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Öåëü ðàáîòû — èçó÷åíèå ïðîöåññà óñòàëîñòíîãî öèêëè÷åñêîãî ðàçðóøåíèÿ ñòàëè. Èçãîòîâ-

ëåíà óñòàíîâêà, ïðåäíàçíà÷åííàÿ äëÿ íàâåäåíèÿ óñòàëîñòíûõ òðåùèí, à òàêæå äëÿ èçó÷å-

íèÿ êèíåòèêè ðàçâèòèÿ óñòàëîñòíîé òðåùèíû, ðîñò êîòîðîé ôèêñèðîâàëè ìåòîäîì ðàçíî-

ñòè ïîòåíöèàëîâ. Êèíåòèêó ðîñòà òðåùèíû îáðàáàòûâàëè ñ ïîìîùüþ êîìïüþòåðà, ïðî-

ãðàìì LGraph2 è ýëåêòðîííûõ òàáëèö Excel. Äëÿ èçó÷åíèÿ êèíåòèêè ðàçâèòèÿ óñòàëîñò-

íîé òðåùèíû ê êðàÿì èñõîäíîãî íàäðåçà èññëåäóåìîãî îáðàçöà ïðèïàèâàëè ýëåêòðîäû è â

ïðîöåññå ðîñòà òðåùèíû ðåãèñòðèðîâàëè ñ ïîìîùüþ êîìïüþòåðà çàâèñèìîñòü ðàçíîñòü ïî-

òåíöèàëîâ — âðåìÿ. Äëÿ ðàñøèôðîâêè äàííûõ ýêñïåðèìåíòà èñïîëüçîâàëè òàðèðîâî÷íûé

ãðàôèê â êîîðäèíàòàõ ðàçíîñòü ïîòåíöèàëîâ (U) — äëèíà òðåùèíû (Lòð), ïîñòðîåííûé íà

îñíîâå ïîêàçàíèé ìèëëèâîëüòìåòðà, â ñîîòâåòñòâèè ñ ðàçìåðàìè ñå÷åíèÿ îáðàçöà, ïðîòåêà-

þùèì ÷åðåç íåãî òîêîì è äëèíîé óñòàëîñòíîé òðåùèíû. Óñòàíîâëåíî, ÷òî ðîñò òðåùèíû

ïðîèñõîäèò ñòóïåí÷àòî, ò.å. â ïðîöåññå öèêëè÷åñêîãî íàãðóæåíèÿ îáðàçöà ñíà÷àëà âîçíèêà-

åò çîíà ïëàñòè÷åñêîé äåôîðìàöèè ìåòàëëà, à ïîñëå íàêîïëåíèÿ â íåé íàïðÿæåíèé îïðåäå-

ëåííîé âåëè÷èíû ïðîèñõîäèò èõ ðåëàêñàöèÿ â âèäå âîçíèêíîâåíèÿ òðåùèíû è ñêà÷êîîá-

ðàçíîãî åå ðîñòà. Äàëåå ýêñïåðèìåíòàëüíûå äàííûå îáðàáàòûâàëè, â ðåçóëüòàòå ÷åãî ïîëó-

÷àëè ãðàôèê ñêîðîñòè ðîñòà óñòàëîñòíîé òðåùèíû, íà êîòîðîì õîðîøî âèäíû ýòàïû åå

ñêà÷êîîáðàçíîãî ðîñòà. Ñ ïîìîùüþ ãðàôè÷åñêîãî ðåäàêòîðà ÊÎÌÏÀÑ ñòðîèëè ãðàôèê, êî-

òîðûé õàðàêòåðèçóåò ðîñò óñòàëîñòíîé òðåùèíû îò ÷èñëà öèêëîâ óñòàëîñòíûõ èñïûòàíèé

íà èçãèá. Òàêèì îáðàçîì, ñ ïîìîùüþ ñîçäàííîé óñòàíîâêè ìîæíî âûðàùèâàòü óñòàëîñò-

íûå òðåùèíû äëÿ óäàðíûõ èñïûòàíèé è îïðåäåëÿòü ðàáîòó ðàñïðîñòðàíåíèÿ òðåùèíû,

èçó÷àòü êèíåòèêó åå ðàçâèòèÿ, à òàêæå ïðîâîäèòü êîìïüþòåðíóþ îáðàáîòêó äàííûõ ýêñïå-

