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Àííîòàöèÿ. Ïðèâåäåíû ïàðàìåòðû ðåæèìà ðîáîòèçèðîâàííîé àðãîíîäóãîâîé ñâàðêè íåïëàâÿùèì-
ñÿ âîëüôðàìîâûì ýëåêòðîäîì ýëåìåíòîâ òîíêîñòåííûõ òðóáîïðîâîäíûõ ñèñòåì èç íåðæàâåþùåé ñòà-
ëè 12Õ18Í10Ò, èñïîëüçóåìûõ â êîíñòðóêöèÿõ ëåòàòåëüíûõ àïïàðàòîâ. Öåëüþ ðàáîòû ÿâëÿåòñÿ äî-
ñòèæåíèå ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ñâàðíûõ ñîåäèíåíèé Ñ0000 è êðèòåðèåâ êà÷åñòâà ïî ÏÈ 1.4.748
ïðè èñïîëüçîâàíèè ïóëüñèðóþùåé äóãè, ðàçëè÷íûõ ãàçîâûõ ñðåä ïîääóâà (àðãîíà è àçîòà) áåç ïðè-
ìåíåíèÿ ïðèñàäî÷íîé ïðîâîëîêè.

Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè ïðåèìóùåñòâî èñïîëüçîâàíèÿ äëÿ ñâàðêè îòâåòñòâåííûõ
êîíñòðóêöèé â êà÷åñòâå ïîääóâà ñðåäû àçîòà. Êðîìå òîãî ïîêàçàíî, ÷òî ïîääóâàåìûé ãàç ìîæåò áûòü
äîïîëíèòåëüíûì ðåñóðñîì â îáåñïå÷åíèè ïîëîæèòåëüíîé âåëè÷èíû óñèëåíèÿ íàïëàâëÿåìîãî âàëèêà
êàê ñ ëèöåâîé, òàê è ñ îáðàòíîé ñòîðîíû îäíîïðîõîäíîãî øâà. Ñ ýòîé öåëüþ ðàçðàáîòàíî óñòðîé-
ñòâî è îòðàáîòàíû ðåæèìû ïîääóâà äëÿ îáåñïå÷åíèÿ ñòàáèëüíîñòè âíóòðèêàìåðíîãî äàâëåíèÿ.
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Abstract

Efficiency improving of the state-of-the-art techniques of welding aircraft thin-walled pipelines is an
urgent task of the modern aviation industry. The main trends are the following: the welding procedure robotics,
implementation of welding techniques and technologies with thermal cycle stabilization, and, accordingly,
the structure and properties along the entire seam length, costs reduction of materials and electric energy,
increase of productivity and quality of final products. The article presents the results of the studies conducted
on the effect of the blow medium and pulsating arc while robotized argon arc welding of thin-walled elements
of stainless steel piping systems for aircraft by non-melting tungsten electrode without application of the
filler wire on the structure and properties of welded butt joints.

Welding was performed on an automatic welding installation for rotating bodies developed at Komsomolsk-
on-Amur State University and programmable controlled by Mach3 via G-codes. The installation includes
a welding rotator, a Kemppi MinarcTig Evo 200 MPL power supply with a TTC 220 burner, a positioner
for the burner transverse movement, a welding wire feeder, a laptop, and a control unit. The G-code was
employed for welding, the value of the standby current herewith was 15 A, the maximum current was 35 A,
and the pulse duration was being reduced from 1.3 to 1.0 s within 0.1 s decrement. The extent of the first
sector is the smallest with the maximum pulse duration, and is meant for stabilizing welding modes and
seam geometry. The second and the third sectors are of equal extent, but with different values of pulse duration.
The fourth sector is of the greatest extent with the minimum pulse duration.

A pipe from AISI 321 steel of a 50 mm diameter with a wall thickness of 1 mm was employed as blanks.
The edges of the welded blanks were trimmed on a lathe prior to the assembly. The butt assembly for welding
was performed manually with a gap of 0-0.1 mm on the prism without filler material application.

The developed and manufactured protective device, tightly installed in the internal cavity of the pipes
being assembled through the packing rings, which seal the limited space of the butt edges, were employed
for the blowing.

Geometric parameters of the obtained welding seams (the height of the reinforcement of the roller front
side) were being determined by the MCAx laser scanning and 3D model processing in the Focus 10 Inspection
software. Welded samples of thin-walled pipe blanks were tested for static tension and are subjected to
microstructural studies and microhardness measurement.

The obtained welded joints meet by the geometric parameters the requirements of regulatory
documentation governing the welding procedure of the aircraft pipeline systems. However, the joints obtained
with the air atmosphere inside the pipe are characterized by a reduced tensile strength of up to 20% and
elongation. Argon and nitrogen application as a blowing is being characterized by the lack of the oxidized
layer, and mechanical properties closeness to the basic metal ones. Besides, a possibility for controlling the
value of the root and front roller strengthening by the blowing gases pressure appears. The results of the
work can be applied in the aircraft industry for both automatic and robotic welding of thin-walled stainless
steel pipelines.

Keywords: robotized argon arc welding, pulsating arc, thin-walled pipeline, stainless steel, argon and
nitrogen blowing
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Ââåäåíèå

Ëåòàòåëüíûå àïïàðàòû (ËÀ) ïðåäñòàâëÿþò
ñîáîé ñîâîêóïíîñòü ìíîæåñòâà ñèñòåì è îáîðó-
äîâàíèÿ, îáåñïå÷èâàþùèõ ôóíêöèîíèðîâàíèå
âîçäóøíîãî ñóäíà â ïðîöåññå ýêñïëóàòàöèè.
Áîëüøèíñòâî ýòèõ óñòðîéñòà ñâÿçàíî òðóáîïðî-
âîäàìè, òðåáîâàíèÿ ïî ïðî÷íîñòè è íàäåæíîñòè
ê êîòîðûì âåñüìà æåñòêèå [1]. Òðóáîïðîâîäû ËÀ
ñîñòîÿò èç ðÿäà ýëåìåíòîâ, ñîáèðàåìûõ â åäèíîå
öåëîå ïîñðåäñòâîì ðåçüáîâûõ, ïàÿíûõ, íèïïåëü-
íûõ, ñâàðíûõ ñîåäèíåíèé [2].

Ïðè àâòîìàòè÷åñêîé àðãîíîäóãîâîé TIG
ñâàðêå ýëåìåíòîâ òîíêîñòåííûõ òðóáîïðîâîäíûõ
ñèñòåì (ÒÏÑ) èç íåðæàâåþùèõ ñòàëåé ñóùåñòâó-
åò âîçìîæíîñòü ôîðìèðîâàíèÿ øâîâ áåç èñïîëü-
çîâàíèÿ ïðèñàäî÷íûõ ìàòåðèàëîâ, ïðè ýòîì ïðè-
ìåíåíèå èìïóëüñíîãî ðåæèìà ñâàðêè ñòàáèëèçè-
ðóåò øèðèíó øâà, à âàëèê âûïîëíÿåòñÿ «íà âåñó»
áåç ôîðìèðóþùèõ óñòðîéñòâ [3—10].

