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Ââåäåíèå

Ðàçâèòèå è óñîâåðøåíñòâîâàíèå ñîâðåìåííûõ
ëåòàòåëüíûõ àïïàðàòîâ, ñïîñîáíûõ âûäåðæèâàòü
êîëîññàëüíûå ïåðåãðóçêè è îáëàäàþùèõ áîëü-
øèì ýêñïëóàòàöèîííûì ðåñóðñîì, òðåáóåò ðàç-
ðàáîòêè è âíåäðåíèÿ íîâåéøèõ ìàòåðèàëîâ.

Â íàñòîÿùåå âðåìÿ è íà áëèæàéøåå áóäóùåå
îäíèì èç ñàìûõ âîñòðåáîâàííûõ ìàòåðèàëîâ,
óäîâëåòâîðÿþùèõ ïîñòîÿííî âîçðàñòàþùèì òðå-
áîâàíèÿì ê ëåòíûì õàðàêòåðèñòèêàì ïåðñïåêòèâ-
íûõ ëåòàòåëüíûõ àïïàðàòîâ (ËÀ), áóäóò òèòàíî-
âûå ñïëàâû (ÒÑ) [1]. Áëàãîäàðÿ èõ óíèêàëüíûì
ñâîéñòâàì (âûñîêàÿ óäåëüíàÿ ïðî÷íîñòü, êîððî-
çèîííàÿ ñòîéêîñòü, æàðîïðî÷íîñòü, óäîâëåòâîðè-
òåëüíàÿ ñâàðèâàåìîñòü è äð.) ñîçäàþòñÿ íàèáî-
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Ïðèâåäåíà îöåíêà âëèÿíèÿ òåõíîëîãè÷åñêèõ ïðèåìîâ èñêëþ÷åíèÿ ïîð â ìåòàëëå øâà íà ñâîéñòâà íåðàçú-
åìíûõ ñîåäèíåíèé ïðè ñáîðêå òèòàíîâûõ êîíñòðóêöèé ëåòàòåëüíûõ àïïàðàòîâ. Èññëåäîâàíèÿ ïðîâîäèëèñü íà
òèòàíîâûõ ñïëàâàõ ÂÒ20, ÂÒ23 ñ èñïîëüçîâàíèåì ñâàðî÷íûõ óñòàíîâîê, ïðèìåíÿåìûõ â ñåðèéíîì ïðîèçâîä-
ñòâå ëåòàòåëüíûõ àïïàðàòîâ (ÓÑÏ-5000, ÀÄÑÂ-6, ÃÑÏÄ-1, ÊË-144). Ðàññìîòðåíî âëèÿíèå ðàçëè÷íûõ ñïîñî-
áîâ ñâàðêè (ýëåêòðîííî-ëó÷åâîé, àâòîìàòè÷åñêîé àðãîíîäóãîâîé, ïîãðóæåííûì âîëüôðàìîâûì ýëåêòðîäîì) íà
ìåõàíè÷åñêèå ñâîéñòâà è ãåîìåòðè÷åñêèå ïàðàìåòðû íåðàçúåìíûõ ñîåäèíåíèé. Óñòàíîâëåíî, ÷òî óâåëè÷åíèå
âðåìåíè ñóùåñòâîâàíèÿ ñâàðî÷íîé âàííû ñïîñîáñòâóåò èñêëþ÷åíèþ ïîðèñòîñòè â íåðàçúåìíûõ ñîåäèíåíèÿõ,
íî ïðèâîäèò ê èçìåíåíèþ ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ñâàðíûõ øâîâ è ñíèæåíèþ ïðî÷íîñòè. Âûÿâëåíî, ÷òî
äëÿ óëó÷øåíèÿ êà÷åñòâà íåðàçúåìíûõ ñîåäèíåíèé íåîáõîäèìî ïîâûøåíèå æèäêîòåêó÷åñòè ñâàðî÷íîé âàííû
è óìåíüøåíèå âÿçêîñòè. Ïî ðåçóëüòàòàì èññëåäîâàíèÿ èíòåíñèôèêàöèè ïåðåìåøèâàíèÿ æèäêîìåòàëëè÷åñêîé
âàííû ïðè ñâàðêå âîëüôðàìîâûì ïîãðóæåííûì ýëåêòðîäîì (ÑÏÂÝ) è ýëåêòðîííî-ëó÷åâîé ñâàðêå (ÝËÑ) óñ-
òàíîâëåíî, ÷òî íàèáîëåå ïåðñïåêòèâíûì ñïîñîáîì îáåñïå÷åíèÿ êà÷åñòâà íåðàçúåìíûõ ñîåäèíåíèé (èñêëþ÷å-
íèå ïîðèñòîñòè, ïîëó÷åíèå ñâîéñòâ, áëèçêèõ ê ñâîéñòâàì îñíîâíîãî ìåòàëëà) ÿâëÿåòñÿ ïðèìåíåíèå îñöèëëÿ-
öèè ýëåêòðîííîãî ëó÷à ïðè ýëåêòðîííî-ëó÷åâîé ñâàðêå èëè ïðèìåíåíèå êîëåáàòåëüíûõ äâèæåíèé ýëåêòðîäà
ïðè àâòîìàòè÷åñêîé àðãîíîäóãîâîé ñâàðêå.

Êëþ÷åâûå ñëîâà: òèòàíîâûå ñïëàâû, íåðàçúåìíûå ñîåäèíåíèÿ, óçëîâàÿ ñáîðêà, ýëåêòðîííî-ëó÷åâàÿ ñâàðêà,
àâòîìàòè÷åñêàÿ àðãîíîäóãîâàÿ ñâàðêà, ñèëîâûå ýëåìåíòû ëåòàòåëüíûõ àïïàðàòîâ.

ëåå ýôôåêòèâíûå è ýêîíîìè÷åñêè âûãîäíûå óñ-
ëîâèÿ äëÿ ñáîðêè èç îòäåëüíûõ ýëåìåíòîâ êîí-
ñòðóêöèé (òàêèõ, êàê ïàíåëü öåíòðîïëàíà, ïàíåëè
õâîñòîâîé ÷àñòè ôþçåëÿæà, ðàçëè÷íûõ âèäîâ
øïàíãîóòû, ëîíæåðîíû è äð.) ñîçäàíèåì íåðàçú-
åìíûõ ñîåäèíåíèé (ÍÑ) ìåòîäàìè ñâàðêè ïëàâ-
ëåíèåì ñ èñïîëüçîâàíèåì ðàçëè÷íûõ âûñîêîêîí-
öåíòðèðîâàííûõ èñòî÷íèêîâ ïëàâëåíèÿ: ýëåêò-
ðîäóãîâûõ, ýëåêòðîííî-ëó÷åâûõ, ëàçåðíûõ è äð.
[2—4].

