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Ïðîâåäåí ÷èñëåííûé àíàëèç äèíàìè÷åñêîãî äåôîðìèðîâàíèÿ ýëåâàòîðà
ìåõàíèçìà âíóòðèðåàêòîðíîé ïåðåãðóçêè òîïëèâíûõ ñáîðîê ðåàêòîðîâ íà áû-
ñòðûõ íåéòðîíàõ ïðè íåøòàòíîì ñõîäå êàðåòêè ñ òåïëîâûäåëÿþùèìè ñáîðêà-
ìè ïî íàïðàâëÿþùåé è óäàðíîì âçàèìîäåéñòâèè åå ñ ïðåãðàäîé. Àêòóàëüíîñòü
ðàáîòû îïðåäåëÿåòñÿ èìåâøèìè ìåñòî ïîäîáíûìè ñîáûòèÿìè.

×èñëåííîìó àíàëèçó ïðåäøåñòâîâàëè ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñ-
êèå èññëåäîâàíèÿ ïðîöåññîâ äåôîðìèðîâàíèÿ è ðàçðóøåíèÿ ìàòåðèàëà, èç
êîòîðîãî èçãîòîâëåíû ýëåìåíòû ýëåâàòîðà (ñòàëü 10Õ18Í9), â øèðîêîì äèà-
ïàçîíå èçìåíåíèÿ ñêîðîñòåé äåôîðìàöèé è òåìïåðàòóð. Ïîëó÷åííûå ýêñïåðè-
ìåíòàëüíûå äàííûå èñïîëüçîâàëèñü äëÿ ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè
ïîâåäåíèÿ ìàòåðèàëà. Ìàòåìàòè÷åñêàÿ ìîäåëü âåðèôèöèðîâàëàñü íà ðÿäå ýêñ-
ïåðèìåíòîâ.

Ðàñ÷åòíûé àíàëèç âûïîëíåí ñ èñïîëüçîâàíèåì ìîäóëÿ äèíàìè÷åñêèõ ðàñ-
÷åòîâ LS-DYNA àòòåñòîâàííîãî ÏÊ ANSYS. Ìîäóëü LS-DYNA ïðåäíàçíà÷åí
äëÿ ðàñ÷åòíîãî àíàëèçà ñèëüíî íåëèíåéíûõ äèíàìè÷åñêèõ ïðîöåññîâ ïî ÿâ-
íîé ñõåìå èíòåãðèðîâàíèÿ óðàâíåíèé äèíàìèêè.

Ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ ïîäòâåðæäàþò âûïîëíåíèå óñëî-
âèé äèíàìè÷åñêîé ïðî÷íîñòè ýëåìåíòîâ ýëåâàòîðà è ñîõðàííîñòü íàõîäÿùåé-
ñÿ â íåé òåïëîâûäåëÿþùåé ñáîðêè.
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ïðî÷íîñòü, ìîäåëèðîâàíèå, ðåàêòîð, òåïëîâûäåëÿþùàÿ ñáîðêà, ýëåâàòîð, àâà-
ðèéíàÿ ñèòóàöèÿ.
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Ââåäåíèå

Âàæíûì àñïåêòîì îáåñïå÷åíèÿ áåçîïàñíîñòè ðåàêòîðîâ íà áûñòðûõ íåéòðîíàõ
ÿâëÿåòñÿ îáîñíîâàíèå äèíàìè÷åñêîé ïðî÷íîñòè ýëåìåíòîâ ìåõàíèçìà âíóòðèðåàê-
òîðíîé ïåðåãðóçêè ïðèìåíèòåëüíî ê ïîñòóëèðóåìûì àâàðèÿì, ñâÿçàííûì ñ ïàäåíè-
åì êàðåòêè ýëåâàòîðà [1−9].

Äëÿ âíóòðèðåàêòîðíîé òðàíñïîðòèðîâêè ðàäèîàêòèâíûõ ìàòåðèàëîâ â ðåàêòî-
ðàõ íà áûñòðûõ íåéòðîíàõ (ÁÍ) ïðèìåíÿþò ñïåöèàëüíî ðàçðàáîòàííûå äëÿ ýòîãî
ýëåâàòîðû. Ýëåâàòîð ïðåäíàçíà÷åí äëÿ ïåðåìåùåíèÿ ñáîðîê àêòèâíîé çîíû ïðè ïå-
ðåãðóçêå ðåàêòîðà îò àêòèâíîé çîíû äî êàíàëîâ ïåðåãðóçî÷íîé ìàøèíû è îáðàòíî.
Â ñîñòàâ ýëåâàòîðà âõîäÿò: ïðèâîä ýëåâàòîðà, ïðîáêà, êàðåòêà, ãèëüçà, íàïðàâëÿþ-
ùàÿ, øòàíãà, öåïü, òðóáû äëÿ ïåðåìåùåíèÿ öåïè è øòàíãè (ðèñ. 1).

Âíóòðèðåàêòîðíîå ïåðåãðóçî÷íîå îáîðóäîâàíèå âõîäèò â ñîñòàâ ïåðâîãî êîíòó-
ðà. Ïîñëå îêîí÷àíèÿ ïåðåãðóçêè îíî èç ðåàêòîðà íå èçâëåêàåòñÿ è ïðè ðàáîòå ðåàê-
òîðà ïîäâåðãàåòñÿ îáëó÷åíèþ âûñîêèìè ïîòîêàìè íåéòðîíîâ è ãàììà-÷àñòèö. Òà-
êèå æåñòêèå óñëîâèÿ ðàáîòû è íåâîçìîæíîñòü âèçóàëüíîãî êîíòðîëÿ íàä ïðîöåñ-
ñîì ïåðåãðóçêè ïðåäúÿâëÿþò âûñîêèå òðåáîâàíèÿ ê íàäåæíîñòè êîíñòðóêöèè.

Ýëåâàòîð äîëæåí îòâå÷àòü òðåáîâàíèÿì äèíàìè÷åñêîé ïðî÷íîñòè â óñëîâèÿõ
âîçäåéñòâèÿ óäàðíûõ íàãðóçîê, îáëàäàòü îïðåäåëåííûìè äåìïôèðóþùèìè êà÷åñòâà-
ìè, ïîçâîëÿþùèìè ñíèæàòü äèíàìè÷åñêèå ïåðåãðóçêè. Ïðè ýòîì êîíñòðóêöèÿ ýëå-
âàòîðà äîëæíà èñêëþ÷àòü âîçìîæíîñòü âûïàäåíèÿ èç íåãî òåïëîâûäåëÿþùåé ñáîð-
êè (ÒÂÑ), à òàêæå ëþáûå íàðóøåíèÿ â åå öåëîñòíîñòè (ãåðìåòè÷íîñòè).