ðèìåíòà.
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The goal of the study is analysis of the features of fatigue cyclic fracture of steels. An installation has been

designed to induce fatigue cracks and to study the kinetics of fatigue crack development. Crack growth is

recorded by the method of potential difference. The data on the crack growth kinetics were processed on a

computer using LGraph2 programs and Excel spreadsheets. When studying the kinetics of the fatigue

crack development, the electrodes were soldered to the edges of the initial notch of the sample and time

dependence of the potential difference was recorded on a computer during crack growth. To interpret the

experimental data, a calibration chart in the coordinates “potential difference (U) – the crack length (L
cr

)”

constructed on the basis of the millivoltmeter readings was used, with due regard for the size of the sam-

ple section, current flow and length of the fatigue crack. Cyclic loading of the sample resulted in a stepwise

character of the crack growth: first occurred zone of plastic deformation of the metal is then followed by

accumulation of stresses of a certain size, their relaxation in the form of a crack and sudden crack growth.

An abrupt crack growth is clearly visible on a graph of the fatigue crack growth rate obtained upon com-

puter processing of experimental data. Using a graphical editor KOMPAS, a graph was constructed which

characterized the growth of the fatigue crack against the number of cycles of fatigue tests for bending. The

experimental setup provides the possibility of fatigue crack formation for impact tests, determination of
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the work of crack propagation, as well as studying of the kinetics of crack development and computer pro-

cessing of experimental data.

Keywords: fatigue cyclic bending; fracture kinetics; method of electric potential; experimental data pro-

cessing technique.

Ââåäåíèå

Â ïðîöåññå ïðîâåäåíèÿ ìàòåðèàëîâåä÷åñêèõ

èññëåäîâàíèé âîçíèêàåò íåîáõîäèìîñòü îáðàáîò-

êè ýêñïåðèìåíòàëüíûõ äàííûõ â öåëÿõ ïîëó÷å-

íèÿ õàðàêòåðèñòèê, ïîçâîëÿþùèõ ñóäèòü î ñâîé-

ñòâàõ èññëåäóåìîãî îáúåêòà. Ïîýòîìó ñ ïîÿâëå-

íèåì íîâûõ ïðèáîðîâ è ìåòîäèê âîçíèêàþò äî-

ïîëíèòåëüíûå âîçìîæíîñòè äëÿ èññëåäîâàòåëÿ.

Îäíèì èç òàêèõ ïðèáîðîâ ÿâëÿåòñÿ êîìïüþòåð,

êîòîðûé îòêðûâàåò äàííûå ýêñïåðèìåíòà ñ ïî-

ìîùüþ ñïåöèàëüíûõ ïðîãðàìì [1]. Ê íåìó ìîãóò

áûòü ïîäêëþ÷åíû âíåøíèå äîïîëíèòåëüíûå

ïðèáîðû, ïîçâîëÿþùèå ïåðåäàâàòü ýêñïåðèìåí-

òàëüíûå äàííûå â âèäå ýëåêòðè÷åñêîãî ñèãíàëà,

ïðåîáðàçóåìîãî â öèôðîâîé ôîðìàò ñ ïîìîùüþ

ÀÖÏ.

Öåëü äàííîé ðàáîòû — èññëåäîâàíèå ïðîöåñ-

ñà óñòàëîñòíîãî öèêëè÷åñêîãî ðàçðóøåíèÿ ñòàëè.

Îïèñàíû îáîðóäîâàíèå, ìåòîäèêè èçó÷åíèÿ êè-

íåòèêè ðàçâèòèÿ óñòàëîñòíîé òðåùèíû è îáðà-

áîòêè ýêñïåðèìåíòàëüíûõ äàííûõ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Õîðîøî èçâåñòíî, ÷òî öèêëè÷åñêèå íàãðóç-

êè — îäíè èç îñíîâíûõ ôàêòîðîâ âîçäåéñòâèÿ íà

êîíñòðóêöèè èç ìåòàëëîâ è èõ ñïëàâîâ. Òàêèå

íàãðóçêè ìîãóò âûçûâàòü óñòàëîñòíîå ðàçðóøå-

íèå îòäåëüíûõ óçëîâ èëè öåëûõ êîíñòðóêöèé.

