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Pedepar:

1. KoHTaKTHE 3BapIOBaHHS MHUPOKO 3aCTOCOBYETHCS [J151 3’ € JHAHHS METAJIeBUX JeTajell B eJIeKTPOHHIN
IIPOMUCJIOBOCTI, IpuUJafo0yyBaHHi, MalIMHOOYIyBaHHI, aBTOMOOiIe- Ta JIiTakoOylyBaHHi, KOCMIUHIl TexHilj,
MeJMIVHI Ta iHmuX rany3sx. KoHTakTHe 3BaploBaHHs 37iICHIOETHCS IIJIIXOM 3aTUCKAHHS IBOX METAJIEBUX JleTaslen
MDX IBOMA €JIEKTPOJAaMU 3 HEOOXiJHOIO CUJIOI0 CTUCHEHHS Ta IIPOITYCKAHHS KPi3b HUX IMITYJIbCY €J1eKTPUYHOTO
CTPYMy HeoOxinHOi GOpMH, aMILIITYU Ta TPUBAJIOCTI. Y MiCLli IPOXOIPKEHHs CTPYMY JeTaJjli HarpiBaloThCs 10 PiBHSI
TeMIIEpaTypH IJIaBJIEHHS Ta 3'€IHYIOTbCSI MixK c00010. Takuii Ipolec 3BaploBaHHS € OCUTb CKJIAJHMUM, OCKiJIbKU
€JIEKTPUYHUI ONip 30HU 3BAPIOBAHHS Ma€ CKJIAIHWMN, HEJIIHIMHUN XapaKTep Ta 3aJIe5KUTh Bill MaTepiaiy, TOBIMHU i
IIOPCTKOCTI IIOBEPXHI AeTanel Ta eJ1eKTPoLiB. Taki BIaCTUBOCTI KOHTAaKTHOI'O 3BAPIOBAHHSA YCKJIALHIOIOTh [IPOLIEC
IIPOEKTYBaHHSI [IKepeJl )KUBJIEHHS J1s1 1ioro peasisatii. B 6ibmocTi BUnaaKkiB OCHOBHOIO i €[JMHOI0 BUMOTOI0, 110
BHCTABJISIETHCS 1O 3BAPHUX 3'€JHAHb — iX MillHiCTh. OfHaK € rajaysi IPOMUCJIOBOCTI, Jie 3'€JHYIOTbCS JeTali
BiZI[TOBiA/IBHOTO IIPM3HAYEHHS i BiICYTHICTh BUILJIECKIB YaCTOYOK PO3ILIABJIEHOIO METAJLY, & TAKOXK BUCOKA
ITIOBTOPIOBaHICTh BiITBOPEHHS [IapaMETPiB 3BAPHUX TOYOK Ma€ KPUTUYHO BKJIMBE 3HA4E€HHS. Bumora 10
BiZICYTHOCTI BUIIJIECKIB I1pY 3BaplOBaHHI MiHIaTIOPDHUX JieTajlell, abo AeTajeil KOMIIOHEHTIB BiJl[IOBiIaJIbHOTO
IIPU3HAYEHHSI [TOB'SI3aHa 3 TUM, 110 YaCTOYKU METasly, SKi 3aCTUTJIY MiCJIsl IPOLieCy 3BapIOBaHHS, MOXKYTb BUKJIMKATU
KOPOTKi 3aMUKaHHSI B (PYHKI[iOHAJIbHUX €JIEeMEHTaxX €JIEKTPOHHUX MTPUJIAJIiB, CIOTBOPEHHS CUTHAJIIB, IIYMH i T.II.