Ïîñòàíîâêà ïðåäñòàâèòåëüíûõ íàòóðíûõ èñïûòàíèé ýëåâàòîðîâ ñ ÒÂÑ ïðè äè-
íàìè÷åñêèõ âîçäåéñòâèÿõ çàòðóäíåíà â ñèëó èõ çíà÷èòåëüíîé ñòîèìîñòè. Â ïîäîá-
íûõ îáñòîÿòåëüñòâàõ îñîáóþ çíà÷èìîñòü ïðèîáðåòàåò âîçìîæíîñòü îòðàáîòêè êîí-
ñòðóêöèè íà ñòàäèè ïðîåêòèðîâàíèÿ ïóòåì âûïîëíåíèÿ ðàñ÷åòíûõ èññëåäîâàíèé
[4, 5].

Ðèñ. 1. Îáùèé âèä ýëåâàòîðà
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Â íàñòîÿùåé ñòàòüå äëÿ êîíñòðóêöèè ýëåâàòîðà ìåõàíèçìà âíóòðèðåàêòîðíîé
ïåðåãðóçêè òîïëèâíûõ ñáîðîê ðåàêòîðîâ òèïà ÁÍ èññëåäóåòñÿ ñëó÷àé íåøòàòíîãî
ñõîäà êàðåòêè ñ ÒÂÑ ïî íàïðàâëÿþùåé, ïðèâîäÿùèé ê âçàèìîäåéñòâèþ êàðåòêè ñ
íåéòðîííîé ïîäïîðêîé. Ðàññìàòðèâàåòñÿ ñîóäàðåíèå êàðåòêè ýëåâàòîðà ñ æåñòêèì
îñíîâàíèåì ñî ñêîðîñòüþ v = 7 ì/ñ, ÷òî ñîîòâåòñòâóåò ñëó÷àþ ñõîäà êàðåòêè ïî
íàïðàâëÿþùåé ñ âûñîòû íå áîëåå 5,355 ì.

Ðàñ÷åòíûé àíàëèç àâàðèè, ñâÿçàííîé ñ ïàäåíèåì, âûïîëíåí ñ ïîìîùüþ ïðî-
ãðàììíîãî êîìïëåêñà ANSYS/LS-DYNA [10−12].

Ýêñïåðèìåíòàëüíîå îáåñïå÷åíèå ïðîâåäåíèÿ ðàñ÷åòîâ

Ñòåïåíü äîñòîâåðíîñòè ðåçóëüòàòîâ ÷èñëåííîãî ìîäåëèðîâàíèÿ ïðîöåññà äå-
ôîðìèðîâàíèÿ ïðè ñîóäàðåíèè âî ìíîãîì îïðåäåëÿåòñÿ êà÷åñòâîì ìàòåìàòè÷åñêèõ
ìîäåëåé, àäåêâàòíî îïèñûâàþùèõ âëèÿíèå óñëîâèé íàãðóæåíèÿ (ñêîðîñòü äåôîð-
ìàöèè è òåìïåðàòóðà) íà äèàãðàììû äåôîðìèðîâàíèÿ êîíñòðóêöèîííûõ ìàòåðèà-
ëîâ. Â êà÷åñòâå êîíñòðóêöèîííîãî ìàòåðèàëà ýëåìåíòîâ êàðåòêè ýëåâàòîðà è äåìï-
ôåðà èñïîëüçóåòñÿ êîððîçèîííîñòîéêàÿ ñòàëü àóñòåíèòíîãî êëàññà 10Õ18Í9. Â ðàñ-
÷åòå èñïîëüçîâàíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ñòàëè 10Õ18Í9
ïðè ðàñòÿæåíèè è ñæàòèè ïðè ðàçëè÷íûõ ñêîðîñòÿõ äåôîðìàöèè è òåìïåðàòóðàõ
[9]. Ñêîðîñòè äåôîðìàöèè âàðüèðîâàëèñü îò 0,001 äî 1500 ñ−1, òåìïåðàòóðû − îò 20
äî 350 °Ñ.

Äëÿ îïðåäåëåíèÿ õàðàêòåðèñòèê èññëåäóåìîé ñòàëè ïðè äèíàìè÷åñêîì íàãðó-
æåíèè èñïîëüçîâàëñÿ ìåòîä Êîëüñêîãî è åãî ìîäèôèêàöèè (â òîì ÷èñëå ñõåìà Íèêî-
ëàñà äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ íà äèíàìè÷åñêîå ðàñòÿæåíèå). Â [13] ïîêàçàíî,
÷òî ïîãðåøíîñòü ìåòîäà Êîëüñêîãî â îïðåäåëåíèè íàïðÿæåíèÿ íå ïðåâûøàåò 7%, à
äåôîðìàöèè îáðàçöà íå ïðåâûøàåò 6%.

Èññëåäîâàííûé ìàòåðèàë (ñòàëü 10Õ18Í9) ïîêàçàë ïîëîæèòåëüíóþ ÷óâñòâè-
òåëüíîñòü ïðåäåëà òåêó÷åñòè ê ðîñòó ñêîðîñòè äåôîðìàöèè è îòðèöàòåëüíóþ ÷óâñò-
âèòåëüíîñòü ê ïîâûøåíèþ òåìïåðàòóðû. Äèíàìè÷åñêàÿ äèàãðàììà äåôîðìèðîâà-
íèÿ (~1000 ñ−1) îêàçàëàñü íà 8% âûøå ñòàòè÷åñêîé êðèâîé (ïî ïðåäåëó òåêó÷åñòè).

Ïî ðåçóëüòàòàì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äåôîðìèðîâàíèÿ ñòàëè
10Õ18Í9 ïðè ñòàòè÷åñêîì è äèíàìè÷åñêîì íàãðóæåíèÿõ áûëè îïðåäåëåíû ïàðà-
ìåòðû íåñêîëüêèõ ìîäèôèêàöèé ìîäåëè Äæîíñîíà − Êóêà èç áèáëèîòåêè LS-DYNA
[14−17]. Âëèÿíèå ñêîðîñòè äåôîðìàöèè íàèëó÷øèì îáðàçîì îïèñûâàåòñÿ óðàâíå-
íèåì â ôîðìå Êóïåðà − Ñàéìîíäñà [17]. Èñïîëüçóåìàÿ ìîäåëü îïðåäåëÿåò ðàäèóñ
ïîâåðõíîñòè òåêó÷åñòè êàê ôóíêöèþ äåôîðìàöèè, ñêîðîñòè äåôîðìàöèè è òåìïå-
ðàòóðû è èìååò ñëåäóþùèé âèä:
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n, C, p, m − ïîñòîÿííûå ìàòåðèàëà.