Íåðæàâåþùèå ñòàëè (12Õ18Í10Ò, 09Õ18Í10Ò
è ò.ï.), èñïîëüçóåìûå â êîíñòðóêöèÿõ ÒÏÑ ËÀ,
ïðè íàãðåâàíèè â õîäå ñâàðêè äî òåìïåðàòóðû
ïëàâëåíèÿ, ïîñðåäñòâîì ðàñòâîðèìîñòè ãàçîâ èç
àòìîñôåðû âîçäóõà (îñîáåííî êèñëîðîäà) â òè-
òàíå, õðîìå, íèêåëå (îñíîâíûõ ëåãèðóþùèõ ýëå-
ìåíòàõ) ñèëüíî îêèñëÿþòñÿ, ñîçäàâàÿ øëàêîîá-
ðàçíóþ òóãîïëàâêóþ êîðî÷êó íà ïîâåðõíîñòè
øâà, è òðåáóþò îòòåñíåíèÿ âîçäóõà èç çîíû òåð-
ìè÷åñêîãî âëèÿíèÿ [11]. Íåîáõîäèìîñòü îðãàíè-
çàöèè ãàçîâîé çàùèòû êîðíåâîãî âàëèêà, êàê
ñðåäñòâî îò îáðàçîâàíèÿ îêñèäíîãî ñëîÿ, äàåò äî-
ïîëíèòåëüíûé ðåñóðñ óïðàâëåíèÿ ãåîìåòðè÷åñêè-
ìè ïàðàìåòðàìè íàïëàâëÿåìîãî øâà — âûñîòîé
óñèëåíèÿ (âîãíóòîñòü è âûïóêëîñòü) — ðåãóëèðî-
âàíèåì âíóòðåííèì äàâëåíèåì ïîääóâàåìîãî ãàçà
[12].

Èç ñîîáðàæåíèé ýêîíîìèè ðàñõîäà è ýôôåê-
òèâíîñòè óïðàâëåíèÿ âíóòðåííèì äàâëåíèåì ïîä-
äóâàåìîãî ãàçà öåëåñîîáðàçíî ïðèìåíåíèå óñò-
ðîéñòâ, îðãàíèçóþùèõ ìèêðîêàìåðû (èìåþùèå

äâå çàãëóøêè) è îãðàíè÷èâàþùèå ïðîñòðàíñòâî,
çàïîëíÿåìîå ãàçîì [13].

Çàäà÷à ðåãóëèðîâàíèÿ óñëîæíÿåòñÿ èçìåíåíè-
åì ðàñõîäà ïîääóâàåìîãî ãàçà ÷åðåç ùåëü, îáðà-
çîâàííóþ çàçîðîì, çàêðûâàåìûì ôîðìèðóþùèì-
ñÿ â õîäå ñâàðêè øâîì. Ïðè ýòîì ïî ìåðå çàêðû-
òèÿ çàçîðà âîçðàñòàåò âíóòðåííåå äàâëåíèå â êà-
ìåðå, à ðàñõîä çàùèòíîãî ãàçà óìåíüøàåòñÿ.
Íàãðåâ êðîìîê è âíóòðèêàìåðíîãî ïðîñòðàíñòâà
òàêæå ïðèâîäèò ê óìåíüøåíèþ çàçîðà è óâåëè-
÷åíèþ ñêîðîñòè ïîòîêà èñòåêàþùåãî èç íåãî ãàçà
[14].

×ðåçìåðíîå äàâëåíèå ãàçà âî âíóòðèêàìåðíîì
ïðîñòðàíñòâå ïðèâîäèò ê óâåëè÷åíèþ óñèëåíèÿ
(âûïóêëîñòè) ëèöåâîé ñòîðîíû âàëèêà è âîãíó-
òîñòè â êîðíåâîé ÷àñòè âàëèêà, âïëîòü äî îáðà-
çîâàíèÿ âûïëåñêà ìåòàëëà æèäêîé âàííû (ñâè-
ùà), à íåäîñòàòî÷íîñòü äàâëåíèÿ — ê ïðîâèñàíèþ
øâà (âîãíóòîñòü ñ ëèöåâîé ñòîðîíû è âûïóêëîñòü
ñ îáðàòíîé) [15—18].

Ñîãëàñíî ÏÈ 1.4.748 ñîåäèíÿåìûå ñâàðêîé
äåòàëè òîíêîñòåííûõ ýëåìåíòîâ ÒÏÑ ËÀ ñîáè-
ðàþòñÿ áåç ðàçäåëêè êðîìêè ñ çàçîðîì 0—0,1 ìì
íà ïðèõâàòêè. Ïðåäïî÷òèòåëüíîé îïåðàöèåé äëÿ
ñòàáèëüíîñòè çàçîðà ÿâëÿåòñÿ òîðöîâêà êîíöîâ
òðóá, ñ îáðàçîâàíèåì çàóñåíöåâ, äëÿ ñíÿòèÿ êî-
òîðûõ ïðèìåíÿþò íàïèëüíèê (ïðè âðàùåíèè
òðóáû), äåëàþùèé ñêîñ êðîìîê. Îáðàçóåìûé ïðè
òîðöåâàíèè çàóñåíåö òàêæå ìîæåò áûòü äîïîëíè-
òåëüíûì ðåñóðñîì â çàïîëíåíèè ñâàðî÷íîé âàí-
íû (äàåò äîïîëíèòåëüíûé îáúåì ðàñïëàâëåííî-
ãî ìåòàëëà ñâàðî÷íîé âàííû). Ïîêàçàíî [19], ÷òî
ïðîñòàíîâêà ïðèõâàòîê òàêæå íóæäàåòñÿ â îáåñ-
ïå÷åíèè ïîääóâà, òàê êàê ïîñëåäóþùåå íàëîæå-
íèå ñâàðíîãî øâà ïî îêèñëåííûì ïðèõâàòêàì
ïðèâîäèò ê íåïðîâàðàì, íåñïëàâëåíèÿì, ïîðèñ-
òîñòè (çà÷àñòóþ íàáëþäàåòñÿ ñêîïëåíèå èëè öå-
ïî÷êè ïîð) â ýòèõ çîíàõ.
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Ìåòîäèêà ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ

Èññëåäîâàëîñü âëèÿíèå ïîääóâà çàùèòíîãî
ãàçà âî âíóòðèêàìåðíóþ ïîëîñòü, ñîçäàâàåìóþ çà-
ùèòíûì óñòðîéñòâîì, îãðàíè÷èâàþùèì äàâëå-
íèå ïîääóâàåìîãî ãàçà ïðè àâòîìàòè÷åñêîé èì-
ïóëüñíîé àðãîíîäóãîâîé îäíîïðîõîäíîé ñâàðêå
òîíêîñòåííûõ òðóá èç íåðæàâåþùåé ñòàëè
12Õ18Í10Ò áåç ïðèñàäî÷íîé ïðîâîëîêè íà äå-
ôåêòíîñòü êîðíåâîé îáëàñòè ñâàðíîãî øâà.