Ñîãëàñíî [2 – 8] óñòàëîñòíîå ðàçðóøåíèå — ýòî

ðàçðóøåíèå ìàòåðèàëà íàãðóæàåìîãî îáúåêòà äî

ïîëíîé ïîòåðè åãî ïðî÷íîñòè èëè ðàáîòîñïîñîá-

íîñòè âñëåäñòâèå ðàñïðîñòðàíåíèÿ óñòàëîñòíîé

òðåùèíû. Ïðè ýòîì îñíîâíûì ïàðàìåòðîì, õà-

ðàêòåðèçóþùèì óñòàëîñòíóþ âûíîñëèâîñòü òîãî

èëè èíîãî ìàòåðèàëà ÿâëÿåòñÿ öèêëè÷åñêàÿ äîë-

ãîâå÷íîñòü — ÷èñëî öèêëîâ íàïðÿæåíèé èëè äå-

ôîðìàöèé, âûäåðæèâàåìîå íàãðóæåííûì îáúåê-

òîì äî îáðàçîâàíèÿ óñòàëîñòíîé òðåùèíû îïðå-

äåëåííîé ïðîòÿæåííîñòè èëè äî óñòàëîñòíîãî

ðàçðóøåíèÿ.

Äëÿ èññëåäîâàíèÿ ïðîöåññà óñòàëîñòíîãî

öèêëè÷åñêîãî ðàçðóøåíèÿ ñòàëè áûëà ñîáðàíà

óñòàíîâêà, ïîçâîëÿþùàÿ ïðîâîäèòü èñïûòàíèÿ

ïðèçìàòè÷åñêèõ îáðàçöîâ íà öèêëè÷åñêèé èçãèá.

Ëàáîðàòîðíàÿ óñòàíîâêà ïðåäíàçíà÷åíà äëÿ íà-

âåäåíèÿ óñòàëîñòíûõ òðåùèí â îáðàçöàõ, à òàêæå

äëÿ èññëåäîâàíèÿ êèíåòèêè ðàçâèòèÿ óñòàëîñò-

íîé òðåùèíû ïðè öèêëè÷åñêîì íàãðóæåíèè.

Âíåøíèé âèä óñòàíîâêè ïðåäñòàâëåí íà ðèñ. 1.

