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Êîìïîçèöèîííûå ìàòåðèàëû ïðèìåíÿþòñÿ â îáîðîííîé, àýðîêîñìè÷åñ-
êîé, àâòîìîáèëüíîé, ýíåðãåòè÷åñêîé è ïðî÷èõ îáëàñòÿõ íàóêè è òåõíèêè, â êî-
òîðûõ ïðåäúÿâëÿþòñÿ ïîâûøåííûå òðåáîâàíèÿ ê ïðî÷íîñòè, èçíîñîñòîéêîñ-
òè, óäåëüíîìó âåñó, óñòîé÷èâîñòè ê èíòåíñèâíûì äèíàìè÷åñêèì âîçäåéñòâè-
ÿì â ýêñòðåìàëüíûõ ýêñïëóàòàöèîííûõ óñëîâèÿõ. Òðåáóåìûå âûñîêàÿ óäåëü-
íàÿ ïðî÷íîñòü, æåñòêîñòü è íåîáõîäèìûå ñâîéñòâà â çàäàííîì íàïðàâëåíèè
äåëàþò ïðèìåíåíèå êîìïîçèöèîííûõ ìàòåðèàëîâ áîëåå ïðåäïî÷òèòåëüíûì ïî
ñðàâíåíèþ ñ òðàäèöèîííûìè ìàòåðèàëàìè. Äëÿ ïîëó÷åíèÿ äàííûõ î ôèçèêî-
ìåõàíè÷åñêèõ ñâîéñòâàõ ìàòåðèàëîâ â øèðîêîì äèàïàçîíå óñëîâèé íàãðóæå-
íèÿ íåîáõîäèìî ïðîâåäåíèå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, â òîì ÷èñëå â
äèíàìè÷åñêîì äèàïàçîíå ñêîðîñòåé äåôîðìàöèé. Äëÿ èññëåäîâàíèÿ äèíàìè-
÷åñêîãî ïîâåäåíèÿ êîìïîçèöèîííîãî îãíåçàùèòíîãî ìàòåðèàëà èñïîëüçîâàë-
ñÿ àâòîìàòèçèðîâàííûé èñïûòàòåëüíûé ñòåíä, ðåàëèçóþùèé ìåòîäèêó Êîëüñ-
êîãî äëÿ ðàçðåçíîãî ñòåðæ-íÿ Ãîïêèíñîíà. Ïðèâåäåíû îñíîâíûå çàâèñèìîñòè
òðàäèöèîííîé ñõåìû ìåòîäà Êîëüñêîãî. Äëÿ îïðåäåëåíèÿ äèíàìè÷åñêèõ êðè-
âûõ îáúåìíîé ñæèìàåìîñòè èññëåäóåìîãî ìàòåðèàëà èñïîëüçîâàíà ìîäèôèêà-
öèÿ ñèñòåìû ðàçðåçíîãî ñòåðæíÿ ñ ïðèìåíåíèåì îãðàíè÷èâàþùåé æåñòêîé
îáîéìû, â êîòîðîé, â îòëè÷èå îò òðàäèöèîííîé ñõåìû, îáðàçåö ðàçìåùàåòñÿ â
óïðóãîé îáîéìå, ïðåïÿòñòâóþùåé ðàäèàëüíîé äåôîðìàöèè îáðàçöà. Ïðè ýòèõ
óñëîâèÿõ äåôîðìèðîâàííîå ñîñòîÿíèå îáðàçöà ðàññìàòðèâàåòñÿ êàê îäíîìåð-
íîå, à íàïðÿæåííîå ñîñòîÿíèå − êàê îáúåìíîå îñåñèììåòðè÷íîå. Ïðèâåäåíû
ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ ðàäèàëüíûõ íàïðÿæåíèé, îáúåìíîé äåôîðìà-
öèè è äàâëåíèÿ â îáðàçöå. Èñïûòàíèÿ ïðîâîäèëèñü ïðè äâóõ ðàçëè÷íûõ òåì-
ïåðàòóðàõ. Ñðàâíåíèåì ïîëó÷åííûõ çàâèñèìîñòåé äàâëåíèÿ îò èñòèííîé (ëî-
ãàðèôìè÷åñêîé) îáúåìíîé äåôîðìàöèè óñòàíîâëåíî ñëàáîå âëèÿíèå òåìïåðà-
òóðû. Ïî ïîëó÷åííûì ýêñïåðèìåíòàëüíûì äàííûì îïðåäåëåíû îáúåìíûé
ìîäóëü óïðóãîñòè, ìîäóëü ñäâèãà è êîýôôèöèåíò Ïóàññîíà. Ñðàâíåíèå ðåçóëü-
òàòîâ äèíàìè÷åñêîãî è ñòàòè÷åñêîãî äåôîðìèðîâàíèÿ îáðàçöîâ ïîêàçàëî, ÷òî
äèíàìè÷åñêèå ýôôåêòû ïðè èññëåäîâàíèè äåôîðìèðîâàíèÿ ðàññìàòðèâàåìîãî
ìàòåðèàëà ìîæíî íå ó÷èòûâàòü.