Çíà÷èòåëüíûå ñëîæíîñòè ñâÿçàíû ñ ïðîáëå-
ìîé ïîðîîáðàçîâàíèÿ â ìåòàëëå øâà ÍÑ ïðè
ñáîðêå òèòàíîâûõ êîíñòðóêöèé ñâàðêîé ïëàâëå-
íèåì.
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Â ðåçóëüòàòå ìíîãî÷èñëåííûõ èññëåäîâàíèé
äîñòèãíóòû îïðåäåëåííûå óñïåõè. Íàó÷íî îáî-
ñíîâàíà [5] è ïîñòîÿííî ïîäòâåðæäàåòñÿ äðóãè-
ìè èññëåäîâàòåëÿìè [6] òåîðèÿ îáðàçîâàíèÿ ïîð
çà ñ÷åò ïîïàäàíèÿ ãîòîâûõ çàðîäûøåé â ðàñïëàâ
ñâàðî÷íîé âàííû.

Èíòåíñèôèêàöèÿ ïðîöåññà ïåðåìåøèâàíèÿ
ñâàðî÷íîé âàííû â ïðîöåññå îáðàçîâàíèÿ ÍÑ ñ
èñïîëüçîâàíèåì òîðîèäàëüíîãî ïëàâÿùåãîñÿ
ýëåêòðîäà ïðè ñáîðêå àâòîìàòè÷åñêîé àðãîíîäó-
ãîâîé ñâàðêîé (ÀÀðÄÝÑ) èëè ñâàðêîé âîëüôðà-
ìîâûì ïîãðóæåííûì ýëåêòðîäîì (ÑÏÂÝ) êîíñò-
ðóêöèé áîëüøèõ òîëùèí [7] ïîçâîëÿåò ïîëíîñ-
òüþ èñêëþ÷èòü íå òîëüêî ïîðîîáðàçîâàíèå, íî è
ãàçîíàñûùåíèå íà êðîìêàõ ïðè ðàñêðîå çàãîòî-
âîê ãàçîêèñëîðîäíîé ðåçêîé. Íî ñóùåñòâóþùåå
îáîðóäîâàíèå íå ïîçâîëÿåò ïðîèçâîäèòü ñáîðêó
êîíñòðóêöèé áîëüøèõ òîëùèí.

Óâåëè÷åíèå âðåìåíè ñóùåñòâîâàíèÿ ñâàðî÷-
íîé âàííû áëàãîäàðÿ ðàöèîíàëüíîìó âûáîðó ðå-
æèìîâ ñâàðêè, à òàêæå ïðèìåíåíèþ ôëþñîâ ïðè
ñîçäàíèè ÍÑ íå âñåãäà îáåñïå÷èâàåò òðåáóåìûå
ñâîéñòâà [5, 8]. Èñïîëüçîâàíèå ðèôëåíèÿ êðîìîê
ñîåäèíÿåìûõ ýëåìåíòîâ [9, 10] ïðè îáðàçîâàíèè
ÍÑ ñâàðêîé ïëàâëåíèåì óìåíüøàåò êîëè÷åñòâî
ïîð â ìåòàëëå øâà, íî íå èñêëþ÷àåò èõ ïîëíîñ-
òüþ, ïðè ýòîì çíà÷èòåëüíî óâåëè÷èâàåòñÿ òðóäî-
åìêîñòü èçãîòîâëåíèÿ êîíñòðóêöèè.

Ïðèìåíåíèå ãàçîëàçåðíîãî ðàñêðîÿ (ÃËÐ)
ýëåìåíòîâ äëÿ ïîëó÷åíèÿ ÍÑ ïðè ñáîðêå êîíñò-
ðóêöèé ñâàðêîé ïëàâëåíèåì ïðàêòè÷åñêè ïîëíî-
ñòüþ èñêëþ÷àåò ïîðîîáðàçîâàíèå â ìåòàëëå øâà,
íî òðåáóåò äîïîëíèòåëüíîé òåðìîîáðàáîòêè êðî-
ìîê ïîñëå ÃËÐ [11, 12].

Çàñëóæèâàþò âíèìàíèÿ ðàáîòû îáðàçîâàíèÿ
ÍÑ W-îáðàçíûì ýëåêòðîäîì [10] èëè îñöèëëÿ-
öèåé ýëåêòðîííîãî ëó÷à [13] ïðè ñáîðêå êîíñò-
ðóêöèé ñâàðêîé ïëàâëåíèåì, ïðè ýòîì ïîðèñ-
òîñòü íå èñêëþ÷àåòñÿ ïîëíîñòüþ, íî ïîÿâëÿåò-
ñÿ âîçìîæíîñòü óïðàâëÿòü ïðîöåññîì ñâàðêè äëÿ
ïîëó÷åíèÿ óäîâëåòâîðèòåëüíûõ ñâîéñòâ ÍÑ.

Òàêèì îáðàçîì, äîñòèãíóòûå ðåçóëüòàòû èñ-
ñëåäîâàíèé ïîçâîëÿþò óìåíüøèòü ïîðèñòîñòü â
ìåòàëëå øâà, ÷òî äîñòèãàåòñÿ â áîëüøèíñòâå ñëó-
÷àåâ çà ñ÷åò ñíèæåíèÿ íà 8—10 % ïðî÷íîñòíûõ
õàðàêòåðèñòèê ÍÑ ïî ñðàâíåíèþ ñ îñíîâíûì
ìåòàëëîì êîíñòðóêöèè [14].

Â ðàáîòå [15] óêàçûâàåòñÿ, ÷òî ñòðóêòóðà è
ñâîéñòâà ñâàðíûõ ñîåäèíåíèé òèòàíîâûõ ñïëàâîâ
îïðåäåëÿþòñÿ ïðîöåññàìè òåðìè÷åñêîãî öèêëà
ñâàðêè (ÒÖÑ). Îòñþäà êðèòåðèåì âûáîðà ðåæè-
ìîâ è òåõíîëîãèè ÒÖÑ ÿâëÿåòñÿ îïòèìàëüíûé
èíòåðâàë êàê ñêîðîñòè ñâàðêè, òàê è îõëàæäåíèÿ

ïðè ñâàðêå. Ïðè ýòîì ïðè ñðåäíèõ èëè îòíîñè-
òåëüíî âûñîêèõ ñêîðîñòÿõ îõëàæäåíèÿ, ñîîòâåò-
ñòâóþùèõ ðåæèìàì àðãîíîäóãîâîé ñâàðêè ìåòàë-
ëîâ ñðåäíåé èëè ìàëîé òîëùèíû, ïîëó÷àþòñÿ
íàèáîëåå âûñîêèå õàðàêòåðèñòèêè ÍÑ, à èìåí-
íî ïëàñòè÷íîñòè ïðè óäîâëåòâîðèòåëüíîé ïðî÷-
íîñòè, ò.å. ïðè æåñòêèõ ðåæèìàõ ñâàðêè. Ïðè
ìÿãêèõ ðåæèìàõ ñâàðêè ñâîéñòâà ÍÑ óõóäøàþò-
ñÿ. Èçâåñòíî òàêæå, ÷òî ìàëîèçó÷åííûì ÿâëÿåòñÿ
ïðîöåññ ïîðîîáðàçîâàíèÿ ïðè ýëåêòðîííî-ëó÷å-
âîé ñâàðêå.

