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Ââåäåíèå

Ðàçâèòèå ñîâðåìåííîé òåõíèêè ïðèâîäèò ê
ïîâûøåíèþ òðåáîâàíèé ê êà÷åñòâó è íàäåæíîñ-
òè âûïóñêàåìîé ïðîäóêöèè, ÷òî äèêòóåò íåîáõî-
äèìîñòü áîëåå øèðîêîãî ïðèìåíåíèÿ ìàòåðèàëîâ
ñ óíèêàëüíûìè ñâîéñòâàìè. Ñòàëè ÿâëÿþòñÿ âàæ-
íûì ìàòåðèàëîì, èñïîëüçóåìûì â êîñìè÷åñêîì,
àâèàöèîííîì, íåôòåõèìè÷åñêîì ìàøèíîñòðîåíèè
è äðóãèõ ñôåðàõ ïðîìûøëåííîñòè.

Ñâàðêà äàííûõ ìàòåðèàëîâ — íåîòúåìëåìûé
ïðîöåññ ïðè ïðîèçâîäñòâå äåòàëåé è ìåõàíèçìîâ
àâèàöèîííîãî íàçíà÷åíèÿ è îñíàñòêè, ÷òî äåëà-
åò àêòóàëüíûì èññëåäîâàíèå ñòðóêòóðû è ñâîéñòâ
äàííûõ ñîåäèíåíèé äëÿ óëó÷øåíèÿ èõ êà÷åñòâà.
Ïðèìåíåíèå â ðîññèéñêîé àýðîêîñìè÷åñêîé ïðî-
ìûøëåííîñòè òåõíîëîãèè ëàçåðíîé ñâàðêè ïîçâî-
ëèò çíà÷èòåëüíî ñîêðàòèòü ìàññó êîíñòðóêöèè
âîçäóøíîãî ñóäíà, ðàñõîä ìàòåðèàëà è ïðîèçâîä-
ñòâåííîå âðåìÿ èçãîòîâëåíèÿ äåòàëåé è îñíàñòêè
[1—10, 12].

Ïðè ïîëó÷åíèè íåðàçúåìíûõ ñîåäèíåíèé ðàç-
ëè÷íûìè ìåòîäàìè ñâàðêè ïðîèñõîäèò ñóùåñòâåí-
íîå èçìåíåíèå ñòðóêòóðû ìåòàëëà øâà â çîíå òåð-
ìè÷åñêîãî ìåòàëëà è îêîëîøîâíîé çîíå. Ïðè òåð-
ìè÷åñêîì öèêëå äóãîâîé ñâàðêè ìàëîóãëåðîäèñ-
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Èçó÷åíû ñòðóêòóðíûå èçìåíåíèÿ ìåòàëëà øâà íåðàçúåìíîãî ñîåäèíåíèÿ â òî÷êå, ïîëó÷åííîé åäèíè÷íûì
âîçäåéñòâèåì (èìïóëüñîì) ëàçåðíîãî èçëó÷åíèÿ íà ïîâåðõíîñòü íèçêîóãëåðîäèñòîé ñòàëè. Óñòàíîâëåíà ñòàäèé-
íîñòü ôîðìèðîâàíèÿ ìåòàëëà øâà ïðè êðèñòàëëèçàöèè è ñîîòâåòñòâóþùèå åé ñòðóêòóðíûå ñîñòàâëÿþùèå. Äëÿ
âñåõ õàðàêòåðíûõ çîí îïðåäåëåíû ïàðàìåòðû è ñâîéñòâà ñòðóêòóðû, íåîáõîäèìûå äëÿ èõ èäåíòèôèêàöèè.

Êëþ÷åâûå ñëîâà: íåðàçúåìíûå ñîåäèíåíèÿ, ëàçåðíàÿ ñâàðêà, ëàçåðíûé èìïóëüñ, ñâàðêà íèçêîóãëåðîäèñòûõ
ñòàëåé, ïðåöèçèîííàÿ ëàçåðíàÿ ñâàðêà àâèàöèîííûõ èçäåëèé, èìïóëüñíûé òâåðäîòåëüíûé ëàçåð, ñòðóêòóðíûå
èçìåíåíèÿ ìåòàëëà øâà.

