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Ðàññìîòðåíû ïðåèìóùåñòâà ñîåäèíåíèÿ ïðîâîäíèêîâ àâòîòðàíñïîðòíûõ ñðåäñòâ ìåòîäîì óëüòðà-
çâóêîâîé ñâàðêè. Ïðîàíàëèçèðîâàíû îñíîâíûå ïîæàðîîïàñíûå àâàðèéíûå ðåæèìû ðàáîòû,
êîòîðûå ìîãóò âîçíèêíóòü â ìåñòàõ ñîåäèíåíèÿ è ïðèâåñòè ê âîçãîðàíèþ òðàíñïîðòíûõ ñðåäñòâ.
Íà ïðèìåðå ðåàëüíî ïðîèñøåäøèõ ïîæàðîâ ëåãêîâûõ àâòîìîáèëåé ïîêàçàíà âîçìîæíîñòü
óñòàíîâëåíèÿ ôàêòà íåêà÷åñòâåííî âûïîëíåííûõ ðàáîò ïî ñâàðêå ïðîâîäíèêîâ ñ âîçíèêíîâå-
íèåì ãîðåíèÿ. Äëÿ îïðåäåëåíèÿ ïðè÷àñòíîñòè àâàðèéíûõ ðåæèìîâ ðàáîòû, èìåâøèõ ìåñòî â
ñâàðíîì ñîåäèíåíèè ïðîâîäíèêîâ òðàíñïîðòíîãî ñðåäñòâà, ñ åãî âîçãîðàíèåì ïðåäëîæåíî èñ-
ïîëüçîâàòü ìåòàëëîãðàôè÷åñêèå èññëåäîâàíèÿ ìåñò ñîåäèíåíèé. Ïðèâåäåíû îñíîâíûå ïðèçíà-
êè, ïîçâîëÿþùèå óñòàíîâèòü âèä àâàðèéíîãî ðåæèìà ðàáîòû, ñòàâøåãî ïðè÷èíîé âîçãîðàíèÿ.
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Ââåäåíèå

Äåéñòâóþùèå ïðàâèëà óñòðîéñòâà è ýêñïëóàòàöèè

ýëåêòðîîáîðóäîâàíèÿ [1] äîïóñêàþò ñîåäèíåíèå æèë

ïðîâîäîâ è êàáåëåé òîëüêî ïðè ïîìîùè îïðåññîâêè,

ñâàðêè, ïàéêè èëè ñæèìîâ. Âñå óêàçàííûå ñïîñîáû

ñîåäèíåíèÿ èìåþò ñâîè äîñòîèíñòâà è íåäîñòàòêè.

Â òåõíè÷åñêîé ëèòåðàòóðå [2, 3] îòìå÷åíî, ÷òî â íà-

ñòîÿùåå âðåìÿ âñå áîëüøåå ïðèìåíåíèå â ðàçëè÷íûõ

îòðàñëÿõ ïðîìûøëåííîñòè íàõîäèò óëüòðàçâóêîâàÿ

ñâàðêà ìåòàëëîâ, â òîì ÷èñëå ïðîâîäíèêîâ.

Ïî ñðàâíåíèþ ñ äðóãèìè ìåòîäàìè óëüòðàçâóêî-

âàÿ ñâàðêà èìååò ðÿä ïðåèìóùåñòâ. Ïðåæäå âñåãî

ýòî ñîêðàùåíèå âðåìåíè ïðîâåäåíèÿ ðàáîò è âûñî-

êàÿ ïðî÷íîñòü ñîåäèíåíèÿ, êîòîðàÿ äîñòèãàåòñÿ ïðè

íåçíà÷èòåëüíîì òåìïåðàòóðíîì âîçäåéñòâèè, îêà-

çûâàåìîì íåïîñðåäñòâåííî íà ñâàðèâàåìûå äåòàëè,

ò. å. ñîåäèíåíèå ìåòàëëîâ ïðîèñõîäèò áåç äîñòèæå-

íèÿ òåìïåðàòóðû èõ ïëàâëåíèÿ [3].