Öåëü èññëåäîâàíèÿ — âûÿâèòü âëèÿíèå òåõ-
íîëîãè÷åñêèõ ïðèåìîâ èñêëþ÷åíèÿ ïîð â ìåòàëëå
øâà íà ñâîéñòâà íåðàçúåìíûõ ñîåäèíåíèé ïðè
ñáîðêå òèòàíîâûõ êîíñòðóêöèé ëåòàòåëüíûõ àï-
ïàðàòîâ.

Ìåòîäèêà ïðîâåäåíèÿ èññëåäîâàíèé

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé èñïîëüçîâàëè
ñâàðî÷íîå îáîðóäîâàíèå è ìàòåðèàëû äëÿ èçãî-
òîâëåíèÿ òèòàíîâûõ êîíñòðóêöèé ñáîðêîé èç
ýëåìåíòîâ íåðàçúåìíûìè ñîåäèíåíèÿìè, âûïîë-
íÿåìûìè ñâàðêîé ïëàâëåíèåì â ñåðèéíîì ïðî-
èçâîäñòâå.

Ðåæèìû îáðàçîâàíèÿ ÍÑ è ìàòåðèàëû çàãî-
òîâîê ïðèâåäåíû â òàáë. 1, à õèìè÷åñêèé ñîñòàâ
îáðàçöîâ çàãîòîâîê — â òàáë. 2.

Ãåîìåòðè÷åñêèå ðàçìåðû ïîëó÷àåìûõ íåðàçú-
åìíûõ ñîåäèíåíèé èçìåðÿëè øòàíãåíöèðêóëåì ñ
òî÷íîñòüþ äî 0,01 ìì.

Ðàäèîãðàôè÷åñêèé êîíòðîëü ïðîèçâîäèëè ñ
èñïîëüçîâàíèåì ðàäèîãðàôè÷åñêîãî êîìïëåêñà
ÝÊÑÒÐÀÂÎËÜÒ-225 è ÐÀÏ 150/300. Õèìè÷åñ-
êèé ñîñòàâ îïðåäåëÿëñÿ ñ èñïîëüçîâàíèåì îïòè-
êî-ýìèññèîííîãî ñïåêòðîàíàëèçàòîðà Q4
TASMAN 170 Bruker. Ñîäåðæàíèå âîäîðîäà îöå-
íèâàëîñü ñ èñïîëüçîâàíèåì èñêðîâîãî ñïåêòðàëü-
íîãî êîìïëåêñà ÈÑÏ-51. Ñîäåðæàíèå êèñëîðî-
äà è àçîòà îöåíèâàëîñü íà ðàñòðîâîì ñêàíèðóþ-
ùåì ìèêðîñêîïå Hitachi S3400N. Ìåõàíè÷åñêèå
ñâîéñòâà íà ñòàòè÷åñêîå ðàñòÿæåíèå è çàãèá èñ-
ñëåäîâàëèñü íà èñïûòàòåëüíîé ìàøèíå Instron
3382.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Â îñíîâå ìåòîäîâ óëó÷øåíèÿ êà÷åñòâà ÍÑ,
âûïîëíåííûõ ñâàðêîé ïëàâëåíèåì, — èñêëþ÷å-
íèå ïîðèñòîñòè â ìåòàëëå øâà. Êàê áûëî ïîêà-
çàíî â ðàáîòå [5], îïðåäåëÿþùåå âëèÿíèå íà êè-
íåòèêó óäàëåíèÿ ïóçûðüêîâ (ïîð) èç æèäêîìåòàë-
ëè÷åñêîé âàííû îêàçûâàåò ãðàâèòàöèîííîå ïîëå.
Òàêèì îáðàçîì, óäàëåíèå ïîð çàâèñèò îò âðåìå-
íè ñóùåñòâîâàíèÿ ñâàðî÷íîé âàííû.
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Òàáëèöà 1

Âèäû îáîðóäîâàíèÿ è ðåæèìû ñâàðêè îáðàçöîâ çàãîòîâîê, èñïîëüçîâàííûõ ïðè èññëåäîâàíèÿõ

Îáîðóäîâàíèå 
¹  

ï.ï. 

Ðàçìåð  
çàãîòîâêè,  

ìì 

Ðåæèìû ñâàðêè ÀðÄÝÑ Ðàñõîä àðãîíà, ë/ìèí 

Iñâ, À Uä, Â Vñâ, ìì/ñ Vïð, ìì/c Ãîðåëêà Êîçûðåê Ïîääóâ 

ÀÀðÄÝÑ  
íà ñòàïåëå 
àâòîìàòîì 
ÀÄÑÂ-6, 
èñòî÷íèê 
ïèòàíèÿ  
ÂÑÂÓ-315 

1 100õ2õ500 115-140 9-10 4,17-5,56  7-9  3-5 

2 
100õ3õ500 240-260 9-10 

2,08-2,33  
8-10 

 3-5 

3 4,17-5,56   7 

4 

100õ2õ500 

90 

10 

4,16  

9 

 

4,5 5 
90-100 

5,56   

6 6,94   

Ðåæèì ñâàðêè W-îáðàçíûì ýëåêòðîäîì ïðè t = 2,23 

7 100õ2,5õ200 200 10 2,5  9  4,5 

8 100õ2,5õ200 200 10 4,16  9  4,5 

ÓÑÏ-5000 
9 

200õ3õ700 
280 16,5 2,2  

7 6 5 
10 280 16,5 2,5  

Ðåæèìû ñâàðêè ÑÏÂÝ 

ÃÑÏÄ-1 

11 

300õ40õ60 

364 12 1,5 24 

12 377 15 1,5 40 

Ðåæèìû ÝËÑ 

ÊË-144 

  Iw, ìÀ If, ìÀ F, ìì Vñâ, ìì/ñ 

13 220õ30õ40 330 600 200 16 

14 220õ30õ40 380 600 200 16 

Ïðèìå÷àíèå: ¹ 1-13 – ñïëàâ ÂÒ20; ¹14 – ñïëàâ ÂÒ23;  
äëÿ ¹ 1-5, 8, 9, 10 - Iñâ – òîê ñâàðêè; Uä – íàïðÿæåíèå íà äóãå; Vñâ – ñêîðîñòü ñâàðêè; 