Ïàðàìåòðû ìîäåëè îïðåäåëÿëèñü â õîäå ðåøåíèÿ îïòèìèçàöèîííîé çàäà÷è [18].
Íà ðèñ. 2 ïðèâåäåíû êðèâûå äåôîðìèðîâàíèÿ, ðàññ÷èòàííûå â ñîîòâåòñòâèè ñ ýòîé ìî-
äåëüþ (ñïëîøíûå ëèíèè), à òàêæå ýêñïåðèìåíòàëüíûå äèàãðàììû äåôîðìèðîâàíèÿ
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(ìàðêåðû), ïîëó÷åííûå ïðè ðàçíûõ óñëîâèÿõ íàãðóæåíèÿ. Íà ðèñóíêå îáîçíà÷åíî:
1 − 0,001 ñ−1, 20 °C; 2 − ~1000 ñ−1, 20 °C; 3 − ~1000 ñ−1, 150 °C; 4 − ~1000 ñ−1, 350 °C.

Äëÿ âåðèôèêàöèè ìîäåëè äåôîðìèðîâàíèÿ èñïîëüçîâàëèñü ýêñïåðèìåíòû íà
âûñîêîñêîðîñòíîå âíåäðåíèå èíäåíòîðîâ ñî ñôåðè÷åñêîé è êîíè÷åñêîé ãîëîâíûìè
÷àñòÿìè â îáðàçöû èç èññëåäóåìîãî ìàòåðèàëà [18, 19], à òàêæå ýêñïåðèìåíòû íà
âûñîêîñêîðîñòíîå ñæàòèå îáðàçöîâ â íàïðàâëåíèè äèàìåòðà [20].

Ðåçóëüòàòû ñðàâíåíèÿ îòïå÷àòêîâ èíäåíòîðîâ è ôîðì îáðàçöîâ-òàáëåòîê, ïîëó-
÷åííûõ â íàòóðíîì è ÷èñëåííîì ýêñïåðèìåíòàõ, ïðèâîäÿòñÿ íà ðèñ. 3. Îòíîñèòåëü-
íàÿ ïîãðåøíîñòü ðàñ÷åòíîãî ïðåäñêàçàíèÿ äèàìåòðà îòïå÷àòêà â ñëó÷àå èñïîëüçî-
âàíèÿ êîíè÷åñêîãî èíäåíòîðà ñîñòàâèëà 2,0%, äëÿ ñôåðè÷åñêîãî èíäåíòîðà 0,4%, â
ñëó÷àå ñ äèàãîíàëüíûì ñæàòèåì îáðàçöîâ îòíîñèòåëüíàÿ ïîãðåøíîñòü íå ïðåâûñè-
ëà 9%.

Êðîìå òîãî, äëÿ îöåíêè òî÷íîñòè ÷èñëåííîãî ìîäåëèðîâàíèÿ â óñëîâèÿõ àíàëè-
çà ðåàëüíîé êîíñòðóêöèè ðåøåíà çàäà÷à óäàðà ïîðøíÿ ïî äåìïôåðó (ðèñ. 4), èñ-
ïîëüçóåìîìó â ïðåäîõðàíèòåëüíîì óñòðîéñòâå DN150. Óäàð ðåàëèçóåòñÿ ïðè àâà-
ðèéíîì ñðàáàòûâàíèè ïðåäîõðàíèòåëüíîãî óñòðîéñòâà â ñîñòàâå òðóáîïðîâîäà 1-ãî
êîíòóðà. Äåìïôåð èçãîòîâëåí èç ñâèíöà ìàññîé 0,56 êã è ìåõàíè÷åñêèìè õàðàêòå-
ðèñòèêàìè: ìîäóëü óïðóãîñòè E = 0,15⋅1011 Ïà; êîýôôèöèåíò Ïóàññîíà μ = 0,24;

Ðèñ. 3. Ñðàâíåíèå õàðàêòåðíûõ ðàçìåðîâ îáðàçöà ïîñëå íàãðóæåíèÿ
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ïëîòíîñòü ρ = 11340 êã/ì3, ïðåäåë òåêó÷åñòè 112,0 =T
pR ÌÏà, òàíãåíöèàëüíûé êî-

ýôôèöèåíò ETAN = 108 Ïà. Ïîðøåíü èçãîòîâëåí èç ñòàëè 08Õ18Í10Ò ìàññîé 6,4 êã,
èìååò ñëåäóþùèå ìåõàíè÷åñêèå õàðàêòåðèñòèêè: ìîäóëü óïðóãîñòè E = 2,0⋅1011 Ïà;
êîýôôèöèåíò Ïóàññîíà μ = 0,3; ïëîòíîñòü ρ = 7850 êã/ì3; ïðåäåë òåêó÷åñòè 

T
pR 2,0 =

= 196 ÌÏà; òàíãåíöèàëüíûé êîýôôèöèåíò ETAN = 109 Ïà. Ïîâåðõíîñòü îïèðàíèÿ
äåìïôåðà íåïîäâèæíà è èçãîòîâëåíà èç òîãî æå ìàòåðèàëà, ÷òî è ïîðøåíü. Ñêî-
ðîñòü ïîðøíÿ íà ìîìåíò ñîóäàðåíèÿ ñ äåìïôåðîì 13,2 ì/ñ. Â ñèëó íàëè÷èÿ öèêëè-
÷åñêîé ñèììåòðèè çàäà÷à ðåøàëàñü äëÿ ÷àñòè ïîðøíÿ (ñì. ðèñ. 4).

Íà ðèñ. 5 ïîêàçàíî ñðàâíåíèå ôîðìû äåìïôåðà, ïîëó÷åííîé â ýêñïåðèìåíòå, ñ
ðàñ÷åòíîé ôîðìîé.

Ñðàâíåíèå ðåçóëüòàòîâ ÷èñëåííûõ è ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïîçâî-
ëèëî ñäåëàòü âûâîä î äîñòàòî÷íîé äîñòîâåðíîñòè è òî÷íîñòè ïîñòðîåííîé ìàòåìà-
òè÷åñêîé ìîäåëè ïîâåäåíèÿ ñòàëè 10Õ18Í9 ïðè ðåøåíèè çàäà÷ äèíàìè÷åñêîãî äå-
ôîðìèðîâàíèÿ (òàáëèöà 1).