Äëÿ ñðàâíåíèÿ âûïîëíèëèñü ñâàðíûå øâû áåç
ãàçîâîé çàùèòû êîðíåâîãî âàëèêà (â àòìîñôåðå
âîçäóõà), ñ ïîääóâîì âî âíóòðèêàìåðíóþ ïîëîñòü
àðãîíà è àçîòà.

Äëÿ ïîääóâà çàùèòíîãî ãàçà — àðãîíà — â
ñâàðî÷íóþ ãîðåëêó è ïîääóâà ñ íåîáõîäèìûì ðàñ-
õîäîì èç ãàçîâîãî áàëëîíà ïðèìåíÿëñÿ ðåäóêòîð
ñ äâîéíûì ðîòàìåòðîì ÓÇÎ/ÀÐ40-01. Äëÿ ïîä-
äóâà àçîòà â ïîääóâ è àðãîíà â ãîðåëêó ïðèìåíÿëè
äâà ðåäóêòîðà ñ ðîòàìåòðàìè (ïî îäíîìó íà êàæ-
äûé áàëëîí).

Â êà÷åñòâå çàãîòîâîê èñïîëüçîâàëàñü òðóáà
äèàìåòðîì 50 ìì ñ òîëùèíîé ñòåíêè 1 ìì. Êðîì-
êè ñâàðèâàåìûõ çàãîòîâîê, äëÿ ìèíèìèçàöèè
âåëè÷èíû çàçîðà, ïåðåä ñáîðêîé îòòîðöîâàíû íà
òîêàðíîì ñòàíêå. Ñáîðêà ñòûêà ïîä ñâàðêó îñó-
ùåñòâëÿëàñü âðó÷íóþ â ñîîòâåòñòâèè ñ ÏÈ 1.4.748
ñ çàçîðîì 0—0,1 ìì íà ïðèçìå áåç ïðèìåíåíèÿ
ïðèñàäî÷íîãî ìàòåðèàëà. Ðàñõîä çàùèòíîãî ãàçà
â ãîðåëêó 5 ë/ìèí, ñâàðî÷íûé òîê 35À, äèàìåòð

âîëüôðàìîâîãî ýëåêòðîäà 1,6 ìì, óãîë çàòî÷êè
20°, ðàñïîëîæåíèå îòíîñèòåëüíî îñè øâà 80— 90°.

Ñâàðêà ïðîâîäèëàñü íà àâòîìàòè÷åñêîé óñòà-
íîâêå ñâàðêè òåë âðàùåíèÿ, ðàçðàáîòàííîé íà
êàôåäðå ÒÑÌÏ è ïðîãðàììíî óïðàâëÿåìîé
Mach3 ÷åðåç G-êîäû. Óñòàíîâêà âêëþ÷àåò â ñåáÿ
ñâàðî÷íûé âðàùàòåëü, èñòî÷íèê ïèòàíèÿ Kemppi
MinarcTig Evo 200 MPL ñ ãîðåëêîé TTC 220,
ïîçèöèîíåð ïîïåðå÷íîãî ïåðåìåùåíèÿ ãîðåëêè,
óñòðîéñòâî ïîäà÷è ñâàðî÷íîé ïðîâîëîêè, íîóò-
áóê, áëîê óïðàâëåíèÿ [20].

Äëÿ ñâàðêè èñïîëüçîâàëñÿ G-êîä, óñïåøíî
çàðåêîìåíäîâàâøèé ñåáÿ [21, 22] è ïðåäñòàâëåí-
íûé â âèäå òàáë. 1.

Ñîãëàñíî òàáë. 1 äåæóðíûé òîê ñîñòàâëÿë
15 À, ìàêñèìàëüíûé (âûñîêèé) òîê 35 À, âðåìÿ
èìïóëüñà ñîêðàùàëîñü îò 1,3 äî 1,0 ñ ñ äèàïàçî-
íîì 0,1 ñ. Ïðîòÿæåííîñòü ïåðâîãî ñåêòîðà íàè-
ìåíüøàÿ (7,9 ìì) ñ ìàêñèìàëüíûì âðåìåíåì èì-
ïóëüñà è ïðåäíàçíà÷åíà äëÿ ñòàáèëèçàöèè ðåæè-
ìîâ ñâàðêè è ãåîìåòðèè øâà. Âòîðîé è òðåòèé
ñåêòîðû èìåþò ðàâíóþ ïðîòÿæåííîñòü (31,7 ìì),
íî ðàçíîå çíà÷åíèå âðåìåíè èìïóëüñà. ×åòâåð-
òûé ñåêòîð èìååò íàèáîëüøóþ ïðîòÿæåííîñòü ñ
ìèíèìàëüíûì âðåìåíåì èìïóëüñà.

Íà ðèñ. 1 ïðèâåäåíà öèêëîãðàììà ñâàðêè
ïóëüñèðóþùåé äóãîé ñ ïîñòóïàòåëüíûì âðàùåíè-
åì ñòûêà òðóá íà ïðèìåðå ñåêòîðà 1. Ïðîöåññ
ñâàðêè íà÷èíàåòñÿ ñ äëèòåëüíîé ïàóçû ïî äâè-

Òàáëèöà 1

Ðåæèìû ñâàðêè

 

Ñåêòîð Òîê, À 
Ïðîòÿæåííîñòü,  

ìì 
Âðåìÿ èìïóëüñà  
âûñîêîãî òîêà, ñ 

Ñêîðîñòü 
ïåðåìåùåíèÿ, 

ìì/ìèí 

1 

35/15 

7,9 1,3 

250 
2 31,7 1,2 

3 31,7 1,1 

4 58,6 1,0 

Ðèñ. 1. Öèêëîãðàììà (à) ñâàðêè ïóëüñèðóþùåé äóãîé è õàðàêòåð ïîñòóïàòåëüíîãî âðàùåíèÿ (á) ñòûêà òðóá (ñåêòîð 1)

à) á)
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æåíèþ (3 ñ), â ïðîöåññå êîòîðîé ïðîèñõîäèò
ïîäæèã äóãè, íàðàñòàíèå ñèëû òîêà äî ìàêñèìó-
ìà, îðãàíèçàöèÿ ñâàðî÷íîé âàííû ñî ñòàáèëüíû-
ìè ïàðàìåòðàìè ïî âåëè÷èíå ïðîïëàâëåíèÿ è
øèðèíå øâà (ðèñ. 1,à). Ïîñëå ïàóçû ïðîèñõîäèò
ñíèæåíèå âåëè÷èíû òîêà äî 15 À ñî ñêîðîñòüþ 20
À/ìèí ñ îäíîâðåìåííûì íà÷àëîì âðàùåíèÿ òðó-
áû. Ñ ó÷åòîì óñêîðåíèÿ øàãîâîãî äâèãàòåëÿ è
ñðåäíåé ñêîðîñòè 250 ìì/ìèí ýòîò ýòàï ñîñòàâëÿåò
0,5 ñ. Äàëåå îñóùåñòâëÿåòñÿ ïàóçà ïî äâèæåíèþ, íà-
ðàñòàíèå òîêà äî ñâàðî÷íîãî çà óñòàíîâëåííîå ïðî-
ãðàììîé âðåìÿ – 1,3 ñ (ðèñ. 1,á).