äëÿ ¹ 11, 12 - Iñâ a+b hãë = 350À + 1,51·9 = 364; ñîîòâåòñòâåííî 350 + 1,51·18 = 377; 

äëÿ ¹ 13, 14 - Iñâ – òîê ñâàðêè; If – òîê ôîêóñèðîâêè; F – ðàññòîÿíèå îò òîðöà ïóøêè äî äåòàëè;  
Vñâ – ñêîðîñòü ñâàðêè. 
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Èñõîäÿ èç ýòîãî âûáîð ïàðàìåòðîâ ðåæèìîâ
ñâàðêè äîëæåí îáåñïå÷èâàòü îïòèìàëüíîå âðåìÿ
ñóùåñòâîâàíèÿ æèäêîìåòàëëè÷åñêîé âàííû, íå-
îáõîäèìîå äëÿ âñïëûòèÿ è óäàëåíèÿ èç íåå ãàçî-
âûõ ïóçûðüêîâ.

Ðåæèìû ñâàðêè. Êàê âèäíî èç äàííûõ òàáë. 3
è ðèñ. 1, óâåëè÷åíèå âðåìåíè ñóùåñòâîâàíèÿ ñâà-
ðî÷íîé âàííû â çàâèñèìîñòè îò ðåæèìîâ ñâàð-
êè ÀÀðÄÝÑ ñïëàâà ÂÒ20 îêàçûâàåò ñëîæíîå âëè-
ÿíèå íà êà÷åñòâî ÍÑ. Âî-ïåðâûõ, èçìåíÿþòñÿ
ãåîìåòðè÷åñêèå ïàðàìåòðû ìåòàëëà øâà ÍÑ

(ðèñ. 1). Ïðè îäíîì è òîì æå ñâàðî÷íîì òîêå è
íàïðÿæåíèè íà äóãå (4, 5, òàáë. 1), íî ìåíüøåé
ñêîðîñòè ñâàðêè (4, òàáë. 1) óâåëè÷èâàþòñÿ çíà-
÷èòåëüíî âñå ðàçìåðû: è îáùàÿ øèðèíà (L), è âå-
ëè÷èíû óñèëåíèÿ (h1) è ïðîïëàâà (h2). Åùå áîëü-
øåå âëèÿíèå îêàçûâàåò óâåëè÷åíèå ñâàðî÷íîãî
òîêà (6, òàáë. 1), äàæå ïðè ïîâûøåííîé ñêîðîñ-
òè ñâàðêè.

Âî-âòîðûõ, íàáëþäàåòñÿ ñóùåñòâåííîå èçìå-
íåíèå ìåõàíè÷åñêèõ ñâîéñòâ, îñîáåííî ñíèæåíèå
âðåìåííîãî ñîïðîòèâëåíèÿ ðàçðûâó ïðàêòè÷åñ-
êè îò 1 äî 15% ïî ñðàâíåíèþ ñ âðåìåííûì ñî-
ïðîòèâëåíèåì ðàçðûâó îñíîâíîãî ìåòàëëà
(òàáë. 4).

Ðàçóïðî÷íåíèå ìåòàëëà íåðàçúåìíîãî ñîåäè-
íåíèÿ ïñåâäî- α -òèòàíîâûõ ñïëàâîâ öåëèêîì îï-
ðåäåëÿåòñÿ ïðîöåññàìè òåðìè÷åñêîãî öèêëà ñâàð-
êè [4], ïîñêîëüêó ñâàðêà ïëàâëåíèåì ñîïðîâîæ-
äàåòñÿ îáðàçîâàíèåì õèìè÷åñêîé è ôèçè÷åñêîé
íåîäíîðîäíîñòè çîíû ñîåäèíåíèÿ èç-çà ðàçíèöû
â ñêîðîñòè äèôôóçèîííûõ ïðîöåññîâ è â ñêîðî-
ñòè ïðîöåññîâ òåïëîîòâîäà æèäêîìåòàëëè÷åñêîé
âàííû è çàêðèñòàëëèçîâàâøåãîñÿ ìåòàëëà.

Êàê ïîêàçàëè ýêñïåðèìåíòû (ðèñ. 1, òàáë. 4,
ðåæèìû ñâàðêè ¹ 2, 4, 5, 7, 9, 10), óâåëè÷åíèå

Òàáëèöà 2

Õèìè÷åñêèé ñîñòàâ ìàòåðèàëà îáðàçöîâ çàãîòîâîê äëÿ ïðîâåäåíèÿ èññëåäîâàíèé
ïî ðåæèìàì, óêàçàííûì â òàáë. 1, èç ñïëàâîâ ÂÒ20 è ÂÒ23

Ðåæèì  
ñâàðêè  

ïî òàáë. 1 

Ðàçìåðû, ìì 

ÑШ + ÇÒÂ,  
L, ìì 

Óñèëåíèå Êîðåíü 

L, ìì h1, ìì h2, ìì 

4 16 0,81 0,08 

5 18 0,03 0,08 

6 22 0,41 0,12 

Òàáëèöà 3

Èçìåíåíèå ãåîìåòðè÷åñêèõ ðàçìåðîâ ÍÑ
â çàâèñèìîñòè îò ðåæèìîâ ñâàðêè

Ðåæèì ÍÑ  
ïî òàáëèöå ¹1 

Òîëùèíà 
çàãîòîâêè h, ìì 

Õèìè÷åñêèé ñîñòàâ, % 

Al Mo V Zr H2 

1 2 5,6 0,80 1,06 1,67 0,007 

2 
3 6,04 0,84 1,17 2,78 0,004 

3 

4 

2 5,96 0,58 1,16 1,73 0,007 5 

6 

7 
2,5 6,14 0,74 1,14 1,50 0,007 

8 

9 
3 6,17 0,72 1,06 1,83 0,007 

10 

11 
40 6,5 1,6 2,2 1,8 0,006 

12 

13 30 6,9 1,9 2,4 2,2 0,006 

14 40 5,29 3,54 3,33 1,25 0,007 

Ïî ÎÑÒ 190013-81 5,5 – 7,0 0,5 – 2,0 0,8 – 2,5 1,5 – 2,5 < 0,0015 
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Ðèñ. 1. Èçìåíåíèå ðàçìåðîâ ÍÑ èç ñïëàâà ÂÒ20 â çàâèñèìîñòè îò ðåæèìîâ ÀÀðÄÝÑ (4, 5, 6 â òàáë. 1): L – øèðèíà
ÑØ + ÇÒÂ, ìì; h1 – âûñîòà óñèëåíèÿ, ìì; h2 – âûñîòà ïðîïëàâà, ìì