Êëþ÷åâûå ñëîâà: ìåòîä Êîëüñêîãî, ðàçðåçíîé ñòåðæåíü Ãîïêèíñîíà, äè-
íàìè÷åñêîå äåôîðìèðîâàíèå, êîìïîçèöèîííûå ìàòåðèàëû, ýêñïåðèìåíò.
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Ââåäåíèå

Êîìïîçèöèîííûå ìàòåðèàëû ïðåäñòàâëÿþò ñîáîé ïðèðîäíûå èëè èñêóññòâåí-
íûå ìàòåðèàëû, èçãîòîâëåííûå èç äâóõ èëè áîëåå êîìïîíåíòîâ ñ ðàçëè÷íûìè ñâîé-
ñòâàìè. Ðàçëè÷íûå ñâîéñòâà ñîñòàâëÿþùèõ, èõ ìèêðîñòðóêòóðà è ìåæêîìïîíåíò-
íîå âçàèìîäåéñòâèå ïîìîãàþò äîáèòüñÿ òðåáóåìûõ ñâîéñòâ ó èçäåëèé, èçãîòîâëåí-
íûõ èç êîìïîçèöèîííûõ ìàòåðèàëîâ. Êîìïîçèöèîííûå ìàòåðèàëû ïðèìåíÿþòñÿ â
îáîðîííîé, àýðîêîñìè÷åñêîé, àâòîìîáèëüíîé, ýíåðãåòè÷åñêîé è ïðî÷èõ îáëàñòÿõ
íàóêè è òåõíèêè, â êîòîðûõ ïðåäúÿâëÿþòñÿ ïîâûøåííûå òðåáîâàíèÿ ê ïðî÷íîñòè,
èçíîñîñòîéêîñòè, óäåëüíîìó âåñó, óñòîé÷èâîñòè ïðè èíòåíñèâíûõ äèíàìè÷åñêèõ
âîçäåéñòâèÿõ â ýêñòðåìàëüíûõ ýêñïëóàòàöèîííûõ óñëîâèÿõ (íèçêèå èëè âûñîêèå
òåìïåðàòóðû, âîçäåéñòâèå êîððîçèîííîé ñðåäû è ò.ä.). Âûñîêàÿ óäåëüíàÿ ïðî÷íîñòü,
æåñòêîñòü è íåîáõîäèìûå ñâîéñòâà â çàäàííîì íàïðàâëåíèè äåëàþò ïðèìåíåíèå
êîìïîçèöèîííûõ ìàòåðèàëîâ áîëåå ïðåäïî÷òèòåëüíûì ïî ñðàâíåíèþ ñ òðàäèöèîí-
íûìè ìàòåðèàëàìè. Â ïðîöåññå ýêñïëóàòàöèè ñòðóêòóðíûå ýëåìåíòû, âûïîëíåí-
íûå èç êîìïîçèöèîííûõ ìàòåðèàëîâ, ìîãóò èñïûòûâàòü äèíàìè÷åñêèå íàãðóçêè
(âçðûâíûå, óäàðíûå è äèíàìè÷åñêèå óñòàëîñòíûå). Ïðè òàêèõ íàãðóçêàõ îòêëèê
êîíñòðóêöèè çàâèñèò îò ñêîðîñòè íàãðóæåíèÿ.