Äëÿ ïîääóâà èñïîëüçîâàëè ñïðîåêòèðîâàííîå
è èçãîòîâëåííîå íà êàôåäðå ÒÑÌÏ çàùèòíîå
óñòðîéñòâî (ðèñ. 2,á), ñîñòîÿùåå èç äâóõ ðåçüáî-
âûõ øïèëåê Ì10õ1,75, îäíà èç êîòîðûõ èìååò
ñêâîçíîå âíóòðåííåå îòâåðñòèå äèàìåòðîì 3 ìì
äëÿ ïðîõîäà çàùèòíîãî ãàçà è òîðöåâûå íàñå÷êè

äëÿ âûõîäà ãàçà ïðè ïëîòíîì ñîåäèíåíèè øïè-
ëåê ïîñðåäñòâîì óäëèíåííîé ãàéêè, íà êàæäîé
ãðàíè êîòîðîé òàêæå èìååòñÿ îòâåðñòèå äèàìåò-
ðîì 3 ìì.

Óñòðîéñòâî ðàñïîëàãàåòñÿ âî âíóòðåííåé ïî-
ëîñòè ñîáèðàåìûõ òðóá òàêèì îáðàçîì, ÷òîáû
ñòûê íàõîäèëñÿ ïîä âûõîäíûìè îòâåðñòèÿìè
ôèêñèðóþùåé ãàéêè. Óïëîòíèòåëüíûå êîëüöà
(ðèñ. 2,à,â), èìåþùèå äâóõñòåíî÷íîå èñïîëíåíèå,
ïëîòíî âõîäÿò âî âíóòðåííþþ ïîëîñòü êàæäîé
òðóáíîé çàãîòîâêè, ãåðìåòèçèðóþò îãðàíè÷åííîå
ïðîñòðàíñòâî ñòûêóåìûõ òîðöîâ òðóá.

Îáùàÿ ñõåìà êîìïîíîâêè ñèñòåìû ïîääóâà
çàùèòíîãî ãàçà ïðèâåäåíà íà ðèñ. 3 è ñîñòîèò èç
áàëëîíà çàùèòíîãî ãàçà 1, ðåäóêòîðà ñ äâóìÿ ðî-
òàìåòðàìè 2, ãàçîâîé ìàãèñòðàëè 3. Â ãàçîâóþ ìà-
ãèñòðàëü âñòðîåí âîçäóøíûé êîìïåíñàöèîííûé
øàðèê 4 äëÿ âèçóàëüíîãî êîíòðîëÿ äàâëåíèÿ ïî

Ðèñ. 2. Çàùèòíîå óñòðîéñòâî äëÿ ïîääóâà
à)                                                     á)                                                              â)

Ðèñ. 3. Îáùàÿ ñõåìà êîìïîíîâêè ñèñòåìû ïîääóâà:
1 — áàëëîí çàùèòíîãî ãàçà (àðãîí, àçîò); 2 — ðåäóêòîð ñ ðîòàìåòðàìè; 3 — ãàçîâàÿ ìàãèñòðàëü; 4 — øàðèê êîì-
ïåíñàöèîííûé; 5 — âíóòðèêàìåðíîå ïðîñòðàíñòâî
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èçìåíåíèþ îáúåìà. Êðîìå ýòîé ôóíêöèè, øàðèê
ìîæåò áûòü ïðèìåíåí êàê ñèãíàëèçàòîð ïðîõî-
äà çàùèòíîãî ãàçà (íàïðèìåð, äëÿ ïðîäóâêè êà-
ìåðû ïåðåä íà÷àëîì ñâàðêè), íàëè÷èÿ ãàçà âî
âíóòðèêàìåðíîì ïðîñòðàíñòâå 5. Ðåãóëèðîâàíèå
âíóòðèêàìåðíûì äàâëåíèåì ïðîèñõîäèëî, ïðè
íàáëþäåíèè çà ðàçìåðíîñòüþ ëèöåâîãî âàëèêà è
íàïîëíÿåìîñòüþ êîìïåíñàöèîííîãî âàëèêà, ïó-
òåì ñíèæåíèÿ ðàñõîäà çàùèòíîãî ãàçà ðîòàìåò-
ðîì âðó÷íóþ.

Ãåîìåòðè÷åñêèå ïàðàìåòðû ïîëó÷åííûõ ñâàð-
íûõ øâîâ (âûñîòà óñèëåíèÿ ëèöåâîé ñòîðîíû
âàëèêà) îïðåäåëÿëèñü ëàçåðíûì ñêàíèðîâàíèåì
MCAx è îáðàáîòêîé 3D-ìîäåëè â ïðîãðàììå
Focus 10 Inspection (êðàñíàÿ ëèíèÿ – òåîðåòè÷åñ-
êèé íàðóæíûé êîíòóð òðóáû, ñèíÿÿ ëèíèÿ –
êîíòóð ïîâåðõíîñòè ëèöåâîé ñòîðîíû øâà, ïî-
ëó÷åííûé ïî ðåçóëüòàòàì ñêàíèðîâàíèÿ).

Ñâàðíûå îáðàçöû òðóáíûõ òîíêîñòåííûõ çà-
ãîòîâîê èñïûòàíû íà ñòàòè÷åñêîå ðàñòÿæåíèå íà
ìàøèíå èñïûòàòåëüíîé INSTRON 3382 è ïîäâåð-
æåíû ìèêðîñòðóêòóðíûì èññëåäîâàíèÿì íà ìèê-
ðîñêîïå Nikon MA200. Ñ ýòîé öåëüþ èç êàæäî-
ãî ñâàðíîãî îáðàçöà âûðåçàíû íåñêîëüêî îáðàç-
öîâ è ïðîìàðêèðîâàíû ñëåäóþùèì îáðàçîì
(òàáë. 2)

Äëÿ ïðîâåäåíèÿ ìåõàíè÷åñêèõ èñïûòàíèé
èçãîòîâëåíî âîñåìü îáðàçöîâ èç òðåõ ñåêòîðîâ
(ïåðâûé ñåêòîð íå âçÿò âî âíèìàíèå ïî ïðè÷è-
íå íåäîñòàòî÷íîé ïðîòÿæåííîñòè) ïî äëèíå ñâàð-
íûõ ñîåäèíåíèé. Â îáðàçöå 2 ñåêòîð 4 áûë íåäî-
âàðåí, ïîýòîìó îáðàçåö 2.4.2 íå èçãîòîâëåí. Âû-
ðåçàííûå îáðàçöû îòâå÷àþò òðåáîâàíèÿì ÃÎÑÒ
6996 òèï XII. Ïðîáîïîäãîòîâêó äëÿ ìèêðîñòðóê-
òóðíîãî àíàëèçà ïðîâîäèëè ñ ïîìîùüþ øëèôî-
âàëüíî-ïîëèðîâàëüíîãî ñòàíêà Buehler AutoMet
250 ñ ïîñëåäóþùèì òðàâëåíèåì â ðàñòâîðå ãëè-
öåðèíà, ñîëÿíîé è àçîòíîé êèñëîòû â ñîîòíîøå-
íèè 4/4/3 180 ñ.