Òàáëèöà 4

Èçìåíåíèå ìåõàíè÷åñêèõ ñâîéñòâ ÍÑ â çàâèñèìîñòè îò ðåæèìîâ ñâàðêè â ïðîöåññå ñáîðêè
èç òèòàíîâîãî ñïëàâà ÂÒ20 êîíñòðóêöèé è èõ ñðàâíåíèå ñî ñâîéñòâàìè îñíîâíîãî ìåòàëëà

¹ ðåæèìà 
ñâàðêè  

ïî òàáë. 1 

Ìåõàíè÷åñêèå ñâîéñòâà 

Îñíîâíîé ìåòàëë Íåðàçúåìíîå ñîåäèíåíèå 

σâî, ÌÏà δ, % f 0 σâñ, ÌÏà f 0 

ÀÀðÄÝÑ 

1 1024 16 50 1040 48 

2 1025 18,5 46 870 41 

3 1025 18,5 46 1040 41 

4 1009 17,7 58 990 45 

5 1009 17,7 58 1005 36 

6 1009 17,7 58 1035 30 

7 991 15,2 53 887 54 

8 991 15,2 53 983 42 

9 1007 16,2 67 960 48 

10 1007 16,2 67 983 37 

ÑÏÂÝ 

11 1000 12 22 995 14 

12 1000 12 22 980 11,5 

ÝËÑ 

13 980 8,2 21 1015 6,4 

14 951 8,8 29,2 1030 5,7 

Ïðèìå÷àíèå: âîσ  — ïðåäåë ïðî÷íî÷òè îñíîâíîãî ìåòàëëà; âñσ  — ïðåäåë ïðî÷íîñòè ñâàðíîãî øâà;

δ — îòíîñèòåëüíîå óäëèíåíèå; f 0 — óãîë çàãèáà.
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âðåìåíè ñóùåñòâîâàíèÿ æèäêîìåòàëëè÷åñêîé
ñâàðî÷íîé âàííû áëàãîäàðÿ âûáîðó ðåæèìîâ
ñâàðêè íå âñåãäà îáåñïå÷èâàåò ñâîéñòâà ìåòàëëà
øâà íåðàçúåìíîãî ñîåäèíåíèÿ, èäåíòè÷íûå ñâîé-
ñòâàì îñíîâíîãî ìåòàëëà, ïîñêîëüêó ïðè óâåëè-
÷åíèè âðåìåíè ñóùåñòâîâàíèÿ æèäêîìåòàëëè÷åñ-
êîé âàííû â åå õâîñòîâîé ÷àñòè èç-çà ðàçíèöû
ñêîðîñòåé òåïëîîòâîäà è äèôôóçèîííûõ ïðîöåñ-
ñîâ ñîçäàþòñÿ íåóäîâëåòâîðèòåëüíûå óñëîâèÿ,
îñîáåííî æèäêîòåêó÷åñòè è âÿçêîñòè ðàñïëàâëåí-
íîãî ìåòàëëà, äëÿ óäàëåíèÿ ãàçîâûõ ïóçûðüêîâ.

Ê ýòîìó íåîáõîäèìî äîáàâèòü èçâåñòíûå ïî-
ëîæåíèÿ ðàáîò Ì.Õ. Øîðøîðîâà, Â.Í. Ìåùåðÿ-
êîâà [15], â êîòîðûõ èçìåíåíèÿ ñâîéñòâ îêîëî-
øîâíîé çîíû è ñâàðíîãî øâà çàâèñÿò îò ñêîðî-
ñòåé îõëàæäåíèÿ ïðè òåðìè÷åñêîì öèêëå ñâàðêè.
Ïðè ìÿãêèõ ðåæèìàõ ïðîèñõîäèò ðîñò çåðíà è
ðàçîãðåâ ìåòàëëà â îêîëîøîâíîé çîíå, à ïðè
æåñòêèõ ðåæèìàõ – óâåëè÷åíèå çåðíà, ÷òî ïðè-
âîäèò ê óìåíüøåíèþ ïðî÷íîñòíûõ ñâîéñòâ â
ðåçóëüòàòå îáðàçîâàíèÿ áîëåå ðåçêèõ çàêàëî÷íûõ
ñòðóêòóð.

Òàêèì îáðàçîì, ïîâûøåíèå æèäêîòåêó÷åñòè
è óìåíüøåíèå âÿçêîñòè æèäêîìåòàëëè÷åñêîé
âàííû âáëèçè õâîñòîâîé ÷àñòè â óñëîâèÿõ óâåëè-
÷åíèÿ âðåìåíè åå ñóùåñòâîâàíèÿ ÿâëÿåòñÿ îäíîé
èç âàæíåéøèõ çàäà÷ ïðè ñáîðêå òèòàíîâûõ êîí-
ñòðóêöèé, âûïîëíÿåìûõ ñâàðêîé ïëàâëåíèåì.

Äîïîëíèòåëüíûé èñòî÷íèê òåïëà. Äëÿ ðåøåíèÿ
âûøåóêàçàííîé ïðîáëåìû, ñâÿçàííîé ñ îáðàçî-
âàíèåì çàêàëî÷íûõ ñòðóêòóð, âîçìîæíî ïðèìå-
íåíèå ìåòîäà, ïðèâåäåííîãî â ðàáîòå [17]. Îñî-
áåííîñòüþ äàííîãî ìåòîäà ÿâëÿåòñÿ èñïîëüçîâà-
íèå W-îáðàçíîãî êëèíîâîãî âîëüôðàìîâîãî ýëåê-
òðîäà ñ öåíòðàëüíîé êàíàâêîé, êîòîðûé ïîçâî-
ëÿåò ïðîèçâîäèòü ñâàðêó îäíîâðåìåííî äâóìÿ
äóãàìè.

Èçìåíåíèå ðàññòîÿíèÿ t ìåæäó âåðøèíàìè
W-îáðàçíîãî âîëüôðàìîâîãî ýëåêòðîäà ïîçâîëÿåò
â øèðîêèõ ïðåäåëàõ èçìåíÿòü âðåìÿ ñóùåñòâîâà-
íèÿ æèäêîìåòàëëè÷åñêîé âàííû.

Ðåçóëüòàòû èññëåäîâàíèé âëèÿíèÿ ðàññòîÿíèÿ t
ìåæäó âåðøèíàìè W-îáðàçíîãî âîëüôðàìîâîãî
ýëåêòðîäà ïðè ðàçëè÷íîé ñêîðîñòè ñâàðêè è ñèëå
ñâàðî÷íîãî òîêà íà èñêëþ÷åíèå ïîðèñòîñòè â
ìåòàëëå øâà (çàãîòîâêè äëÿ ñâàðêè – ëèñò òîë-
ùèíîé 2,5 ìì ñ ìàêñèìàëüíûì êîëè÷åñòâîì êà-
ïèëëÿðíî-êîíäåíñèðîâàííîé âëàãè) è ñâîéñòâà
ñâàðíîãî øâà â ñðàâíåíèè ñî ñâàðêîé ïðè òåõ æå
ðåæèìàõ òðàäèöèîííûì ñòàíäàðòíûì âîëüôðàìî-
âûì ýëåêòðîäîì ïðèâåäåíû â òàáë. 4 è íà ðèñ. 2.