Íà ðàííèõ ýòàïàõ ïðîåêòèðîâàíèÿ íîâûõ èçäåëèé äëÿ àíàëèçà âàðèàíòîâ êîì-
ïîíîâêè è îïòèìèçàöèè ðàçðàáàòûâàåìîé êîíñòðóêöèè â íàñòîÿùåå âðåìÿ øèðîêî
èñïîëüçóåòñÿ ÷èñëåííîå ìîäåëèðîâàíèå. Òàêîé ïîäõîä ïîçâîëÿåò ñîêðàòèòü ñðîêè
ïðîåêòèðîâàíèÿ è ñíèçèòü çàòðàòû íà ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ. Òî÷íîñòü
ðåçóëüòàòîâ ÷èñëåííîãî ìîäåëèðîâàíèÿ ïîâåäåíèÿ êîíñòðóêöèé ïðè äèíàìè÷åñêîì
íàãðóæåíèè çàâèñèò îò òî÷íîñòè âõîäíûõ äàííûõ, òàêèõ êàê ìàòåðèàëüíûå ôóíê-
öèè è îïðåäåëÿþùèå ñîîòíîøåíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé, îïèñûâàþùèõ ïîâå-
äåíèå ìàòåðèàëîâ.

Â íàñòîÿùåé ñòàòüå äëÿ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ äèíàìè÷åñêîãî ïî-
âåäåíèÿ îáúåìíî-ñæèìàåìîãî êîìïîçèöèîííîãî ìàòåðèàëà ïðè äèíàìè÷åñêîì íà-
ãðóæåíèè èñïîëüçîâàíà ìîäèôèöèðîâàííàÿ ìåòîäèêà Êîëüñêîãî äëÿ ðàçðåçíîãî ñòåðæ-
íÿ Ãîïêèíñîíà. Ýêñïåðèìåíòàëüíûå êðèâûå ïîëó÷åíû ïðè ðàçëè÷íûõ òåìïåðàòó-
ðàõ. Ïî ïîëó÷åííûì ýêñïåðèìåíòàëüíûì äàííûì îïðåäåëåíû îáúåìíûé ìîäóëü,
ìîäóëü ñäâèãà è êîýôôèöèåíò Ïóàññîíà, êðèâûå îáúåìíîé ñæèìàåìîñòè, à òàêæå
ïðî÷íîñòü êîìïîçèòà ïðè îäíîìåðíîì ñæàòèè.

1. Ìåòîäû èññëåäîâàíèé

Äëÿ èññëåäîâàíèÿ äèíàìè÷åñêîãî ïîâåäåíèÿ êîìïîçèöèîííûõ ìàòåðèàëîâ èñ-
ïîëüçîâàëñÿ àâòîìàòèçèðîâàííûé èñïûòàòåëüíûé ñòåíä, ðåàëèçóþùèé ìåòîäèêó
Êîëüñêîãî äëÿ ðàçðåçíîãî ñòåðæíÿ Ãîïêèíñîíà (ÐÑÃ). Òðàäèöèîííûé âàðèàíò ìå-
òîäà Êîëüñêîãî ñ èñïîëüçîâàíèåì ÐÑÃ [1−6] ïîçâîëÿåò èñïûòûâàòü ðàçëè÷íûå ìà-
òåðèàëû íà ñæàòèå â äèàïàçîíå ñêîðîñòåé äåôîðìàöèé 102−104 ñ−1. Ñóùåñòâóåò ìíî-
æåñòâî ðàçëè÷íûõ ìîäèôèêàöèé ñèñòåìû ðàçðåçíîãî ñòåðæíÿ, êîòîðûå ïðèìåíÿ-
þòñÿ äëÿ èçó÷åíèÿ âûñîêîñêîðîñòíîãî äåôîðìèðîâàíèÿ ìàòåðèàëîâ ïðè ðàñòÿæå-
íèè, êðó÷åíèè, ñäâèãå, ðàñêàëûâàíèè è ò.ä. [7−17].