Ìèêðîòâåðäîñòü îáðàçöîâ 2.1, 3.1, 4.1 èçìå-
ðÿëè ñ ïîìîùüþ ìèêðîòâåðäîìåðà Shimadzu

HMV-2T. Ñèëà íàãðóçêè ñîñòàâëÿëà 1.96 Í
(200 êãñ), âðåìÿ ïðèëîæåíèÿ íàãðóçêè 10 ñ, øàã
èçìåðåíèÿ 0,5 ìì. Èçìåðåíèÿ ìèêðîòâåðäîñòè
âåëèñü ïî öåíòðàëüíîé ïëîñêîñòè ïîïåðå÷íîãî
ñå÷åíèÿ îáðàçöîâ ñëåäóþùèì îáðàçîì: ïåðâîíà-
÷àëüíî èçìåðåíèÿ ïðîâîäèëè ïî ëèíèÿì ñïëàâ-
ëåíèÿ ñ ïîñëåäóþùèì èçìåðåíèåì â íàïðàâëåíèè
îñíîâíîãî ìåòàëëà, äàëåå èçìåðÿëàñü ìèêðîòâåð-
äîñòü â ìåòàëëå øâà.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Ïðè ïðîñòàíîâêå ïðèõâàòîê ôîðìèðîâàíèå
ñâàðî÷íîé âàííû îêàçàëîñü íåñîñòîÿòåëüíûì äî
òåõ ïîð, ïîêà íå îáðàçîâàëîñü îòâåðñòèå (ñâèù)
ïðîòÿæåííîñòüþ 3 ìì è øèðèíîé 1,5 ìì (ðèñ. 3).
Ïîñëå ýòîãî îñòàëüíûå ïðèõâàòêè îñóùåñòâëÿ-
ëèñü áåñïðîáëåìíî. Ïðè÷èíîé íåñîñòîÿòåëüíî-
ñòè ôîðìèðîâàíèÿ ñâàðî÷íîé âàííû ñòàëè: âû-
ñîêàÿ ñêîðîñòü èñòå÷åíèÿ àðãîíà èç çàçîðà, âû-
äóâàíèå ðàñïëàâëåííîãî ìåòàëëà êðîìîê è åãî
ïîäòåêàíèå íà ïîâåðõíîñòü ñòåíêè òðóáû.

Íà ïîâåðõíîñòè ïðèõâàòîê íàáëþäàëèñü óñà-
äî÷íûå ðàêîâèíû äèàìåòðîì 0,1—0,2 ìì, êàê ñ
ëèöåâîé, òàê è ñ îáðàòíîé ñòîðîíû. Ïðè÷èíàìè
èõ îáðàçîâàíèÿ ÿâëÿþòñÿ âûñîêàÿ ñêîðîñòü îõ-
ëàæäåíèÿ, èíòåíñèôèöèðóåìàÿ èñòå÷åíèåì àðãî-

íà èç ìàëîãî çàçîðà, è íåäîñòàòî÷íîñòü æèäêîé
ôàçû ïðè îáðàçîâàíèè êðèñòàëëèòîâ îò ëèíèè
ñïëàâëåíèÿ ê öåíòðó ïðèõâàòî÷íîé òî÷êè (ðèñ.
4,à). Ñ îáðàòíîé ñòîðîíû ïðîäóêòîâ îêèñëåíèÿ
è öâåòîâ ïîáåæàëîñòè âîêðóã ñôîðìèðîâàííîé
ïðèõâàòêè íå íàáëþäàëîñü (ðèñ. 4,á), ÷òî õàðàê-
òåðèçóåò äîñòàòî÷íîñòü çàùèòû.

Õàðàêòåð îïëàâëåííûõ êðîìîê ïðîææåíîãî
îòâåðñòèÿ (ðàñïëàâëåííûé ìåòàëë âûòåñíåí íà-
ðóæó òðóáû) ñâèäåòåëüñòâóåò î ÷ðåçìåðíîì äàâ-
ëåíèè çàùèòíîãî ãàçà â ïîääóâå, à ðàçìåð îòâåð-
ñòèÿ — î íåîáõîäèìîì äèàìåòðå êîìïåíñàöèîí-
íîãî îòâåðñòèÿ (4,5 ìì2) äëÿ âñåõ ðàíåå óñòàíîâ-
ëåííûõ ïàðàìåòðîâ ðàñõîäà è ãåîìåòðèè ñâàðè-
âàåìûõ çàãîòîâîê.

Òàáëèöà 2

Ïðèíÿòàÿ ìàðêèðîâêà îáðàçöîâ

Îáðàçåö 
Ìèêðîñòðóêòóðíûé àíàëèç Ñòàòè÷åñêîå ðàñòÿæåíèå 

Ñåêòîð 2 Ñåêòîð 3 Ñåêòîð 4 Ñåêòîð 2 Ñåêòîð 3 Ñåêòîð 4 

1 1.2.1 1.3.1 1.4.1 1.2.2 1.3.2 1.4.2 

2 2.2.1 2.3.1 - 2.2.2 2.3.2 - 

3 3.2.1 3.3.1 3.4.1 3.2.2 3.3.2 3.4.2 
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Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè óñòðîéñòâî
áûëî îïåðàòèâíî äîðàáîòàíî: â ðåçüáîâîé øïèëü-
êå, ïðîòèâîñòîÿùåé âõîäó çàùèòíîãî ãàçà, ïðî-
ñâåðëåíî îòâåðñòèå äèàìåòðîì 3 ìì. Ïîñëå ýòîé
îïåðàöèè âñå çàãîòîâêè ñîáðàíû áåç âûøåîïè-
ñàííûõ ïðîáëåì.