òûõ è íèçêîëåãèðîâàííûõ ñòàëåé íåèçáåæíî ïî-
ÿâëåíèå çîí çàêàëêè, íåïîëíîé çàêàëêè è îòïóñ-
êà, ýòî íàïðÿìóþ çàâèñèò îò âðåìåíè ïðåáûâàíèÿ
ìåòàëëà â ìàêñèìàëüíûõ òåìïåðàòóðàõ. Ñîîòâåò-
ñòâåííî, ïðîèñõîäèò èçìåíåíèå ìåõàíè÷åñêèõ
ñâîéñòâ. Òåðìè÷åñêèé öèêë ëàçåðíîé ñâàðêè îáåñ-
ïå÷èâàåò ìèíèìàëüíîå ïðåáûâàíèå ó÷àñòêà â ñî-
ñòîÿíèè ïåðåãðåâà, çà ñ÷åò ÷åãî èñêëþ÷àåòñÿ âîç-
ìîæíîñòü ðîñòà çåðíà è ñíèæåíèå ìåõàíè÷åñêèõ
ñâîéñòâ ñòàëåé. Îáùèé ðàçìåð çîíû òåðìè÷åñêîãî
âëèÿíèÿ ïðè ëàçåðíîé ñâàðêå â 3…5 ðàç ìåíüøå,
÷åì ïðè àðãîíîäóãîâîé. Ïîýòîìó ëàçåðíàÿ ñâàð-
êà ÿâëÿåòñÿ îäíèì èç ïåðåäîâûõ ìåòîäîâ ïîëó÷å-
íèÿ íåðàçúåìíûõ ñîåäèíåíèé [11, 13—15].

Îäíàêî â ðåçóëüòàòå âîçäåéñòâèÿ òåðìè÷åñêîãî
öèêëà ëàçåðíîé ñâàðêè ñòðóêòóðà è ôàçîâûé ñî-
ñòàâ ìåòàëëà øâà è çîíû òåðìè÷åñêîãî âëèÿíèÿ
ìîãóò ñóùåñòâåííî ìåíÿòüñÿ è, ñîîòâåòñòâåííî,
âëèÿòü íà óðîâåíü ìåõàíè÷åñêèõ ñâîéñòâ è òðåùè-
íîñòîéêîñòü ñâàðíûõ ñîåäèíåíèé â öåëîì [16—21].

Ìåòîäèêà ïðîâåäåíèÿ èññëåäîâàíèÿ

Íà èññëåäóåìûé îáðàçåö ðàçìåðîì 10 × 20 × 2 ìì
èç ñòàëè ÂÑò3ñï, êîòîðûé ïðåäâàðèòåëüíî íå îá-
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ðàáàòûâàëñÿ è íàõîäèëñÿ â ñîñòîÿíèè ïîñòàâêè,
ïðîèçâîäèëîñü âîçäåéñòâèå îäíîêðàòíûì ëàçåð-
íûì èìïóëüñîì äëÿ ôîðìèðîâàíèÿ ñâàðíîé òî÷-
êè ïðè ïîìîùè óñòàíîâêè äëÿ ëàçåðíîé ñâàðêè
BULAT LRS 300 (ïðîèçâîäñòâà ÎÎÎ «ÎÊÁ «ÁÓ-
ËÀÒ») íà ñëåäóþùèõ ðåæèìàõ: òðàïåöåèäàëüíàÿ
ôîðìà èìïóëüñà; ìàêñèìàëüíîå äëÿ îáîðóäîâàíèÿ
ðàáî÷åå íàïðÿæåíèå 450 Â; äëèòåëüíîñòü èìïóëüñà
12,5 ìñ; ðåæèì ëàçåðà — îäèíî÷íûé.