Òàáëèöà 1
Ïàðàìåòð Ýêñïåðèìåíò Ðàñ÷åò Ðàñõîæäåíèå

Øèðèíà çóáöà äåìïôåðà, ìì 25,56 25,12 1,8%
Âûñîòà çóáöà äåìïôåðà, ìì 11,50 11,43 0,6%
Âûñîòà äåìïôåðà, ìì 18,11 17,81 1,7%

Ðèñ. 5. Ñðàâíåíèå îñòàòî÷íîé ôîðìû äåìïôåðà,
ïîëó÷åííîé â ýêñïåðèìåíòå (ñëåâà), ñ ðàñ÷åòíîé ôîðìîé (ñïðàâà)

Ðèñ. 4. Äåìïôåð è êîíå÷íî-ýëåìåíòíàÿ ìîäåëü

h=18

l=25

À

v

À − À À
x = 21 ì
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Ìîäåëü ýëåâàòîðà è ðåçóëüòàòû ìîäåëèðîâàíèÿ

Èñõîäÿ èç îñîáåííîñòåé êîíñòðóêöèè è óñëîâèé íàãðóæåíèÿ, áûëà ðàçðàáîòàíà
ðàñ÷åòíàÿ ìîäåëü ýëåâàòîðà (ðèñ. 6).

Ðàñ÷åòíóþ ìîäåëü ýëåâàòîðà õàðàêòåðèçóþò ñëåäóþùèå ïàðàìåòðû:
− âåñîâûå íàãðóçêè, äåéñòâóþùèå íà ýëåìåíòû ýëåâàòîðà;
− íà÷àëüíàÿ ñêîðîñòü, ñ êîòîðîé äâèæóòñÿ ýëåìåíòû ýëåâàòîðà, v = 7 ì/ñ;
− êîíòàêòíîå âçàèìîäåéñòâèå ÷àñòåé ýëåâàòîðà ñ òðåíèåì.
Êîíå÷íî-ýëåìåíòíàÿ ìîäåëü ñîçäàíà â ANSYS/LS DYNA ñ èñïîëüçîâàíèåì âîñü-

ìèóçëîâûõ 3D-ýëåìåíòîâ SOLID 164. Êîëè÷åñòâî ýëåìåíòîâ 180000.

Ïðåäâàðèòåëüíûé ðàñ÷åòíûé àíàëèç êîíñòðóêöèè ïîêàçàë, ÷òî íàèáîëåå íàãðó-
æåííûìè ýëåìåíòàìè ýëåâàòîðà ÿâëÿþòñÿ äåìïôåð, êðîíøòåéí äëÿ øòàíãè è êðîí-
øòåéí äëÿ ãèëüçû.

Ïðîöåññ ñõîäà êàðåòêè ìîæíî óñëîâíî ðàçäåëèòü íà äâà ýòàïà:
à) íà ïåðâîì ýòàïå ïðîèñõîäèò ñîóäàðåíèå äåìïôåðà êàðåòêè ñ íåéòðîííîé ïîä-

ïîðêîé;
á) íà âòîðîì ýòàïå ïðîèñõîäèò îòñêîê êàðåòêè, ñîïðîâîæäàþùèéñÿ êîëåáàíèÿ-

ìè ãèëüçû ñ íàõîäÿùåéñÿ â íåé ÒÂÑ.
Íà ïåðâîì ýòàïå çà ñ÷åò óïðóãîïëàñòè÷åñêîãî äåôîðìèðîâàíèÿ äåìïôåðà ïðî-

èñõîäèò ãàøåíèå êèíåòè÷åñêîé ýíåðãèè êàðåòêè, ïðè ýòîì â äåìïôåðå èìåþò ìåñòî
ìàêñèìàëüíûå óñêîðåíèÿ, íàïðÿæåíèÿ è äåôîðìàöèè. Â ïðîöåññå ñîóäàðåíèÿ äåìï-
ôåðà êàðåòêè ñ íåéòðîííîé ïîäïîðêîé ïðîèñõîäèò ãàøåíèå çíà÷èòåëüíîé ÷àñòè
êèíåòè÷åñêîé ýíåðãèè, íî ÷àñòü åå ïåðåäàåòñÿ íà ãèëüçó ñ íàõîäÿùåéñÿ â íåé ÒÂÑ.

Íà âòîðîì ýòàïå ïðîèñõîäèò îòñêîê êàðåòêè è êîëåáàíèå ãèëüçû ñ íàõîäÿùåéñÿ
â íåé ÒÂÑ, êîòîðàÿ ñîâåðøàåò õàîòè÷íûå êîëåáàòåëüíûå äâèæåíèÿ (áèåíèå) â ïðå-
äåëàõ êîëüöåâîãî çàçîðà, è ïîñòóïàòåëüíîå äâèæåíèå âäîëü ãèëüçû ïîñëå îòñêîêà
îò äíà.

Êàðòèíà íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïîäâèæíîé ÷àñòè ýëåâàòîðà
ïîñëå ñîóäàðåíèÿ äåìïôåðà êàðåòêè î íåéòðîííóþ ïîäïîðêó ïîêàçàíà íà ðèñ. 7.

Ðèñ. 6. Îáùèé âèä ðàñ÷åòíîé ìîäåëè (ñëåâà) è êîíå÷íî-ýëåìåíòíàÿ ìîäåëü (ñïðàâà)

Îòðàáîòàâøàÿ ÒÂÑ Äåìïôåð Íåéòðîííàÿ ïîäïîðêà
Êàðåòêà

Íàïðàâëÿþùèå
Øòàíãà
Êðîíøòåéí äëÿ øòàíãè

Êðîíøòåéí äëÿ ãèëüçû

Ãèëüçà

Äíî ãèëüçû

g = 9,81 ì/ñ2

XY

Z

v = 7 ì/ñ
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Â êà÷åñòâå îñíîâíîãî êðèòåðèÿ ñîñòîÿíèÿ ýëåâàòîðà è åãî ýëåìåíòîâ ïðèíèìà-
ëàñü îòíîñèòåëüíàÿ äåôîðìàöèÿ. Óñëîâèå äèíàìè÷åñêîé ïðî÷íîñòè îïðåäåëÿëîñü
ñîîòíîøåíèåì:

],[ε≤ε
ãäå ε − îòíîñèòåëüíàÿ äèíàìè÷åñêàÿ äåôîðìàöèÿ, ïîëó÷åííàÿ â ðåçóëüòàòå ðàñ÷åòà;
[ε] = 59% − äîïóñêàåìàÿ îòíîñèòåëüíàÿ äåôîðìàöèÿ, îïðåäåëÿëàåìàÿ ïî ðåçóëüòà-
òàì ýêñïåðèìåíòîâ íà ðàñòÿæåíèå ïî ôîðìóëå: [ε] = ln (100/(100 − ψ)),   ψ − îòíî-
ñèòåëüíîå ñóæåíèå ïîñëå ðàçðûâà.

Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ
ïîäâèæíîé ÷àñòè ýëåâàòîðà óñòàíîâëåíî, ÷òî äåìïôåð ïðàêòè÷åñêè ïîëíîñòüþ ãà-
ñèò êèíåòè÷åñêóþ ýíåðãèþ êàðåòêè ïðè åå ñõîäå ïî íàïðàâëÿþùåé. Ïðè ýòîì íàè-
áîëüøàÿ âåëè÷èíà îòíîñèòåëüíîé ïëàñòè÷åñêîé äåôîðìàöèè ε â äåìïôåðå äîñòè-
ãàåò çíà÷åíèÿ 58%, à óìåíüøåíèå åãî âûñîòû ñîñòàâëÿåò 18 ìì. Êðîìå äåìïôåðà,
íàèáîëåå íàãðóæåííûìè ýëåìåíòàìè ýëåâàòîðà ÿâëÿþòñÿ êðîíøòåéí êðåïëåíèÿ øòàí-
ãè (ïëàñòè÷åñêèå äåôîðìàöèè ε = 35%), êðîíøòåéí êðåïëåíèÿ ãèëüçû (ε = 13%) è
äîíûøêî ãèëüçû â ìåñòå êîíòàêòà ñ ÒÂÑ (ε = 26%). Âî âñåõ ðàññìîòðåííûõ ñëó÷àÿõ
óñëîâèå äèíàìè÷åñêîé ïðî÷íîñòè êîíñòðóêöèè âûïîëíÿåòñÿ, ïîñêîëüêó äåéñòâóþ-
ùèå äåôîðìàöèè íå ïðåâûøàþò äîïóñòèìûõ. Ïðè ýòîì çîíû ïëàñòè÷åñêîãî äåôîð-
ìèðîâàíèÿ â ýëåìåíòàõ ýëåâàòîðà èìåþò ÿâíî âûðàæåííûé ëîêàëüíûé õàðàêòåð.
Ñëåäóåò îòìåòèòü, ÷òî â çîíå êîíòàêòà ÒÂÑ ñ äíîì ãèëüçû âîçíèêàåò ëîêàëüíàÿ
ïëàñòè÷åñêàÿ äåôîðìàöèÿ, êîòîðàÿ íå ïðèâîäèò ê ðàçðóøåíèþ ãèëüçû è âûïàäåíèþ
ÒÂÑ. Âûñîòà îòñêîêà ÒÂÑ (ïðè åå äëèíå 3,5 ì) îò äíà ãèëüçû íå ïðåâûøàåò 120 ìì.

Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæäàþò âûïîëíåíèå óñëîâèé äèíàìè÷åñêîé ïðî÷-
íîñòè ýëåìåíòîâ ýëåâàòîðà è ñîõðàííîñòü íàõîäÿùåéñÿ â íåé ÒÂÑ.

Çàêëþ÷åíèå

Ïðîáëåìà îáåñïå÷åíèÿ ïðî÷íîñòè è öåëîñòíîñòè îáîðóäîâàíèÿ ÿäåðíûõ ýíåð-
ãåòè÷åñêèõ óñòàíîâîê ïðè äèíàìè÷åñêèõ âîçäåéñòâèÿõ ïðè îáîñíîâàíèè áåçîïàñ-

Ðèñ. 7. Ðàñïðåäåëåíèå èíòåíñèâíîñòè íàïðÿæåíèé (ñëåâà, Ïà)
è ïëàñòè÷åñêîé äåôîðìàöèè (ñïðàâà) â ðàñ÷åòíîé ìîäåëè

3,449⋅108

2,759⋅108

2,070⋅108

1,380⋅108

6,907⋅107

1,179⋅105

3,104⋅108

2,414⋅108

1,725⋅108

1,035⋅108

3,459⋅107

5,819⋅10−1

5,237⋅10−1

4,655⋅10−1

4,074⋅10−1

3,492⋅10−1

2,910⋅10−1

2,328⋅10−1

1,746⋅10−1

1,164⋅10−1

5,819⋅10−2

0
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íîñòè ÿâëÿåòñÿ âåñüìà àêòóàëüíîé. Ðåàëèçîâàííûé â ðàáîòå êîìïëåêñíûé ïîäõîä ê
âûïîëíåíèþ ðàñ÷åòíîãî àíàëèçà àâàðèéíûõ ñèòóàöèé, ñâÿçàííûõ ñ ïàäåíèåì îáî-
ðóäîâàíèÿ,  âêëþ÷àåò â ñåáÿ:

− îïðåäåëåíèå ðåàëüíûõ ñöåíàðèåâ ïîñòóëèðóåìûõ àâàðèé íà îñíîâàíèè àíà-
ëèçà êîíñòðóêöèè òðàíñïîðòíî-òåõíîëîãè÷åñêîãî òðàêòà;

− ïîñòðîåíèå ðàñ÷åòíûõ ìîäåëåé èññëåäóåìûõ êîíñòðóêöèé, îòðàæàþùèõ ðå-
àëüíûå æåñòêîñòíûå è âåñîâûå õàðàêòåðèñòèêè, îáåñïå÷èâàþùèõ ïîëó÷åíèå äîñòî-
âåðíûõ ðåçóëüòàòîâ;

− èñïîëüçîâàíèå ñîâðåìåííûõ âûñîêîïðîèçâîäèòåëüíûõ àòòåñòîâàííûõ êîíå÷-
íî-ýëåìåíòíûõ âû÷èñëèòåëüíûõ êîìïëåêñîâ ðàñ÷åòà íàïðÿæåííî-äåôîðìèðîâàí-
íîãî ñîñòîÿíèÿ è ïðî÷íîñòè êîíñòðóêöèé îáúåêòîâ èñïîëüçîâàíèÿ àòîìíîé ýíåð-
ãèè (ÎÈÀÝ), ïîçâîëÿþùèõ ó÷èòûâàòü èíòåíñèâíûå âîçäåéñòâèÿ óäàðíîãî õàðàê-
òåðà;

− âûïîëíåíèå íîðìàòèâíûõ òðåáîâàíèé áåçîïàñíîñòè, ïðåäúÿâëÿåìûõ ê ÎÈÀÝ,
ñîäåðæàùèõ ðàäèîàêòèâíûå ìàòåðèàëû, ïðèìåíèòåëüíî ê ñëó÷àÿì ïîñòóëèðîâàíèÿ
èõ àâàðèéíûõ ïàäåíèé.