Â õîäå ýêñïåðèìåíòà ïî ðàçíûì ïðè÷èíàì íå
óäàëîñü ïîëó÷èòü ïëîòíûå øâû ïî âñåé äëèíå
îáðàçöà: íàïðèìåð, â îáðàçöå 1 (ñâàðêà â àòìîñ-
ôåðå âîçäóõà) ïðè ñáîðêå íà òî÷å÷íûå ïðèõâàò-
êè (ñáîðêà ñ ïîääóâîì çàùèòíîãî ãàçà) â ðåçóëü-
òàòå ïîäà÷è èçáûòî÷íîãî äàâëåíèÿ ïðîèçîøëè
âûïëåñê ìåòàëëà è îáðàçîâàíèå ñâèùà äèàìåòðîì
2 ìì (ðèñ. 5). Ðåøåíèå âàðèòü ïî ñâèùó ïðèâå-
ëî ê îáðàçîâàíèþ ïðîæîãà ïðîòÿæåííîñòüþ
12 ìì, êîòîðûé ñàìîïåðåêðûëñÿ ñî ñòàáèëèçàöè-
åé ïàðàìåòðà øâà áåç äîïîëíèòåëüíûõ ìåðîïðè-
ÿòèé (êîððåêòèðîâêà ðåæèìà, ïîäà÷à ïðîâîëîêè
è ò.ï.).

Ïðè ñâàðêå îáðàçöà 2 ïðîèçîøëî ïðèëèïàíèå
(ïðèìåðçàíèå) âîëüôðàìîâîãî ýëåêòðîäà ê ñâà-
ðî÷íîé âàííå ïî ïðè÷èíå íåäîïóñòèìîãî óìåíü-
øåíèÿ äóãîâîãî çàçîðà. Ïðèíÿòî ðåøåíèå íå
äîâàðèâàòü îáðàçåö, îñòàâèâ 30 ìì íåçàêðûòîãî
ñòûêà.

Ïðè ñâàðêå îáðàçöà 3 øîâ ïîëó÷èëñÿ ïîëíî-
ðàçìåðíûé, íî â çàìêîâîé ÷àñòè ïðîèçîøëà îñ-
òàíîâêà âðàùåíèÿ ñ ñîõðàíåíèåì â òå÷åíèå ïðî-
äîëæèòåëüíîãî âðåìåíè ãîðåíèÿ äóãè, â ðåçóëü-
òàòå ÷åãî îáðàçîâàëàñü áîáûøêà.

Ïðè ïîëó÷åíèè ñâàðíûõ îáðàçöîâ îïðåäåëå-
íà äèíàìèêà èçìåíåíèÿ ðàñõîäà ãàçà ñ öåëüþ
ñòàáèëèçàöèè âûñîòû óñèëåíèÿ ëèöåâîé è îáðàò-
íîé ñòîðîíû øâà (ðèñ. 5). Ñ ìîìåíòà ïîäæèãà

äóãè â ñåêòîðå 1 óñòàíàâëèâàåòñÿ ðàñõîä ãàçà â
ïîääóâ 5 ë/ìèí è ïîñòîÿíî óìåíüøàåòñÿ òàêèì
îáðàçîì, ÷òîáû â êîíöå ñåòîðà 2 ðàñõîä ñîñòàâ-
ëÿë 4 ë/ìèí, â êîíöå ñåêòîðà 3 — 3 ë/ìèí; ïðè
çàâåðøåíèè ñâàðêè — 1 ë/ìèí.

Ïîëó÷åííûå ñâàðíûå îáðàçöû ïðåäñòàâëåíû
â òàáë. 3, òàì æå ïîêàçàíû ãåîìåòðè÷åñêèå ïàðà-
ìåòðû ñâàðíûõ øâîâ (âûñîòà óñèëåíèÿ ëèöåâîé
ñòîðîíû âàëèêà), îïðåäåëåííûõ ëàçåðíûì ñêàíè-
ðîâàíèåì.

Â îòíîøåíèè ãåîìåòðè÷åñêèõ ïàðàìåòðîâ
ñâàðíûõ øâîâ îòìå÷àåòñÿ ñëåäóþùåå: âñå òðè îá-
ðàçöà èìåþò ñòàáèëüíóþ øèðèíó øâà, íå ïðåâû-
øàþùóþ 7 ìì, ñîãëàñíî ÏÈ 1.4.748.

Ðèñ. 4. Ñâèù, îáðàçîâàíûé ïðè ïðîñòàíîâêå òî÷å÷íîé ïðèõâàòêè ñ èçáûòî÷íûì äàâëåíèåì â ïîääóâå

                                à)                                                                      á)

Ðèñ. 5. Ýïþðà èçìåíåíèÿ ðàñõîäà çàùèòíîãî ãàçà â
ïîääóâ (ë/ìèí) ïðè ôîðìèðîâàíèè ñâàðíîãî øâà



Ï.Â. Áàõìàòîâ, À.Ñ. Êðàâ÷åíêî P.V. Bakhmatov, A.S. Kravchenko

238Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

Ò
àá

ëè
öà

 3

Â
íå

ø
íè

é 
âè

ä 
ïî

ëó
÷å

íí
û

õ 
îá

ðà
çö

îâ
 è

 ã
åî

ì
åò

ðè
÷å

ñê
èå

 ï
àð

àì
åò

ðû
 ø

âî
â



239Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

Ï.Â. Áàõìàòîâ, À.Ñ. Êðàâ÷åíêî P.V. Bakhmatov, A.S. Kravchenko

Âûñîòà óñèëåíèÿ ëèöåâîé ñòîðîíû øâà îáðàç-
öà 1 îòðèöàòåëüíàÿ (íàáëþäàåòñÿ âîãíóòîñòü) è
ñîñòàâëÿåò 0,3—0,4 ìì. Âûñîòà óñèëåíèÿ îáðàç-
öîâ 2 è 3 ïîëîæèòåëüíàÿ (íàáëþäàåòñÿ âûïóê-
ëîñòü) 0,2—0,3 ìì, ÷òî ñîîòâåòñâóåò òðåáîâàíè-
ÿì ÏÈ 1.4.748.

Âûñîòà óñèëåíèÿ êîðíåâîãî âàëèêà îáðàçöà 1
ïîëîæèòåëüíàÿ 0,3—0,5 ìì, íî ïîâåðõíîñòü øâà
è çîíû òåðìè÷åñêîãî âëèÿíèÿ (ÇÒÂ) èìåþò øëà-
ìîîáðàçíûé ñëîé ÷åðíîãî öâåòà ââèäó ñèëüíîãî
îêèñëåíèÿ ðàñïëàâëåííîãî ìåòàëëà øâà â àòìîñ-
ôåðå âîçäóõà. Òàêæå ñòàáèëüíîå ïîëîæèòåëüíîå
óñèëåíèå êîðíåâîãî âàëèêà 0,1—0,2 ìì ïî âñåé
äëèíå øâà íàáëþäàåòñÿ è â îáðàçöå 2. Ýòîìó
ñîîòâåòñòâóþò óñëîâèå íåçàêîí÷åííîñòè øâà è
ñáðîñ èçáûòî÷íîãî äàâëåíèÿ ÷åðåç íåçàêðûòûé
ñòûê. Ïîâåðõíîñòü êîðíåâîãî âàëèêà ãëàäêàÿ,
ñåðîãî öâåòà, ÷òî ãîâîðèò î äîñòàòî÷íîé çàùèòå
àðãîíîì.