Êàê âèäíî èç äàííûõ ðèñ. 2, óâåëè÷åíèå ñêî-
ðîñòè ñâàðêè Vñâ ñ 2,5 äî 5 ìì/ñ òðàäèöèîííûì

ñòàíäàðòíûì ýëåêòðîäîì ïðèâîäèò ê ñóùåñòâåííî-
ìó óâåëè÷åíèþ êîëè÷åñòâà ïîð, ïðè÷åì ìèíèìóì
ïîð íàáëþäàåòñÿ ïðè ñêîðîñòè ñâàðêè 2,5 ìì/ñ
(9 ì/÷) ìàêñèìóì – ïðè 5 ìì/ñ (918 ì/÷), ò.å. óâå-
ëè÷åíèå âðåìåíè ñóùåñòâîâàíèÿ ñâàðî÷íîé âàí-
íû ïðèâîäèò ê óìåíüøåíèþ ïîð, íî íå ê ïîëíîìó
èõ èñêëþ÷åíèþ (ðèñ. 2, êðèâàÿ 7 — 9 ì/÷). Èñ-
ïîëüçîâàíèå W-îáðàçíîãî âîëüôðàìîâîãî ýëåê-
òðîäà ïðàêòè÷åñêè ïðè âñåõ ðåæèìàõ ñâàðêè çà
èñêëþ÷åíèåì (ðèñ. 2, êðèâûå 3, 6 — 9 ì/÷) ïðè-
âåëî ê çíà÷èòåëüíîìó ñîêðàùåíèþ ïîð (ðèñ. 2,
êðèâûå 1-6), à â íåêîòîðûõ ñëó÷àÿõ ê ïîëíîìó èõ

Ðèñ. 2. Âëèÿíèå ÀÀðÄÝÑ îáðàçöîâ èç ñïëàâà ÂÒ20
(100õ2,5õ500) W-îáðàçíûì âîëüôðàìîâûì ýëåêòðîäîì
íà îáðàçîâàíèå ïîð íà 100 ìì ñâàðíîãî øâà â çàâèñè-
ìîñòè îò ñêîðîñòè ñâàðêè, ðàññòîÿíèÿ ìåæäó âûñòóïà-
ìè íà ðàáî÷åì òîðöå ýëåêòðîäà t, ìì (1-6) â ñðàâíå-
íèè ñ òðàäèöèîííûì ñòàíäàðòíûì ýëåêòðîäîì (7);
âðåìÿ ñâàðêè (t, ìèí): 1 – 3,41; 2 – 3,29; 3 – 2,82; 4 –
2,77; 5 – 2,23; 6 – 2,47; ñèëà òîêà (Iñâ, À): 1 – 260; 2 –
240; 3 – 230; 4 – 210; 5 – 200; 6 – 190
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èñêëþ÷åíèþ (ðèñ. 2, êðèâûå 1, 5). Ýôôåêòèâ-
íîñòü èñïîëüçîâàíèÿ W-îáðàçíîãî ýëåêòðîäà ïðè
ÀÀðÄÝÑ òèòàíîâûõ ñïëàâîâ î÷åâèäíà. Òåì íå
ìåíåå èññëåäîâàíèÿ ìåõàíè÷åñêèõ ñâîéñòâ ñâàð-
íûõ îáðàçöîâ, ïîëó÷åííûõ ïî ñàìîìó ëó÷øåìó èç
âñåõ ðåæèìîâ ñâàðêè (ðèñ. 2, êðèâàÿ 5 – íè îä-
íîé ïîðû â îáðàçöàõ ïîñëå ñâàðêè íà ðàçëè÷íûõ
ðåæèìàõ ïðè t = 2,23 ìì) ïîêàçàëè ñíèæåíèå
ïðî÷íîñòè íà 10% ñâàðíîãî îáðàçöà ïîçèöèÿ 7 –
ìèíèìàëüíàÿ ñêîðîñòü ñâàðêè 2,5 ìì/ñ (9 ì/÷) è,
ñîîòâåòñòâåííî, ðàâíóþ ïðî÷íîñòü îáðàçöîâ
ñâàðíîãî øâà è îñíîâíîãî ìåòàëëà ïðè ñêîðîñ-
òè ñâàðêè 4,16 ìì/ñ (15 ì/ñ).

Òàêèì îáðàçîì, â ïåðâîì ñëó÷àå âðåìÿ ñóùå-
ñòâîâàíèÿ æèäêîìåòàëëè÷åñêîé âàííû íàñòîëü-
êî âåëèêî, ÷òî ïðèâåëî ê çíà÷èòåëüíîìó èçìåíå-
íèþ òåìïåðàòóðíûõ óñëîâèé ñêîðîñòè îõëàæäå-
íèÿ, âûçâàâøåìó ñóùåñòâåííûå èçìåíåíèÿ ìå-
õàíè÷åñêèõ ñâîéñòâ ñâàðíîãî øâà. Âî âòîðîì ñëó-
÷àå äâîéíàÿ äóãà W-îáðàçíîãî ýëåêòðîäà ïðè ñêî-
ðîñòè 4,16 ìì/ñ ñîçäàëà áëàãîïðèÿòíûå òåìïåðà-
òóðíûå óñëîâèÿ äëÿ äåãàçàöèè è ñîõðàíåíèÿ òðå-
áóåìûõ òåìïåðàòóðíûõ óñëîâèé îõëàæäåíèÿ,
îáåñïå÷èâàþùèå èäåíòè÷íîñòü ñâîéñòâ ñâàðíî-
ãî øâà ñâîéñòâàì îñíîâíîãî ìåòàëëà. Îòñþäà
ñëåäóåò âûâîä, ÷òî ââåäåíèå äîïîëíèòåëüíîãî èñ-
òî÷íèêà òåïëîâîãî âîçäåéñòâèÿ äëÿ ïîääåðæàíèÿ
òðåáóåìûõ òåìïåðàòóðíûõ óñëîâèé æèäêîòåêó÷å-
ñòè è âÿçêîñòè æèäêîìåòàëëè÷åñêîé âàííû äëÿ
óäàëåíèÿ ïóçûðüêîâ ãàçà ïîçâîëÿåò ïîëó÷àòü
ñâîéñòâà ìåòàëëà øâà, îäèíàêîâûå ñî ñâîéñòâà-
ìè îñíîâíîãî ìåòàëëà.