Â ñîñòàâ óñòàíîâêè âõîäèëè ñòåíä äëÿ íàâåäå-

íèÿ óñòàëîñòíîé òðåùèíû, à òàêæå îáîðóäîâàíèå

äëÿ èññëåäîâàíèÿ è çàïèñè êèíåòèêè åå ðàçâè-

òèÿ. Ïðîöåññ âîçíèêíîâåíèÿ è ïîñëåäóþùåãî

ðàçâèòèÿ òðåùèíû ôèêñèðîâàëè ìåòîäîì ýëåê-

òðîïîòåíöèàëîâ [9 – 12, 13, ñ. 63]. Áëîê-ñõåìà äëÿ

ôèêñàöèè êèíåòèêè ðîñòà òðåùèíû â ðåàëüíîì

âðåìåíè ïðèâåäåíà íà ðèñ. 2. Íà îáðàçåö 4,

èìåþùèé V-îáðàçíûé íàäðåç, ÷åðåç áàëëàñòíîå

ñîïðîòèâëåíèå 3 îò ïîíèæàþùåãî òðàíñôîðìàòî-

ðà ÐÍÎ-250-5 2 ïîäàâàëè ïåðåìåííûé ýëåêòðè-

÷åñêèé òîê ïðîìûøëåííîé ÷àñòîòû 50 Ãö, âåëè-

÷èíó êîòîðîãî ðåãóëèðîâàëè. Äëÿ èñêëþ÷åíèÿ

âëèÿíèÿ íà ðåçóëüòàòû âîçìîæíûõ èçìåíåíèé

íàïðÿæåíèÿ ñåòè ïèòàíèå áëîêà óñòàíîâêè îñó-

ùåñòâëÿëè ÷åðåç ñòàáèëèçàòîð íàïðÿæåíèÿ Ñ-09

1. Â ðåçóëüòàòå âîçíèêíîâåíèÿ è ðîñòà òðåùèíû

ó êðàåâ èñõîäíîãî íàäðåçà ïîÿâëÿëàñü ðàçíîñòü

ïîòåíöèàëîâ, êîòîðóþ ôèêñèðîâàëè ïðè ïîìîùè

ìèëëèâîëüòìåòðà ïåðåìåííîãî òîêà 5 ñ êîýôôè-

öèåíòîì óñèëåíèÿ, ðàâíûì ñåìè. Ïîëó÷åííûé

ñèãíàë ïîäàâàëñÿ íà ÀÖÏ Å-154 6, âûïóñêàåìûé

ôèðìîé L-Card, êîòîðûé ïðåîáðàçîâûâàë àíàëî-

ãîâûé ñèãíàë â öèôðîâîé è ïåðåäàâàë åãî äëÿ îá-

ðàáîòêè íà êîìïüþòåð 7 ñ óñòàíîâëåííîé íà íåì

ñïåöèàëüíîé ïðîãðàììîé LGraph2. Ýòî ïîçâîëÿ-

ëî çàïèñûâàòü ïîëó÷àåìûé ñèãíàë èçìåíåíèÿ ïà-

äåíèÿ íàïðÿæåíèÿ íà îáðàçöå â ïðîöåññå ðîñòà

óñòàëîñòíîé òðåùèíû â ðåàëüíîì âðåìåíè.

Äëÿ ïðîâåäåíèÿ èñïûòàíèé íà öèêëè÷åñêèé

èçãèá è íàâåäåíèÿ óñòàëîñòíûõ òðåùèí èññëå-
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Ðèñ. 1. Óñòàíîâêà äëÿ óñòàëîñòíûõ èñïûòàíèé îáðàçöîâ

íà öèêëè÷åñêèé èçãèá

Fig. 1. Installation for fatigue tests of samples for cyclic

bending



äóåìûé îáðàçåö çàêðåïëÿëè â ñïåöèàëüíûõ çà-

æèìàõ (ðèñ. 3). Ïðè âêëþ÷åíèè ñòåíäà ñ ïîìî-

ùüþ ýêñöåíòðèêà îñóùåñòâëÿëè êîëåáàòåëüíûé

ïðîöåññ íàãðóæåíèÿ îáðàçöà ñ ÷àñòîòîé, ðàâíîé

ñåìè êîëåáàíèé â ñåêóíäó. Êîíñòðóêöèÿ ñòåíäà

èñêëþ÷àëà íàêëåï áåðåãîâ òðåùèíû áëàãîäàðÿ

ïðèìåíåííîé êîíñîëüíîé ñõåìû íàãðóæåíèÿ îá-

ðàçöà ñ öèêëè÷åñêèì èçãèáîì òîëüêî â îäíó ñòî-

ðîíó. Çà ñ÷åò ýòèõ êîëåáàíèé ÷åðåç íåêîòîðîå

âðåìÿ â ìåñòå íàäðåçà âîçíèêàëà óñòàëîñòíàÿ

òðåùèíà, ðîñò êîòîðîé ìîæíî áûëî âèçóàëüíî

êîíòðîëèðîâàòü ñ ïîìîùüþ ëóïû Áðèíåëëÿ

(×24).

Äàííàÿ óñòàíîâêà ïîçâîëÿëà íàâîäèòü óñòà-

ëîñòíûå òðåùèíû äëÿ óäàðíûõ èñïûòàíèé è îï-

ðåäåëåíèÿ ðàáîòû ðàçâèòèÿ òðåùèíû. Äëÿ èçó÷å-

íèÿ êèíåòèêè ðàçâèòèÿ óñòàëîñòíîé òðåùèíû ê

êðàÿì èñõîäíîãî íàäðåçà îáðàçöà èç èññëåäóåìîé

ñòàëè ïðèïàèâàëè ýëåêòðîäû. Â ïðîöåññå ðîñòà

òðåùèíû ïî ìåòîäèêå, îïèñàííîé âûøå, ðåãèñò-

ðèðîâàëè ñ ïîìîùüþ êîìïüþòåðà çàâèñèìîñòü

ðàçíîñòü ïîòåíöèàëîâ — âðåìÿ (ðèñ. 4). Ïðè ýòîì

îáðàçåö ýëåêòðè÷åñêè èçîëèðîâàëè îò ìåòàëëè÷å-

ñêîé êîíñòðóêöèè ñòåíäà.

