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6. MeToabl 1 CpeacTBa HepaspyLlatoLWero KOHTPOAA MaTepuanos
N KOHCTPYKLUUIM C MepPapXMYECKOM CTPYKTYPOM, BKAKOYAS CBAPHbIE COEAMHEHMUS

transformed into the base metal (BM) with the distance away from the joint. All
three zone differ one from another by the mictrostructure pattern, phase
composition and microhardness level. The microstructure of stir zones of both
samples is characterized by equiaxed small recrystallized grains and secondary
particles of very different sizes and shapes. All particles found in the SZ may be
related to three groups. The first group contains large irrregular shape particles
which have not been dissolved during FSW. Chemical composition of these
particles has been determined using an EDX attachment to SEM as Al-Cu-Mn-
Fe-Si. Smaller rounded ones are soluble S-phase (Al,CuMg) particles, and
finally the smallest particles are the AlL,CuMg S"(S')-phases.
Thermomechanically affected zone (TMAZ) is characterized by non-
recrystallized grains elongated in the direction of metal flow in the SZ. It is
obvious that the pin-driven metal flow produces pressure on the neighboring
initial structure grains so that they rotate at some angle with respect of their
horizontal axis. In the vicinity of SZ/TMAZ the strain is high enough to provide
grain subdivision, equiaxed grain formation and precipitation network structures
almost the same as those found in SZ. For sample 1 no equiaxed grains and
precipitation network are visible on the TMAZ side of the SZ/TMAZ boundary.
Heat affected zone shows the hot-rolled grain structure the same as that found in
the base metal. Nevertheless, it was subject to heating although not so high as
for TMAZ. Therefore structural changes are negligible here as compared to the
base metal and mainly are marked by more heavy etching. The volume contents
of both medium size and small particles are almost the same level for both
samples while the mean particles sizes differ almost by a factor of two. As
shown, higher values of specific welding rate resulted in lower microhardness of
the weld joint metal including that of stir zone, thermomechanically affected
zone and heat affected zone. FSW joint obtained using low specific welding rate
and therefore higher welding temperatures shows higher hardness. All particles
visible using SEM method have been classified into three particle size groups
and volume content corresponding to each of these groups has been calculated
together with the mean particle size. It was found that microhardness level does
not correlate with the volume content of the particles visible.
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B mocnennee Bpemsi 0COOBI WHTEPEC MPEACTABISAIOT HAHOCTPYKTYPHBIC
MOKPBITHUSI, OCOObIE MEXaHWYECKHE CBOMCTBA KOTOPBIX CHJIBHO 3aBUCAT OT
HaJIU4Msl B HUX Je(EKTOB U TOBPEXKACHUN, B TOM YHCIE HAHOPA3MEPHOTO
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6. MeToabl U CpeacTBa HepaspyLUAoLWEero KOHTPOAA MaTepuanos
N KOHCTPYKLUMM C MepPapPXMUYECKON CTPYKTYPOM, BKAOYAA CBAPHbIE COeANHEHUSA

MacmTaba. B cBA3M ¢ 3TUM, aKTyadbHBIM SIBIISIETCS PA3BUTHE METOAOB
AuarHocTuku Takux nedektoB. [lo pacmnonoxenuto Bce nedeKThl ACTATCS HA
MIOBEPXHOCTHBIE M BHYTpEHHHE (TIOANOBEPXHOCTHBIE U TiyOuHHBIE). s ux
oOHapyxkeHuss  HauOoJIbllIeE  PACHpPOCTPAHEHHWE  MOMYYWIH  METOABI
HEpa3pylLIAIOMIEro KOHTPOJS, OCHOBaHHbIE HA MCCIEJOBAaHUM H3MEHEHHUH
YCIIOBUM pacmpoOCTpaHEHHs] Pa3IMYHOTO POAA MPOHUKAIOIIUX H3ITy4YeHUI
(97eKTpOMarHUTHBIX W YOPYIHMX BOJH). B Hacrosmiee Bpems — JUIs
uACHTU(PUKAIIMM HAHOPa3MEPHBIX JACPEKTOB pPa3pabaThIBACTCS HOBBIM METOA
HEepa3pylLIAIOEro KOHTPOJs, — METOJ] TPUOOCHEKTPOOCKONNH, — OCHOBaHHBIHI
Ha CIIEKTPAJIbHOM aHaJIM3€ HENPEepPhIBHOM perucTpalnuyd CWIbl TPEHHUs IpU
IBMOKEHUH MaJIOTO KOHTPTENa M0 TOBEPXHOCTH NOKpPHITHSA. C IOMOILIBIO
JAHHOTO METOJa MOXKHO OIPEAENATh Ae(PEKTHYIO CTPYKTYpY IOBEPXHOCTH
marepuana: pasMmepbl Je(EeKTOB, IUJIOTHOCTh MX pacHpelesieHus, DIyOuHy
3aJieraHusl, OPUEHTAIUIO U T,1.

[lenpto  naHHOW  pabOTBl  SIBIAETCA ~ M3YyYEHHE  BO3MOXHOCTEU
TpUOOCHEKTPAIIBHOTO METOAa HA OCHOBE KOMITBIOTEPHOTO MOAenupoBaHus. s
ATOTO METOJOM TOABM)XHBIX KIETOYHBIX aBTOMAaTOB IPOBEIECHO TPEXMEPHOE
MOJIEJIUPOBaHUE IPOLIECCOB, XapaKTEPHBIX IS uAeHTU(UKaIN
HAHOCKOMMYECKUX J1e(DEeKTOB B YIPOYHAIOMIEM MOKpHITUH. VccrmemoBamuch
MOJIeTbHBIE 00pa3llbl CO CKBO3HBIMH U 3aKPBITBIMH  HAHOTPEIIWHAMH,
OPUEHTHPOBAHHBIMU MO/ PA3NUYHBIMUA YIJIAMH K TOBEPXHOCTH MOKPBITHSL.
BapeupoBanuchs Takue mapaMeTphl, Kak TTyOWHA pacrojIOKEHHUs] HAHOTPEIHH,
paccTosiHue MEXAy HUMH U pa3zmep AedekroB. M3ydyeHo BiIMsAHUE pa3MeEpOB
HaHOTPEILMH, WX MPOCTPAHCTBEHHOIO pACHOJOXKEHHS W OpHEHTAaluu Ha
aMIUIUTY1y M TIOJIO)KEHHE XapaKTepHBIX IMKOB HA CIEKTPE MOIIHOCTH
pEerucTpalnyu CUiIbl TPEHUS.

COMPARATIVE ANALYSIS OF THE FRICTION STIR WELDED
ALUMINUM-MAGNESIUM ALLOY JOINT GRAIN STRUCTURE
Zaikina A.A., Sizova O.V., Novitskaya O.S.

Institute of Strength Physics and Materials Science of SB RAS, Tomsk, Russia
zaikina@ispms.ru, ovs@ispms.ru, Nos@ispms.ru

Developed in the early 1990s a friction stir welding technique drew
significant interest because of a whole range of advantages over more
conventional techniques. This new technique makes it possible to weld together
two plates without melting of the metal in the weld zone — that is welding is
performed in the solid phase. The process is relatively simple: a cylindrical or
cone shaped tool is rotated between two plates that are to be welded together.
The frictional heat generated by the tool and surrounding material causes the
material softening and transferring along the joining line leaving a solid-phase
bond between two workpieces.
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