Ïîñëå ïîëó÷åíèÿ ëàçåðíûõ òî÷åê (îòïå÷àòêîâ)
îáðàçåö ïîäâåðãàëñÿ ìåõàíè÷åñêîé ðåçêå ñ îõëàæ-
äåíèåì çîíû ðåçêè ïîïåðåê ñòûêà íà ïðåöèçèîí-
íîì ñòàíå Isomet 1000. Ïîäãîòîâêà îáðàçöîâ ê
ìèêðîñòðóêòóðíûì èññëåäîâàíèÿì âûïîëíÿëàñü
íà øëèôîâàëüíî-ïîëèðîâàëüíîì ñòàíêå ìàðêè
EcoMet 250. Ïîäãîòîâëåííûå øëèôû ïîäâåðãà-
ëèñü òðàâëåíèþ â 5%-íîì ñïèðòîâîì ðàñòâîðå
àçîòíîé êèñëîòû.

Èññëåäîâàíèÿ ìèêðîñòðóêòóðû áûëè âûïîëíå-
íû íà îïòè÷åñêîì ìèêðîñêîïå Nikon Eclipse ÌÀ
200 è íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå
(ÐÝÌ) Hitachi S-3400N ñ ïðèñòàâêîé ýíåðãîäèñ-
ïåðñèîííîãî àíàëèçà EDX Thermo, ïîçâîëÿþùåé
îïðåäåëÿòü õèìè÷åñêèé ñîñòàâ ìàòåðèàëîâ ñ ïî-
ñòðîåíèåì êàðò ðàñïðåäåëåíèÿ ýëåìåíòîâ.

Èçìåðåíèå ìèêðîòâåðäîñòè, à òàêæå ãåîìåòðè-
÷åñêèõ õàðàêòåðèñòèê çîí ñâàðíîé òî÷êè è ðàçìå-
ðîâ ñòðóêòóðíûõ ñîñòàâëÿþùèõ ïðîâåäåíû íà
ìèêðîòâåðäîìåðå SHIMADZU HMV-2.

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå

Ïîëó÷åííûå òî÷êè íà óñòàíîâëåííûõ ðåæèìàõ
èìåþò ñëåäóþùèå ðàçìåðû: äèàìåòð 2 ìì, ãëóáèíà
— 1,7 ìì. Íà ïðåäñòàâëåííîé ìèêðîñòðóêòóðå
ñâàðíîé òî÷êè (ðèñ. 1,2) ìîæíî âûäåëèòü ðÿä õà-
ðàêòåðíûõ çîí: ëèíèÿ ñïëàâëåíèÿ, ÷åòêî âûäåëåí-
íàÿ êàê ñëåâà, òàê è ñïðàâà îò ìåòàëëà øâà ñ ðåç-

êèì ïåðåõîäîì ñòðóêòóðû îò ãëîáóëÿðíîé è âû-
òÿíóòîé â íàïðàâëåíèè ïðîêàòà è äî âñòðå÷è ñ
äåíäðèäíîé, íàïðàâëåííîé îò ëèíèè ñïëàâëåíèÿ
â öåíòð øâà.

1 — äóãîîáðàçíàÿ çîíà äåíäðèäíîé ñòðóêòóðû
(óâåëè÷èâàþùàÿ ðàçìåðû îò ïîâåðõíîñòè îñíîâ-
íîãî ìåòàëëà â ãëóáèíó øâà ñîîòâåòñòâåííî îò 0,3
äî 0,7 ìì, äèàìåòð 1,66…2,0 ìì).

2 — çîíà ïåðåêðèñòàëëèçàöèè, ðàñïîëàãàþùà-
ÿñÿ ñèììåòðè÷íî çîíå 1 è èçìåíÿþùàÿ ðàçìåðû
îò 0,3 äî 0,5 ìì, äèàìåòð 1,33…1,66 ìì. Ñòðóêòó-
ðà ýòîé çîíû ðàñïðåäåëåíà õàîòè÷íî, â îñíîâíîì
ïðåîáëàäàåò áåéíèò îòïóñêà.

