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DIFFUSION
WELDING

Class: Solid State Welding
Energy Source:

DIFFUSION WELDING (DFW)

A solid-state welding process producing a weld by the
application of pressure at elevated temperature with no
macroscopic deformation or relative motion of the
workpieces. A solid filler metal may be inserted between the

faying surfaces. see also cold welding, diffusion aid, forge welding, and hot
pressure welding.




https://en.wikipedia.org/wiki/Diffusion bonding
https://en.wikipedia.org/wiki/File:Output wR3TGn.qif
https://en.wikipedia.ora/wiki/File:Diffusion welding animation.qif

Diffusion bonding or diffusion welding is a solid-state
welding technique used Iin metalworking, capable of joinin
similar and dissimilar metals. It operates on the principle o
solid-state diffusion, wherein the atoms of two solid,
metallic surfaces intersperse themselves over time. This IS
typically accomplished at an elevated tem||oerature,
approximately 50-70% of the absolute melting temperature
of the materials. Diffusion bonding is usually implemented
by applying high pressure, in conjunction with necessarily
high temperature, to the materials to be welded; the
technique 1s most commonly used to weld "sandwiches" of
alternating layers of thin metal foil, and metal wires or
filaments.]1] Currently, the diffusion bonding method is
widely used in the joining of hlézjh-streng_th and refractory
metals within the aerospace and nuclear industries.



https://en.wikipedia.org/wiki/Diffusion_bonding
https://en.wikipedia.org/wiki/File:Output_wR3TGn.gif
https://en.wikipedia.org/wiki/File:Diffusion_welding_animation.gif

DITTusIon bonading Involves no liquid tusion, and often no
filler metal. No weight is added to the total, and the join
tends to exhibit both the strength and temperature resistance
of the base metal(s). The materials endure no, or very little,
plastic deformation. Very little residual stress is introduced,
and there Is no contamination from the bonding process. It
may be performed on a join surface of theoretically any size
with no increase In processing time; practically speaking,
the surface tends to be limited by the pressure required and
physical limitations. It may be performed with similar and
dissimilar metals, reactive and refractory metals, or pieces
of varying thicknesses.

Diffusion bonding is most often used for jobs either difficult
or Impossible to weld by other means, due to its relatively
high cost. Examples include welding materials normally
Impossible to join via liquid fusion, such as zirconium and
peryllium; materials with ver%/ h_ﬁh melting points such as
tungsten; alternating layers of different metals which must
retain strength at high temperatures; and very thin,
honeycombed metal foil structures.[4][5][6]




nttp://www.autowelding.ru/inaex/0-39

[IndpdysmoHHaa ceapka

B 1953 r. npoceccopom H.®. KazakoBbiM Obin pa3paboTaH npuHUUnmanbHO HOBbIM Cnocob coemHeHns matepuanos — audpcpy3moHHas cBapka B Bakyyme. Mpu anddy3noHHOM
cBapkKe CBapHOe coefvHeHue obpasyeTcs B pesynbTaTe COBMECTHOrO BO3AENCTBMA AaBrneHust u HarpeBa. OTnuumTenbHON O0COBEHHOCTbI0 ANGY3MOHHOW CBapKuM SIBNSETCS
MPUMEHEHNE OTHOCWUTENbHO BbICOKMX TemnepaTyp HarpeBa M HU3KMX yOenbHbIX OAaBreHWr, OObIYHO He MpeBbllLaloWmMX npedena TekyvyecTu CBapvBaeMbliX MaTepuarnos npu
Temnepatype ceapku. Npu anddy3moHHOM cBapkKe BblAENAT ABE OCHOBHbIE CTaauMM obpa3oBaHMs Ka4eCTBEHHOro CBapHOro COeANHEHUS.

[Nasnexve, npumexsiemoe npu crocobax ceapku 6e3 pacnnasneHns MaTepuanos, Mo COBPEMEHHbIM MPeACTaBNEHNAM, BbINOMHAET TpU 3a4a4u: -
paspyLUeHne B pesyrnbTaTe MNiiacTU4eCcKoro TEYEHMs MOBEPXHOCTHLIX CI0EB MeTana U YaCTUYHOE yaaneHne OKUCHbIX NIIEHOK U 3arpA3HEHNI; - CONMMKeHne
cBapuBaeMblX NOBEPXHOCTEN Ans obecneveHns Pusnyeckoro KOHTakTa n adPEKTUBHOrO aTOMHOIO B3anMOAENCTBUS; - obecneyeHne akTueaLum
NMOBEPXHOCTEN ANs NPOTEeKaHMs NpoLeccoB Anddy3nm n pekpuctannmsaumn. lNpoLecc MoxeT OCyLLEeCTBSATLCA C UCMONb30BaHNEM Pa3NNYHbIX TEMMOBbLIX
NCTOYHMKOB Harpesa. Yalle Bcero Ha NpakTuke HaxoAaT NPUMEHEHNE HOYKUMOHHbLIN, paavauvoHHbIN, 3NEKTPOHHO-y4eBOW Harpes, a Takke Harpes
NPOXOoAsALLMM TOKOM, TINELLMM pa3psiAoM 1 B pacnnaBe conen. B nocrnegHem criydae pacnnas Cofien BbIMOSHSAET Posib Cpeabl, B KOTOPOW OCYLLECTBSETCA
AnddysnoHHasn ceapka. Kpome Bakyyma, B kKadecTse cpefbl MOryT ObiTb MCMONb30BaHbI 3aLUMTHbIE UM BOCCTAaHOBUTENbHBIE rasbl. [pu cBapke
martepuarnos, UMelLLMX OTHOCUTENBHO HEBOIbLLOE CPOACTBO K KUCNopody, NpoLecc MOXHO BECTU Ha Bo3ayxe. B npakTuke AnddysnoHHomn ceapku
N3BECTHO NPUMEHEHME ABYX TEXHOOMYECKNX CXeM NpoLiecca, pasnmyatoLnxca XapakTepom NpUnoXXeHnst Harpysku. B oaHOM U3 HUX NCMOMb3yHT
MOCTOSIHHYIO HarpysKky rno BenuyvHe Hmke npeaena tekyvectu. [1py 9ToM npoLecchl, pa3srBatoLLMECH B CBApUBAEMbIX MaTepuarnax, aHanormyHbl
nonsyyectun. Takylo TEXHOMOIMMIO HadblBaloT ANDPY3MOHHON CBAPKOW Mo cxeme CBOBOHOTO AedopmMupoBaHus. 1o BTOpor cxeme Harpyaka v niaactnyeckoe
AedopmmpoBaHne obecrnevmBatoTcs crieumarnbHbIM YCTPONCTBOM, KOTOPOE nepemMeLLaeTcs B NpoLecce CBapku C KOHTPONMPYEMOIN CKOPOCTLIO. Takyto
TEXHOMOrNI0 Ha3bIBaOT ,u,mq)c%smomom CBapKow Nno cxeme NpuHyamTernbHoro gedopmuposaHuns. Qnddy3MoHHOM CBapKoW B BaKyyme NpaKkTU4ecKku
OCBOEHO coeaMHeHMe okono 500 KOMMO3NLUIA MEeTaroB, CNaBOB M HEMETaNNMMYEeCKUX MaTeprarnos.