Bricoka moBTOPIOBaHICTh 3'€JHAHb HEOOXiTHA Mif] YaC BUTOTOBJIEHHSI CKJIAIHUX BUPOOiB, 32 HASIBHOCTI BEJIMKO1
KiJIbKOCTi 3BaPHUX TOYOK, Bifl SIKOCTi KOXXHOI 3 SIKUX 3HAYHOIO MipOIO 3aJIEXKUTb SIKiCTb TOTOBOTO BUp0OYy. OCHOBHE
3aBIaHHS (OPMYBaHHS HEOOXiIHUX /1J1s 3BAPIOBAHHS IapaMeTPiB MOKIA1A€ThCs Ha IPKEPEJIO KUBJIEHHS (TAaKOX
Bimome 5K GpopMyBay iMIIyJIbCIB CTPYMY), sIKe 3abe3redye HeoOXigHy GOpMy, aMIUIITY Ly Ta TPUBaJIICTh IMITyJIbCY
3BapHOro CTpyMy. Ha nmpakTulli BUKOPUCTOBYIOTb Pi3Hi GOpMHU iMITYJIbCIB 3BapHOTO CTPYMY, HallpUKJIa[, iMITyJIbCU
IIOCTIMTHOTO YM 3MiHHOTO CTPYMY, iMITyJIbCH IIYJIbCYIOYOTO CTPYMY, a60 X KOMOiHaljii Bumesraganux ¢popm
IMITyJIbCIB CTPYMY. BUKOpUCTaHHS IMITYJIbCIB IIOCTITHOTO CTPYMY JO3BOJISIE€ ITIOKPAIIUATH AKICTh OTPUMaHUX
3'eIHaHb, OCOOJIMBO y BUIIAJIKax 3BapPIOBAHHS MiHiaTIOpHUX HeTasnell. Psay nociifkeHb 1oKasye, 110 IIpU 3BapIOBaHHI
JeTasel ToBIMHOW 10 0,5 MM, BRXKJIMBY pOJIb Biflirpae piBeHsb MyJibcalliil 3BapHOTro CTpyMy. Masuii po3amax
IyJIbCaLlifl JO3BOJISIE OTPUMATH 3BapHi 3'€THAHHS BUCOKOI MiIJHOCTi 6€3 BuIsiecKiB MmeTany. TakoX JOAaTKOBI
esieMeHTHU QinbTPiB IJ1s1 3HUKEHHS ITyJIbCalliil CTPYMY BHOCSTb 3HAYHY iHEPLiIHICTh B KOHTYP 3BOPOTHOI'O 3BSI3KY,
1110 MO>K€ MOTiPIIMTH SIKICTb pOOOTH CUCTEMU KEPYBAHHSI Ta BiloOpa3uTHCS Ha TOYHOCTI BifTBOPEHHS CTpyMy. Ha
CbOTOZHILIHIN eHb BiOMa BEJIMKA KiJIbKiCTb CIIOCO0iB IOOYOBU [IXKEPEJI )KUBJICHHS 1151 KOHTAKTHOIO 3BapIOBAHHSL.
Hari6inpi nepcrneKTuBHUM BOAYAETHCS IIOOYI0BA IKepeJia KUBJIeHHS Ha 6a3i TpaH3MCTOPHOTO [IepeTBOPIOBayYa,
SIKUH 31aTHUI 3a6€3M1e4UTU BUCOKY TOUHICTb (POPMYBaHHS CTPYMY B HaBaHTa)XXEHHI, a TaKOX BUILUI piBEHb
eHeproe(eKTUBHOCTI NOPIBHSHO 3 iHIIMMHU BUJAMU JPKEPEJ KUBJIEHHS. BinoMo, o TpaH3UCTOPHI nepeTBOpIoBaui 3
6e3repepBHUM KEPYBAaHHSIM JO3BOJISIIOTh OTPUMATH BUCOKY TOYHICTb BilTBOPEHHS KPMBOI 3BapIOBAJIbHOTO CTPYMY,
OJ1HaK 3a0e3I1e4YyIoTh JOCUTb HU3bKY eHeproedeKTUBHICTb. TpaH3UCTOPHI IePeTBOPIOBAaYi 3 iIMIIYJIbCHUM
KEpyBaHHSM 3a0€3I1e4yIoTh 6i/bll BUCOKUM KoedillieHT KOPUCHOI Aii, 0fHaK TOYHICTh POPMYBaHHS CTPYMY Ha
BUXOJi 3HIXKY€ETbCS. [lelo 3HU3UTH OTY>KHICTb BTPAT OGHOYACHO 3i 30€pPE>KEHHSIM BUCOKOI TOYHOCTI (POPMYyBaHHSI
CTPyMy [103BOJISIE BUKOPUCTAHHSI 1€PETBOPIOBAYIB 3i CMiJIbBHUM BUKOPHCTAHHSIM 6€3I€PEPBHOrO Ta iMITyJIbCHOTO
PeKMMIB KepyBaHHS TpaH3ucTopaMu. OJHaK AJ1s1 TOJiOHUX pillleHb IUTAaHHS MOJIIIEHHS TOKa3HUKIB
eHeproe(EeKTUBHOCTI BCE 1€ 3a/IMIIAEThCS aKTyaJ IbHUM. BUKOpUCTaHHS IOHWKYIOUOTO IIEPETBOPIOBAYA 3i
3HIDKEHUM PiBHEM IyJIbCALill, MO NPALIOE B IMITYJIbCHOMY PEXUMi, JO3BOJIUTh 3a0€3[€YUTH BUCOKY TOYHICTb
($hopMyBaHHS 3BapIOBAJILHOIO CTPYMY OJHOYACHO 3 HU3bKOIO IIOTY>KHICTIO BTPAT, BIaCTUBOIO TPAH3UCTOPHUM
[IepeTBOPIOBAYaM 3 iMITyJIbCHUM KepyBaHHSIM. BUKOpUCTaHHSI MOAYJIBHOTO CIIOCO0Y ITOOY0BY [IKepeJsia >KUBJIEHHS
3 N YHi()iKOBaHMMU MOJYJISIMU IIEPETBOPIOBAUIB, 110 MiIK/II0YEHI IapajesbHO Ta NPALOI0Th HA CIIJIbHE
HaBaHTaKeHHSI, LO3BOJIUTb [TOKPAIIATH TOYHICTh GOPMYBaHHS CTPyMY, MiABUILUTH PiBEHb IOTYKHOCTI B
HaBaHTa)Ke€HHi 6€3 BUKOPUCTAHHS I'POMI3[IKUX KOMIIOHEHTIB, a TAaKOXX T€XHOJIOTIYHICTb, THYUKICTb ITepebyoBU Ta

piBeHb yHi(ikallii nepeTBoproBaya.



2. The thesis is devoted to the research of electric power converters with modular structures and reduced ripple
levels for resistance welding. Resistance welding is widely used for joining metal parts in the electronics industry,
instrumentation, mechanical engineering, automotive and aircraft construction, space technology, medicine, and
other industries. Resistance welding is carried out by clamping two metal parts between two electrodes with the
required compression force and passing through them a pulse of electric current of the desired shape, amplitude,