Äëÿ ðàñøèôðîâêè äàííûõ ýêñïåðèìåíòà èñ-

ïîëüçîâàëè òàðèðîâî÷íûé ãðàôèê â êîîðäèíàòàõ

ðàçíîñòü ïîòåíöèàëîâ (U) — äëèíà òðåùèíû

(Lòð), ïðèâåäåííûé íà ðèñ. 5. Îí ïîñòðîåí íà îñ-

íîâå ïîêàçàíèé ìèëëèâîëüòìåòðà, â ñîîòâåòñò-

âèè ñ ðàçìåðàìè ñå÷åíèÿ îáðàçöà, ïðîòåêàþùèì

÷åðåç íåãî òîêîì è äëèíîé óñòàëîñòíîé òðåùèíû.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðè ïðîâåäåíèè ýêñïåðèìåíòîâ áûëî óñòà-

íîâëåíî, ÷òî ðîñò òðåùèíû ïðîèñõîäèò ñòóïåí÷à-

òî, ò.å. â ïðîöåññå öèêëè÷åñêîãî íàãðóæåíèÿ îá-

ðàçöà ñíà÷àëà âîçíèêàåò çîíà ïëàñòè÷åñêîé äå-

ôîðìàöèè ìåòàëëà, à ïîñëå íàêîïëåíèÿ â íåé íà-

ïðÿæåíèé îïðåäåëåííîé âåëè÷èíû ïðîèñõîäèò

èõ ðåëàêñàöèÿ â âèäå âîçíèêíîâåíèÿ òðåùèíû è

ñêà÷êîîáðàçíîãî åå ðîñòà (ðèñ. 6). Ó÷èòûâàÿ

êîýôôèöèåíò óñèëåíèÿ ñèãíàëà ìèëëèâîëüò-

ìåòðîì, ðàâíûé ñåìè, ìîæíî ãîâîðèòü î ÷óâñòâè-

òåëüíîñòè èçìåðåíèé, ò.å. ñêà÷êè íà äèàãðàììå
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Ðèñ. 2. Áëîê-ñõåìà èçìåðåíèÿ ðàçíîñòè ïîòåíöèàëîâ

Fig. 2. The block diagram of measurement of the potential

difference

Ðèñ. 3. Îáðàçåö â çàæèìàõ ñòåíäà ñ ïîäñîåäèíåííûìè

ïðîâîäàìè ó íàäðåçà

Fig. 3. The sample in clips of the testing bench with wires

connected to the notch ends
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Ðèñ. 4. Ãðàôèê ðîñòà óñòàëîñòíîé òðåùèíû â êîîðäèíà-

òàõ ðàçíîñòü ïîòåíöèàëîâ – âðåìÿ

Fig. 4. The time dependence of the fatigue crack growth
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Ðèñ. 5. Òàðèðîâî÷íûé ãðàôèê: ñå÷åíèå îáðàçöà

10 × 10 ìì; I = 15 À

Fig. 5. The calibration graph: section of the sample

10 × 10 mm; I = 15 A



ñîîòâåòñòâóþò ïðèìåðíî 0,1 ìÂ. Âñïëåñêè â ïî-

ëîæèòåëüíóþ èëè îòðèöàòåëüíóþ ñòîðîíó îòíî-

ñèòåëüíî ñðåäíåé ëèíèè ñèãíàëà ìîãëè áûòü

èíèöèèðîâàíû ïîìåõàìè â ýëåêòðè÷åñêîé ñåòè,

õîòÿ è áûëè ïîïûòêè èõ íèâåëèðîâàòü ñ ïîìî-

ùüþ àïïàðàòóðû. Îäíàêî íà ðèñ. 6 âèäåí è ñòà-

áèëüíûé ó÷àñòîê, êîãäà òðåùèíà íå ðàçâèâàåòñÿ,

ò.å. èäåò ïðîöåññ íàêîïëåíèÿ â íåé íàïðÿæåíèé,

êîòîðûå çàòåì ðåëàêñèðóþò â âèäå ïðèðîñòà òðå-

ùèíû ïî äëèíå. Â äàëüíåéøåì ïðîöåññ ïîâòîðÿ-

åòñÿ ñíîâà è ñíîâà.

Òàêèì îáðàçîì, äëÿ ïîëó÷åíèÿ èíôîðìàöèè î

òîì, êîãäà ïðîèñõîäèò ïîäîáíûé ñêà÷îê ðàçíîñòè

ïîòåíöèàëîâ ïðè ðîñòå óñòàëîñòíîé òðåùèíû,

ìîæíî âîñïîëüçîâàòüñÿ ñòàíäàðòíîé ìåòîäèêîé.