Òðàäèöèîííàÿ ñõåìà ìåòîäà Êîëüñêîãî äëÿ ÐÑÃ äëÿ èñïûòàíèÿ íà ñæàòèå ñî-
ñòîèò èç íàãðóæàþùåãî è îïîðíîãî ìåðíûõ ñòåðæíåé, êîòîðûå îáëàäàþò âûñîêèì
ïðåäåëîì òåêó÷åñòè, è ðàñïîëîæåííîãî ìåæäó íèìè êîðîòêîãî îáðàçöà èç èññëåäóå-
ìîãî ìàòåðèàëà (ðèñ. 1). Â íàãðóæàþùåì ñòåðæíå âîçáóæäàåòñÿ ïðîäîëüíàÿ âîëíà
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ñæàòèÿ εi(t), êîòîðàÿ â ìåðíûõ ñòåðæíÿõ ðàñïðîñòðàíÿåòñÿ ñî ñêîðîñòüþ çâóêà c.
Ïðè äîñòèæåíèè ïîâåðõíîñòè êîíòàêòà íàãðóæàþùåãî ñòåðæíÿ ñ îáðàçöîì ýòà âîë-
íà ÷àñòè÷íî îòðàæàåòñÿ îáðàòíî, à ÷àñòè÷íî ïðîõîäèò ÷åðåç îáðàçåö è ïåðåäàåòñÿ
âîëíîé ñæàòèÿ εt(t) íà îïîðíûé ìåðíûé ñòåðæåíü. Îòðàæåííàÿ âîëíà εr(t) ÿâëÿåòñÿ
âîëíîé ðàñòÿæåíèÿ.

Ïî çàðåãèñòðèðîâàííûì â ìåðíûõ ñòåðæíÿõ èìïóëüñàì äåôîðìàöèè εi(t), εr(t),
è εt(t) ìîæíî îïðåäåëèòü äåôîðìàöèè, ñêîðîñòü äåôîðìàöèè è íàïðÿæåíèÿ â îá-
ðàçöå, èñïîëüçóÿ ôîðìóëû Êîëüñêîãî:
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ãäå ls − èñõîäíàÿ äëèíà îáðàçöà, As − èñõîäíàÿ ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ îáðàç-
öà, E è A − ìîäóëü óïðóãîñòè è ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ ìåðíûõ ñòåðæíåé.
Ïîäðàçóìåâàåòñÿ, ÷òî ìåðíûå ñòåðæíè èçãîòîâëåíû èç îäíîãî ìàòåðèàëà è èìåþò
îäèí è òîò æå äèàìåòð. Äëÿ îïðåäåëåíèÿ èñòèííîé (ëîãàðèôìè÷åñêîé) äåôîðìàöèè
èñïîëüçóåòñÿ ñîîòíîøåíèå
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Äëÿ ïðîâåäåíèÿ âûñîêîñêîðîñòíûõ èñïûòàíèé îáúåìíî-ñæèìàåìîãî êîìïîçè-
öèîííîãî ìàòåðèàëà áûëà èñïîëüçîâàíà ìîäèôèêàöèÿ ìåòîäà ÐÑÃ [18−20] ñ ïðèìå-
íåíèåì îãðàíè÷èâàþùåé æåñòêîé îáîéìû (ðèñ. 2).

Îñíîâíîå îòëè÷èå ñõåìû ñ îáîéìîé îò òðàäèöèîííîé ñõåìû ìåòîäà Êîëüñêîãî
äëÿ ÐÑÃ çàêëþ÷àåòñÿ â òîì, ÷òî èññëåäóåìûé îáðàçåö ïîìåùàåòñÿ â óïðóãóþ îáîé-
ìó, êîòîðàÿ ïðåïÿòñòâóåò ðàäèàëüíîé äåôîðìàöèè îáðàçöà. Ïðè ýòèõ óñëîâèÿõ ðàäè-
àëüíîé äåôîðìàöèåé îáðàçöà ïî ñðàâíåíèþ ñ îñåâîé äåôîðìàöèåé ìîæíî ïðåíå-

Íàãðóæàþùèé ñòåðæåíü
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Îïîðíûé ñòåðæåíü

Îáðàçåö

Îáîéìà

Ðèñ. 2. Íàãðóæåíèå îáðàçöà â ñõåìå ÐÑÃ ñ óïðóãîé îáîéìîé

Ðèñ. 1. Îáðàçåö â ñèñòåìå ðàçðåçíîãî ñòåðæíÿ â òðàäèöèîííîì âàðèàíòå ìåòîäà Êîëüñêîãî

Íàãðóæàþùèé ñòåðæåíü
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Îïîðíûé ñòåðæåíü
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Îáðàçåö
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áðå÷ü, äåôîðìèðîâàííîå ñîñòîÿíèå îáðàçöà ìîæíî ñ÷èòàòü îäíîìåðíûì, à íàïðÿ-
æåííîå ñîñòîÿíèå − îáúåìíûì îñåñèììåòðè÷íûì (ðèñ. 3).