Èñïîëüçîâàíèå òàêîãî ïîäõîäà ïîçâîëÿåò ðåøàòü öåëûé êëàññ çàäà÷, ñâÿçàííûõ
ñ ïàäåíèåì îáîðóäîâàíèÿ è îáîñíîâàíèåì äèíàìè÷åñêîé ïðî÷íîñòè ðàçëè÷íûõ êîí-
ñòðóêöèé ÎÈÀÝ, è íà ýòîé îñíîâå èçáåæàòü äîðîãîñòîÿùèõ íàòóðíûõ èñïûòàíèé,
÷òî ñïîñîáñòâóåò ïîâûøåíèþ êîíêóðåíòîñïîñîáíîñòè èçäåëèé çà ñ÷åò ñíèæåíèÿ
èõ ñåáåñòîèìîñòè.

Ñïèñîê ëèòåðàòóðû

1. ÍÏ-061-05. Ïðàâèëà áåçîïàñíîñòè ïðè õðàíåíèè è òðàíñïîðòèðîâàíèè ÿäåðíîãî òîï-
ëèâà íà îáúåêòàõ èñïîëüçîâàíèÿ àòîìíîé ýíåðãèè. Ì., 2005. 10 ñ.

2. Áàæåíîâ Â.Ã., Êàéäàëîâ Â.Á., Êèáåö À.È., Ëàïøèí Ä.À., Ôðîëîâà È.À. Êîíå÷íî-ýëå-
ìåíòíîå ðåøåíèå çàäà÷è äåôîðìèðîâàíèÿ âíóòðèîáúåêòîâûõ òðàíñïîðòíûõ êîíòåéíåðîâ
ðåàêòîðîâ òèïà ÁÍ ïðè àâàðèéíîì ïàäåíèè. Ïðîáëåìû ïðî÷íîñòè è ïëàñòè÷íîñòè. 2015.
Ò. 77. ¹3. Ñ. 266−273.

3. Âèëåíñêèé Î.Þ., Êîíñòàíòèíîâ À.Þ., Ëàïøèí Ä.À., Ìàëûãèí Ì.Ã., Ïðèñòðîì Ñ.À.
Ðàñ÷åòíûé àíàëèç ïðî÷íîñòè êàòêîâûõ îïîð ïðè ïàäåíèè áàëêè ïåðåêðûòèÿ íà êîðïóñ ðåàê-
òîðà ÁÍ-600. Ïðîáëåìû ïðî÷íîñòè è ïëàñòè÷íîñòè. 2016. Ò. 78. ¹4. Ñ. 359−367.

4. Òèìîôååâ À.Â., Êàéäàëîâ Â.Á., Ëàïøèí Ä.À., Ìàëûãèí Ì.Ã. Ïðèìåíåíèå ðàñ÷åòíîãî
êîìïëåêñà ANSYS\LS DYNA â àíàëèçå àâàðèé, ñâÿçàííûõ ñ ïàäåíèåì îáîðóäîâàíèÿ ßÝÓ.
Òåõíè÷åñêèå íàóêè: Ñá. òåç. äîêë. XIV Íèæåãîðîäñêîé ñåññèè ìîëîäûõ ó÷åíûõ. 15−19 ôåâð.
2009 ã. Í. Íîâãîðîä: Íèæåãîðîäñêèé ÍÈÖ, 2009. Ñ. 86.

5. Êàéäàëîâ Â.Á., Ëàïøèí Ä.À., Ìàëûãèí Ì.Ã. Ìîäåëèðîâàíèå óäàðíûõ ïðîöåññîâ
ïðè ïðîåêòèðîâàíèè îáîðóäîâàíèÿ îáðàùåíèÿ ñ òîïëèâîì ðåàêòîðíûõ óñòàíîâîê òè-
ïà ÁÍ. Ìîëîäåæü â íàóêå: Àííîò. äîêë. VIII íàó÷íî-òåõíè÷åñêîé êîíôåðåíöèè. Ñàðîâ, 2009.

6. Áàæåíîâ Â.Ã., Êèáåö À.È., Êèáåö Þ.È., Ëàïòåâ Ï.Â., Ðÿáîâ À.À., Ðîìàíîâ Â.È., Ñîò-
ñêîâ Ã.È. Êîíå÷íî-ýëåìåíòíûé àíàëèç âûñîêîñêîðîñòíîãî óäàðà î ïðåãðàäó òðàíñïîðòíîãî
óïàêîâî÷íîãî êîìïëåêòà. Ïðîáëåìû ìàøèíîñòðîåíèÿ è íàäåæíîñòè ìàøèí. 2004. ¹2.
C. 118−125.

7. Êèáåö À.È., Êèáåö Þ.È., Ìàòâååâ Â.Ç. ×èñëåííîå ìîäåëèðîâàíèå äèíàìè÷åñêîãî
äåôîðìèðîâàíèÿ êîíòåéíåðà ïðè àâàðèéíîì ïàäåíèè íà íåãî ïëèòû. Ïðèêëàäíûå ïðîáëåìû
ïðî÷íîñòè è ïëàñòè÷íîñòè. ×èñëåííîå ìîäåëèðîâàíèå ôèçèêî-ìåõàíè÷åñêèõ ïðîöåññîâ. 1997.
Âûï. 55. Ñ. 77−83.

8. Ðÿáîâ À.À., Ðîìàíîâ Â.È., Ñîòñêîâ Ã.È., Ñêóðèõèí Ñ.Ã., Áàð÷åíêîâ À.È., Ìîðåíêî
À.È. Êîìïüþòåðíîå ìîäåëèðîâàíèå ïîâåäåíèÿ ñèñòåìû äåìïôèðîâàíèÿ çàùèòíîãî êîíòåé-
íåðà ïðè åãî ïàäåíèÿõ. Âåñòíèê Íèæåãîðîäñêîãî óíèâåðñèòåòà èì. Í.È. Ëîáà÷åâñêîãî. Ñåðèÿ
Ìåõàíèêà. 2000. ¹2. Ñ. 98−102.