Èçâåñòíî, ÷òî äèôôåðåíöèðîâàíèå ëþáîãî ãðà-

ôèêà, êîòîðûé ìîæíî ïðåäñòàâèòü êàê ãðàôèê

ïóòè, äàåò èíôîðìàöèþ î ñêîðîñòè [1, 14]. Ñêà-

÷îê ðîñòà òðåùèíû âñåãäà îçíà÷àåò ðåçêîå óâåëè-

÷åíèå ñêîðîñòè åå ðîñòà. Ýòó èíôîðìàöèþ ìîæíî

ïîëó÷èòü ñ ïîìîùüþ ýëåêòðîííûõ òàáëèö Excel,

ââåäÿ äàííûå, íàéäåííûå ñ ïîìîùüþ äèàãðàììû

êèíåòèêè ðîñòà óñòàëîñòíîé òðåùèíû, è ðåçóëü-

òàòû èõ îáðàáîòêè.

Ïðîâåäåì àëãîðèòì ïîëó÷åíèÿ òàêèõ äàííûõ.

Ïîñëå çàâåðøåíèÿ èñïûòàíèÿ íà öèêëè÷åñêèé

èçãèá ñ ïîìîùüþ ïðîãðàììû LGraph2 íàõîäèëè

ðåçóëüòàòû, êîòîðûå îáðàáàòûâàëè è ïîëó÷àëè

ôàéëû â òåêñòîâîì ôîðìàòå, â ãðàôè÷åñêîì ôîð-

ìàòå ñ ðàñøèðåíèåì bmp, ïðåäíàçíà÷åííûå äëÿ

ýêñïîðòà â ïðîãðàììó MATLAB. Â ýòîì ñëó÷àå

äàííûå ýêñïåðèìåíòà ýêñïîðòèðîâàëè â òåêñòî-

âûé ôàéë. Ïðè ýòîì ó÷èòûâàëè, ÷òî â ïðîöåññå

çàïèñè ýêñïåðèìåíòàëüíûõ äàííûõ ÀÖÏ ïðîèç-

âîäèò îïðîñ ââîäèìîãî çíà÷åíèÿ ñ ÷àñòîòîé

10 Ãö, çà êàæäóþ ñåêóíäó ïîëó÷àëè 10 èçìåðåíèé

âåëè÷èíû ðàçíîñòè ïîòåíöèàëîâ. Ïîýòîìó äëÿ

îïðåäåëåíèÿ ðåàëüíûõ çíà÷åíèé ïðîâîäèëè äå-

öèìàöèþ — âûâîäèëè â òåêñòîâûé ôàéë íå âñå

òî÷êè ïîäðÿä, à òîëüêî âûáðàííûå. Â íàøåì ñëó-

÷àå âûáðàíà äåöèìàöèÿ, ðàâíàÿ äåñÿòè. Â òåêñòî-

âûé ôàéë âûâîäèëè êàæäóþ 10-þ òî÷êó èçìåðå-

íèÿ. Òàêèì îáðàçîì, çà îäíó ñåêóíäó âûâîäèëè

âåëè÷èíó îäíîãî èçìåðåíèÿ.

Ïîëó÷åííûé òåêñòîâûé ôàéë èñïîëüçîâàëè

äëÿ äàëüíåéøåé îáðàáîòêè ñ ïîìîùüþ ýëåêòðîí-

íûõ òàáëèö Excel. Äëÿ ýòîãî ñíà÷àëà òåêñòîâûé

ôàéë ïåðåâîäèëè â òåêñòîâûé ðåäàêòîð Microsoft

Word, ãäå ïðîâîäèëàñü çàìåíà ðàçäåëÿþùåãî çíà-

êà (.) íà (,), êîòîðûé ïðèìåíÿåòñÿ â Excel. Çàòåì

ýòè ïðåîáðàçîâàííûå äàííûå ââîäèëè â ýëåê-

òðîííóþ òàáëèöó Excel. Íà îñíîâàíèè ýòèõ äàí-

íûõ ïîñòðîèëè ãðàôèê êèíåòèêè ðàçðóøåíèÿ îá-

ðàçöà ïðè ðîñòå óñòàëîñòíîé òðåùèíû â ïðîöåññå

èñïûòàíèé íà öèêëè÷åñêèé èçãèá. Ïðèìåð òàêî-

ãî ãðàôèêà ïðèâåäåí íà ðèñ. 7.