3 — çîíà îòïóùåííîãî ïåðëèòà ñ ðàâíîðàçìåð-
íûìè çåðíàìè ñðåäíèì äèàìåòðîì 40…70 ìêì.
Çîíà 3 ãðàíè÷èò ñ çîíîé 2 è ïîâåðõíîñòüþ ñâàðî÷-
íîé òî÷êè. Èìååò ñëåäóþùèå ðàçìåðû: øèðèíà îò
0 äî 0,5 ìì, äèàìåòð 1,33 ìì.

Ïîä ëèíèåé ñïëàâëåíèÿ â íàïðàâëåíèè ê îñ-
íîâíîìó ìåòàëëó íàáëþäàåòñÿ çîíà 4 ñ âåñüìà
ìàëî èñêàæåííîé ñòðóêòóðîé îñíîâíîãî ìåòàëëà
(ÎÌ). Ýòà çîíà ðàñïîëîæåíà ñèììåòðè÷íî ëèíèè
ñïëàâëåíèÿ, è åå øèðèíà ñîñòàâëÿåò 0,17…0,20 ìì,
äèàìåòð 2,0…2,4 ìì.

Ðàñ÷åò ñðåäíåé ïëîùàäè îáíàðóæåííûõ çîí
ñâàðíîé òî÷êè (òàáë. 1) (äëÿ óïðîùåíèÿ çîíû
ïðåäñòàâëåíû â âèäå òðåóãîëüíèêîâ) ïîêàçàë ñëå-
äóþùåå: çîíà 1 èìååò ïðåîáëàäàþùóþ ïëîùàäü â
îáùåé ïëîùàäè øâà — 51,2 %, è 47,5% ïî ðàññ÷è-
òàííîìó îáúåìó, ôîðìû çîí ïðèâåäåíû ê êîíó-
ñàì (ðèñ. 3).

Òàêîå îáñòîÿòåëüñòâî ìîæåò áûòü îáúÿñíåíî
÷ðåçìåðíî âûñîêèìè, ïðàêòè÷åñêè ìãíîâåííûìè,
ñêîðîñòÿìè íàãðåâà è îõëàæäåíèÿ ìåòàëëà øâà. Îá
ýòîì æå ñâèäåòåëüñòâóåò âåñüìà íåáîëüøàÿ çîíà
òåðìè÷åñêîãî âëèÿíèÿ, â êîòîðîé ïðàêòè÷åñêè íå
íàáëþäàåòñÿ ñòðóêòóðíûõ èçìåíåíèé îñíîâíîãî

Ðèñ. 1. Ñòðóêòóðà ñâàðíîé òî÷êè ïîñëå îäíîêðàòíîãî ëàçåðíîãî èìïóëüñà × 100: à — ìèêðîñòðóêòóðà; á — ñòðóê-
òóðà ñ íàíåñåííîé ìàñêîé çîí

à) á)
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ìåòàëëà. Òåì íå ìåíåå, â îáúåìå ìåòàëëà ñâàðíî-
ãî øâà ñîçäàþòñÿ òåìïåðàòóðíûå óñëîâèÿ äëÿ ðåê-
ðèñòàëëèçàöèè è îòïóñêà çàêàëî÷íûõ ñòðóêòóð
(çîíû 2 è 3).

Ñêàíèðóþùåå èçìåðåíèå ìèêðîòâåðäîñòè ïî
âñåé ïëîùàäè ñâàðíîé òî÷êè è íàíåñåíèå ðåçóëü-
òàòîâ íà ìèêðîñòðóêóðíîå èçîáðàæåíèå òî÷êè äàåò
ïðåäñòàâëåíèå î ñòðóêòóðíûõ ñîñòàâëÿþùèõ òî÷êè
è ÇÒÂ (ðèñ. 4).