and duration. At the point of current flow, the parts are heated to the melting point and connected to each other.
The welding process is quite complex because the electrical resistance of the welding zone is complex, nonlinear,
and depends on the material, thickness, and surface roughness of parts and electrodes. Such properties of
resistance welding complicate the process of designing power supplies for its implementation. In most cases, the
strength of welded joints is the main and only requirement. However, there are industries where precision
miniature parts have to be connected, and the absence of splashes of molten metal particles, as well as the high
frequency of reproduction of weld point parameters, is critical. The requirement to avoid splashes when welding
miniature parts or parts of responsible components is due to the fact that metal particles that have hardened after
the welding process can cause short circuits in the functional elements of electronic devices, signal distortion,
noise, etc. High repeatability of joints is necessary for the manufacture of complex products while performing a
large number of welds, which predominantly affects the quality of the finished product. A power supply (also called
current pulse shaper) is supposed to provide the necessary parameters for welding - the required shape,
amplitude, and pulse duration of the weld current. In practice, various shapes of weld current pulses are used,
such as DC or AC pulses, pulsating current pulses, or a combination of the above-mentioned current pulse shapes.
The use of DC pulses can improve the quality of the connections, especially in the case of welding miniature parts.
A number of studies show that the level of weld current ripples plays a significant role when welding parts up to
0.5 mm thick. The small amplitude of the ripples allows obtaining high-strength welded joints without metal
splashes. Also, additional filter elements to reduce current ripple bring significant inertia to the feedback loop,
which can degrade the quality of the control system and affect the accuracy of current reproduction. To date,
there are many ways to build power supplies for resistance welding equipment. The most promising is the
construction of a power supply based on a transistor converter, which is able to provide high accuracy of the
current generation in the load, as well as a higher level of energy efficiency compared to other types of power
supplies. It is known that transistor converters with continuous control allow obtaining high accuracy of the
reproduction of the welding current curve, but provide fairly low energy efficiency. Pulse-controlled transistor
converters provide higher efficiency, but the accuracy of the output current is reduced. The use of converters with
the joint use of continuous and pulse transistor control modes allows reducing the power loss at the same time
while maintaining the high accuracy of the current generation. However, for such solutions, the issue of improving
energy efficiency remains relevant. The use of a step-down converter with low ripple, operating in pulse mode, will
provide high accuracy of welding current generation at the same time with low power loss, inherent in transistor
converters with pulse control. The use of a modular topology of a power supply with n unified converter modules
connected in parallel and working for a common load will improve the accuracy of the current generation,
increase the power level in the load without the use of bulky components, as well as increase manufacturability,
flexibility, and unification of the converter.
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