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350PHVK AIICTPAKATA

Ou1a je OCTaB/beHa NapaIe/THO Ca HeIOMIYHOM JIOHOM IIOYOM u3pabheHoM off KoH-
CTPYKLIMOHOT YeyKa o3Hake $S355 J2 ne6pune 10 mm. IToyetHo opcTojame usmehy
IJI0Ya M3HOCUIIO je 4 mm, rae cy KopuinheHa 1o 4 MBUYHO IOCTaB/beHA OJCTOj-
HMKa n3paheHa off IacTu4He Mace momu(MeTWI MeTakpuaar), ckpaheno PMMA.
Kopumrhena cy exkcnmosnBHa mymema TpU pasIndnuTe Mace eKCIIo3uBa Amonex,
Koju je y oproBapajyheM cojy 610 paBHOMEpPHO CTTOOOITHO HACYT HA TOPILY IJIOYY.
TakBMM ekcriepyMeHTMIMa oMoryheHo je ofpehnBarbe 3aBMCHOCTY KBaIMTeTa 3aBa-
PEHOT CII0ja off Mace IPMMeEHOT eKCIITIO3MBaA.

3a opebuBame KBa/MUTETa 3aBApEHOT CIIOja NIPMMEIbeHe CY ABe TeXHMKE MC-
nMTHBama 0e3 pasapama: MeTofla Ca TeYHUM HeHeTpaHTMa MR68C n ucnuTuBame
YITpa3BydHMUM fleeKTocKonoM o3Hake Phasor XS. Ilorom cy mioue mcedeHe 3a
Iaj/by aHAIN3Y, I7ie Cy U3BPLUIEHN MUKPOCKOIICKY IIPEIJIes] IpeceKa 3aBapeHNX CIoje-
Ba OMONy onrTuykor Mmukpockona tuna Leitz Metalloplan, onpem/beHOT Kamepom
DFC 295 n codrBepom 3a obpany cimuke LAS 4.3.1. YiapHa )XWIaBOCT CIOja U3-
Meby ekcro3njom 3aBapeHMx II0Ya UCIIMTAHA je Ha ofroBapajyhe mpunpempeHnmM
ernpyBeTama romohy lllapnujeBor kiatHa o3Hake Schenck trebel.

Pesynratum mcnmruBama mokasamm Cy Aa eKCIUIo3uB Amonex Moxke Hahum
IpUMEHY y eKCIUIO3VIBHOM 3aBapyBamy, a HajOO/bM pe3yaTaTy MOCTUTHYTH Cy KOJ
y30pKa 3aBapeHOT CpellbOM KOMMYMHOM eKco3uBa. Koy oBor y3opka obujene cy
HajBIIIIe BPETHOCTI yAapHe >xmnaBocTy Ha [llapnujeBoM K1aTHY, HOK je kon Tpeher
3aBapeHor CIIoja IOLUIO IO HAIJOT Tafia yAapHe >KMIABOCTU ycrer popMmupama
Mmebycnoja, pacTombene dase Ha CIojy, IWTO je MOTBPHEHO MMKPOCKOIICKOM aHa-
7M30M. YITpa3By4Ha JedeKTOCKOINja je IToKa3aa Jja Cpefby y30pak uma Hajsehy
HOBPIIMHY 3aBAPEHOT CII0ja, a Y30PaK Ca HajMalbe eKCIIJIO3MBa HajMarby IOBPIIMHY
3aBapeHor CIIoja.

Kmby4yne peun: 3aBapuBame eKCIIJI031joM, Amonex, Y€K, IIEHETPAHTH, Y-
Tpa3By4Ha IeeKTOCKONMja, ylapHa >KMIaBOCT

THE POSSIBILITY OF USING AMONEX EXPLOSIVE IN
THE WELDING OF VARIOUS STEEL PLATES AND
THE INFLUENCE OF THE AMOUNT OF EXPLOSIVE ON
THE QUALITY OF THE WELDED JOINT

Milos Lazarevi¢, Bogdan Nedi¢, Danica Baji¢, Ana Alil, Nada Ili¢, Aleksandar Citi¢

Abstract: Detonation of explosive substances releases a large amount of en-
ergy in a very short time, which is used for various types of useful work, both for
economic and military purposes. In addition to the use of explosive substances in
ordnance and for demolition in mining and construction, detonation energy has
found its application in welding and metal processing. By applying the energy gener-
ated by the detonation of explosives, it is possible to weld metal, shape it, cut it, in-
crease its solidity, etc. Explosion welding technology began to develop in the middle
of the 20" century, and today it is used for the production of aircraft parts, weapons
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and military equipment, armour plates with increased ballistic protection, special
tanks, heat exchangers, pressure vessels, special industrial cutting tools and all other
products which cannot be produced by any other conventional method of processing
metal materials. Also, a significant advantage of this technology is the possibility of
manufacturing multi-layer materials of large surfaces.

The explosion welding of metals is done as a result of the very fast collision of
metals under the effect of detonation products, with the appearance of high pressure
and plastic deformations in the form of waves at the fusion line and adiabatic local
heating of the surface layers of metal materials.

In this paper, the possibility of using commercial explosive Amonex for the
welding of plates made of 51CrV4 spring steel and S355 J2 structural steel was ana-
lysed. For the selected explosive Amonex, which was produced by TRAJAL Corpora-
tion, the bulk density and detonation velocity were previously measured, whereby the
method of measuring the time between two points in the explosive charge using an
electronic counter with optical sensors was used.

During all conducted experiments, the same arrangement of plates was used.
Plates of dimension 150x200 mm were used. The upper plate of 3 mm thick 51CrV4
spring steel, which was accelerated by the energy of the explosion, was placed par-
allel to a stationary lower plate made of 10 mm thick S355 J2 structural steel. The
initial distance between the plates was 4 mm, where 4 edge spacers made of plastic
mass poly(methyl methacrylate), abbreviated PMMA, were used. Explosive charges
of three different masses of Amonex explosive were used, which was evenly and freely
poured in the appropriate layer on the upper plate. Such experiments made it pos-
sible to determine the dependence of the quality of the welded joint on the mass of
the explosive used.

To determine the quality of the welded joint, two non-destructive testing tech-
niques were applied: the method with liquid penetrants MR68C and testing with
an ultrasonic defectoscope Phasor XS. Then the plates were cut for further analysis,
whereby the microscopic examination of the sections of the welded joints was per-
formed using the Leitz Metalloplan optical microscope equipped with a DFC 295
camera and LAS 4.3.1 image processing software. The impact toughness of the joint
between the explosion-welded plates was tested on appropriately prepared test tubes
using the Charpy pendulum Schenck trebel.

The test results showed that Amonex explosive can be used in explosion weld-
ing, and the best results were achieved with a sample welded with a medium amount
of explosive. In this sample, the highest values of impact toughness were obtained on
the Charpy pendulum, while in the third welded joint there was a sudden decrease in
impact toughness due to the formation of an intermediate layer, a molten phase at the
joint, which was confirmed by microscopic analysis. Ultrasonic defectoscopy showed
that the middle sample had the largest area of the welded joint, and the sample with
the least explosive had the smallest area of the welded joint.

Keywords: explosion welding, Amonex, steel, penetrants, ultrasonic defectos-
copy, impact toughness.