K HacTodwemMy BpeMeHn co3gaHo 6onee 70 TuMnos YCTAaHOBOK ,D,Md)be3MOHHOﬁ CBapKu. Kaxpas yCTaHOBKa, HE3aBUCMMO OT ee Tuna, OO0JTKHa BKIK4aTh B cebs NATb OCHOBHbIX

cuctem (puc. 1.43):
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Puc. 1.43.: 1 — paboyasi kamepa; 2 — cMcTeMa OxNaxaeHust; 3 — BakyyMHasi cuctema; 4 — UICTOYHMK Harpeea; 5 - cuctema gaBrieHns
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CO3[aHung Bakyyma Unun KoHTponmpyemomn atmocdeps! (3);
cKaTtus cBapuBaeMbix getanen (5);

HarpeBsa (4);

oxnaxgeHus (2);

KOHTPONSA napameTpoB CBapku U ynpasBreHus npoLeccoM.

PaspaboTka 1 cosgaHme yCcTaHOBOK Ans Anddy3noHHOM CBapKkM B HAcTosILLEee BpeEMsi BEAyTCA B HanpaBneHnn yHudukauum cuctem (BakyyMHOW, HarpeBa, AaBNEHNUs, ynpaBneHns)
N CBapOYHbIX Kamep. MeHsasa Kamepy B 3TUX YCTAHOBKaX, MOXHO 3HAYMTENbHO pacLUMpUTb HOMEHKMNATYpy cBapuBaembix y3roB. C nomoubo Auddy3MOHHON CBapKM B BakyyMme,
KPOME yXe OTMEYEHHbIX COeAMHEHWI METAansfoB U CMnsiaBoB, NOSyYaloT BbICOKOKAYECTBEHHbIE COEAMHEHUS KEPAMUKM C KOBApPOM, MeAblo, TUTAHOM; 3NEKTPOBaKYYMHbIX CTEKOIT,
OMNTUYECKON KepaMuku, candupa, rpacdmrta ¢ MeTannamm; KOMNO3ULNOHHBIX 1 MOPOLLKOBLIX MaTepuanos 1 ap. CoeamHsemMble 3aroToBKM MOryT ObiTb BECbMa pasfnyHbl MO CBOEWN
cbopme, MMeETb KOMMaKTHble WNM pas3BUTble MOBEPXHOCTU KOHTAKTUpOBaHMs. [eomeTpuveckne pasmepbl CBapvMBaeMblX geTanen HaxogaTcsa B npedenax OT HEeCKOSNbKUX
MUKPOMETPOB (MpY U3roTOBMEHMMN NOMYNPOBOAHMKOBLIX NPUOOPOB) 4O HECKOMLKMX METPOB (MPU M3rOTOBIIEHNM CIIOUCTbLIX KOHCTPYKLMNA).

Cnocob coegumHeHns andpy3MOHHOM CBapPKON ABMSETCA SKOHOMUYHBbIM. OH He TpebyeT AOopOorocTosWwmMX NPUNOEB, CreumanbHOM MPOBOMIOKN U 3MEKTPOOOB, (OIIHOCOB, 3aLLMTHBIX
rasos. bonee Toro, oTnagaeTt nocneayLas mexaHnyeckasi 0bpaboTka U NoTeps LEeHHOro MeTanna; Macca KOHCTPYKLMM He YBEMNMYMBAETCS, YTO MMEET MECTO NpU CBapke, navike u
cknevBaHun. CBOWCTBa MeTanfia B 30HE COeOUHEHMSI HE WM3MEHSIOTCHA, MO3TOMY TepMuyeckass obpaboTka HeobsizaTenbHa. YcTaHoBKM Anst AMddY3MOHHON CBapPKM MOXHO
yCTaHaBnMBaTb B JIMHUSAX MexaHu4YecKkor obpaboTkn 1 cOopku aetanen n yanos. Pacxon sHEPrnn 1 MOLLHOCTM NOTPeOneHns nx Ha cBapky B 4—6 pa3 MeHbLUue, YeM, Hanpumep,
MPW KOHTaKTHOW CBapke.

[Incbdy3noHHy0 CBapKy OT APYrMxX BUOOB CBapKM OTNINMYAET MMIMEHNYHOCTb MpoLiecca: OTCYTCTBME YIbTPadMONeTOBOrO M3ryyeHusl, BpeaHbIX OpbI3r MeTanna, MenkoancnepcHo
MbINK, YTO BECbMa BaXXHO AJ151 OXpaHbl 300P0Bbs paboTaloLLMX.

OnbIT MHOrMX npegnpusaTuin, HAW, Kb nokasan, 4to anddy3noHHas ceBapka yCrneLHO KOHKYpUpYeT C APYrMMU TpaauUMOHHBIMY BUOAMWU CBapKW.

3a nocnegHee BpeMs B3rnsabl Ha AMAdY3MOHHYH CBapKy NPUHLMNUANIbHO M3MeHUNUCh. VI3 npouecca ansa coeguHeHns maTepuanos, KOTOpble TPYAHO UM HEBO3MOXHO COEANHATL
0Obl4YHLIMM cnocobamn CBapKM MMaBfeHUEM W Naniku, OHa NpeBpaTuiacbk B OOLLEAOCTYMHbIA NPOLECC COEAUHEHUS Kak HEOONbLUMX AeTanen, Tak WU KPYMHbIX; YCTaHOBIIEHA €€
KOHKYPEHTOCNOCOBHOCTL C CYLLECTBYIOLLMMY COCOBamMmM CBApKU NiaBfieHNEM 1 NanKon.

Nanee OuddysnoHHasa ceapka 0OAHOPOAHbBIX METANNNYECKMX MaTepManonB

WcmouHuk: Hukonaes " A. "Ceapka 8 MawuHocmpoeHuu. CrpagoyHuk. 1.1"

Kownrowkos I.B., MycuH P.A. "CneyuansHbie Memodbi ceapku dasneHuem"

M.T1. LLlanumos, B.U. MaHos "Ceapka Buepa, Ce2odHsi, 3aempa". EkamepuHbype, 2006
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Benefitsedit

The bounded surface have the same physical and mechanical properties as the base material. Once we have finished the jointing, we could also perform the test of the
jointing materials, for example, tensile testing.

The diffusion bounding process is able to produce a high quality joints in which case no discontinuity and porosity exists in the interface.® In other words, we are able to sand,
manufacturing and heat the material.

The diffusion bounding is able to help us to build high precision components with complex shapes. Also, diffusion is flexible.

The diffusion bounding method can be used wildly, joining either similar or dissimilar materials, and also important in processing composite materials.

The process is not extremely hard to approach and the cost to perform the diffusion bounding is not high.1

The material under diffusion is able to reduce the plastic deformation.

promplace.ru



https://en.wikipedia.org/w/index.php?title=Diffusion_bonding&action=edit&section=5
https://en.wikipedia.org/wiki/Tensile_testing
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https://en.wikipedia.org/wiki/Diffusion_bonding#cite_note-10
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https://www.phase-trans.msm.cam.ac.uk/2005/Amir/bond.html

Diffusion bonding, as a subdivision of both solid-state welding and liquid-phase welding, is a joining process wherein the principal
mechanism is interdiffusion of atoms across the interface. Diffusion bonding of most metals is conducted in vacuum or in an inert
atmosphere (normally dry nitrogen, argon or helium) in order to reduce detrimental oxidation of the faying surfaces. Bonding of a few metals
which have oxide films that are thermodynamically unstable at the bonding temperature (e.g. silver) may be achieved in air.