Ïîñëå îïðåäåëåíèÿ ïî ìåòîäó Êîëüñêîãî îñåâûõ äåôîðìàöèè îáðàçöà è íàïðÿ-
æåíèÿ â íåì ïî ôîðìóëàì (1)−(3) ãëàâíûå êîìïîíåíòû òåíçîðîâ äåôîðìàöèé è íà-
ïðÿæåíèé çàïèñûâàþòñÿ ñëåäóþùèì îáðàçîì:

,,,0, 321321 rss σ=σ=σσ=σ=ε=εε=ε (5)

ãäå σr − ðàäèàëüíûå íàïðÿæåíèÿ â îáðàçöå.
Ïî îòíîøåíèþ ê îáîéìå ðàäèàëüíûå íàïðÿæåíèÿ σr ÿâëÿþòñÿ âíóòðåííèì äàâ-

ëåíèåì Pi. Ñâÿçü âíóòðåííåãî äàâëåíèÿ è çàðåãèñòðèðîâàííîãî íà âíåøíåé ïîâåðõ-
íîñòè îáîéìû èìïóëüñà îêðóæíîé äåôîðìàöèè εθ(t) îïðåäåëÿåòñÿ ðåøåíèåì çàäà-
÷è Ëàìå î äåôîðìèðîâàíèè îòðåçêà òîëñòîñòåííîé òðóáû ïîä äåéñòâèåì âíóòðåí-
íåãî äàâëåíèÿ:
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a
ttP jri θε−=σ= (6)

ãäå a è b − âíóòðåííèé è âíåøíèé ðàäèóñû îáîéìû, Ej − ìîäóëü Þíãà îáîéìû.
Îáúåìíàÿ äåôîðìàöèÿ è äàâëåíèå â îáúåìíî-ñæèìàåìîì îáðàçöå îïðåäåëÿþò-

ñÿ ñîîòíîøåíèÿìè:

,sε=θ (7)

.2
3
1 )( rsP σ+σ= (8)

Â èñïîëüçîâàííîé êîíôèãóðàöèè ýêñïåðèìåíòàëüíîé óñòàíîâêè ìåðíûå ñòåðæ-
íè è îáîéìà èçãîòîâëåíû èç àëþìèíèåâîãî ñïëàâà Ä16Ò (ìîäóëü Þíãà 70 ÃÏà,
êîýôôèöèåíò Ïóàññîíà 0,33, ïëîòíîñòü 2650 êã/ì3). Ìåðíûå ñòåðæíè èìåëè äèà-
ìåòð 20 ìì. Íàãðóæàþùèé ñòåðæåíü èìåë äëèíó 1,5 ì, îïîðíûé ñòåðæåíü − 3 ì.
Äëÿ ñîçäàíèÿ èìïóëüñà äåôîðìàöèè â íàãðóæàþùåì ñòåðæíå ïðèìåíÿëñÿ óäàðíèê
äëèíîé 250 ìì, ðàçãîíÿåìûé â ñòâîëå ãàçîâîé ïóøêè êàëèáðîì 20 ìì. Òîëùèíà
ñòåíêè îãðàíè÷èâàþùåé îáîéìû ñîñòàâëÿëà 1 ìì. Â ýêñïåðèìåíòàõ èñïîëüçîâà-
ëèñü îáðàçöû äëèíîé 8 ìì è äèàìåòðîì 20 ìì.