Â îñíîâó ñîåäèíåíèÿ ìåäíûõ ïðîâîäíèêîâ óëüòðà-

çâóêîì ïîëîæåíû âûñîêî÷àñòîòíûå (áîëåå 20 êÃö)

êîëåáàíèÿ. Ñâàðèâàåìûå ïðîâîäíèêè ñæèìàþòñÿ,

à ýíåðãèÿ êîëåáàíèé ñîçäàåò íàïðÿæåíèÿ, ðàñòÿæå-

íèÿ è ñæàòèÿ, ÷òî ïðèâîäèò ê ïëàñòè÷åñêîé äåôîðìà-

öèè èçäåëèé â çîíå èõ ñîïðèêîñíîâåíèÿ, ðàçîãðåâó

è, êàê ñëåäñòâèå, ñîåäèíåíèþ [4].

Ñõåìà òèïîâîé óëüòðàçâóêîâîé ñâàðî÷íîé óñòà-

íîâêè ïîêàçàíà íà ðèñ. 1. Îñíîâíûìè åå ÷àñòÿìè ÿâ-

ëÿþòñÿ:

� óëüòðàçâóêîâîé ãåíåðàòîð, ïðåîáðàçóþùèé òîê

ýëåêòðè÷åñêîé ñåòè â òîê âûñîêîé ÷àñòîòû;

� ïðåññ ñ óëüòðàçâóêîâûì ïðåîáðàçîâàòåëåì, â êî-

òîðîì ïðîèñõîäèò ïðåîáðàçîâàíèå êîëåáàíèé
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ýëåêòðè÷åñêîãî òîêà âûñîêîé ÷àñòîòû â ìåõàíè-

÷åñêèå êîëåáàíèÿ, ïåðåäàâàåìûå ñâàðèâàåìûì

ïðîâîäíèêàì.

Âåñü ïðîöåññ ñâàðêè çàíèìàåò íåñêîëüêî ñåêóíä.

Ïðè ýòîì íå òðåáóåòñÿ êàêîé-ëèáî ïðåäâàðèòåëüíîé

ïîäãîòîâêè èçäåëèé ê ñîåäèíåíèþ, íåîáõîäèìî òîëü-

êî ñíÿòü èçîëÿöèþ íà íåçíà÷èòåëüíîì ó÷àñòêå. Âñå

ýòî äåëàåò äàííûé ìåòîä ñîåäèíåíèÿ ïðîâîäíèêîâ

îäíèì èç ñàìûõ ïåðñïåêòèâíûõ â íàñòîÿùåå âðåìÿ.

Â òî æå âðåìÿ ñîáëþñòè âñå íåîáõîäèìûå óñëî-

âèÿ òåõíîëîãè÷åñêîãî ïðîöåññà ïðè ïðîèçâîäñòâå

ñâàðî÷íûõ ðàáîò ïî ñîåäèíåíèþ ïðîâîäíèêîâ î÷åíü

÷àñòî áûâàåò çàòðóäíèòåëüíî, îñîáåííî ïðè ïðîâå-

äåíèè ðåìîíòíûõ ðàáîò èëè ðàáîò ïî óñòàíîâêå äî-

ïîëíèòåëüíîãî îáîðóäîâàíèÿ íà òðàíñïîðòíûõ ñðåä-

ñòâàõ. Â ïåðâóþ î÷åðåäü ýòî ñâÿçàíî ñ îãðàíè÷åííûì

ïðîñòðàíñòâîì â ìåñòå ïðîâåäåíèÿ ñâàðî÷íûõ ðàáîò.

Êðîìå òîãî, îäíèì èç óñëîâèé êà÷åñòâåííîãî ñîåäè-

íåíèÿ ÿâëÿåòñÿ íèçêîå ñîäåðæàíèå âëàãè â ñâàðèâà-

åìûõ äåòàëÿõ, â ïðîòèâíîì ñëó÷àå ìîæíî ïîëó÷èòü

äåôåêòíîå ñâàðî÷íîå ñîåäèíåíèå ïðîâîäíèêîâ.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿëàñü îöåíêà âîç-

ìîæíîñòè âûÿâëåíèÿ ïîñëå ïîæàðà ïðèçíàêîâ, óêà-

çûâàþùèõ íà ïðè÷àñòíîñòü íåêà÷åñòâåííî âûïîë-

íåííîãî ñîåäèíåíèÿ ïðîâîäíèêîâ ìåòîäîì óëüòðàçâó-

êîâîé ñâàðêè ê âîçãîðàíèþ òðàíñïîðòíîãî ñðåäñòâà.