Solid-state Diffusion Bonding

Solid-state diffusion bonding is a process by which two nominally flat interfaces can be joined at an elevated temperature (about 50%-90% of
the absolute melting point of the parent material) using an applied pressure for a time ranging from a few minutes to a few hours. The
International Institute of Welding (IIW) has adopted a modified definition of solid-state diffusion bonding, proposed by Kazakov [2].

Diffusion bonding of materials in the solid state is a process for making a monolithic joint through the formation
of bonds at atomic level, as a result of closure of the mating surfaces due to the local plastic deformation at
elevated temperature which aids interdiffusion at the surface layers of the materials being joined.

Advantages of solid-state diffusion bonding:

1. The process has the ability to produce high quality joints so that neither metallurgical discontinuities nor porosity exist across the
interface.

2. With properly controlled process variables, the joint would have strength and ductility equivalent to those of the parent material. Failure
of the diffusion bonded aluminium samples (bonds 1 and 2), subjected to tensile force, occurred in the parent alloy (shown by arrows)
and away from the bond line.

3. Joining of dissimilar materials with different thermo-physical characteristics, which is not possible by other processes, may be achieved
by diffusion bonding. Metals, alloys, ceramics and powder metallurgy products have been joined by diffusion bonding. The picture
shows dissimilar bonds in Al-6082 and Ti-6Al-4V tested by bending and torsion tests. No preferential failure at the joint interfaces
occurred.

4. High precision components with intricate shapes or cross sections can be manufactured without subsequent machining. This means
that good dimensional tolerances for the products can be attained.

5. Apart from the initial investment, the consumable costs of diffusion bonding are relatively low as no expensive solder, electrodes, or
flux are required (although the capital costs and the costs associated with heating for relatively long times may be high).

6. Diffusion bonding is free from ultraviolet radiation and gas emission so there is no direct detrimental effect on the environment, and
health and safety standards are maintained.

https://www.phase-trans.msm.cam.ac.uk/2005/Amir/1.jpg
https://www.phase-trans.msm.cam.ac.uk/2005/Amir/2.jpg
https://www.phase-trans.msm.cam.ac.uk/2005/Amir/3.jpg
https://www.phase-trans.msm.cam.ac.uk/2005/Amir/4.jpg
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https://www.phase-trans.msm.cam.ac.uk/2005/Amir/4.jpg

approximate
location of
joint interface

Optical micrograph of the diffusion bond in a cobalt-base superalloy, free
from flaws, voids and loss of alloying elements [3].

Representative high-precision components which fabricated from aluminium (left) and stainless steel (right) using diffusion bonding.
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Limitations of diffusion bonding

1. Great care is required in the surface preparation stage. Excessive oxidation or contamination of the faying surfaces would decrease
the joint strength drastically. Diffusion bonding of materials with stable oxide layers is very difficult. Production of thoroughly flat
surfaces and also precise fitting-up of the mating parts takes a longer time than with conventional welding processes.

2. The initial investment is fairly high and production of large components is limited by the size of the bonding equipment used.

3. The suitability of this process for mass production is questionable, particularly because of the long bonding times involved.

Variants of solid-state diffusion bonding are also referred to by the following terms:

diffusion welding hot press bonding
solid-state bonding pressure bonding
auto-vacuum welding pressure joining

Isostatic bonding thermo-compression welding

Problems with solid-state diffusion bonding

The aim in diffusion bonding is to bring the surfaces of the two pieces being joined sufficiently close that interdiffusion can result in bond
formation. There are two major obstacles that need to be overcome in order to achieve satisfactory diffusion bonds.

« Even highly polished surfaces come into contact only at their asperities and hence the ratio of contacting area to faying area is very
low.

« In most metals, the presence of oxide layers at the faying surfaces will affect the ease of diffusion bonding. For some metals and
alloys, their oxide films either dissolve in the bulk of the metal or decompose at the bonding temperature (e.g. those of many steels,
copper, titanium, tantalum, columbium and zirconium), and so metal-to-metal contact can be readily established at the interface. The
joining of these materials is relatively straightforward and is not included in this review. However, if the oxide film is chemically stable,
as for aluminium-based alloys, then achieving a metallic bond can be difficult.

In practice, because of inevitable surface roughness and also the presence of oxide layers on most faying surfaces, it is neither feasible to
bring together the surfaces of two pieces within interatomic distances nor to establish complete metal-to-metal contact by simply putting two
pieces together. See Ref. [4] for various aspects of the effects of surface oxides on interface morphology and bond strength, and a summary
of the existing approaches used to overcome the oxide problem.



Definition of Diffusion Welding

* A solid-state welding process
that produces coalescence of
the faying surfaces by the Force
application of pressure at
elevated temperature. A

* The process does not mvolve B
macroscopic deformation, or |

relative motion of the |

Work pieces

workpieces.
. Schematic representation of
* A solid filler metal may or diffusion weldingusing
may not be inserted between electrical resistance for heating

the faying surfaces.
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Ancdpy3noHHasa cBapKa OCYLIECTBNSIETCS B TBEPAOM COCTOSIHUM METasia Npu MoBbILEHHbIX TEMMEpaTypaXx C NPUIOXEHNEM CAABMMBAIOLLErO YCUINS K
MeCTy cBapku. lNpouecc cBapku MeTanna B TBEPAOM COCTOSIHAM MPU MOBbILLEHHbIX TEMMepaTypax NPUHLMMMANLHO NPOTEKAET TaK Xe, KaK, U Mpu XONoaHOW
cBapke. B HauyanbHOW CTaaMmM npouecca Ha NMMHUK pasaena ABYX AeTasnei co3aatoTcs YCoBus Ans 06pa3oBaHust METaNIMYECKUX CBsi3en. V3 Teopum
06pa3oBaHusi CBAPHOr0 COEAMHEHUS NMPU XONOAHON CBApKe U3BECTHO, YTO ANSi BO3HUKHOBEHWS Ha IMHUM pasaena MeTaMYeckux cBa3en HeobxoamMo
obecrneunTb TECHbIN KOHTAKT CBapMBaEMbIX NMOBEPXHOCTEN M CO34aTb YCIOBUS ANS yAANEHUSI NOBEPXHOCTHBIX MIIEHOK OKUCIOB, XXMUAKOCTEW, ra3oB U
Pa3fIMYHOMO poAa 3arpsi3HEHUN.

Mcnonb3oBaHMe NOBbILWEHHbIX TeMnepaTyp npu Anddy3MOHHOW CBapKe NpYBOANT K YMEHBLUEHMIO CONPOTUBIIEHNS METas/la NiacTUYeckuM aecopMaumsm.
Bcneacreue 3TOro MMetoLmMecst B 30He AEUCTBUTENIbHOrO KOHTAKTa BbICTYMbl HA MeTanne AehOpMUPYOTCS NPY 3HAUYUTENBHO MEHbLUMX Harpy3kax, Y4To
obneryaet cbnmxeHne aToMOB MeTasa Ha BCel NIoWwaam CBapnBaeMoi NOBEPXHOCTM.