80

9. Ëàïøèí Ä.À. Ðàñ÷åòíî-ýêñïåðèìåíòàëüíûé àíàëèç ïðî÷íîñòè âíóòðèîáúåêòîâûõ
òðàíñïîðòíûõ êîíòåéíåðîâ ðåàêòîðîâ òèïà ÁÍ â àâàðèÿõ ñ ïàäåíèåì: Äèññ... êàíä. òåõí.
íàóê. Í. Íîâãîðîä, 2015. 222 c.

10. LS-DYNA Keyword User's Manual. Version 970. Livermore Software Technology
Corporation. 2003.

11. Ïðîãðàììíûé êîìïëåêñ ANSYS. Àòòåñòàöèîííûé ïàñïîðò ïðîãðàììíîãî ñðåäñòâà
¹327 îò 18.04.2013.

12. Hallquist J.O. LS-DYNA Theoretical Manual. Livermore Software Technology Corporation.
1998.

13. Áðàãîâ À.Ì. Ýêñïåðèìåíòàëüíûé àíàëèç ïðîöåññîâ äåôîðìèðîâàíèÿ è ðàçðóøå-
íèÿ ìàòåðèàëîâ ïðè ñêîðîñòÿõ äåôîðìàöèè 102−105 ñ−1: Äèññ…. äîêò. òåõí. íàóê. Íèæíèé
Íîâãîðîä,  1998. 329 c.

14. Johnson G.R., Cook W.H. A constitutive model and data for metals subjected to large
strains, high strain rates and high temperatures. Proceedings of the Seventh International Symposium
on Ballistic. The Hague, Netherlands. 1983. P. 541−547.

15. Huh H., Kang W.J. Crash-worthiness assessment of thin-walled structures with the high-
strength steel sheet. International Journal of Vehicle Design. 2002. Vol. 30. No 1-2. P. 1−21. DOI:
10.1504/IJVD.2002.002022.

16. Allen D.J., Rule W.K., Jones S.E. Optimizing material strength constants numerically
extracted from Taylor impact data. Experimental Mechanics. 1997. Vol. 37. No 3. P. 333–338.

17. Cowper G.R., Symonds P.S. Strain hardening and strain rate effects in the impact loading
of cantilever beams. Applied Mathematics Report No 28. Providence. Brown University. 1957. 50 p.

18. Êîíñòàíòèíîâ À.Þ. Ýêñïåðèìåíòàëüíî-ðàñ÷åòíîå èññëåäîâàíèå ïîâåäåíèÿ êîíñò-
ðóêöèîííûõ ìàòåðèàëîâ ïîä äåéñòâèåì äèíàìè÷åñêèõ íàãðóçîê: Äèññ... êàíä. òåõí. íàóê.
Íèæíèé Íîâãîðîä, 2007. 144 c.

19. Bragov A.M., Balandin V.V., Konstantinov A.Yu., Lomunov A.K., Vorobtsov I.V., Kuz-
netsov A.V., Savenkov G.G. High-rate deformation and spall fracture of some metals. Procedia
Engineering. 2017. Vol. 197. P. 260−269.

20. Bragov A.M., Igumnov L.A., Kaidalov V.B., Konstantinov A.Yu., Lapshin D.A., Lomu-
nov A.K., Mitenkov F.M. Expiremental study and mathematical modeling of the behavior of St3,
20Kh13 and 08Kh18N10T steels in wide ranges of strain rates and temperatures. Journal of Applied
Mechanics and Technical Physics. 2015. Vol. 56. No  6. P. 977−983.

References

1. ÍÏ-061-05. Pravila bezopasnosti pri khranenii i transportirovanii yadernogo topliva na
ob'ektakh ispolzovaniya atomnoy energii [NP-061-05 Safety Rules for Storage and Transportation
of Nuclear Fuel at the Objects of use of Atomic Energy]. Moscow. 2005. 10 p. (In Russian).

2. Bazhenov V.G., Kaydalov V.B., Kibets A.I., Lapshin D.A., Frolova I.A.Konechno-elementnoe
reshenie zadachi deformirovaniya vnutriob'ektovykh transportnykh konteynerov reaktorov tipa BN
pri avariynom padenii [Finite-element analysis of the problem of deformation of internal trans-
portation containers of a fast neutron reactor in the event of an accidental fall]. Problemy prochnosti
i plastichnosti [Problems of Strength and Plasticity]. 2015. Vol. 77. No 3. P. 266−273 (In Russian).

3. Vilensky O.Yu., Konstantinov A.Yu., Lapshin D.A., Malygin M.G., Pristrom S.A. Raschet-
nyy analiz prochnosti katkovykh opor pri padenii balki perekrytiya na korpus reaktora BN-600
[Computational analysis of roller supports strength under roof slab block drop on the BN-600
reactor]. Problemy prochnosti i plastichnosti [Problems of Strength and Plasticity]. 2016. Vol. 78.
No 4.             P. 359−367 (In Russian).

4. Timofeev A.V., Kaydalov V.B., Lapshin D.A., Malygin M.G. Primenenie raschetnogo
kompleksa ANSYS\LS DYNA v analize avariy, svyazannykh s padeniem oborudovaniya YaEU
[The use of the computational package ANSYS\LS-DYNA in the analysis of accidents related to
fall of NPP equipment]. Tekhnicheskie nauki: Sbornik tezisov dokladov XIV Nizhegorodskoy sessii
molodykh uchenykh. 15−19 fevr. 2009 g. [Engineering: XIV Nizhny Novgorod Session of Young
Scientists. 15−19 February 2009. The Book of Abstracts]. Nizhni Novgorod. Nizhegorodskiy
nauchno-informatsionnyy tsentr Publ. 2009. P. 86 (In Russian).



81

5. Kaydalov V.B., Lapshin D.A., Malygin M.G. Modelirovanie udarnykh protsessov pri
proektirovanii oborudovaniya obrashcheniya s toplivom reaktornykh ustanovok tipa BN [Modeling
of shock processes in the engineering of the equipment for fuel handling reactor type BN]. Molodezh
v nauke: Annotatsii dokladov VIII nauchno-tekhnicheskoy konferentsii [Youth in Science: VIII
Scientific-Technical Conference. Abstracts]. Sarov. 2009 (In Russian).

6. Bazhenov V.G., Kibets A.I., Kibets Yu.I., Laptev P.V., Ryabov A.A., Romanov V.I., Sotskov
G.I. Konechno-elementnyy analiz vysokoskorostnogo udara o pregradu transportnogo upako-
vochnogo komplekta  [Finite element analysis of high-speed impact on the barrier transport
packaging]. Problemy mashinostroeniya i nadezhnosti mashin [Journal of Machinery Manufacture
and Reliability]. 2004. No 2. P. 118−125 (In Russian).