Îáðàçåö 3 â ïîñëåäíåé òðåòè äëèíû øâà èìååò
âîãíóòîñòü, õàðàêòåðèçóþùóþñÿ ïîâûøåíèåì
âíóòðèêàìåðíîãî äàâëåíèÿ ïðè çàêðûòèè çàçîðà
ôîðìèðóþùèìñÿ âàëèêîì è ðîñòîì òåìïåðàòó-
ðû ïîääóâàåìîãî ãàçà è ÇÒÂ. Ïîâåðõíîñòü ìåòàë-
ëà øâà è ÇÒÂ âíóòðåííåãî âàëèêà øâà, çàùèùà-
åìîãî â ïîääóâå àçîòîì çîëîòèñòàÿ, çåðêàëüíî –
ãëàäêàÿ ïî âñåé ïðîòÿæåííîñòè.

Ðåçóëüòàòû ìåõàíè÷åñêèõ èñïûòàíèé ïðåä-
ñòàâëåíû â òàáë. 4, èç êîòîðîé âèäíî, ÷òî ðàçðó-
øåíèå âñåõ îáðàçöîâ ïðîèçîøëî ïî ëèíèè ñïëàâ-
ëåíèÿ. Ïðè÷èíîé òàêîãî ÿâëåíèÿ ìîæåò áûòü îñ-
ëàáëåíèå øâà ïåðåõîäîì ñòðóêòóðíîé ñîñòàâ-
ëÿþùåé.

Ñðåäíåå çíà÷åíèå ïðåäåëà ïðî÷íîñòè äëÿ
ñâàðíûõ îáðàçöîâ 1, 2 è 3 ñîñòàâëÿåò 451,5; 529,1
è 566,4 ÌÏà. Òàêèì îáðàçîì, íàèìåíüøèé ïðå-
äåë ïðî÷íîñòè ó îáðàçöà, ïðè ñâàðêå êîòîðîãî â
êîðíåâîé ÷àñòè (âî âíóòðåííåé ïîëîñòè òðóáû)
ïðèñóòñòâîâàëà àòìîñôåðà âîçäóõà; íà 17% áîëü-
øåå çíà÷åíèå èìååò îáðàçåö ñ ïîääóâîì àðãîíà
è íà 25% áîëüøåå çíà÷åíèå ó îáðàçöà ñâàðíîãî
ñîåäèíåíèÿ ïðè ïîääóâå àçîòîì. Ïðåäåë ïðî÷íî-
ñòè èñïûòàííûõ ñâàðíûõ îáðàçöîâ ïî ñðàâíåíèþ
ñ ïðåäåëîì ïðî÷íîñòè îñíîâíîãî ìåòàëëà (ïî
ðåçóëüòàòàì íàòóðíûõ èñïûòàíèé âσ = 570 ÌÏà)
ñîñòàâëÿåò – 20%, 7% è 0,6% îò ñðåäíåãî çíà÷å-
íèÿ îáðàçöîâ 1, 2 è 3 ñîîòâåòñòâåííî.

Ñðåäíåå çíà÷åíèå îòíîñèòåëüíîãî óäëèíåíèÿ
ó îáðàçöîâ 1, 2 è 3 ñîîòâåòñòâåííî 21; 21,2 è
26,8%. Ïðè ïîääóâå àðãîíîì îòíîñèòåëüíîå óä-
ëèíåíèå âîçðàñòàåò íåçíà÷èòåëüíî, à ïðè èñïîëü-
çîâàíèè àçîòà — íà 5%.

Òàêèì îáðàçîì, ïî ðåçóëüòàòàì ïðîâåäåííûõ
ìåõàíè÷åñêèõ èñïûòàíèé óñòàíîâëåíî, ÷òî ïðè-
ìåíåíèå àçîòà â êà÷åñòâå çàùèòíîãî ãàçà â ïîä-
äóâ ïðè àðãîíîäóãîâîé ñâàðêå íåïëàâÿùèìñÿ
âîëüôðàìîâûì ýëåêòðîäîì áåç ïðèñàäêè òîíêî-
ñòåííûõ òðóá èç íåðæàâåþùåé ñòàëè ñïîñîáñòâó-
åò äîñòèæåíèþ ïðî÷íîñòíûõ ñâîéñòâ îñíîâíîãî
ìåòàëëà ñ ñîõðàíåíèåì ïëàñòè÷íîñòè — äàæå ïî
ëèíèè ñïëàâëåíèÿ.

Ðàñïðåäåëåíèå ìèêðîòâåðäîñòè â ïîïåðå÷íîì
ñå÷åíèè ñâàðíûõ îáðàçöîâ (ðèñ. 6) ïîêàçàëî, ÷òî
õàðàêòåðíûì ÿâëÿåòñÿ: îáùåå ñíèæåíèå ìèêðî-
òâåðäîñòè â ìåòàëëå øâà äî 140 îò 180 HV îñíîâ-
íîãî ìåòàëëà, ñîõðàíåíèå ýòîãî çíà÷åíèÿ â îá-
ëàñòè ëèíèè ñïëàâëåíèÿ è çîíû êðóïíîãî çåðíà
è ðåçêîå âîçðàñòàíèå â çîíå ñðåäíåãî çåðíà. Íàè-
áîëåå ñòàáèëüíîå ðàñïðåäåëåíèå ìèêðîòâåðäîñ-
òè â ìåòàëëå øâà íàáëþäàåòñÿ â ñâàðíîì ñîåäè-
íåíèè, âûïîëíåííîì ñ ïîääóâîì àðãîíîì.

Äëÿ îáðàçöîâ ïðè ñâàðêå ñ ïîääóâîì àçîòà è
áåç ãàçîâîé çàùèòû êîðíÿ øâà íàáëþäàåòñÿ îä-
íîñòîðîííåå óâåëè÷åíèå ìèêðîòâåðäîñòè ìåòàëëà
øâà äî çíà÷åíèé îñíîâíîãî ìåòàëëà.

Íà ðèñ. 7 ïðåäñòàâëåíà òèïè÷íàÿ ìèêðîñòðóê-
òóðà ïîïåðå÷íîãî ñå÷åíèÿ ñâàðíûõ îáðàçöîâ,
ïîëó÷åííûõ ïðè ïîìîùè ïóëüñèðóþùåé äóãè íà
ïðèìåðå îáðàçöà 2.3.1. Õàðàêòåðíûì äëÿ âñåõ
îáðàçöîâ ÿâëÿåòñÿ ìåëêîçåðíèñòàÿ ñòðóêòóðà
öåíòðàëüíîé ÷àñòè ìåòàëëà øâà ñ ðàçìåðîì çåð-
íà 20—30 ìêì, ñîîòâåòñòâóþùèì îñíîâíîìó ìå-
òàëëó. Â ìåòàëëå øâà ñëåâà è ñïðàâà îò ëèíèé
ñïëàâëåíèÿ è â öåíòð íàáëþäàåòñÿ äåíäðèòíàÿ
ñòðóêòóðà ïðîòÿæåííîñòüþ 0,7—0,9 ìì. Çîíà òåð-
ìè÷åñêîãî âëèÿíèÿ ðàçäåëÿåòñÿ íà äâå ñîñòàâëÿ-
þùèõ – çîíà êðóïíîãî çåðíà 60—150 ìêì ïðî-
òÿæåííîñòüþ 1,5—2 ìì è çîíà ñðåäíåãî çåðíà
40—80 ìêì òîé æå ïðîòÿæåííîñòè, ïëàâíî ïåðå-
õîäÿùàÿ â ìåëêîçåðíèñòóþ ñòðóêòóðó îñíîâíî-
ãî ìåòàëëà.