YaaneHue noBepPXHOCTHbIX MIEHOK M NpeaynpexaeHe BO3MOXHOCTU 06pa3oBaHmMsl MX B MPOLIECCE CBAPKM AOCTUIAETCS UCMOIb30BaHWEM BAaKYYMHOW 3alLLUMTbI
M TLWATENbHOW NpeaBapuUTESbHOM 3aUNCTKOW CBapMBAEMbIX NMOBEPXHOCTEN. TakuM 06pa3oM, nepeas ctaaus npouecca Auddy3MoHHOM CBapKK, Tak Xe KaK U
XOJI0AHOW CBApKW, OCHOBaHa Ha 06pa3oBaHUM METaN/IMYECKUX CBA3EN Ha CBAPUBAEMBIX MOBEPXHOCTSIX METASIOB NPV HarpeBaHUM X B BaKyyMme C
NMPUMEHEHWEM CAABNMBAIOLLErO YCUUS.

Ha BTOpOW cTagun npouecca AMddy3MOHHOM CBApKM NPOUCXOAST NPOLECcchl B3auMHoM Anddy3nmn aTOMOB CBapMBaeMbIX METaNI0B. 3TW NPOLECChl NPUBOAST
K 06pa30BaHMIO MPOMEXYTOYHbIX C/I0EB, YBETMUMBAIOLWMX NPOYHOCTb CBAPHOro coeamHeHunst. OfHaKo B HEKOTOPbIX CyYasx 0bpa3oBaHME NPOMEXYTOUHbIX
CNOEB HeXenaTesbHO.

CxeMa npouecca anddy3noHHON CBapKu B BaKyyMe npeacTaBnieHa Ha puc. 33. B BakyyMHOM oxnaxxaaeMon kamepe 1 pasMmellatoT CcBapMBaeMoe usaenune 2 u
HarpeBaTenb 3. [lns caaBnMBaHUS AeTanen B NpoLecce CBapku UCMO/b3YHOT MEXAHWU3M CKaTuUsl, COCTOSALLMIA M3 LUTOKA 5 1 MexaHM3Ma Harpy>eHus 6, LITOK
MNpOXOANUT Yepe3 BaKyyMHOe YrnioTHeHME unun cunb@oH 4. CBapka nponcxoaut B BakyyMe 10~3— 10~5 MM pT. cT. (133 10-3-133.1(105 H/Mm2).

Mocne oTKauyku U3 KaMepbl BO3ayXa M3enve HarpeBatoT 06bIYHO T. B. Y. /10 TEMNEpaTypbl CBAPKU. N5 NONYYEHUSI KQYECTBEHHOMO COeANHEHMS HEOBX0aMMO
obecneunTb paBHOMEPHbIA HarpeB CBApMBaEMOoro U3eNns Nno BCEMY CEUYEHMIO.

ycunue okaTua NpukiaabiBatoT Nocne BblpaBHMBAHUSA TeMNepPaTypbl U NOAAEPXKMBAIOT MOCTOSAHHbLIM B TEYEHWe BCero npouecca. M3BecTHbl Takke
TEXHONOrM4YeCcKne rnpuemMbl C MEHAIOLWNMCS AaBIeHNEM B npoLlecce cBapku. Mpoao/mKUTENbHOCTb BblAEPXKKN NOA, Harpy3|<of/'1 3aBUCUT OT CBOWNCTB
CBapmnBaeEMOro MeTaslla, BENNUYUHbI AaBNeHNA N OpYyrux CbaKTOpOB N MOXET AOCTUIraTb AECATKOB MUHYT.

K uempesny moKe N banyyrmorsy

Puc.33. Cxema ycTtaHoBKkM ana andp¢dy3MoHHON CBapku B BaKyyMe



[laBneHve Takke 3aBUCUT OT CBOWCTB MeTanna, TeMnepaTypbl CBapku U Apyrux dakTopos u uameHsetcs ot 0,3 o 10 krc/mmz(2,9—98 MH/m?). O6bI4HO npu
OX/IAXKAEHUN AeTanen CKUMatoLLEee YCUIMe CHUMAtOT npu aoctxkeHnn Temnepatypbl 100—400°C (373—673 K). lMNpexaeBpeMeHHOe CHATUE CXKUMAtOLLEro
YCUNUSA NPU OXNAXXAEHUN AETANEN B HEKOTOPbIX C/TyYasix MPUMBOAUT K pa3pyLUEHWUIO CBAPHOIO COEAMHEHMUS.

BnnsHue TemnepaTtypbl B gnanasoHe 800—1100° C (1073— 1373 K) Ha npo4HOCTb coeamHeHuns n3 ctann 50 npu pasnuyHblx gasnexusax: 0,5; 1,2 n 5
Krc/Mm2 npuBefeHo Ha puc. 34. MpoaomKMTeNnbHOCTb CBapkn 5 MuH, paspexerne 103 MM pT. cT. (133-103 H/M2). KprBas 1 nokasbiBaeT, YTO Nnpu yBennyeHum
Temnepatypbl ¢ 800 go 900° C (c 1073 go 1173 K) npoyHOCTb COeaNHEHUS YBENMUMBAETCS B 2 pa3a, a Npu NoBbileHnn TemnepaTypbl 4o 1100°C (1373 K) —
B 3 pa3a, B HECKONbKO MeHbLLEN CTENeHM TeMMNepaTypa OKasbIBaET BAMSHME Npu aaBneHun 1 krc/mm2 (9,8 MH/m2). Mpu gaBneHnn 2 n 5 krc/mmz (19,6 1 49,0
MH/M2) NpOYHOCTb CoeanHeHUs yBenmumnBaeTcs nuwb Ao Temnepatypbl 1000° C (1273 K). MNpu Temnepatype 1100° C (1373 K) HabnogaeTcs
HEe3HauYUTEs/IbHOE YMEHbLUEHME NPOYHOCTU COeANHEHMS.

Mpn yBenuueHun aasnexus (puc. 35) ot 0,5 go 2 krc/mm2 (ot 4,9 fo 19,6 MH/M?2) NpoYHOCTb CoeanMHeHns 3HauuTeNnbHO pacteT ans 800, 900, 1000, 1100°C
(1073, 1173, 1273, 1373 K). danbHeMnluee yBenmyeHne aasnenns ot 2 ao 5 krc/mm2 (ot 19,6 ao 49,0 MH/M?) cka3biBaeTCsl HE3HAUUTENBbHO Ha MPOYHOCTU
coeanHeHus. VIaMeHeHre NpoYHOCTU COeaNHEHUS NPU yBeNNYeHun AasneHns Ao 2 krc/mmq (19,6 MH/M?2) 1 Bbile MOXXHO 06bsSICHUTbL FNaBHbIM 06pa3oM
yBeNnYeHneM nnowaam hakTMyeckoro KOHTakTa Mexzay coeaMHsIeMbIMU MOBEPXHOCTAMU.