7. Kibets A.I., Kibets Yu.I., Matveev V.Z. Chislennoe modelirovanie dinamicheskogo defor-
mirovaniya konteynera pri avariynom padenii na nego plity [Numerical simulation of dynamic
deformation of the container when an emergency fall on his plate]. Prikladnye problemy prochnosti
i plastichnosti. Chislennoe modelirovanie fiziko-mekhanicheskikh protsessov [Applied Problems
of Strength and Plasticity. Numerical Simulation of Physico-Mechanical Processes]. 1997. Iss. 55.
P. 77−83 (In Russian).

8. Ryabov A.A., Romanov V.I., Sotskov G.I., Skurikhin S.G., Barchenkov A.I., Morenko A.I.
Kompyuternoe modelirovanie povedeniya sistemy dempfirovaniya zashchitnogo konteynera pri
ego padeniyakh [Computer simulation of the behavior of the system damping protective container
when it drops]. Vestnik Nizhegorodskogo universiteta im. N.I. Lobachevskogo. Seriya Mekhanika
[Vestnik of Lobachevsky State University of Nizhni Novgorod. Series Mechanics]. 2000. No 2.
P. 98−102 (In Russian).

9. Lapshin D.A. Raschetno-eksperimentalnyy analiz prochnosti vnutriob'ektovykh trans-
portnykh konteynerov reaktorov tipa BN v avariyakh s padeniem  [Numerical and experimental
analysis of durability of indoor transport of containers of type BN reactors in accidents with falling]
Diss... kand. tekhn. nauk [Cand. Sci. (Engineering). Dissertation]. Nizhni Novgorod. 2015. 225 p.
(In Russian).

10. LS-DYNA Keyword User's Manual. Version 970. Livermore Software Technology Corpora-
tion. 2003.

11. Programmnyy kompleks ANSYS [The Software Package ANSYS]. Attestatsionnyy pasport
programmnogo sredstva ¹327 ot 18.04.2013 [Attestation passport software No 327 from
18.04.2013] (In Russian).

12. Hallquist J.O. LS-DYNA Theoretical Manual. Livermore Software Technology Corporation.
1998.

13. Bragov A.M. Eksperimentalnyy analiz protsessov deformirovaniya i razrusheniya materialov
pri skorostyakh deformatsii 102−105 s−1 [Experimental analysis of processes of deformation and
fracture of materials under strain rates of 102−105 s−1]. Diss…. dokt. tekhn. nauk [D. Sci.
(Engineering). Dissertation]. Nizhni Novgorod. 1998. 329 p. (In Russian).

14 Johnson G.R., Cook W.H. A constitutive model and data for metals subjected to large
strains, high strain rates and high temperatures. Proceedings of the Seventh International Symposium
on Ballistic. The Hague. Netherlands. 1983. P. 541−547.

15. Huh H., Kang W.J. Crash-worthiness assessment of thin-walled structures with the high-
strength steel sheet. International Journal of Vehicle Design. 2002. Vol. 30. No 1-2. P. 1−21. DOI:
10.1504/IJVD.2002.002022.

16. Allen D.J., Rule W.K., Jones S.E., Optimizing material strength constants numerically
extracted from Taylor impact data. Experimental Mechanics. 1997. Vol. 37. No 3. P. 333–338.

17. Cowper G.R., Symonds P.S. Strain hardening and strain rate effects in the impact loading
of cantilever beams: Applied Mathematics Report No 28. Providence. Brown University. 1957. 50 p.

18. Konstantinov A.Yu. Eksperimentalno-raschetnoe issledovanie povedeniya konstruk-
tsionnykh materialov pod deystviem dinamicheskikh nagruzok [Experimental and computational
study of the behavior of structural materials under dynamic loads]. Diss... kand. tekhn. nauk [Cand.
Sci. (Engineering). Dissertation]. Nizhni Novgorod. 2007. 144 p. (In Russian).

19. Bragov A.M., Balandin V.V., Konstantinov A.Yu., Lomunov A.K., Vorobtsov I.V., Kuz-
netsov A.V., Savenkov G.G. High-rate deformation and spall fracture of some metals. Procedia
Engineering. 2017. Vol. 197. P. 260−269.



82

20. Bragov A.M., Igumnov L.A., Kaidalov V.B., Konstantinov A.Yu., Lapshin D.A., Lomu-
nov A.K., Mitenkov F.M. Expiremental study and mathematical modeling of the behavior of St3,
20Kh13 and 08Kh18N10T steels in wide ranges of strain rates and temperatures. Journal of Applied
Mechanics and Technical Physics. 2015. Vol. 56. No 6. P. 977−983.

A SYSTEM APPROACH FOR STRENGTH PROBLEM SOLUTION
OF THE BN-800 REACTOR PLANT ELEVATOR

FOR AN EMERGENCY CASE OF CARRIAGE RUNNING-OFF

Bragov À.Ì.2, Konstantinov A.Yu.2, Lapshin D.A.1,
Novoseltseva N.A.2, Tatarsky A.M.1, Tatarsky Yu.N.1, Lamzin D.A.2

1JSC ”OKBM Afrikantov”, Nizhni Novgorod, Russian Federation
2Research Institute of Mechanics University of Nizhni Novgorod,

Nizhni Novgorod, Russian Federation

The paper considers numerical analysis of dynamic deformation of the elevator of the in-reactor
fuel assembly handling mechanism of BN-type reactors in the case of abnormal running-off of a
carriage with a fuel assembly along a guide and impact interaction of this carriage with a barrier.
The urgent character of the paper is determined by such type occurred events.
Numerical analysis was preceded by experimental and theoretical studies of deformation and rapture
processes of 10Cr18Ni9 steel, which is the material used for manufacture of elevator elements.
The processes were studied in a wide range of variations of deformation rates and temperatures.
The obtained experimental data were used to build a mathematical model of material behavior. The
mathematical model was verified by a number of experiments.
Design analysis was made using the LS-DYNA dynamic analysis module of the certified ANSYS
program complex. The LS-DYNA module is intended for design analysis of high-non-linear dynamic
processes by means of the explicit scheme of integration of dynamic equations.
The results of numerical simulation confirm fulfillment of strength conditions elevator elements
and integrity of fuel assembly being in it.

Keywords: dynamic processes, plastic deformation, strength, simulation, reactor, fuel assembly,
elevator, emergency.