Äàëåå îáðàáàòûâàëè ýòè ýêñïåðèìåíòàëüíûå

äàííûå ñ ïîìîùüþ ãðàôè÷åñêîãî äèôôåðåíöèðî-

âàíèÿ ïî èçâåñòíîé ôîðìóëå [14], ââîäèìîé â

ýëåêòðîííóþ òàáëèöó Excel. Â ðåçóëüòàòå ïîëó-

÷àëè ãðàôèê ñêîðîñòè ðîñòà óñòàëîñòíîé òðåùè-

íû, íà êîòîðîì õîðîøî âèäíû ýòàïû åå ñêà÷êîîá-

ðàçíîãî ðîñòà (ðèñ. 8). Â äàííîì ñëó÷àå ãðàôèê

ïîñòðîåí â êîîðäèíàòàõ ñêîðîñòü ðîñòà òðåùèíû

(Â/ìèí) – âðåìÿ (ìèí), ïîñêîëüêó äëÿ åãî ïî-

ñòðîåíèÿ áûëè âçÿòû çíà÷åíèÿ ðàçíîñòè ïîòåí-

öèàëîâ èç ýêñïåðèìåíòàëüíîãî ãðàôèêà êèíåòè-

êè ðîñòà óñòàëîñòíîé òðåùèíû, ïðèâåäåííîãî íà

ðèñ. 7.
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Ðèñ. 6. Óâåëè÷åííûé ôðàãìåíò äèàãðàììû êèíåòèêè ðàçâèòèÿ òðåùèíû â êîîðäèíàòàõ ðàçíîñòü ïîòåíöèàëîâ – âðåìÿ

Fig. 6. The magnified fragment of the kinetic diagram of crack development in coordinates “potential difference – time”
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Ðèñ. 7. Êèíåòèêà ðîñòà óñòàëîñòíîé òðåùèíû

Fig. 7. Kinetics of the fatigue crack growth



Îäíàêî áîëåå çíà÷èìîé ÿâëÿåòñÿ çàâèñèìîñòü

âåëè÷èíû ðîñòà óñòàëîñòíîé òðåùèíû îò ÷èñëà

öèêëîâ çíàêîïåðåìåííîãî èçãèáà [15]. Äëÿ åå ïî-

ñòðîåíèÿ èñïîëüçîâàëè ïîëó÷åííûå â ïðîöåññå

èñïûòàíèé òåêñòîâûå äàííûå è ðåçóëüòàòû èõ

ïðåîáðàçîâàíèÿ â äëèíó óñòàëîñòíîé òðåùèíû

ñ ïîìîùüþ òàðèðîâî÷íîãî ãðàôèêà, ïðèâåäåííî-

ãî íà ðèñ. 5. Äëÿ ïîëó÷åíèÿ òàêèõ äàííûõ èñ-

ïîëüçîâàëè ìåòîäèêó, ïðèìåíÿåìóþ â êîìïüþ-

òåðíîé ãðàôèêå ïðè ðàçðàáîòêå òåõíè÷åñêèõ

÷åðòåæåé ñ ïîìîùüþ ãðàôè÷åñêîãî ðåäàêòîðà

ÊÎÌÏÀÑ, ðàçðàáîòàííîãî ôèðìîé ÀÑÊÎÍ.

Â ýòîì ñëó÷àå òî÷íîñòü äàííûõ î äëèíå óñòàëîñò-

íîé òðåùèíû â ïðîöåññå åå ðîñòà çíà÷èòåëüíî

ïîâûøàëàñü. Íà îñíîâàíèè òàêèõ ïðåîáðàçîâà-

íèé â êîíå÷íîì èòîãå ïîëó÷àëè çàâèñèìîñòü ðîñ-

òà óñòàëîñòíîé òðåùèíû îò ÷èñëà öèêëîâ óñòà-

ëîñòíûõ èñïûòàíèé íà èçãèá (ðèñ. 9).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ñ ïîìîùüþ ñîçäàííîé óñòà-

íîâêè ìîæíî âûðàùèâàòü óñòàëîñòíûå òðåùèíû

äëÿ óäàðíûõ èñïûòàíèé è îïðåäåëåíèÿ ðàáîòû

ðàñïðîñòðàíåíèÿ òðåùèíû, à òàêæå èçó÷àòü êè-

íåòèêó ðàçâèòèÿ òðåùèíû è ïðîâîäèòü êîìïüþ-

òåðíóþ îáðàáîòêó äàííûõ ýêñïåðèìåíòà.
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Ðèñ. 8. Ñêîðîñòü ðîñòà òðåùèíû

Fig. 8. Crack growth rate
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