MoBbILEHWE TEMMNEPATYPbI MPU NOCTOSIHHOM NPOAOIXXUTENBHOCTN CBApKM M NMPOYMNX PaBHbIX YCIIOBUSIX YBETMYMBAET NPOYHOCTb COEAMHEHMUS.
MpOACIHKUTENBHOCTb CBAPKM aHaNOrMYHO B/IMSIET HA BCE MPOYHOCTHBIE XapakTepucTukn (puc. 36). 3aBUCMMOCTb NMPOYHOCTM MOSYYaEMOro COEAMHEHMS U3
cTanu 45 oT TeMnepaTypbl U AaBeHUs n306paxxeHa Ha puc. 37 NOBEPXHOCTbIO, KOTOPasi Npy NepecevyeHnn C ropmM3oHTaIbHOM MIOCKOCTbI0 p—T obpasyeT
rpaHULly CBapMBaeMOCTW.

C yBE/IMYEHNEM MPOAOHKUTENBHOCTM CBApKW NMPOYHOCTb CBAPHOrO COeAMHeHUs pacTeT (puc. 38), yBenmueHne nNpoaosIKUTENBHOCTM CBapKK CBEPX
ONTUMANLHOIO MPAKTUYECKU HE BAIUAET Ha NMPOYHOCTb CBAPHOIo CoeMHEHNs. OJHAaKO UpE3MEPHOE YBEMYEHWNE BbIAEPXKKM MPUBOANUT AAKE K CHDKEHUIO
MPOYHOCTN CBAPHOIO COEANHEHMS. AHANOMMUYHLIM 06pa3oM BAUSIET NPOAO/IKUTENBHOCTb NPOLIECCa Ha MNACTUYHOCTb, OTHOCUTENIbHOE YAJIMHEHWE U YAAPHYIO
BSI3KOCTb.

3HauMTENIbHOE BIMSIHWE OKa3blBaeT KOHeYHas TeMnepaTypa OXIaXKaeHns 06pasuoB B BaKyyMe Ha MPOYHOCTb U NAACcTUYHOCTL (puc. 39); pexuM ceapku: T =
1000° C (1273 K), p = 2 krc/mm? (19,6 MH/M?), t = 5 MuH. OxnaxkaeHne Ao 6onee HU3KUX TeMMepaTyp Noa OKMMAaKLWMM AaBIEHMEM CBApPEHHbIX AeTanen B
BaKyYMHOMN KaMepe CNnocobCTBYET MOBbILLIEHNIO MPOYHOCTU U MNACTUYHOCTU COEANHEHMUSI.

Ba)xHoe 3HayeHne ansa npoeeaeHust Anddy3MoHHON CBapkn MMEET CTeMneHb pa3peXxeHns B BakyyMHoMn kamepe. Mpu Temnepatype 1000° C (1273 K), p = 2
krc/mmz (19,6 MH/M?2), t = 5 MMH NPOYHOCTb COEAMHEHNS 3HAUUTENIbHO BO3PAacTaeT C NoBbleHneM paspexeHns o 10t Mm pT. cT. (133-10t H/m2), npu
flanbHENLIEM MOBbLILEHUN Pa3PEXEHNS UMEET MECTO JIMLLb HE3HAYUTENIbHOE YBEIMYEHNE MPOYHOCTU 30HbI CBApPKMY.

Cnocobbl NoAroToBKM M 06paboTkn NOBEPXHOCTEN CBapMBaEMbIX AeTanel OKasbiBatloT 60/bLIOE BANSHME HA NPOYHOCTb COeaAMHEHUS Npu AMddY3MOHHOM
cBapke B BakyyMe (puc. 40). Mpu yepHoBOW 06paboTke AaBneHWe HeAOCTaTOUHO Ansi o6ecneyeHmnst BbICOKON MPOYHOCTU CBApPHOr0 COeAMHEHMSI.






http://www.prosvarky.ru/specialmetods/diffusionwelding/1.html
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Puc.34. 3aBMCMMOCTb NDOYHOCTH CBADHOI0 COeANHEHUSA Puc. 35. 3aBMCMMOCTb NDOYHOCTU CBaADHOro coeanHeHus (cranb 50)
(ctanb 50) oT TeMnepnaTvbDbl CBabku (BnemMsi CBabKU 5 MUH) OT OaBJIEHUA U TEMNEDATVDbI (BnDeMs cBabku 5 MuH):1 — T = 800°
WU naBJsieHMna B npouecce ceapku:l - 0,5 krc/mm2; 2 — 1 C,2T—900°C;3—T=1000°C; 4-T=1100°C

Krc/mmz; 3 - 2 Krc/Mm2; 4 - 5 Krc/ Mm?2
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Puc.36. 3aBMCMMOCTb NDOYHOCTM CBADHOI0 COeAMHEHMUS OT NPOAO/DKUTENbHOCTU CBapku:1 — TutaHoBbiM cnnas BTI; 2 — cranb 45; 3 -
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Puc.37. AmarpamMmma 3aBUCMMOCTH NMPOYHOCTU CBApPHOIro COeAMHEHUA U3 CTasin 45 OT TeMnepaTypbl U AaBJIeHUS
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Puc.38. 3aBUCMMOCTb NPOYHOCTU 06pa3LI0B CBapHbIX COEAUHEHUH OT NPOAOC/HKUTENIbHOCTU CBapKu (p = 2 Krc/Mm2)
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Puc.40. 3aBUCMMOCTb NPOYHOCTU CBAapPHOI0 COEAUHEHUS U3 CTaNn 45 OT UnMCcToTbl O6pPaboTKM NOBEPXHOCTU Nepen CBapKoU



DIFFUSION WELDING SAMPLES
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https://youtu.be/DQINOBK1i7M
https://youtu.be/ucZkSlofrJY
https://youtu.be/OHNt12t6xbY
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https://omotorah.ru/diffusion-welding-of-titanium-in-vacuum-parameters-of-diffusion-welding-process-technology/



https://ppt-online.org/273480
https://omotorah.ru/diffusion-welding-of-titanium-in-vacuum-parameters-of-diffusion-welding-process-technology/
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OcHOBBI CBaApKH J1aB/ICHIICM

3aBUCUMOCTb MeXAy CBapO4YHbIM AABNEHUEM U TeMNepaTypou
Harpesa CBapHOro CoeJMHEeHUS.

PacnonoxeHue npoueccoB cBapku gaBneHUem
G B 3aBUCMMOCTU OT COOTHOLLUEHUSA SHEpPrumn
Cpapka MEeXaHU4YECKOU U TENNOBOW

00 =MNo,6 = const

M — nokasaTenb MexaHu4eckomu SHEPIrnn

N - nokasaTernb TeNnoBOW 3HepPrum
YiibTpazByKoBasi
c- AaBneHue cos3jaBaemoe npu ceapke
CBapKa
Gaaee oy - Npeaen Teky4ecTu
< \ 4
TpeHHeM

KonrakTHasi cBa pPKa
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http://www.substech.com/dokuwiki/doku.php?id=metal joining technologies welding brazing soldering
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http://www.substech.com/dokuwiki/doku.php?id=solid state welding ssw#diffusion welding dfw
Diffusion Welding (DFW)

Diffusion Welding is a Solid State Welding process, in which pressure applied to two work pieces with carefully cleaned surfaces and at an elevated temperature
below the melting point of the metals. Bonding of the materials is a result of mutual diffusion of their interface atoms.

In order to keep the bonded surfaces clean from oxides and other air contaminations, the process is often conducted in vacuum.
No appreciable deformation of the work pieces occurs in Diffusion Welding.

Diffusion Welding is often referred more commonly as Solid State Welding (SSW).