2. Ðåçóëüòàòû èññëåäîâàíèé

 Â ýêñïåðèìåíòàõ ñ ïðèìåíåíèåì îãðàíè÷èâàþùåé îáîéìû èññëåäîâàëèñü îá-
ðàçöû îáúåìíî-ñæèìàåìîãî îãíåçàùèòíîãî êîìïîçèöèîííîãî ìàòåðèàëà ÔÊ-75.
Èñïûòàíèÿ ïðîâîäèëèñü ïðè òåìïåðàòóðàõ −40 °C è 23 °C. Èçìåðåííàÿ ïëîòíîñòü
ìàòåðèàëà ñîñòàâèëà 120 êã/ì3. Çàâèñèìîñòè äàâëåíèÿ îò èñòèííîé (ëîãàðèôìè-

Ðèñ. 3. Îáðàçåö, ðàçìåùåííûé â óïðóãîé îáîéìå
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÷åñêîé) îáúåìíîé äåôîðìàöèè ïðèâåäåíû íà ðèñ. 4 (íà÷àëüíûé ó÷àñòîê) è ðèñ. 5
(êðèâûå ïîëíîñòüþ). Êðèâûå ïîëó÷åíû ïðè ÷åòûðåõöèêëîâîì íàãðóæåíèè â õîäå
êàæäîãî èñïûòàíèÿ [14]. Äî äåôîðìàöèè ~0,035 ìîæíî âûäåëèòü íà÷àëüíûé ëè-
íåéíûé ó÷àñòîê (ðèñ. 6).
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Ðèñ. 6. Ëèíåéíûé ó÷àñòîê êðèâîé îáúåìíîé ñæèìàåìîñòè
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Ñðàâíåíèå ïîëó÷åííûõ çàâèñèìîñòåé äàâëåíèÿ îò èñòèííîé (ëîãàðèôìè÷åñ-
êîé) îáúåìíîé äåôîðìàöèè, ïðèâåäåííûõ íà ðèñ. 4 è ðèñ. 5, äåìîíñòðèðóåò ñëàáîå
âëèÿíèå òåìïåðàòóðû.

Îáúåìíûé ìîäóëü óïðóãîñòè K ñîîòâåòñòâóåò òàíãåíñó óãëà íàêëîíà ëèíåéíîãî
ó÷àñòêà (ñì. ðèñ. 6) è â äàííîì ñëó÷àå ñîñòàâëÿåò 3,77 ÌÏà. Îïðåäåëåííîå ïî âåëè-
÷èíå áîêîâîãî ðàñïîðà â ýêñïåðèìåíòàõ ñ îáîéìîé çíà÷åíèå êîýôôèöèåíòà Ïóàññî-
íà ñîñòàâèëî ν = 0,135. Ìîäóëü ñäâèãà îïðåäåëèì ïî ôîðìóëå:

ÌÏà.64,3
)1(2

213 =
ν+
ν−

= KG (9)

Íà êðèâûõ, èçîáðàæåííûõ íà ðèñ. 4, 5, âèäåí ïîëîãèé ó÷àñòîê (äî äåôîðìàöèè
~1,1), ïîñëå êîòîðîãî íà÷èíàåòñÿ ðåçêîå óïðî÷íåíèå ìàòåðèàëà, ÷òî ñâÿçàíî ñî ñõëî-
ïûâàíèåì ïîð. Äèàãðàììû äåôîðìèðîâàíèÿ, ïîëó÷åííûå ïðè èñïûòàíèÿõ íà îäíî-
îñíîå ñæàòèå, ïðèâåäåíû íà ðèñ. 7. Â ýòîì ñëó÷àå äî äåôîðìàöèé ~1,1 òàêæå íå
ïðîèñõîäèò âèäèìîãî óïðî÷íåíèÿ.

Ðåçóëüòàòû äèíàìè÷åñêîãî è ñòàòè÷åñêîãî äåôîðìèðîâàíèÿ îáðàçöîâ, ïðèâå-
äåííûå íà ðèñ. 8 è 9, ïîêàçûâàþò, ÷òî äèíàìè÷åñêèå ýôôåêòû ïðè èññëåäîâàíèè
äåôîðìèðîâàíèÿ ÔÊ-75 ìîæíî íå ó÷èòûâàòü.