Äëÿ äîñòèæåíèÿ óêàçàííîé öåëè íåîáõîäèìî

áûëî ðåøèòü ñëåäóþùèå çàäà÷è:

� ïðîâåñòè àíàëèç ïîæàðîâ, ïðîèñøåäøèõ íà àâ-

òîìîáèëüíîì òðàíñïîðòå â ðåçóëüòàòå íåêà÷åñò-

âåííî âûïîëíåííîãî ñîåäèíåíèÿ ïðîâîäíèêîâ

ìåòîäîì óëüòðàçâóêîâîé ñâàðêè;

� âûÿâèòü õàðàêòåðíûå ïðèçíàêè, óêàçûâàþùèå íà

ïðè÷àñòíîñòü ê âîçíèêíîâåíèþ ãîðåíèÿ íåêà÷å-

ñòâåííîãî ñîåäèíåíèÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â ïðîìûøëåííî ðàçâèòûõ ñòðàíàõ, â òîì ÷èñëå

â Ðîññèè, äîëÿ ïîæàðîâ àâòîòðàíñïîðòíûõ ñðåäñòâ,

ïðîèñøåäøèõ ïî ýëåêòðîòåõíè÷åñêèì ïðè÷èíàì,

ñîñòàâëÿåò îò 30 äî 40 % îò îáùåãî êîëè÷åñòâà âîç-

ãîðàíèé [5]. Ïî âñåì âèäàì ýëåêòðîòåõíè÷åñêîé ïðî-

äóêöèè ïåðâîå ìåñòî ïî ÷èñëó ïîæàðîâ ñ áîëüøèì

îïåðåæåíèåì çàíèìàþò ïðîâîäíèêè è ìåñòà èõ ñî-

åäèíåíèÿ [6–9].

Íàèáîëüøóþ ïîæàðíóþ îïàñíîñòü ìåñò ñîåäè-

íåíèÿ ïðîâîäíèêîâ ìåòîäîì óëüòðàçâóêîâîé ñâàðêè

ïðåäñòàâëÿþò ñëó÷àè, êîãäà ïðîöåññ ñâàðêè çàâåð-

øåí íå â ïîëíîì îáúåìå (“íåñïëàâëåíèå”) èëè, íà-

îáîðîò, êîãäà èìåëî ìåñòî ñëèøêîì äëèòåëüíîå âîç-

äåéñòâèå óëüòðàçâóêà íà ïðîâîäíèêè.

Â ñëó÷àå “íåñïëàâëåíèÿ” æèë ïðè ïðîõîæäåíèè

÷åðåç äàííîå ìåñòî ýëåêòðè÷åñêîãî òîêà ìîæåò âîç-

íèêíóòü òàêîé âèä àâàðèéíîãî ðåæèìà ðàáîòû, êàê

áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå (ÁÏÑ), òàê íà-

çûâàåìûé “ïëîõîé êîíòàêò”. Îòìåòèì, ÷òî äàííûé

âèä àâàðèéíîãî ðåæèìà ðàáîòû ýëåêòðîñåòè, íàðÿäó

ñ êîðîòêèì çàìûêàíèåì, ÿâëÿåòñÿ îäíèì èç ñàìûõ

ðàñïðîñòðàíåííûõ ðåæèìîâ, ïðèâîäÿùèõ ê ïîæàðó,

êàê â íàøåé ñòðàíå, òàê è çà ðóáåæîì [10–17]. Óâå-

ëè÷åíèå àêòèâíîãî ñîïðîòèâëåíèÿ â ìåñòå ïåðåõîäà

òîêà èç îäíîé òîêîâåäóùåé æèëû â äðóãóþ â ñâîþ

î÷åðåäü âåäåò ê ïîâûøåíèþ òåìïåðàòóðû [18, 19].