Diffusion Welding is able to bond dissimilar metals, which are difficult to weld by other welding processes:

. Steel to tungsten;

. Steel to niobium;

. Stainless steel to titanium;
. Gold to copper alloys.

Diffusion Welding is used in aerospace and rocketry industries, electronics, nuclear applications, manufacturing composite materials.

Advantages of Diffusion Welding:

" Dissimilar materials may be welded (Metals, Ceramics, Graphite, glass);
" Welds of high quality are obtained (no pores, inclusions, chemical segregation, distortions).
" No limitation in the work pieces thickness.

Disadvantages of Diffusion Welding:

. Time consuming process with low productivity;
" Very thorough surface preparation is required prior to welding process;
" The mating surfaces must be precisely fitted to each other;

" Relatively high initial investments in equipment.


http://www.substech.com/dokuwiki/doku.php?id=solid_state_welding_ssw#diffusion_welding_dfw
http://www.substech.com/dokuwiki/doku.php?id=solid_state_welding_ssw
http://www.substech.com/dokuwiki/doku.php?id=diffusion_in_alloys
http://www.substech.com/dokuwiki/doku.php?id=solid_state_welding_ssw
http://www.substech.com/dokuwiki/doku.php?id=composites
http://www.substech.com/dokuwiki/doku.php?id=metals
http://www.substech.com/dokuwiki/doku.php?id=ceramics
http://www.substech.com/dokuwiki/doku.php?id=graphite
http://www.substech.com/dokuwiki/doku.php?id=solidification#gas_pores
http://www.substech.com/dokuwiki/doku.php?id=solidification#segregation

https://www.sciencedirect.com/topics/engineering/diffusion-bonding

10 - Diffusion bonding of metal alloys in aerospace and other applications

Author links open overlay panel H.-S.Lee https://www.sciencedirect.com/science/article/pii/B9781845695323500101

Korea Aerospace Research Institute, Republic of Korea
Available online 27 March 2014.

Abstract:

Diffusion bonding is a solid-state bonding process. The metal components being joined undergo only microscopic deformation, and the joining region is
homogeneous — without secondary materials or liquid phases. This chapter investigates diffusion bonding of titanium, steel and copper alloys used in
the fabrication of several aerospace components with various complex configurations. The result shows that the diffusion-bonding method can be
successfully used with blow forming to form near-net-shape aerospace components, including high-pressure tanks for attitude control of spacecraft,

a combustion chamber with copper cooling channels and lightweight structural panels.

10 - Superplastic forming and diffusion bonding of titanium alloys

Author links open overlay panel M.Jackson https://www.sciencedirect.com/science/article/pii/B9781845697532500108
University of Sheffield, UK
Available online 27 March 2014.

Abstract:

The combination of titanium’s excellent mechanical properties coupled with its natural ability to be superplastically formed and diffusion
bonded has provided the aerospace industry with opportunities to manufacture stiff lightweight components with fewer joints/welds. This
chapter firstly reviews the metallurgy, processing of sheet product and the phenomenon of superplasticity in titanium alloys. The second part
reviews the superplastic forming (SPF) process itself, leading on to the exploitation of SPF coupled with diffusion bonding for many
applications. A critical review of titanium product for low temperature SPF is also provided in this section. The chapter concludes with a brief

review of aerospace applications.
https://www.sciencedirect.com/topics/engineering/aerospace-applications
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https://www.sciencedirect.com/science/article/pii/B9781845695323500101
https://www.sciencedirect.com/topics/engineering/diffusion-bonding
https://www.sciencedirect.com/topics/engineering/copper-alloys
https://www.sciencedirect.com/topics/engineering/fabrication
https://www.sciencedirect.com/topics/engineering/aerospace-component
https://www.sciencedirect.com/topics/engineering/spacecraft
https://www.sciencedirect.com/topics/engineering/combustion-chamber
https://www.sciencedirect.com/science/article/pii/B9781845697532500108#!
https://www.sciencedirect.com/science/article/pii/B9781845697532500108
https://www.sciencedirect.com/topics/engineering/metallurgy
https://www.sciencedirect.com/topics/engineering/titanium-dioxide
https://www.sciencedirect.com/topics/engineering/diffusion-bonding
https://www.sciencedirect.com/topics/engineering/aerospace-applications
https://www.sciencedirect.com/topics/engineering/aerospace-applications

DIFFUSION WELDING IN GYBRID PROCESSES
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https://www.slideshare.net/binilbabycp
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ASSEMBLING TITANIUM AND STEEL PARTS BY DIFFUSION WELDING - diagram, schematic, and image 03

http://www.patentsencyclopedia.com/imgfull/20110176911 03
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FRICTION
WELDING

Class: Solid State Welding
Energy Source:

FRICTION WELDING (FRW)

A solid-state welding process producing a weld under the
compressive force contact of workpieces rotating or moving
relative to one another to produce heat and plastically

displace material from the faying surfaces. see Figures B.31(D),
B.44, and B.45. See also direct drive friction welding, friction stir welding, and inertia

friction welding.
FRICTION STIR WELDING (FSW). _
A variation of friction welding producing a weld by the

friction heating and plastic material displacement caused by
a rapidly rotating tool traversing the weld joint.




Friction Welding (FRW)

() ) m

Flash

B) )
.4— Force increased
- | y,







xBA

¢
m - - — /ﬁ //
, i 7/////'/;,7/210
a) 0) 6) 2) d)
600 r |
Puc. 39. Tunst coeaHneHuit, BHNOAHACMMX C NOMOUILIO CBAPKH TPeHHEM:
— 2 6 - 6 MK, @ — TPYOu co crepmued perux; # w  d = T-06pa s
%00 :ue m&:::n::':&pnu tum;p;o:n“c mocnoﬁ' NOBEPXROCTHIO nouwm
200 M
0 20 40 &0 80 MM 10, Pemwmu COAPAN TPCHMEM IATOTODOK M3 CTAAN
OCHoniMe NapaMeThn Npogecca
Jonoannreamue
Pmc 370 Moul"OCTb. nmpedﬂﬂeuaﬂ n".“em Ocesoe YCHANE, KIC Bm'. ¢ coepcun s
H3 CECTH, B 33aBHCHMOCTH OT JAHa- BATOTORKN, .;-l‘;c‘::;a. = i | e
. n - n I orpeGase- | I
"e'l'Pa CBAPHBACMuIX 3aroTOBOK: obman | Harpen | cobee | Harpes | conwa I o np:up:c:: .
| — npngs:lex-rpanecxon KOHTaAKTRON |~ R — " - = : -—-;-:;-;-
- — 20 1000 | 00 000 56 ,
:Tw::::: SIRERG < TUR Capue 50 100 wooo | 20000 | 20 20 » 2
' autowelding?ru autoweldingir

http://www.autowelding.ru/index/0-60



http://www.autowelding.ru/index/0-60

7.9C (x100)

10

0 f 2 J tlhc

Prc. 42. lM3menenne BO BpEMCHH
teMneparyps B cteike T° () B
TOYKAX MOBEPXHOCTH TPEHHA, pas-
JHYHO VJaJleHHBIX OT OCH Bpa-
LHICHMA .