Ñðåäíåå çíà÷åíèå ìèêðîòâåðäîñòè îñíîâíîãî
ìåòàëëà (òàáë. 2) ñîñòàâëÿåò 175 êãñ/ìì2, à ìèê-
ðîòâåðäîñòü âñåõ çîí ñâàðíîé òî÷êè ñóùåñòâåííî
ïðåâûøàåò ýòî çíà÷åíèå (çîíû 1 íà 80%, à çîíû
3 ïî÷òè âäâîå). Ïðàêòè÷åñêè íà 47% âîçðàñòàåò
ìèêðîòâåðäîñòü â ÇÒÂ (çîíà 4).

Ïî èçîáðàæåíèþ ìèêðîñòðóêòóðû, ïîëó÷åí-
íîé ïðè ïîìîùè ÐÝÌ (ðèñ. 5),  óñòàíîâëåíû ðàç-
ìåðû çåðíà îñíîâíîãî ìåòàëëà — 15…20 ìêì,

Ðèñ. 2. Ìèêðîñòðóêòóðà çîí è îñíîâíîãî ìåòàëëà × 200

Ðèñ. 3. Ñõåìà ðàñ÷åòà ïëîùàäåé çîí
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Òàáëèöà 1

Ðåçóëüòàò ðàñ÷åòà çîí ñâàðíîé òî÷êè

Çîíà 
Âûñîòà  

çîíû H, ìì 
Ïëîùàäü  
çîíû, ìì2 

Ïðîöåíò îò ñóììàðíîé 
ïëîùàäè 

Îáúåì,  
ìì3 

Ïðîöåíò îò ñóììàðíîãî 
îáúåìà 

1 0,5 1,74 51,2 0,29 47,5 

2 0,5 1,005 29,6 0,1675 27,5 

3 0,7 0,655 19,2 0,152833 25,0 

Ñóììàðíûé 
ïîêàçàòåëü 

 3,4 100 0,610333 100 

4 1,9 0,672  0,425  

Ðèñ. 4. Ðàñïðåäåëåíèå ìèêðîòâåðäîñòè ïî ïîïåðå÷íîìó ñå÷åíèþ ñâàðíîé òî÷êè

Òàáëèöà 2

Ìèêðîòâåðäîñòü çîí ñâàðíîé òî÷êè è îñíîâíîãî ìåòàëëà

Çîíà 
Çíà÷åíèÿ ìèêðîòâåðäîñòè,  
âîøåäøèå â çîíó, êãñ/ìì2 

Ñðåäíåàðèôìåòè÷åñêîå  
ïî ï.2, êãñ/ìì2 

Ïðîöåíò îò îñíîâíîãî  
ìåòàëëà 

1 
305, 378, 329, 315, 297, 320, 299, 322, 282, 308, 337, 370, 

297 
320,0 182,65 

2 326, 268, 295, 289, 300, 265, 289, 283 289,3 165,21 

3 320, 385, 335, 294 333,5 190,40 

4 257, 333, 289, 302, 254, 216, 213, 239, 254, 204, 278 258,1 147,35 

ÎÌ 
174, 174, 170, 179, 166, 165, 194, 179, 181, 180, 189, 177, 

172, 170, 169, 163, 162, 169 ,182, 185 
175,1  
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ìåòàëëà çîíû 1 — 20…35 ìêì. Â çåðíàõ çîíû 1
âèäåí ðåå÷íûé ìàðòåíñèò, õàðàêòåðíûé äëÿ óñëî-
âèé âûñîêèõ ñêîðîñòåé îõëàæäåíèÿ.

Ðàñïðåäåëåíèå õèìè÷åñêîãî ñîñòàâà ïî ðàçëè÷-
íûì çîíàì ñâàðíîé òî÷êè (ðèñ. 6) ïîêàçûâàåò ðàâ-
íîìåðíîå ðàñïðåäåëåíèå ýëåìåíòîâ, íî ñâèäåòåëü-
ñòâóåò è î íåäîïóñòèìîì ñîäåðæàíèè ñåðû è ôîñ-
ôîðà â îñíîâíîì ìåòàëëå è ìåòàëëå øâà.