Â íàñòîÿùåé ñòàòüå â êà÷åñòâå ìàòåðèàëîâ äëÿ

èññëåäîâàíèÿ áûëè âûáðàíû ìåäíûå ìíîãîæèëü-

íûå ïðîâîäíèêè, ñîåäèíåííûå ìåæäó ñîáîé ìåòî-

äîì óëüòðàçâóêîâîé ñâàðêè. Èññëåäîâàíèå äàííûõ

îáðàçöîâ ïðîâîäèëîñü â ëàáîðàòîðíûõ óñëîâèÿõ ìå-

òîäîì ìåòàëëîãðàôè÷åñêîãî àíàëèçà.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Äëÿ óñòàíîâëåíèÿ ïðè÷àñòíîñòè ïëîõîé ñâàðêè

ê âîçíèêíîâåíèþ ïîæàðà íåîáõîäèìû ìåòàëëîãðà-

ôè÷åñêèå èññëåäîâàíèÿ ñîåäèíåíèÿ. Íà ðèñ. 2 äëÿ

ñðàâíåíèÿ ïðèâîäÿòñÿ ìèêðîñòðóêòóðû ñîåäèíåíèé

ïðè êà÷åñòâåííî âûïîëíåííîé ñâàðêå è â ñëó÷àå,

êîãäà èìåëî ìåñòî “íåñïëàâëåíèå” æèë.

Èç ðèñ. 2 âèäíî, ÷òî ïðè êà÷åñòâåííî âûïîëíåí-

íîé ñâàðêå íàáëþäàåòñÿ ñïëàâëåíèå îòäåëüíûõ ó÷à-

ñòêîâ ïðîâîëîê â ìåñòå ñîåäèíåíèÿ, à â ñëó÷àå “íå-

êà÷åñòâåííîãî” ñîåäèíåíèÿ æèë — ÷åòêî âûðàæåí-

íûå ãðàíèöû ìåæäó æèëàìè â ïðîâîäíèêå.

Äàííûé ïðèçíàê ïðåäëàãàåòñÿ èñïîëüçîâàòü â

ïîæàðíî-òåõíè÷åñêîé ýêñïåðòèçå â öåëÿõ óñòàíîâ-

ëåíèÿ “íåêà÷åñòâåííîãî” ñîåäèíåíèÿ ïðîâîäíèêîâ.

Èññëåäîâàíèÿ ïîæàðà
àâòîìîáèëÿ LADA Largus

Â êà÷åñòâå ïðèìåðà ïîæàðà, âîçíèêøåãî ïî âûøå-

óêàçàííîé ïðè÷èíå, ìîæíî ïðèâåñòè âîçãîðàíèå àâ-

òîìîáèëÿ LADA Largus 2016 ã. âûïóñêà ñ ïðîáåãîì

Ðèñ. 1. Ñõåìà óñòàíîâêè äëÿ óëüòðàçâóêîâîé ñâàðêè ïðîâîä-

íèêîâ: 1 — ñâàðèâàåìûå ïðîâîäíèêè; 2 — óëüòðàçâóêîâîé

ïðåîáðàçîâàòåëü; 3 — ìåõàíè÷åñêèé ïðåññ; 4 — óëüòðàçâó-

êîâîé ãåíåðàòîð

Fig. 1. The scheme of installation for ultrasonic welding of con-

ductors: 1 — welded conductors; 2 — ultrasonic transducer; 3 —

mechanical press; 4 — ultrasonic generator
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ìåíåå 10 òûñ. êì. Â ïðîöåññå äâèæåíèÿ âîäèòåëü

òðàíñïîðòíîãî ñðåäñòâà îáðàòèë âíèìàíèå íà äûì,

âûõîäÿùèé èç ìîòîðíîãî îòñåêà. Îñòàíîâèâøèñü,

îí îáíàðóæèë ïëàìåííîå ãîðåíèå â åãî ëåâîé ÷àñòè.

Â õîäå äàëüíåéøåãî èññëåäîâàíèÿ ïîâðåæäåí-

íîãî àâòîìîáèëÿ áûëî óñòàíîâëåíî, ÷òî íåïîñðåä-

ñòâåííî â î÷àãå ïîæàðà èç âîçìîæíûõ èñòî÷íèêîâ

çàæèãàíèÿ ïðèñóòñòâîâàëè òîëüêî ýëåìåíòû ýëåêò-

ðîïðîâîäêè àâòîìîáèëÿ. Îäíî èç ñîåäèíåíèé ïðî-

âîäíèêîâ áûëî âûïîëíåíî ìåòîäîì óëüòðàçâóêîâîé

ñâàðêè (ðèñ. 3), è â õîäå ëàáîðàòîðíîãî ìåòàëëî-

ãðàôè÷åñêîãî èññëåäîâàíèÿ áûëî óñòàíîâëåíî, ÷òî

èìåëî ìåñòî “íåñïëàâëåíèå” æèë.

Êàê áûëî óñòàíîâëåíî â ïðîöåññå ñóäåáíîãî ðàç-

áèðàòåëüñòâà, âîçãîðàíèå àâòîìîáèëÿ äåéñòâèòåëü-

íî ïðîèçîøëî â ðåçóëüòàòå íåêà÷åñòâåííî âûïîë-

íåííîé ñâàðêè (Íèêèòåíêî Â. À. Òåõíè÷åñêîå çàêëþ-

÷åíèå ¹ 62. — Îðåíáóðã : ÔÃÁÓ ÑÝÓ ÔÏÑ ÈÏË

ïî Îðåíáóðãñêîé îáëàñòè, 2016. — 8 ñ.).

Íåäîñòàòêè äëèòåëüíîãî âîçäåéñòâèÿ
óëüòðàçâóêà â ïðîöåññå ñâàðêè

Ñëèøêîì äîëãîå âîçäåéñòâèå óëüòðàçâóêà â ïðî-

öåññå ñâàðêè íà ñîåäèíÿåìûå ïðîâîäíèêè òàêæå

ìîæåò ïðèâåñòè â äàëüíåéøåì ê âîçíèêíîâåíèþ ãî-

ðåíèÿ. Ñ îäíîé ñòîðîíû, ïðè ýòîì ïðîèñõîäèò áîëåå

êà÷åñòâåííîå ñîåäèíåíèå, à ñ äðóãîé — ñëèøêîì

ñèëüíûé íàãðåâ ïðîâîäíèêîâ. Â ïðîöåññå íàãðåâà-

íèÿ ïðîâîëîêè, èçãîòîâëåííîé ìåòîäîì õîëîäíîé

äåôîðìàöèè, ïðîèñõîäÿò ðåêðèñòàëëèçàöèîííûå

ïðîöåññû. Îíè ïðèâîäÿò ê èçìåíåíèþ ôèçèêî-ìå-

õàíè÷åñêèõ ñâîéñòâ ìåòàëëà, â ÷àñòíîñòè ê óìåíü-

øåíèþ ñòîéêîñòè ìåòàëëîèçäåëèÿ ê èçãèáó, ÷òî â

ñâîþ î÷åðåäü ìîæåò âûçâàòü ìåõàíè÷åñêèå ïîâðåæ-

äåíèÿ ïðîâîäíèêà â íåïîñðåäñòâåííîé áëèçîñòè îò

ìåñòà ñîåäèíåíèÿ (îáðûâ æèë) [19, 20].

Êàê èçâåñòíî, âñå ïðîâîäíèêè íà òðàíñïîðòíûõ

ñðåäñòâàõ ìåäíûå ìíîãîæèëüíûå, è âûõîä èç ñòðîÿ

÷àñòè èç íèõ (îáðûâ íåñêîëüêèõ æèë) ìîæåò ïðè-

âåñòè ê âîçíèêíîâåíèþ ëîêàëüíîé òîêîâîé ïåðå-

Ðèñ. 2. Ìèêðîñòðóêòóðà æèë â ìåñòå ñîåäèíåíèÿ ïðè 50-êðàòíîì (à, á) è 200-êðàòíîì (â, ã) óâåëè÷åíèè: à, â — êà÷åñòâåííîå

ñîåäèíåíèå; á, ã — “íåñïëàâëåíèå” æèë â ìåñòå ñîåäèíåíèÿ

Fig. 2. Microstructure of veins in a junction at 50th multiple (a, b) and the 200th multiple (v, g) increase: a, v — high-quality connection;

b, g — “not alloyage” I lived in a junction

Ðèñ. 3. Âèä ñîåäèíåíèÿ ïðîâîäíèêîâ ìåòîäîì óëüòðàçâóêî-

âîé ñâàðêè ïîñëå ïîæàðà àâòîìîáèëÿ LADA Largus

Fig. 3. Type of connection of conductors by method of ultrasonic

welding after the fire of the LADA Largus car
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ãðóçêè. Â ñëó÷àå ïîòåðè ñå÷åíèÿ ïðîâîäíèêà áîëåå

÷åì íà 50 % òåìïåðàòóðà íà ïîâðåæäåííîì ó÷àñòêå

äîñòèãàåò çíà÷åíèé, äîñòàòî÷íûõ äëÿ âîñïëàìåíå-

íèÿ îêðóæàþùèõ ìàòåðèàëîâ, è â ïåðâóþ î÷åðåäü

èçîëÿöèè [21]. Îòìåòèì, ÷òî ïðè äàííîì âèäå àâà-

ðèéíîãî ðåæèìà ðàáîòû ýëåêòðîñåòè íå ïðîèñõîäèò

ñðàáàòûâàíèÿ ïðåäîõðàíèòåëåé, óñòàíîâëåííûõ íà

òðàíñïîðòíûõ ñðåäñòâàõ.

Èññëåäîâàíèÿ ïîæàðà àâòîìîáèëÿ
Suzuki-swift 2012 ã. âûïóñêà

Îïèñàííûé âûøå ìåõàíèçì âîçíèêíîâåíèÿ

ãîðåíèÿ è ïðèâåë ê ïîæàðó ëåãêîâîãî àâòîìîáèëÿ

Suzuki-swift.

Èç ïðåäñòàâëåííûõ íà ýêñïåðòèçó äîêóìåíòîâ

ñëåäîâàëî, ÷òî âëàäåëåö àâòîìîáèëÿ óñòàíîâèë íà

òðàíñïîðòíîì ñðåäñòâå ïðåäïóñêîâîé ïîäîãðåâàòåëü

äâèãàòåëÿ Webasto, ïðè ýòîì ñîåäèíåíèå ïðîâîäíè-

êîâ ïðîâîäèëîñü ìåòîäîì óëüòðàçâóêîâîé ñâàðêè.

Â ïðîöåññå ïðîãðåâà äâèãàòåëÿ â ã. Îðåíáóðãå

ïðîèçîøëî âîçãîðàíèå âíóòðè ìîòîðíîãî îòñåêà

(ïåðâîå èñïîëüçîâàíèå ïîäîãðåâàòåëÿ ïîñëå óñòà-

íîâêè). Ãîðåíèå áûëî ëèêâèäèðîâàíî âëàäåëüöåì ñ

ïîìîùüþ ïîäðó÷íûõ ñðåäñòâ (ðèñ. 4).

Î÷àã ïðîèñøåäøåãî ïîæàðà íàõîäèëñÿ â ïðàâîé

÷àñòè ìîòîðíîãî îòñåêà, â ìåñòå óñòàíîâêè ïðåä-

ïóñêîâîãî ïîäîãðåâàòåëÿ. Îäèí èç ïðîâîäíèêîâ, êî-

òîðûì îñóùåñòâëÿëîñü ïîäêëþ÷åíèå ïîäîãðåâà-

òåëÿ ê áîðòîâîé ñåòè òðàíñïîðòíîãî ñðåäñòâà, èìåë

ìíîãî÷èñëåííûå ïîâðåæäåíèÿ ïðîâîëî÷åê íåïî-

ñðåäñòâåííî âîçëå ìåñòà ñîåäèíåíèÿ (ðèñ. 5).

Ïðè èññëåäîâàíèè ìåñòà ðàçðûâà ïðîâîäíèêîâ

íà ìåòàëëîãðàôè÷åñêîì ìèêðîñêîïå ïðè 50-êðàòíîì

óâåëè÷åíèè áûëî óñòàíîâëåíî, ÷òî ìåñòà ðàçðûâà

îïëàâëåíû è çàêîï÷åíû, ò. å. èññëåäóåìûé ïðîâîä-

íèê áûë ïîâðåæäåí åùå äî ïîæàðà (ðèñ. 6).

Ïðèíèìàÿ âî âíèìàíèå ýòî è äðóãèå äàííûå ïî

ôàêòó ïîæàðà, ñäåëàëè îêîí÷àòåëüíûé âûâîä î òîì,

÷òî ïðè÷èíîé äàííîãî ïîæàðà ÿâèëàñü ëîêàëüíàÿ

òîêîâàÿ ïåðåãðóçêà â ìåñòå ñîåäèíåíèÿ ïðî-

âîäíèêîâ (Åëèñååâ Þ. Í. Çàêëþ÷åíèå ýêñïåðòà

¹ Ý�23-17. — ÑÏá. : ÈÖÝÏ ÂÍÈÈÏÎ Ì×Ñ Ðîññèè,

2010. — 15 ñ.).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïîêàçàíà âîçìîæíîñòü âîçíèê-

íîâåíèÿ ãîðåíèÿ òðàíñïîðòíûõ ñðåäñòâ â ðåçóëüòàòå

íåêà÷åñòâåííî âûïîëíåííîãî ñîåäèíåíèÿ ïðîâîä-

íèêîâ ìåòîäîì óëüòðàçâóêîâîé ñâàðêè. Ïðè ýòîì îò-

ìå÷åíî, ÷òî ê ïîæàðó ìîãóò ïðèâåñòè ñëó÷àè, êîãäà

ïðîöåññ ñâàðêè çàâåðøåí íå â ïîëíîì îáúåìå (“íå-

ñïëàâëåíèå” æèë) èëè, íàîáîðîò, êîãäà èìåëî ìåñòî

ñëèøêîì äëèòåëüíîå âîçäåéñòâèå óëüòðàçâóêîâûõ

âîëí íà ñîåäèíÿåìûå ïðîâîäíèêè.

Â òîì ñëó÷àå åñëè ïðè èññëåäîâàíèè ïîâðåæ-

äåííîãî îãíåì àâòîìîáèëÿ íåïîñðåäñòâåííî â î÷àãå

ïîæàðà íàõîäÿòñÿ ïðîâîäíèêè, ñîåäèíåíèå êîòîðûõ

ïðîèçâåäåíî ìåòîäîì óëüòðàçâóêîâîé ñâàðêè, íå-

îáõîäèìî èçûìàòü äàííîå ñîåäèíåíèå äëÿ äàëüíåé-

øåãî ëàáîðàòîðíîãî ìåòàëëîãðàôè÷åñêîãî èññëåäî-

âàíèÿ.

Ðèñ. 4. Âèä ïîâðåæäåííîãî îãíåì àâòîìîáèëÿ Suzuki-swift

Fig. 4. A type of the Suzuki-swift car damaged by fire

Ðèñ. 5. Âèä ñîåäèíåíèÿ ïðîâîäíèêîâ ìåòîäîì óëüòðàçâóêî-

âîé ñâàðêè ïîñëå ïîæàðà àâòîìîáèëÿ Suzuki-swift

Fig. 5. A type of connection of conductors by method of ultra-

sonic welding after the fire of the Suzuki-swift car

Ðèñ. 6. Âèä ìåñòà ðàçðûâà ïðîâîäíèêîâ ïîñëå ïîæàðà àâòî-

ìîáèëÿ Suzuki-swift (50-êðàòíîå óâåëè÷åíèå)

Fig. 6. A view of the place of a rupture of conductors after the fire

of the Suzuki-swift car (the 50th multiple increase)
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ABSTRACT

Introduction. Nowadays ultrasonic welding of metals including conductors is widely used.

The connection of copper conductors by ultrasound is based on high-frequency oscillations.

Materials and methods. Copper stranded conductors interconnected by ultrasonic welding were

chosen as the materials for the study. The study of these samples was carried out in the laboratory by

metallographic analysis.

Results and discussion. In case of a poor contact at the connection point, a large transient re-

sistance may occur when an electric current passes through a given point and cause fire.

To establish the involvement of a poor adhesion to the occurrence of a fire, it is necessary to

conduct metallographic studies of the compound. With qualitatively performed welding, fusion of

individual sections of wires at the junction site is observed, while in the case of a “poor” connection,

clearly defined boundaries are observed.

A very long exposure to ultrasound in the welding process on the connected conductors leads to

a decrease in the plasticity of the conductor, which in turn leads to the fracture of the veins near

the junction and, as a consequence, to the emergence of local current overload. Where the places of

rupture after the fire are melted and smoked, indicates that the test conductor was damaged even

before the ignition of the vehicle.

Conclusion. Thus, the possibility of vehicle combustion as a result of a poorly executed connec-

tion of conductors by ultrasonic welding is shown. It is noted that the fire can be caused by

uncompleted welding (“non-fusion” of the conductors), or vice versa when an impact of ultrasonic

waves on the conductors to be connected has been too long.
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It is necessary to withdraw this connection directly at the seat of fire for further laboratory

metallographic research.

Keywords: ultrasonic welding; fire; transport means; guides; fire and technical expertise.
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