Np = 8,0 MM, 2)p=5muM; 3)p=0,
PexHM CBADKM: CTEPHKHH H3 HMHIKO-
yraepoancrofi cranu, @O 20 MM, ya-

crota Bpamennsn 1000 o6/Mnu, na-
paeHMe Harpera 5 xrc/mMmi,

autowelding®shu

4

Puc. 38. Mukpodororpadmun crpykrypui (x300):

@ — OCHOBMOIO Meranna (Hn3aKoyraepoaucrast craas), O — MeTanaid cyux
TPeHHen) autowe

Iding#ru

a)

Puc. 43. Buaxa tarn. Craan. Csapeno  Puc. 44. Porop rypbonarwerareasn. Caap-
rpennes (nokoska -+ npokar). duamerp xa Tpewmes. Koaeco #3 XKaponpouoi
crepxun 30 wm aVCTEHHTHOR CTATH, BAN — K2 NEPANTHOR

craan. Auamerp 8 mecre ¢ |20 wn.
aut ) :




http://weldering.com/svarka-treniem

B 1956 r. Tokapb-HoBaTop A.M. HyankKoB nNpeanoXuil U NpakTUYeCKn OCYLLEeCTBUN
CBapKy TpeHuneM ong psga getanen. B aToM Buae cBapku coeanHeHue nosy4datoT
Npu COBMECTHOM MjacTuyeckom aedopMmMpoBaHUM N Harpese geTtanen. Harpes
NPoONCXOANT B pe3ysbTaTe TPEeHUs ABYX NOBEPXHOCTEN CXATbIX MexXay cobow
leTanen, To eCTb MexaHmndeckas saHeprnsa npeobpasyeTcd B TenJ0BYHO.
Hanbonbluee pacnpocTpaHeHume nony4yusia cxema CBapkuy, Koraa Harpes TpeHuem
OCYLLECTBNIAETCA B KOHTAKTe MeXxAay AeTaiaMu, o4Ha U3 KOTOPbIX BpallaeTcd
OTHOCUTENIbHO ApYron. Bo3HuKalLllee npu BpaweHnn TpeHne, a Takxe
nnacrtnyeckoe gedopMmnpoBaHme Bbi3biBAOT pa3pyLlleHne OKNCHbIX U
aacopbmnpoBaHHbIX MJIEHOK U yaaneHne nx n Apyrmx noCTOpoHHMX BKIKOYEHUN U3
30HblI CBapKku. Takas o4MCTKa MO3BOJISET B NnpoLuecce rnjaactnyeckon aedpopmauymu
obecneunTb HaAAEXHYO MeTaJlJIMYEeCKYo CBSA3b MO BCEW NMOBEPXHOCTU CBapMBaeMbIX
feTanen n noslyumTb BbICOKOMPOYHOE coeanHEHNE.

B npouecce HarpeBa TpeHUEM pasinyalT TPU CTagum.

NMepBas craaua npeacrasnseT cobon npupaboTKy TPYLLMXCA NOBEPXHOCTEN, KOraa
CMUHAIOTCS BbICTYNbI, pa3pyLwarTca niaeHku, obecneymBaeTcs MeTalsIMdecKnm
KOHTaKT Mo BCeW NMOBEPXHOCTU CTbiKa CBApMBaeMbIX AeTanen. B KoHue nepsou
CTaAuN MOMEHT CUN TPEHUA YMEHbLUaeTcs 40 MUHUMYMaA.

C Ha4ya/lIoOM BTOPOM CTaAMM BO3HUKAKOT OTAENbHbIE O4Yarn MeTaaIM4yeckom CBS3U
(oyarmn cxBaTbIBaHWUS), KOTOpPble NOCTENEHHO PACLUMNPSAKOTCS, HO MO Mepe
nepeMeLlleHns TPYLLUMXCA NOBEPXHOCTEN OTHOCUTENIbHO APYr ApYyra pa3pyLllatoTcs.



http://weldering.com/svarka-treniem

Ha aTon ctagnn MOMEHT TpeHUs NOCTOAHHO HapacTaeT A0 MakKCMMyMa U NMPouCxoanT
MHTEHCUBHbIN HArpeB TOPLOB.

N5 Tperneii cragun XapakKTEPHO NaeHne MOMEHTa CUJ TPEeHUS, TaK Kak C
NOBbILLEHWEM TEMNEPATYPbl MeTAsI/Ia o4arnm CXBaTbIBAHUS JIENKO pa3pyLlatoTcs U
NPOYHOCTb MeTaslsla YMeHbluaeTcs. [1pn Harpese TopuUOB AeTasien a0
nnacrtunyeckoro coctosgHua (Tn = 0.7...0.9 Tnn) MOMEHT cun TpeHus
CcTabunmnanpyeTcsa n B aganibHenlweM He MeHseTcs. B pe3ynbTaTte TemnepaTtypa no
CeYeHMUIO CTblKa BbIpaBHUBAETCS WU MeTann AeTaslen oKa3bIBAETCS MOArOTOB/IEHHbIM
K obpa3oBaHUIO CBApHOro coeamHeHuns. BpauweHue getanu rnpakTnyeckm MrHoBeHHO
npekpalwaeTcsa n getaam CKMMarTCs C YCUTIMEM NPOKOBKK, KOTopoe 06bI4HO B ABa
pa3a 6onblle ycuama npun Harpese.
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HHEeM!:

CxeMa THMITOBBIX OCLIAJIIIOIPAMM OCHOBHBIX IIAPAMETPOB PEXKUMA CBAPKU TpeHueM: F -
pDR¥Matolas Harpyska, H; (o - yacrora Bpamenus, c-1; N — MOIITHOCTh
http://weldzone.info/technology/ets/880- Svar*af*‘&ﬂ'ﬁﬂi;meneﬂnﬂ Bt; MTp - MoMeHT Tpenust, H . M; ti , tH, trp - COOTBETCTBEHHO BPEMS

TVIITTOD

MPUTUPKU, HATPEBA U MPOKOBKH, C; T - Temrieparypa B 30He coequnenus, °C ; Al- ocajka,
MM.

@ — obuunoll; 6 — HuepuHoHHOil



http://weldzone.info/technology/ets/880-svarka-treniem

M{N)n,P

J
Puc. 40. Hamenenwe wmomenra Puc. 41. Maxkcumym xpusolt mo-
cua M (/) B npouecce CBapxu MenToB (J), Kak peayanTar Hapa-
TPCHHEM CTAHHA YHCAA ecXBaTuiBauuil> [

cnaga 2 NpPOYHOCTH  «MOCTHKOB»
B CBA3K C POCTOM TeMNEPaTyphl

autowelding?ru

https://www.autowelding.ru/index/0-60



https://www.autowelding.ru/index/0-60

Cxema cBabku TpeHuem
C HenpnepbIBHbIM
nepemewmBaHuem: 1 -
TODMO3: 2. 3 -
cBabuBaeMble
3aroToBKM.

Cxema MHepUMOHHOU
CBabKu TnpeHuem : 1 -
MaxoBuK: 2. 3 -
cBapuBaeMble 3NIeMEHTbI.