Îáðàçîâàíèå çîíû êðóïíîãî çåðíà îáúÿñíÿ-
åòñÿ äëèòåëüíûì ïðåáûâàíèåì ìåòàëëà, ïðèëå-
ãàþùåãî ê ëèíèè ñïëàâëåíèÿ ïðè âûñîêîé òåì-
ïåðàòóðå, è ñâÿçàíî ñ áåñïðåðûâíûì äåéñòâèåì
ñâàðî÷íîé äóãè. Äåíäðèòíàÿ ñòðóêòóðà îò ëèíèè
ñïëàâëåíèÿ è â öåíòð øâà ñâîéñòâåííà áûñòðîé
ñêîðîñòè îõëàæäåíèÿ ðàñïëàâëåííîãî ìåòàëëà è
ìîæåò áûòü îáúÿñíåíà íåäîñòàòî÷íîé òåïëîïðî-
âîäíîñòüþ ñâàðèâàåìûõ çàãîòîâîê. Ìåëêîçåðíè-
ñòîñòü ñòðóêòóðû öåíòðàëüíîé îáëàñòè ìåòàëëà
øâà îáúÿñíÿåòñÿ îòïóñêíûì äåéñòâèåì äåæóðíîé
äóãè â ïåðèîä ïåðåìåùåíèÿ ñâàðî÷íîé ãîðåëêè,
à åå íåäîñòàòî÷íàÿ ïðîòÿæåííîñòü — ñæèìàíè-
åì äóãè â ýòîò ïåðèîä.
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Òàêèì îáðàçîì, ñîâìåñòíûé àíàëèç ìèêðî-
ñòðóêòóðû, ðàñïðåäåëåíèÿ ìèêðîòâåðäîñòè è õà-
ðàêòåðà èçëîìà ñâàðíûõ îáðàçöîâ îáúÿñíÿåò ðàç-
ðóøåíèå îáðàçöîâ âáëèçè îò ëèíèè ñïëàâëåíèÿ
íàïðàâëåííîñòüþ äåíäðèòíîé ñòðóêòóðû ïåðïåí-
äèêóëÿðíî öåíòðàëüíîé îñè øâà è íàëè÷èåì
êðóïíîçåðíèñòîé ñòðóêòóðû ñ ìèíèìàëüíûì çíà-
÷åíèåì ìèêðîòâåðäîñòè ñ ïîñëåäóþùèì ðåçêèì
âîçðàñòàíèåì ìèêðîòâåðäîñòè â çîíå ñðåäíåãî
çåðíà.

Âûâîäû

Àðãîíîäóãîâàÿ ñâàðêà íåïëàâÿùèìñÿ ýëåêò-
ðîäîì ïóëüñèðóþùåé äóãîé áåç ïðèìåíåíèÿ ïðè-
ñàäêà – íàèáîëåå ïîäõîäÿùèé ñïîñîá ñâàðêè
òîíêîñòåííûõ òðóáíûõ çàãîòîâîê àâèàöèîííîãî
íàçíà÷åíèÿ, ïîçâîëÿþùèé ïîëó÷àòü íåîáõîäè-
ìûå ìåõàíè÷åñêèå ñâîéñòâà è ãåîìåòðè÷åñêèå
ïàðàìåòðû ñâàðíûõ øâîâ ñ ïðèìåíåíèåì ïîääóâà
çàùèòíîãî ãàçà.

Óñòðîéñòâî, ñîçäàþùåå âíóòðåííåå äàâëåíèå
ïîääóâàåìîãî ãàçà ïóòåì åãî ïðîòåêàíèÿ ïî âíóò-
ðèêàìåðíîìó ïðîñòðàíñòâó, ïîäàåò íóæíîå êîëè-
÷åñòâî ãàçà äëÿ îáåñïå÷åíèÿ àíòèîêñèäíîé çàùè-
òû, íî áåç ðåãóëèðîâàíèÿ ãåîìåòðèè.

Â õîäå àïðîáàöèè óñòðîéñòâ ñ ðåãóëèðîâàíèåì
âíóòðèêàìåðíîãî äàâëåíèÿ óñòàíîâëåíî, ÷òî îï-
òèìàëüíûì ðàñõîäîì ãàçà â ìîìåíò íà÷àëà ñâàðêè
òðóáû äèàìåòðîì 50 ìì, ïðè ðàññòîÿíèè ìåæäó
çàãëóøêàìè 100 ìì, ÿâëÿåòñÿ 5 ë/ìèí. Â ïîñëå-
äóþùåì ðàñõîä ñëåäóåò ïëàâíî óìåíüøàòü ïðî-
ïîðöèîíàëüíî ñêîðîñòè çàïîëíåíèÿ çàçîðà äî
çíà÷åíèé 1—1,2 ë/ìèí (â ñëó÷àå èñòåêàíèÿ ãàçà
÷åðåç îòâåðñòèå â óñòðîéñòâå), ëèáî äî 0 ë/ìèí
â ñëó÷àå íàäåæíîé ãåðìåòèçàöèè âíóòðèêàìåðíî-
ãî ïðîñòðàíñòâà çàãëóøêàìè è ñîõðàíåíèÿ äàâ-
ëåíèÿ çàùèòíîãî ãàçà ïðè ïîëíîì óïëîòíåíèè
øâà.

Ïðèìåíåíèå â êà÷åñòâå ïîääóâà àðãîíà è àçî-
òà ãàðàíòèðóåò îòñóòñòâèå îêèñëåííîãî ñëîÿ îá-
ðàòíîé ñòîðîíû øâà, ïîçâîëÿåò äîñòèãíóòü çíà-
÷åíèé ïðåäåëà ïðî÷íîñòè, áëèçêèõ ê îñíîâíîìó
ìåòàëëó, ñî ñíèæåíèåì íà 7 è 0,6% ñîîòâåòñòâåí-
íî, à ñâàðêà ñ àòìîñôåðîé âîçäóõà — íà 20%. Ïðè
ïîääóâå àðãîíîì îòíîñèòåëüíîå óäëèíåíèå âîç-
ðàñòàåò íåçíà÷èòåëüíî, à ïðè èñïîëüçîâàíèè àçî-
òà — íà 5%.
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