Èíòåíñèôèêàöèÿ ïåðåìåøèâàíèÿ æèäêîìåòàë-
ëè÷åñêîé âàííû. Øèðîêî èçâåñòåí ìåòîä ñâàðêè
ïîãðóæåííûì íåïëàâÿùèìñÿ âîëüôðàìîâûì
ýëåêòðîäîì (ÑÏÂÝ) äëÿ îáðàçîâàíèÿ íåðàçúåì-
íûõ ñîåäèíåíèé, âûïîëíåííûõ ñâàðêîé ïëàâëå-
íèåì [7, 18—24, 26]. Îäíèì èç ñóùåñòâåííûõ
äîñòîèíñòâ ÑÏÂÝ ÿâëÿåòñÿ íàëè÷èå óíèêàëüíûõ
óñëîâèé ïëàâëåíèÿ ìåòàëëà, âûçûâàþùåãî ïåðå-
ãðåâ ñâàðî÷íîé âàííû äî òåìïåðàòóð êèïåíèÿ
òèòàíà è âåñüìà èíòåíñèâíîå åå ïåðåìåøèâàíèå.

Äåéñòâèå ïîãðóæåííîé âîëüôðàìîâîé äóãè
èíòåíñèâíî èñïàðÿåò èç æèäêîìåòàëëè÷åñêîé
âàííû òèòàí, ïàðû êîòîðîãî îáëàäàþò âûñî÷àé-
øåé õèìè÷åñêîé àêòèâíîñòüþ. Âðåìÿ ñóùåñòâî-
âàíèÿ æèäêîìåòàëëè÷åñêîé âàííû ïðè ÑÏÂÝ
î÷åíü âåëèêî, ïðè ýòîì ïðîèñõîäèò åå ñàìîî÷è-
ùåíèå (ðàôèíèðîâàíèå) â èíåðòíîé ñðåäå, ïîýòî-
ìó â ñâàðíîì øâå ñîäåðæàíèå âîäîðîäà, êèñëî-
ðîäà è àçîòà îáû÷íî ìåíüøå, ÷åì â îñíîâíîì
ìåòàëëå.

Êàê âèäíî èç äàííûõ òàáë. 4, ñâîéñòâà ìåòàë-
ëà øâà ÍÑ, ïîëó÷åííîãî ÑÏÂÝ, ïðàêòè÷åñêè
îäèíàêîâû ñî ñâîéñòâàìè îñíîâíîãî ìåòàëëà.

Ñîäåðæàíèå ãàçîâ â ìåòàëëå øâà ñîñòàâëÿåò:
Í2 – 0,0033%, Î2 — 0,082%, N2 – 0,035%, ïðè
ýòîì óìåíüøåíèå ñîäåðæàíèÿ óêàçàííûõ ãàçîâ ïî
ñðàâíåíèþ ñ îñíîâíûì ìåòàëëîì ñîñòàâëÿåò ñî-
îòâåòñòâåííî 45, 37 è 12% (ñì. òàáë. 2, ¹11-12).

Ïî ïðîïëàâëÿþùåé ñïîñîáíîñòè ÑÏÂÝ çíà-
÷èòåëüíî óñòóïàåò ýëåêòðîííî-ëó÷åâîé ñâàðêå.
Ïî ñðàâíåíèþ ñ äðóãèìè ìåòîäàìè ñâàðêè ÝËÑ
èìååò ðÿä ïðåèìóùåñòâ [23, 25]. Â ðàáîòå [22]
ïðèâåäåíû ðåçóëüòàòû ñðàâíèòåëüíûõ èññëåäîâà-
íèé ñâîéñòâ ñâàðíûõ ñîåäèíåíèé èç ñïëàâà ÂÒ20,
âûïîëíåííûõ ÑÏÂÝ è ÝËÑ, èç êîòîðûõ ñëåäó-
åò, ÷òî îáà ñïîñîáà îáåñïå÷èâàþò äîñòàòî÷íî ñòà-
áèëüíûå è âûñîêèå çíà÷åíèÿ ïðåäåëîâ ñòàòè÷åñ-
êîé è ìàëîöèêëîâîé ïðî÷íîñòè, à òàêæå óäàðíîé
âÿçêîñòè.

Êàê âèäíî èç äàííûõ òàáë. 4, ïðî÷íîñòíûå
ñâîéñòâà ìåòàëëà øâà, âûïîëíåííîãî ÝËÑ, çíà-
÷èòåëüíî ïðåâûøàþò ñâîéñòâà îñíîâíîãî ìåòàë-
ëà, ïðè÷åì ïëàñòè÷åñêèå õàðàêòåðèñòèêè íå-
ñêîëüêî íèæå. Ïðè ÝËÑ òåðìè÷åñêèé öèêë ñó-
ùåñòâåííî ìåíÿåòñÿ, ñêîðîñòè íàãðåâà è îõ-
ëàæäåíèÿ, âðåìÿ ñóùåñòâîâàíèÿ æèäêîìåòàëëè-
÷åñêîé âàííû âî ìíîãîì îòëè÷àþòñÿ îò òàêîâûõ
ïðè ÑÏÂÝ òèòàíîâûõ ñïëàâîâ. Ïîýòîìó ïðè
ÝËÑ, êàê è ïðè ÀÀðÄÝÑ òèòàíîâûõ ñïëàâîâ, òðå-
áóåòñÿ ðàçðàáîòêà ýôôåêòèâíûõ ìåòîäîâ óïðàâ-
ëåíèÿ ïðîöåññàìè òåðìè÷åñêîãî öèêëà ñâàðêè,
îáåñïå÷èâàþùèõ âûñîêîå êà÷åñòâî ÍÑ ïðè ñáîð-
êå ñëîæíîíàãðóæåííûõ îòâåòñòâåííûõ êîíñòðóê-
öèé, âûïîëíÿåìûõ ñâàðêîé ïëàâëåíèåì. Íàèáî-
ëåå ïåðñïåêòèâíû â ýòîì íàïðàâëåíèè ìåòîäû
îñöèëëÿöèè ïðîöåññà ñâàðêè ïëàâëåíèåì [27].

Òàêèì îáðàçîì, íàèáîëåå ýôôåêòèâíûì ñïî-
ñîáîì óëó÷øåíèÿ êà÷åñòâà íåðàçúåìíîãî ñîåäè-
íåíèÿ ïðè ñáîðêå êîíñòðóêöèé èç òèòàíîâûõ
ñïëàâîâ ñâàðêîé ïëàâëåíèåì ñëóæèò ïðèìåíåíèå
êîëåáàòåëüíûõ äâèæåíèé ýëåêòðîäà èëè îñöèë-
ëÿöèè ýëåêòðîííîãî ëó÷à ïðè ýëåêòðîííî-ëó÷å-
âîé ñâàðêå, êîòîðûå ïîçâîëÿþò ñîçäàòü áëàãîïðè-
ÿòíûå òåìïåðàòóðíûå óñëîâèÿ äëÿ äåãàçàöèè
æèäêîìåòàëëè÷åñêîé âàííû è ïîëó÷åíèÿ ñâîéñòâ,
èäåíòè÷íûõ ñâîéñòâàì îñíîâíîãî ìåòàëëà.

