 alloy.
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SIZE, FORM AND DISTRIBUTION OF INTERMETALLIC PARTICLES OF TiAl;
IN ALUMINIUM-TITANIUM ALLOYING COMPOSITION

This article presents an evaluation of the size, form and quantity of the particles of titanium aluminide TiAl; in rod
inoculating alloying composition, used in semi-continuous casting of ingots of aluminum and aluminum-based alloys.

Keywords: ingots of aluminum and aluminum-base alloys, alloying compositions, titanium aluminide.

By the semi-continuous method of casting the
aluminum alloys ingots for fining its structure and follow-
ing improvement the technological characteristics as a
consequence (that is the prevention of cracks appearance)
and rising the mechanical properties of work pieces made
of these ingots by methods of no cutting shaping, at the
stage of preparing alloys the inoculations are added in
it [1].

Using as an example known Ti- and B-containing
master alloys [2] it has been shown that their quality has a
strong influence on the quality of cast parts of aluminum
alloys inoculated particles of TiAl; and AlB, that are con-
tained respectively in these master alloys. The basic
qualities indices of master alloys is the size, form and
distribution of the particles of inoculating compounds.

Two master alloys containing 5.0 and 3.5 % Ti (rods
with a diam. of 9.5 and 8.0 mm, respectively) produced
by different methods were investigated. The area of the
titanium aluminide particles was determined by the
method of random intercepts [3] on specimens of cross
sections of the rods (at 200x) both in the original
condition and after immersion of them and holding for
60 sec in molten aluminum (700 °C) with subsequent
hardening in water with ice (at 0 °C). The rods were held
in molten aluminum for the purpose of establishing the
influence of thermal action on the size of the TiAl;
particles in inoculation of the master alloy in the
aluminum during casting of ingots. In this case
the specimens were prepared on cross sections of the rods
at ~ minimum distance from the boundary of fusion of
them.

The analysis of the measurement results shows that in
the original rod containing 5 % Ti the quantity of titanium
aluminide particles with the smallest area (0...100 pm?) is
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20.43 % (see Figure). Heating of the rod causes an in-
crease in the quantity of particles of this size group by
3.6 times (to 74.19 %). A larger quantity of particles
(29.04 %) corresponds to this range of sizes in the origi-
nal bar of the master alloy with 3,5 % Ti than in the first
master alloy but heating causes an increase in the quantity
of them to a lesser degree (to 46.25 %).
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Histograms of the distribution of the areas of titanium
aluminide TiAl; particles in the inoculating rod master alloys
(n is the frequency of cases):

a— 9.5 mm with a 5 % Ti content; b — & 8.0 mm with a 3.5 % Ti
content;  — original condition; o — after immersion of the rod in
molten aluminum (700 °C) and hardening in water with ice (0 °C)