Âûâîäû

1. Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè îï-
ðåäåëèòü ñòðóêòóðíûå èçìåíåíèÿ ìåòàëëà øâà â
åäèíè÷íîé òî÷êå íåðàçúåìíîãî ñîåäèíåíèÿ, ïî-
ëó÷åííîé åäèíè÷íûì âîçäåéñòâèåì (èìïóëüñîì)
ëàçåðíîãî èçëó÷åíèÿ.

2. Òàêèå èçìåíåíèÿ ïðîõîäÿò ñòàäèéíî, ïîýòî-
ìó â ñòðóêòóðå ìåòàëëà â òî÷êå âîçäåéñòâèÿ îáíà-
ðóæèâàþòñÿ òðè ñïåöèôè÷íûå çîíû (1 — çîíà
äåíäðèäíîé ñòðóêòóðû; 2 — çîíà ïåðåêðèñòàëëè-
çàöèè; 3 — çîíà îòïóùåííîãî ñîðáèòà), ðàñïîëà-
ãàþùèåñÿ ïàðàëëåëüíî ëèíèè ñïëàâëåíèÿ.

3. Óñòàíîâëåíî, ÷òî çîíà 1 ðàñïîëàãàåòñÿ íå-
ïîñðåäñòâåííî îò ëèíèè ñïëàâëåíèÿ â ìåòàëë øâà,
èìååò íàèáîëüøèé îáúåì â îáùåì îáúåìå ðàñ-
ïëàâëåííîãî ìåòàëëà (47,5 %) è ìèêðîòâåðäîñòü,
íà 82 % ïðåâûøàþùóþ ìèêðîòâåðäîñòü îñíîâíîãî
ìåòàëëà. Òàêæå âäâîå óâåëè÷åí è ðàçìåð çåðíà
ýòîé çîíû (25 ìêì). Ñòðóêòóðà ìåòàëëà çîíû 1 —
ðåå÷íûé ìàðòåíñèò. Çîíà 3 èìååò ñòðóêòóðó ñîð-
áèòà è òâåðäîñòü, íà 90 % ïðåâûøàþùóþ òâåð-

Ðèñ. 5. Ìèêðîñòðóêòóðà ñâàðíîé òî÷êè, ïîëó÷åííàÿ íà ÐÝÌ
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Ðèñ. 6. Ðàñïðåäåëåíèå õèìè÷åñêîãî ñîñòàâà ïî ðàçëè÷íûì çîíàì ñâàðíîé òî÷êè

äîñòü îñíîâíîãî ìåòàëëà. Îáúåì ýòîé çîíû — 25 %
îò îáùåãî îáúåìà ìåòàëëà øâà. Çîíà 2 èìååò 27,5 %
â îáùåì îáúåìå ìåòàëëà øâà, ñòðóêòóðó áåéíèòà
îòïóñêà è ìèêðîòâåðäîñòü, íà 65% ïðåâûøàþùóþ
ìèêðîòâåðäîñòü îñíîâíîãî ìåòàëëà.

4. Ïî ìèêðîñòðóêòóðå óñòàíîâëåíà ñòàäèé-
íîñòü ôîðìèðîâàíèÿ ñâàðíîãî øâà. Ïðè åäèíè÷-
íîì âîçäåéñòâèè ëàçåðíîãî èçëó÷åíèÿ ïðîèñõîäèò
êàê ìãíîâåííîå ðàñïëàâëåíèå âñåãî îáúåìà ìåòàë-
ëà øâà, òàê è êðèñòàëëèçàöèÿ ìåòàëëà, íà÷èíàþ-
ùàÿñÿ ñ ëèíèè ñïëàâëåíèÿ. Âûñîêèå ñêîðîñòè
êðèñòàëëèçàöèè ñïîñîáñòâóþò ðàçâèòèþ äåíäðèò-
íîé ñòðóêòóðû çîíû 1. Íàãðåâ îêîëîøîâíîé çîíû
ñïîñîáñòâóåò óñëîâèÿì ðàâíîìåðíîãî îòïóñêà çîí
2 è 3 è îáðàçîâàíèþ ñòðóêòóð ñîîòâåòñòâåííî
áåéíèòà è ñîðáèòà îòïóñêà.