Âûâîäû

Èññëåäîâàíèÿìè óñòàíîâëåíû îñíîâíûå òåõ-
íîëîãè÷åñêèå ïðèåìû, îêàçûâàþùèå âëèÿíèå íà
ñâîéñòâà ìåòàëëà øâà íåðàçúåìíûõ ñîåäèíåíèé
èç òèòàíîâûõ ñïëàâîâ:
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1. Ðåæèìû ñâàðêè ñ óâåëè÷åíèåì âðåìåíè
ñóùåñòâîâàíèÿ ñâàðî÷íîé âàííû. Ýòè ðåæèìû
ñïîñîáñòâóþò èñêëþ÷åíèþ ïîðèñòîñòè, íî ïðè
ýòîì ðåçêî ìåíÿåòñÿ ãåîìåòðèÿ ñâàðíîãî øâà,
ñíèæàþòñÿ ïðî÷íîñòíûå ñâîéñòâà ïî ñðàâíåíèþ
ñ îñíîâíûì ìåòàëëîì âïëîòü äî 15%. Òðåáóåòñÿ
ïîâûøåíèå æèäêîòåêó÷åñòè è óìåíüøåíèå âÿç-
êîñòè æèäêîìåòàëëè÷åñêîé âàííû âáëèçè å¸ õâî-
ñòîâîé ÷àñòè, ÷òî ïîçâîëèò èñêëþ÷èòü âûøåóêà-
çàííûå íåäîñòàòêè.

2. Èñïîëüçîâàíèå äîïîëíèòåëüíîãî èñòî÷íèêà
òåïëà, íàïðèìåð W-îáðàçíîãî âîëüôðàìîâîãî
ýëåêòðîäà, äâîéíàÿ äóãà êîòîðîãî ñîçäàåò áëàãî-
ïðèÿòíûå òåìïåðàòóðíûå óñëîâèÿ äëÿ äåãàçàöèè
è ñîõðàíåíèÿ òåìïåðàòóðíûõ óñëîâèé îõëàæäå-
íèÿ, îáåñïå÷èâàþùèõ èäåíòè÷íîñòü ñâîéñòâ ñâà-
ðèâàåìîãî øâà ñâîéñòâàì îñíîâíîãî ìåòàëëà.
Èñïîëüçîâàíèå äîïîëíèòåëüíîãî èñòî÷íèêà òåï-
ëà ýôôåêòèâíî ñïîñîáñòâóåò óëó÷øåíèþ êà÷åñòâà
ÍÑ. Íåäîñòàòêîì ïðåäëîæåííîãî ìåòîäà ÿâëÿåò-
ñÿ íèçêàÿ ñòîéêîñòü W-îáðàçíîãî ýëåêòðîäà, òðå-
áóåòñÿ èçûñêàíèå äðóãèõ èñòî÷íèêîâ òåïëà, íà-
ïðèìåð îñöèëëÿöèÿ ïðîöåññà ñâàðêè.

3. Èíòåíñèôèêàöèÿ ïåðåìåøèâàíèÿ æèäêî-
ìåòàëëè÷åñêîé âàííû, íàïðèìåð ÑÏÂÝ èëè
ÝËÑ. Ïðèìåíåíèå ÀÀðÄÝÑ ñâàðêîé ïîãðóæåí-
íûì âîëüôðàìîâûì ýëåêòðîäîì, çà ñ÷åò óíèêàëü-
íûõ óñëîâèé ïëàâëåíèÿ ìåòàëëà, âûçûâàþùåãî
ïåðåãðåâ ñâàðî÷íîé âàííû äî òåìïåðàòóð êèïå-
íèÿ è âåñüìà èíòåíñèâíîå å¸ ïåðåìåøèâàíèå,
ïîçâîëÿåò ïîëó÷àòü ñâàðíûå øâû ñî ñâîéñòâàìè,
èäåíòè÷íûìè ñâîéñòâàì îñíîâíîãî ìåòàëëà. Íî
ÑÏÂÝ ïî ïðîïëàâëÿþùåé ñïîñîáíîñòè çíà÷è-
òåëüíî óñòóïàåò ÝËÑ.
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Abstract

Modern aerial vehicles are dynamically
developing both structurally and in the field of
employing the newest materials, which is being
associated with the basic requirements imposed on
them, such as ensuring minimum weight and
increased strength properties at high alternating loads.
The most suitable metallic material meeting the
above-said requirements is titanium alloys, which are
being actively applied in the aerial vehicles framings.
Since the 70s of the last century, the aircraft structural
elements have been assembled by welding, while all-
in-one joints herewith must meet the unified
requirements developed for the industry. As a rule,
three welding methods are being employed to form
permanent joints in the aircraft building industry.
They are welding with a non-melting electrode in a
protective gas environment (both traditional and
submerged tungsten electrode), and electron beam
welding.

An immense experience has been accumulated on
the these methods application in the aircraft building
industry, nevertheless, each of the methods has a
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number of unrealized potential opportunities to
improve the permanent joints quality in the field of
warping reducing, crack and pore forming, and
mechanical properties enhancing to the level of the
base metal. The article presents the results of analysis
of publications and the authors’ own research on the
above-mentioned problems. The welding modes
impact, the introduction of an additional heat source,
and mixing intensification of a liquid-metal bath
when applying the basic welding methods are
considered.

The authors found that porosity elimination
occurred with the life span increase of the welding
bath, but, with this, the geometry of the weld seam
changes dramatically, strength properties decrease up
to 15% compared to the base metal.

With the additional heat source introduction, the
bubbles degasification occurs, and the permanent
joint properties similar to the base material are being
obtained.

Currently, the development of electronic control
systems and parameters tracking of the permanent
joints forming process allows oscillating both the
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trajectory and welding modes, which allows in its turn
introduction of pointed dosing of both energy and
welding material into a specific point of the welding
bath.

Due to the unique properties of metal melting,
the possibility of oscillation allows causing the
welding bath to overheating up to boiling
temperatures, and cause its intensive mixing, which
contributes also to obtaining satisfactory permanent
joints with the properties similar to the base metal.

Keywords: titanium alloys, all-in-one joints, group
assembly, electron beam welding, automatic argon
arc welding, aerial vehicles’ load bearing elements.
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