Ðèñ. 7. Äèàãðàììû äåôîðìèðîâàíèÿ ïðè èñïûòàíèè íà îäíîîñíîå ñæàòèå

Èñïûòàíèå ¹1
Èñïûòàíèå ¹2
Èñïûòàíèå ¹3

0                    0,5                1,0               1,5                2,0
Äåôîðìàöèÿ, %

2

4

6

8

Í
àï

ðÿ
æ

åí
èå

, 1
05  Ï

à 10

12

Ðèñ. 8. Íà÷àëüíûå ó÷àñòêè ñòàòè÷åñêîé è äèíàìè÷åñêîé äèàãðàìì äåôîðìèðîâàíèÿ

Äèíàìèêà
Ñòàòèêà

0                0,2            0,4            0,6            0,8           1,0
Îñåâàÿ äåôîðìàöèÿ, %

1

2

3

4

Î
ñå

âî
å 

íà
ïð

ÿæ
åí

èå
,  

10
5 
Ï

à

5



415

Çàêëþ÷åíèå

Íà èñïûòàòåëüíîì ñòåíäå, ðåàëèçóþùåì ìîäèôèöèðîâàííûé ìåòîä Êîëüñêîãî
äëÿ ðàçðåçíîãî ñòåðæíÿ Ãîïêèíñîíà, ïðîâåäåíû èñïûòàíèÿ íà óäàðíîå ñæàòèå â
óñëîâèÿõ îäíîîñíîãî è îáúåìíîãî (ñ ïðèìåíåíèåì îãðàíè÷èâàþùåé îáîéìû) íà-
ïðÿæåííîãî ñîñòîÿíèÿ îáúåìíî-ñæèìàåìîãî îãíåñòîéêîãî êîìïîçèöèîííîãî ìàòå-
ðèàëà. Ñîãëàñíî ïîëó÷åííûì ýêñïåðèìåíòàëüíûì äàííûì, ïðîäåìîíñòðèðîâàíî
ñëàáîå âëèÿíèå êàê òåìïåðàòóðû, òàê è ñêîðîñòè äåôîðìàöèè íà äåôîðìàöèîííûå
è ïðî÷íîñòíûå õàðàêòåðèñòèêè èññëåäîâàííîãî ìàòåðèàëà. Îïðåäåëåíû îáúåìíûé
ìîäóëü óïðóãîñòè, ìîäóëü ñäâèãà è êîýôôèöèåíò Ïóàññîíà.
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DYNAMIC TESTING OF VOLUMETRIC COMPRESSIBLE COMPOSITE MATERIAL

Markov I.P., Konstantinov A.Yu.

Research Institute for Mechanics, National Research Lobachevsky State University
of Nizhny Novgorod, Nizhny Novgorod, Russian Federation

Composite materials are used in civil engineering, defense industry, aerospace, automobile, energy
industries and other fields of science and technology, which have increased requirements for strength,
wear resistance, specific weight, and resistance to intense dynamic loadings in extreme operating
conditions. The required high specific strength, stiffness and desirable properties along a given
material direction make composite materials a preferred choice over traditional materials. To obtain
data on the physical and mechanical properties of materials in a wide range of loading conditions,
it is necessary to carry out experimental studies, including testing with the dynamic range of strain
rates. In this paper, to study the dynamic behavior of the composite fire-retardant material, we used
an automated test setup that implements the Kolsky method for the split Hopkinson pressure bar.
The basic relationships ôîð the conventional scheme of the Kolsky method are given. To determine
the volumetric compressibility curves of the material we employed the modification of the split
pressure bar system that uses the rigid confining jacket. In which, unlike the conventional scheme,
the specimen is placed inside an elastic jacket that confines the radial strain of the specimen.
Under these conditions, the strain state of the specimen is considered one-dimensional, and the
stress state is three-dimensional axisymmetric. The relationships to determine the radial stresses,
volumetric strain and pressure in the specimen are provided. The tests were carried out at two
different temperatures. A weak effect of temperature was observed by comparing the obtained
pressure-true (logarithmic) volumetric strain curves. The bulk modulus, shear modulus and Poisson's
ration were determined from the obtained experimental data. A comparison of the results of dynamic
and static deformation of the specimens showed that the dynamic effects can be ignored when
studying the deformation of the considered material.

Keywords: Kolsky method, split Hopkinson pressure bar, dynamic deformation, composite materials,
experiment.