Cxema opbuTanbHOU

CBaDKUN TDEHMeM : a -
cTaous HarpeBa : 0 -
CTaausi NPOKOBKMN.



http://www.weldzone.info/oborudovanie/machines/128-global/416-sxema-svarochnogo
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a) 6)
Cxema paavanbHOU CBabDKU TPDEeHUeM:
a - C HAPV)XXHbIM Pa3XUMHbIM KOJIbLIOM
© - C BHVTDEHHUM DPa3XXUMHbIM KOJNIbLIOM:

1. 2 - cBapMBaeMble 3aroToBKMU: 3 - BnaluarLleecs KONbLO N3 NPUCAAOYHOro
MaTepuana; 4 — 3aXXuMHble 35fIeMeHTbl; 5 — onpaBKa.




Puc. 49. PasnopHaHOCTH npouecca ceapkm
TPeHHEM:
a, 6 — caapKa ¢ NOMOWLIO SPAIUCHIA TPETLHEIO TEIA;

¢ — OAHOBPEMCHHAA cCcRapxa Tpex getanefl Ha Ma-
WNKe € ABYMS WANHZEAANMN, & — pHOpaumonHan

&) Cpapxa
v autowelding®ru

https://www.autowelding.ru/index/0-60



https://www.autowelding.ru/index/0-60

Tabnuua 1. HekoTopble peXxXnmMmbl CBapKu TpeHneMm.

Matepuan Juametp HacTtoTa ) Hasnenue, Mlla  |Cymmapnast |Bpems Harpesa,
3arOTOBKH, MM [BpPAIllEHUs, C~ HarpeBa |[IPOKOBKHOCTAIKA, MM |[C

Cr3 40 16,6 100 100 12 20

Cranb 35 30 21 35 70 I 30

2512C 22 25 45 45 4 10

1X18HOT 18 70 170 S 8

9XC 30 16,6 3) 15

P18 + 40X 18 100 200 2,2 9

AJll + C13 40 12,5 50 120 14 4

Ct3 + menp M1 |20 25 35 70 12 7,5

http://weldzone.info/technology/ets/882-rezhimy-svarki-treniem

httos://wikimetall.ru/metalloobrabotka/svarka-treniem.html

TexHonorndyeckme napameTpbl HEKOTODbLIX. Handonee pacnpocTpaHeHHbIX MalluH
OTEYECTBEHHOro NPOM3BOACTBA, HA KOTOPbIX BbINOMHAETCA COeaNHEHME |_/13uen|/||71 TPEHUEM,
npuBeneHsbl B Tadbnunue https://wikimetall.ru/metalloobrabotka/svarka-treniem.htmi

B vCnoBMAX DEMOHTHBIX MAacTEDCKUX, a Takke B ObITV. MOA CBADKY TDEHMEM MOXHO VCMELIHO npucnocabnmeaTb OOblYHbIE TOKADHbLIE CTaHKW.
MNpensapuTensHO CreaveT NDOU3BECTM DacYeT A0NVCKAaeMOro OCEBOrO YCUMUA Ha LUNMHAENb U COOTHECTM MOJyYeHHOe 3Ha4YeHue ¢
TpebyembiM. https://wikimetall.ru/metalloobrabotka/svarka-treniem.html



http://weldzone.info/technology/ets/882-rezhimy-svarki-treniem
https://wikimetall.ru/metalloobrabotka/svarka-treniem.html
https://wikimetall.ru/metalloobrabotka/svarka-treniem.html
https://wikimetall.ru/metalloobrabotka/svarka-treniem.html
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Cxema poamnxkosoff CT: CxeMa Hanna®sku TpenmHem:

I, 2—ceapEpaeMnie 3arorosxs: J— J— HannaBaneMan NOMePXHOCTE, 2 —
WNHBaeAb: 4£— Bpauiaomuics POARK: CJAOR HaNNaBJIEHHOrO Metranna; 3 — npy-

5 — npHXAMM TOK. 4 — pesely ANR CHATHA rparta

Poauxoesan caapKa mpeHuem

3TOT EMA CBAPKH HCIIOJIBL3VIOT B TeX CIVHaax,
KOrZa  HVMKHC  CBapUTb  TOHKOJIHCTOBLIE
BSIeMEeHTEL. CxemMa  pOJIHKOBOH CBapKH
IpHEEIEHA Ha PHCYVHEE.

CvTs 5TOrO crocoba COCTOUT B TOM, YTO POJIHE,
BpAINAmIINica co CKOPOCTEIO, MpHMepHO, 1600
pan/c, MOABOJAT B KpagM 3aroTOBOK. Pommk
mepeMeniaeTcs OTHOCHTEJIBHO CBapHBAaeMBIX
KPOMOK €O CKOPOCTBIO 0,1-2,0 M/c, a ZaB/IeHue,
cosgaBaeMoe Ha  POJHK, COCTABIfSET B
oHamnazoHe 0,2-0,5 MIIa.



CBAPHUBAEMOCTb PA3HBIX KOHCTPYKLHMOHHDIX
METAJIJIMMECKHX MATEPHAJIOB IPHM CBAPKE TPEHHEM
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Onpesesenune RAMNN BMASTA 3ATOTOBOK N3 IJEMMMNME ycrpoficrs:

a-A-(O3+I,5 : 66— A~ 1 . s g R e
J—A;-(2+0)o;)?4,-(o.3+'l.sf“ 5)d, 1=(03+ 15)dy; o —A=(2 + 4)5;

a '
IMoAroTORKA XONTAKTHNX MOBEPXHOCTER 3IArOTOBOK N3 PASHOPOANMX MaTepKanOBn
X Chapke:

a— YIIAR CTAXS — KONCTPYKUMONHAR crans; O — soMHOCTOMKAR CTaAL —
LMOMKAKA; @ — XOPPOIHOKMOCTORKAR CTanb — ummk: dy= (1,156 -+ 1.25)d;





https://promplace.ru/svarka-metallov-staty/svarka-treniem-1538.htm
https://promplace.ru/svarka-metallov-staty/svarka-treniem-1538.htm
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BOALLGIOLLMIACS C BbICOKAMMCKOPOCTHIO
WHCTRYMEHT BBOAUTCS B -
COMNPUKOCHOBEHME C MNOB
3QrotoBOK TQK, YTOObI HAKG
BHEADPWACS! B 3QroTOBKM HA TA
NEVMEPHO PABHYHO UX TOALLMHE,

Q 3AMAEUYUK KOCHYACS X MOBEPXHOCTAN

OrPY)XEHMS UHCTRYMEHT
nepemMeLLaeTcs No AMHMA
COEAVNHEHUS CO CKOPOCTLIO
CBAPKW.

O6bem, B KOTOPOM dopMUpYyETCS
LLIOB, OrPOHUYMBAETCS CBEPXY
3AMAE4YUKOM UHCTRYMEHTQ.

B pesyAbTaTe TREHUS NPOUCXOA
HArpes MEeTaAAd AC NAQCTUHECKOTO
COCTOSIHUS U MEepeMeLLBaHNE ero
BPOLLAIOLLMMCS] UHCTRYMEHTOM.



SUTOent Soamward 1orce
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Cropona nabGeranus Cropona orcraBanns
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https://stankiexpert.ru/spravochnik/svarka/svarka-treniem-s-peremeshivaniem.html
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Resistance Projection Welding (RPW)
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https://www.slideshare.net/parveenkr/cnc-machine-for-
begainers?next slideshow=1



https://www.slideshare.net/parveenkr/cnc-machine-for-begainers?next_slideshow=1
https://www.slideshare.net/parveenkr/cnc-machine-for-begainers?next_slideshow=1