5. Êîíòðîëü êà÷åñòâà íåðàçúåìíîãî ñîåäèíå-
íèÿ èçìåðåíèåì òâåðäîñòè ïî ïîâåðõíîñòè ñâàð-
íîãî øâà ìîæåò áûòü íåýôôåêòèâíûì, òàê êàê
ïðèïîâåðõíîñòíàÿ òâåðäîñòü ìîæåò ñèëüíî îòëè-
÷àòüñÿ îò ìèêðîòâåðäîñòè ïðèêîíòàêòíîé ñ ëèíè-
åé ñïëàâëåíèÿ çîíû 1, ìàêñèìàëüíûé ðàçìåð êî-
òîðîé òàêæå îáóñëàâëèâàåò è ìåõàíè÷åñêèå ñâîé-
ñòâà ñâàðíîãî ñîåäèíåíèÿ â öåëîì. Ïîýòîìó äëÿ
îáåñïå÷åíèÿ ðàâíîïðî÷íîñòè ñâàðíîãî ñîåäèíå-
íèÿ ñ îñíîâíûì ìåòàëëîì äàæå äëÿ íèçêîóãëåðî-

äèñòûõ ñòàëåé íåîáõîäèìî ðåêîìåíäîâàòü îòïóñê
äëÿ ñíÿòèÿ îñòàòî÷íûõ íàïðÿæåíèé è ÷àñòè÷íîé
ïåðåêðèñòàëëèçàöèè çîíû 2.
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Abstract

Laser welding technology application in the
aerospace industry will significantly reduce the weight
of the aircraft structure, material consumption and
production time for parts and accessory
manufacturing.

The thermal cycle of laser welding ensures
minimum time of the area staying in the overheated
state, eliminating thereby the possibility of grain
growth and mechanical properties reduction of steels.

The article presents the studies of structural
changes in the weld metal obtained by the unity effect
of laser radiation on the steel surface.

The performed microstructural analysis allows
establishing the  weld metal formation staging, and its
components, including the microhardness defining in
each particular zone, which contributes to
understanding and predicting the behavior of the weld
metal while parts or structures operation.

The three most pronounced zones were defined
while the unit laser impulse effect. They are:

1 – the arc-like zone of the dendrite structure.
2 – the recrystallization zone, located

symmetrically to the zone 1. The structure of this zone
is distributed randomly, the tempering bainite mainly
prevails.

3 – the tempered perlite zone with uniformly sized
grains of an average diameter of 40–70 microns. Zone
3 adjoins zone 2 and the welding spot surface.

One more zone with extremely insignificantly
distorted structure of the basic metal is being observed
under the weld-fusion line towards the basic metal.

Analysis of the average area of the zones revealed
the following: zone 1 has a predominant area of 51.2%
of the total weld metal area, and 47.5% along the
computed volume.

High crystallization rates contribute to the
dendritic structure development of zone 1, and the
heat-affected heating zone therewith contributes to the
uniform tempering of zones 2 and 3 and formation of
structures of bainite and tempering sorbite respectively.

STUDYING SPECIFICS OF A PERMANENT JOINT WELDING SPOT FORMING
WHILE THE UNIT LASER IMPULSE EFFECT ON A LOW-CARBON STEEL

SURFACE

Bakhmatov P.V.*, Pletnev N.O.**

Komsomolsk-na-Amure State University (KnASU),
27, Lenin str., Komsomolsk-on-Amur, 681013, Russia

* e-mail: mim@knastu.ru
** e-mail: nik1111ta@mail.ru

It was established as well that in the process of
exposure, temperature conditions are being created for
recrystallization and tempering of quenching
structures. Thus, to ensure equal strength of the welded
joint with the base metal, it is necessary to recommend
tempering to relieve residual stresses and partial
recrystallization of zone 2 even for low carbon steels.

Keywords: permanent joints, laser welding, laser
impulse, welding of low-carbon steels, precision laser
welding of aviation products, pulsed solid-state laser,
structural changes in the weld metal.
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