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Three main models interpreting compound formation during explosion welding

- A model based on the laws of hydrodynamics describing collision of two jets of an ideal
iIncompressible fluid angularly. The research formed the basis for the explosion welding
theory and allowed one to define the basic parameters of the process.

- A model based on the classical theory of pressure welding in the solid phase.
Developed were explosion welding mechanisms taking into account presence of
Intensive plastic deformation in the contact zone.

- A model based on aerodynamic heating impact on welding surfaces by shock-
compressed gas ahead of the contact point during its flow at hypersonic velocity




e In[1, 2] and EPNM reports [3, 4], it was hypothesized that
thermal gas ionization occurs on the interface (boundary
layer) In the stand-off gap ahead the contact point when
hypersonic flow (Mach 5-8) of 2700°C heated shock-
compressed gas interacts the sheets and thin layers of
low-temperature shock plasma are formed [5] .
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Research technique

1. For sheets (2000x13000 mm) theoretically determined
- parameters of shock-compressed gas in the welding gap ahead of the contact point
- time and results of shock-compressed gas impact on the surface to be welded.

2. Carbon steel + AlSI 321 sheets (30 x2000x12900 mm) were produced and estimated
with ultrasonic defectoscopy and tensile strength testing.

Templates (100x1450 mm) were cut along the full length of the sheet.

3. - Studied structures in the quality and defect zones:

- Measured wave sizes along the sheet and cast inclusions amount, studied structure
and chemical composition by EDS analysis

- tested changes of tensile strength




Size of shock-compressed gas zone

V, =2200m/s

po — density of flowing gas, D — length of the contact

line, P, — pressure in the shock-compressed gas,

VK — contact point velocity, U - velocity of the

gas, | - length of shock-compressed gas zone,

S — distance from the contact point
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Dependence of exposure time of shock-compressed gas on
length and width of the sheet
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Determination of the fusion depth of material to be welded g-t
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Experiments and results of ultrasonic testing
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The study of wave structure
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Typical structures at different distances from the process beginning
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- According to theoretical calculations, shock-compressed gas can heat metal surfaces not
more than 600° C at modes of explosion welding of large-size sheets. Impact of
aerodynamic heating raises shock-compressed gas temperature in the interface (boundary
layer) up to meanings sufficient for surfaces melting.

Fusion depth, um

i 1 2 3 4 3 b 7 ) 9 10
sheet length, m
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Investigation of microstructure defects A
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1. Calculations and experiments have shown that the surface to be welded is heated to high
temperatures before impact and melting occurs. The fusion depth is proportional to the
exposure time of the shock-compressed gas. The emergence of the molten layer on the
surfaces prevents compounds formation in solid phase. This is accompanied by sharp
change in the waves size and appearance of cast inclusions.

2. Determined the upper limit of high-quality welding of large-size carbon steel/stainless steel
sheets which corresponds to fusion depth not more than 0.2 mm.
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Conclusion

Distribution of waves and inclusions over the length of large-sized sheet indicates that surfaces melt
ahead of the contact point during explosion welding due to aerodynamic heating (convective heating
and radiation). As a result of hypersonic flow of shock-compressed gas (up to 3000 K), unsteady
shock plasma is formed in the interface (boundary layer). Presence of crystals and pure iron formed
as a result of iron oxides destruction confirms plasma impact.

sPacnpenerneHnune BOMH 1 BKNOYEHU NO BCEW ANMHE DOSbLLIOro pasmepa nucta ykasblBaeT Ha TO,
4YTO MOBEPXHOCTb METarnna pacnnaenseTcs nepen TOMKOM KOHTaKTa BO BPEMSA CBapPKU B3PbLIBOM M13-3a
a’poaMHaMMNYECKOro HarpeBa (BKMHYaloLero KOHBEKTUBHLIN HAarpeB 1 paanauuoHHOE U3ITyYEHME).
*B pesynkrarte runep3ByKkoBOro rnotoka yaapHo-cxartoro rasa (¢ temnieparypon go 3000 K), B
norpaHN4YHOM CNoe MexXay yaapHo-cxaTblM ra3aoM U MeTanM4yeckomn NoBePXHOCTbLIO obpasyeTcs
HeCcTauMoHapHasa yoapHasa nnasma. Ha Bosgencreue nnasmbl ykasbiBaeT Hannyme Kpmuctansios

N CII0S YMCTOrO Xernesa obpasoBaBLLErocs BCreACcTBME pa3noXeHNa OKUCIOB Xeresa U
nocneaytouien Kpuctannmsauun.

@




	EXPERIMENTAL EVIDENCE FOR FORMATION OF SHOCK PLASMA DURING EXPLOSIVE WELDING 
	Слайд номер 2
	Слайд номер 3
	Research technique
	Слайд номер 5
	Dependence of exposure time of shock-compressed gas on length and width of the sheet
	Слайд номер 7
	Experiments and results of ultrasonic testing
	The study of wave structure
	Typical structures at different distances from the process beginning 
	(1) experiment and (2) calculation. 
	Tensile strength testing
	Investigation of microstructure defects
	Structure and chemical composition of
	Слайд номер 15
	Слайд номер 16
	Слайд номер 17
	Conclusion �

