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Ðàññìàòðèâàåòñÿ îñåñèììåòðè÷íàÿ çàäà÷à î áîëüøèõ äåôîðìàöèÿõ ñâèí-
öîâîé ñôåðè÷åñêîé îáîëî÷êè, çàêëþ÷åííîé â àëþìèíèåâûé ñêàôàíäð, ïîä
äåéñòâèåì èìïóëüñà ïåðåãðóçêè. Äåôîðìèðîâàíèå îáîëî÷êè îïèñûâàåòñÿ ñ
ïîçèöèé ìåõàíèêè óïðóãîâÿçêîïëàñòè÷åñêèõ ñðåä â ïåðåìåííûõ Ëàãðàíæà.
Êèíåìàòè÷åñêèå ñîîòíîøåíèÿ îïðåäåëÿþòñÿ â ìåòðèêå òåêóùåãî ñîñòîÿíèÿ.
Óðàâíåíèÿ ñîñòîÿíèÿ ïðèíèìàþòñÿ â ôîðìå òåîðèè òå÷åíèÿ ñ èçîòðîïíûì
óïðî÷íåíèåì. Êîíòàêòíîå âçàèìîäåéñòâèå îáîëî÷êè è ñêàôàíäðà ìîäåëèðó-
åòñÿ óñëîâèÿìè íåïðîíèêàíèÿ ñ ó÷åòîì òðåíèÿ. ×èñëåííîå ðåøåíèå çàäà÷è
ïðè çàäàííûõ ãðàíè÷íûõ è íà÷àëüíûõ óñëîâèÿõ îñíîâàíî íà ìîìåíòíîé ñõå-
ìå ìåòîäà êîíå÷íûõ ýëåìåíòîâ è ÿâíîé ñõåìå èíòåãðèðîâàíèÿ ïî âðåìåíè òèïà
«êðåñò». Äëÿ äèñêðåòèçàöèè ïî ïðîñòðàíñòâåííûì ïåðåìåííûì ïðèìåíÿþòñÿ
÷åòûðåõóçëîâûå èçîïàðàìåòðè÷åñêèå êîíå÷íûå ýëåìåíòû ñ áèëèíåéíûìè ôóíê-
öèÿìè ôîðìû. Êàê ïîêàçàëè ðåçóëüòàòû ðàñ÷åòîâ, ñôåðè÷åñêàÿ îáîëî÷êà â ïðî-
öåññå íàãðóæåíèÿ ïðåòåðïåâàåò çíà÷èòåëüíûå ëîêàëüíûå ôîðìîèçìåíåíèÿ,
õàðàêòåðèçóåìûå áîëüøèìè ñìåùåíèÿìè è óãëàìè ïîâîðîòà êîíå÷íûõ ýëåìåí-
òîâ êàê æåñòêîãî öåëîãî. Ðåçóëüòàòû ðàñ÷åòîâ ïî îñòàòî÷íîé ôîðìå õîðîøî
ñîãëàñóþòñÿ ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

Êëþ÷åâûå ñëîâà: ñôåðè÷åñêàÿ îáîëî÷êà, ñêàôàíäð, êîíòàêò, òðåíèå, ïëàñ-
òè÷åñêèå äåôîðìàöèè, âûïó÷èâàíèå, âçðûâíîå íàãðóæåíèå.

Ââåäåíèå

Òîíêîñòåííûå ñôåðè÷åñêèå îáîëî÷êè øèðîêî ðàñïðîñòðàíåíû â ñîâðåìåííîé
òåõíèêå. Ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñêèå ìåòîäû èññëåäîâàíèÿ èõ óñòîé÷èâîñ-
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òè èçëîæåíû â [1−5]. Ðåçóëüòàòàì àíàëèçà êîìïüþòåðíîãî ìîäåëèðîâàíèÿ ïðîöåñ-
ñîâ äåôîðìèðîâàíèÿ è ïîòåðè óñòîé÷èâîñòè ñôåðè÷åñêèõ îáîëî÷åê ïðè êâàçèñòà-
òè÷åñêîì è óäàðíîì íàãðóæåíèè ñ ó÷åòîì ýôôåêòîâ ãåîìåòðè÷åñêîé è ôèçè÷åñêîé
íåëèíåéíîñòåé ïîñâÿùåí ðÿä îðèãèíàëüíûõ ïóáëèêàöèé [6−15].

Öåëü íàñòîÿùåé ðàáîòû − ÷èñëåííûé àíàëèç áîëüøèõ óïðóãîïëàñòè÷åñêèõ äå-
ôîðìàöèé ñâèíöîâîé ñôåðè÷åñêîé îáîëî÷êè â àëþìèíèåâîì ñêàôàíäðå ïðè âçðûâ-
íîì íàãðóæåíèè. Ðåøåíèå çàäà÷è âûïîëíåíî íà îñíîâå ìîìåíòíîé ñõåìû ìåòîäà
êîíå÷íûõ ýëåìåíòîâ è ÿâíîé ñõåìû èíòåãðèðîâàíèÿ ïî âðåìåíè òèïà «êðåñò» [16].
Èññëåäîâàíî âëèÿíèå íà ôîðìîèçìåíåíèÿ îáîëî÷êè òðåíèÿ â çîíå åå êîíòàêòà ñî
ñêàôàíäðîì.

1. Îïðåäåëÿþùàÿ ñèñòåìà óðàâíåíèé è ìåòîä ðåøåíèÿ

Äåôîðìèðîâàíèå îáîëî÷êè ðàññìàòðèâàåòñÿ â  îñåñèììåòðè÷íîé ïîñòàíîâêå è
îïèñûâàåòñÿ â ïåðåìåííûõ Ëàãðàíæà ñ ïîçèöèé ìåõàíèêè ñïëîøíûõ ñðåä â öèëèí-
äðè÷åñêîé ñèñòåìå êîîðäèíàò X1, X2 (X1 − îñü âðàùåíèÿ, X2 − ðàäèóñ). Óðàâíåíèå
äâèæåíèÿ âûâîäèòñÿ èç áàëàíñà âèðòóàëüíûõ ìîùíîñòåé [17, 18]:
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Äåâèàòîðíûå ñîñòàâëÿþùèå òåíçîðà íàïðÿæåíèé âû÷èñëÿþòñÿ ñ ïîìîùüþ ñî-
îòíîøåíèé òåîðèè òå÷åíèÿ ñ èçîòðîïíûì óïðî÷íåíèåì [19]:
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ãäå kξ − êîýôôèöèåíò òðåíèÿ.
Ðåøåíèå îïðåäåëÿþùåé ñèñòåìû óðàâíåíèé (1)−(7) îñíîâàíî íà ìåòîäå êîíå÷-

íûõ ýëåìåíòîâ è ÿâíîé êîíå÷íî-ðàçíîñòíîé ñõåìå èíòåãðèðîâàíèÿ ïî âðåìåíè òèïà
«êðåñò» [16, 21, 22]. Ðàñ÷åòíàÿ îáëàñòü ïîêðûâàåòñÿ ëàãðàíæåâîé ñåòêîé èç ÷åòûðåõ-
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ãäå 
iiii ddaa 1010 ,,,  − êîýôôèöèåíòû àïïðîêñèìàöèè.

Ñêîðîñòè äåôîðìàöèé ε&  àïïðîêñèìèðóþòñÿ ëèíåéíûìè ôóíêöèÿìè â âèäå ñóì-
ìû áåçìîìåíòíûõ è ìîìåíòíûõ ñîñòàâëÿþùèõ [16]. Ïëàñòè÷åñêèå è óïðóãèå êîì-
ïîíåíòû äåôîðìàöèé îïðåäåëÿþòñÿ èç óðàâíåíèé ñîñòîÿíèÿ â âûáðàííûõ ôèêñè-
ðîâàííûõ òî÷êàõ êîíå÷íîãî ýëåìåíòà. Â êàæäîì êîíå÷íîì ýëåìåíòå ìîùíîñòü âèð-
òóàëüíîé ðàáîòû â (1) âûðàæàåòñÿ ÷åðåç ìàòðèöó ìàññ, óçëîâûå óñêîðåíèÿ, ñèëû è
âèðòóàëüíûå ñêîðîñòè ïåðåìåùåíèÿ. Äëÿ îïðåäåëåíèÿ óçëîâûõ ñèë, ñòàòè÷åñêè ýê-
âèâàëåíòíûõ íàïðÿæåíèÿì, ïðèìåíÿþòñÿ êâàäðàòóðíûå ôîðìóëû [18]. Êîíòàêòíûå
óçëîâûå ñèëû îïðåäåëÿþòñÿ íà îñíîâå àëãîðèòìà [22]. Çàìåíÿÿ â (1) èíòåãðèðîâà-
íèå ïî îáëàñòè Ω ñóììèðîâàíèåì ïî ýëåìåíòàì, ïîëó÷èì äèñêðåòíûé àíàëîã óðàâ-
íåíèé äâèæåíèÿ

,j
i

j
ii FUm =&& (12)

ãäå mi − ìàññû óçëîâ; j
i

j
i FU ,&&  − êîìïîíåíòû óñêîðåíèé óçëîâ ÊÝ-ñåòêè è ðåçóëüòè-

ðóþùèõ óçëîâûõ ñèë â îáùåé ñèñòåìå êîîðäèíàò X. Äëÿ èíòåãðèðîâàíèÿ îïðåäåëÿ-
þùåé ñèñòåìû óðàâíåíèé ïî âðåìåíè âîñïîëüçóåìñÿ ÿâíîé êîíå÷íî-ðàçíîñòíîé
ñõåìîé òèïà «êðåñò». Âåëè÷èíà âðåìåííûõ øàãîâ âûáèðàåòñÿ èñõîäÿ èç óñëîâèÿ
óñòîé÷èâîñòè Êóðàíòà. Äëÿ ñíèæåíèÿ íåôèçè÷íûõ âûñîêî÷àñòîòíûõ îñöèëëÿöèé
÷èñëåííîãî ðåøåíèÿ ïðèìåíÿåòñÿ ïðîöåäóðà êîíñåðâàòèâíîãî ñãëàæèâàíèÿ [23].
Èçëîæåííàÿ êîíå÷íî-ýëåìåíòíàÿ ìåòîäèêà ðåøåíèÿ äâóìåðíûõ (îñåñèììåòðè÷íûõ)
çàäà÷ óïðóãîïëàñòè÷åñêîãî äåôîðìèðîâàíèÿ ýëåìåíòîâ êîíñòðóêöèé ðåàëèçîâàíà â
âèäå îòäåëüíûõ ïðîãðàììíûõ ìîäóëåé â âû÷èñëèòåëüíîé ñèñòåìå «Äèíàìèêà-3»
[24].

2. Ðåçóëüòàòû èññëåäîâàíèÿ äèíàìè÷åñêîãî âûïó÷èâàíèÿ
ñâèíöîâîé îáîëî÷êè â ñêàôàíäðå ïðè âçðûâíîì íàãðóæåíèè

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ýòîé çàäà÷è ïðåäñòàâëåíû â [25].
Íà ðèñ. 1 ïîêàçàíà ñõåìà èñïûòàòåëüíîé ñáîðêè, êîòîðàÿ ñîñòîèò èç ñâèíöîâîé îáî-
ëî÷êè 1, íèæíåãî ìîíîëèòíîãî ïîëóêîðïóñà ñêàôàíäðà 2 è êðûøêè 3. Êðûøêà êðå-
ïèòñÿ ê ïîëóêîðïóñó âèíòàìè 4. Îòíîøåíèå òîëùèíû h ê ðàäèóñó R ñôåðè÷åñêîé
îáîëî÷êè h /R = 0,054. Ìàññà îáîëî÷êè ðàâíà 2,95 êã, îáùàÿ ìàññà ñáîðêè 21 êã.
Ìàòåðèàë îáîëî÷êè − ñâèíåö ìàðêè Ñ1 (E = 1,8·104 ÌÏà, ν = 0,45, ρ = 11,34 ã/ñì3).

Â ñîîòâåòñòâèè ñ [26] â ðàñ÷åòàõ èñïîëüçîâàëàñü äèíàìè÷åñêàÿ äèàãðàììà äå-
ôîðìèðîâàíèÿ ñâèíöà (ðèñ. 2), ïîëó÷åííàÿ ïî ýêñïåðèìåíòàëüíûì äàííûì [27].
Ìàòåðèàë ñêàôàíäðà − àëþìèíèåâûé ñïëàâ Ä16 (E = 7,1·104 ÌÏà, ν = 0,3,

Ðèñ. 1. Êîíñòðóêòèâíàÿ ñõåìà ýêñïåðèìåíòàëüíîé ñáîðêè

1

2

3
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ρ = 2,78 ã/ñì3). Êîýôôèöèåíò òðåíèÿ kξ ìåæäó ñâèíöîâîé îáîëî÷êîé è ñêàôàíäðîì
çàäàâàëñÿ ðàâíûì 0,2 [28].

Ñêàôàíäð ñíèçó íàãðóæàåòñÿ ïîñðåäñòâîì âçðûâíîãî óñòðîéñòâà [29], ñîñòîÿ-
ùåãî èç âçðûâ÷àòîãî âåùåñòâà (ÂÂ), ïëàñòèíû-óäàðíèêà è äåìïôåðà, òðàíñôîðìè-
ðóþùåãî âîçäåéñòâèå âçðûâà íà ñêàôàíäð â òðàïåöèåâèäíûé èìïóëüñ ïåðåãðóçêè
n, ïðåäñòàâëåííûé íà ðèñ. 3 â âåëè÷èíàõ óñêîðåíèÿ ñâîáîäíîãî ïàäåíèÿ.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ îáîëî÷êà ðàçáèâàëàñü íà 6 êîíå÷íûõ ýëåìåíòîâ ïî
òîëùèíå è 200 êîíå÷íûõ ýëåìåíòîâ ïî îáðàçóþùåé. Êàê ïîêàçàëè ïðåäâàðèòåëü-
íûå ðàñ÷åòû, äåôîðìèðîâàíèåì ñêàôàíäðà ìîæíî ïðåíåáðå÷ü. Â ñèëó ýòîãî ñêà-
ôàíäð ìîäåëèðîâàëñÿ ýêâèâàëåíòíûì ïî ãàáàðèòàì è ìàññå óïðóãèì ìàêåòîì, êî-
íå÷íî-ýëåìåíòíàÿ ñåòêà êîòîðîãî ïðåäñòàâëåíà íà ðèñ. 4.

Ðåçóëüòàòû ðàñ÷åòà ïðèâåäåíû íà ðèñ. 4−7. Íà ðèñ. 4 ïîêàçàíî èçìåíåíèå ôîð-
ìû îáîëî÷êè â ïðîöåññå äåôîðìèðîâàíèÿ. Íà ðèñ. 5 ñðàâíèâàþòñÿ ôîðìû îáîëî÷-
êè â îñòàòî÷íîì ïîëîæåíèè, ïîëó÷åííûå èç íàòóðíîãî ýêñïåðèìåíòà [25] è ÷èñëåí-
íîãî ðåøåíèÿ ñ ïðèìåíåíèåì ìîìåíòíîé ñõåìû ÌÊÝ (ñïëîøíàÿ ëèíèÿ − ýêñïåðè-
ìåíò, ïóíêòèðíàÿ ëèíèÿ − ðàñ÷åò). Íà ðèñ. 6, 7 ïðèâåäåíû ñîîòâåòñòâåííî ãðàôèêè
âðåìåííîé çàâèñèìîñòè îñàäêè îáîëî÷êè (èçìåíåíèÿ åå äèàìåòðà â âåðòèêàëüíîì
íàïðàâëåíèè) è òîëùèíû â ðÿäå òî÷åê íèæíåé ïîëîâèíû îáîëî÷êè, ðàñïîëîæåííûõ
ñ èíòåðâàëîì 30° îò ýêâàòîðà äî ïîëþñà. Íà ðèñóíêàõ ëèíèÿìè ïîêàçàíû ðåçóëüòà-
òû ðàñ÷åòà, êâàäðàòèêàìè − ýêñïåðèìåíòàëüíûå äàííûå.

Ïîä äåéñòâèåì èíåðöèîííîé íàãðóçêè è êîíòàêòà ñî ñêàôàíäðîì óïðóãîïëàñ-

0                      1                   2                    κ

σT /10, ÌÏà
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4

Ðèñ. 2. Çàâèñèìîñòü ïðåäåëà òåêó÷åñòè îò ïàðàìåòðà Îäêâèñòà
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Ðèñ. 3. Çàâèñèìîñòü èìïóëüñíîé ïåðåãðóçêè îò âðåìåíè
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òè÷åñêîå âûïó÷èâàíèå îáîëî÷êè ïðîäîëæàåòñÿ â òå÷åíèå 2,5 ìñ. Â ïîñëåäóþùåì
ñêîðîñòè ïåðåìåùåíèÿ îáîëî÷êè è ñêàôàíäðà âûðàâíèâàþòñÿ. Ïîñëå ðàçãðóçêè èç-
ìåíåíèå ôîðìû îáîëî÷êè ïðàêòè÷åñêè çàâåðøàåòñÿ.

Â ðåçóëüòàòå èíòåíñèâíîãî íàãðóæåíèÿ ìåíÿåòñÿ íå òîëüêî ôîðìà îáîëî÷êè, íî
è åå òîëùèíà (ñì. ðèñ. 4). Óâåëè÷åíèå òîëùèíû îáîëî÷êè âäîëü åå îáðàçóþùåé
ïðîèñõîäèò íåðàâíîìåðíî. Äî ïîòåðè óñòîé÷èâîñòè ìàêñèìàëüíûå äåôîðìàöèè
ðàçâèâàþòñÿ â íèæíåé ïîëóñôåðå îáîëî÷êè. Íà îñè âðàùåíèÿ òîëùèíà îáîëî÷êè
óâåëè÷èâàåòñÿ íà 76%. Ñ óäàëåíèåì îò íèæíåãî ïîëþñà òîëùèíà îáîëî÷êè óìåíü-
øàåòñÿ äî 36% íà ýêâàòîðå. Ðàñ÷åòíûå çíà÷åíèÿ èçìåíåíèÿ òîëùèí âäîëü îáðàçóþ-
ùåé õîðîøî ñîãëàñóþòñÿ ñ ýêñïåðèìåíòàëüíûìè äàííûìè (ñì. ðèñ. 7). Ïîñëå îáðà-
çîâàíèÿ ñêëàäêè ïðè t > 1 ìñ èçìåíåíèå òîëùèíû îáîëî÷êè ïðåêðàùàåòñÿ.

Âàðüèðîâàíèå êîýôôèöèåíòà òðåíèÿ ïðèâîäèò ê èçìåíåíèþ õàðàêòåðà ðàñïðå-
äåëåíèÿ óòîëùåíèÿ îáîëî÷êè ïî îáðàçóþùåé â ïðîöåññå äåôîðìèðîâàíèÿ. Ïðè çíà-
÷åíèè kξ ≤ 0,35 ýòî èçìåíåíèå ìàëî çàìåòíî. Ïðè äàëüíåéøåì óâåëè÷åíèè êîýôôè-
öèåíòà òðåíèÿ íàèáîëüøåå óòîëùåíèå îáîëî÷êè ïåðåìåùàåòñÿ â íàïðàâëåíèè ê ýê-
âàòîðó, ÷òî ïðîòèâîðå÷èò ýêñïåðèìåíòàëüíûì äàííûì.

Ïî ôîðìå ñêëàäêè è åå ðàñïîëîæåíèþ äàííûå ýêñïåðèìåíòà è ðàñ÷åòà õîðîøî

Ðèñ. 4. Äåôîðìèðîâàíèå ñôåðè÷åñêîé îáîëî÷êè
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ñîãëàñóþòñÿ äðóã ñ äðóãîì. Îòëè÷èå îñòàòî÷íîãî âåðòèêàëüíîãî ðàçìåðà îáîëî÷êè
(îñàäêè) â ðàñ÷åòå îò ýêñïåðèìåíòàëüíîãî çíà÷åíèÿ ñîñòàâëÿåò 3%.

Ïî ðàñ÷åòíûì äàííûì, ñêîðîñòü äåôîðìàöèè îáîëî÷êè èçìåíÿåòñÿ îò ìèíè-
ìàëüíîãî çíà÷åíèÿ 60 ñ−1 â âåðõíåì ïîëþñå îáîëî÷êè äî ìàêñèìàëüíîãî çíà÷åíèÿ â
ñêëàäêå 1200 ñ−1. Ïðèìåíåíèå ñòàòè÷åñêîé äèàãðàììû äåôîðìèðîâàíèÿ ñâèíöà [27]
íå ïîçâîëÿåò ïîëó÷èòü íå òîëüêî êîëè÷åñòâåííî, íî è êà÷åñòâåííî âåðíûå ðåçóëüòà-
òû ïðè áîëüøèõ ñêîðîñòÿõ äåôîðìàöèé. Òàê, íàïðèìåð, îñàäêà îáîëî÷êè â îñòàòî÷-
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Ðèñ. 7. Èçìåíåíèå òîëùèíû îáîëî÷êè â åå íèæíåé ïîëîâèíå:
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Ðèñ. 5. Îñòàòî÷íàÿ ôîðìà îáðàçóþùåé ñôåðè÷åñêîé îáîëî÷êè
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íîì ïîëîæåíèè â ýòîì ñëó÷àå ïðåâûøàåò ýêñïåðèìåíòàëüíîå çíà÷åíèå áîëåå ÷åì
â 2 ðàçà.

Â çîíå êîëüöåâîé ñêëàäêè ðåàëèçóåòñÿ ìîìåíòíîå íàïðÿæåííî-äåôîðìèðîâàí-
íîå ñîñòîÿíèå. Ïðîäîëüíûå äåôîðìàöèè çäåñü äîñòèãàþò 70%, äåôîðìàöèÿ ïîïå-
ðå÷íîãî ñäâèãà 5%, ìàêñèìàëüíûé ïîâîðîò êîíå÷íûõ ýëåìåíòîâ êàê æåñòêîãî öå-
ëîãî â îáëàñòè êîëüöåâîé ñêëàäêè ñîñòàâëÿåò ïðèìåðíî 120°. Â ýòèõ óñëîâèÿõ ïðè-
ìåíåíèå ïðîèçâîäíîé ßóìàííà îáåñïå÷èâàåò ïðèåìëåìóþ òî÷íîñòü ÷èñëåííîãî
ðåøåíèÿ çàäà÷è.

Çàêëþ÷åíèå

Ïðîâåäåí ÷èñëåííûé àíàëèç óïðóãîïëàñòè÷åñêîãî äåôîðìèðîâàíèÿ, ïîòåðè
óñòîé÷èâîñòè è çàêðèòè÷åñêîãî ïîâåäåíèÿ ñôåðè÷åñêîé îáîëî÷êè â ñêàôàíäðå ïðè
èìïóëüñíîì íàãðóæåíèè. Â ïðîöåññå âûïó÷èâàíèÿ ñâèíöîâîé îáîëî÷êè èìåþò ìåñ-
òî áîëüøèå äåôîðìàöèè è óãëû ïîâîðîòà ýëåìåíòîâ îáîëî÷êè êàê æåñòêîãî öåëîãî
è èçìåíåíèå òîëùèíû. Íà ôîðìîèçìåíåíèå è îñòàòî÷íóþ òîëùèíó îáîëî÷êè ñóùå-
ñòâåííî âëèÿþò çàâèñèìîñòü âÿçêîñòíûõ õàðàêòåðèñòèê ñâèíöà îò ñêîðîñòè äåôîð-
ìèðîâàíèÿ è âåëè÷èíà êîýôôèöèåíòà òðåíèÿ. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ïðîèç-
âîäíîé ßóìàííà ïðè ìàëûõ øàãàõ èíòåãðèðîâàíèÿ ïî âðåìåíè îáåñïå÷èâàåò äîñòà-
òî÷íóþ òî÷íîñòü ÷èñëåííîãî ðåøåíèÿ îñåñèììåòðè÷íîé çàäà÷è ïðè áîëüøèõ äå-
ôîðìàöèÿõ è óãëàõ ïîâîðîòà.
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FINITE-ELEMENT MODELING OF LARGE ELASTOPLASTIC DEFORMATIONS
OF A SPHERICAL SHELL IN A SCAPHANDER UNDER AN OVERLOAD PULSE

Bazhenov V.G.1, Demareva À.V.1, Baranova Ì.S.1, Kibets À.I.1,
Ryabov À.À.2, Romanov V.I.2

1Research Institute of Mechanics of State University of Nizhni Novgorod,
Nizhni Novgorod, Russian Federation

2Russian Federal Nuclear Center − All-Russian Research Institute of Experimental Physics,
Sarov, Russian Federation

An axisymmetric problem of large deformations of a led spherical shell, placed in an aluminum
scaphander, under an overload pulse is considered. The deformation of the shell is described in
terms of mechanics of elasto-viscoplastic media in Lagrange variables. Kinematic relations are
determined in the metrics of the current state. Equations of state are taken in the form of the flow
theory with isotropic hardening. Contact interactions of the shell and the scaphanser are modeled
by non-pemetration conditions, accounting for friction. The numerical analysis of the problem for
given boundary and initial conditions is based on the moment FEM scheme and the cross-type
explicit time integration scheme. Spacial variable discretization is done using 4-node isoparametric
finite elements with bilinear form functions. The modeling results schow that in the process of
loading the spherical shell undergoes considerable local changes of form characterized by large
displacements and rotation angles of the elements as a rigid whole body. The computational results
on the residual form show good agreement with the experimental data.

Keywords: spherical shell, scaphander, contact, friction, plastic deformations, buckling, explosion
loading.


