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Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ñòàòè÷åñêîé ïðî÷íîñòè,

óñòàëîñòè è òðåùèíîñòîéêîñòè ñîâðåìåííûõ óëó÷øåííûõ àëþìèíèåâûõ ñïëàâîâ, ðàçðàáî-

òàííûõ âî Âñåðîññèéñêîì íàó÷íî-èññëåäîâàòåëüñêîì èíñòèòóòå àâèàöèîííûõ ìàòåðèàëîâ:

1163ÀÒÂ, 1163ÐÄÒÂ, 1441ÐÒ1, 1163Ò, 1163Ò7, 1161Ò, Â95î÷Ò2, Â96-3ï÷Ò12, 1973Ò2; è íà

ôèðìå ALCOA (ÑØÀ): 2524-Ò3, 6013-Ò6 HDT, 2324-Ò39, Ñ433-Ò351, 7055-Ò7751. Äàííûå

ìàòåðèàëû ïðèìåíÿþòñÿ â êîíñòðóêöèÿõ ñîâðåìåííûõ ýêñïëóàòèðóåìûõ è ïðîåêòèðóå-

ìûõ ñàìîëåòîâ. Ïðî÷íîñòíûå õàðàêòåðèñòèêè ìàòåðèàëîâ îïðåäåëÿëè ïóòåì èñïûòàíèÿ

ñòàíäàðòíûõ îáðàçöîâ íà ýëåêòðîãèäðàâëè÷åñêèõ ìàøèíàõ ôèðì MTS (ÑØÀ), Instron

(Àíãëèÿ), Schenk (ÔÐÃ). Îáðàçöû âûðåçàëè èç ïîëóôàáðèêàòîâ, èçãîòîâëåííûõ ïî ñåðèé-

íûì òåõíîëîãèÿì. Ìåõàíè÷åñêèå ñâîéñòâà ìàòåðèàëîâ ïðè ðàñòÿæåíèè (óâ, ó0,2, ä), õàðàê-

òåðèñòèêè óñòàëîñòè, ñêîðîñòè ðîñòà òðåùèí óñòàëîñòè (ÑÐÒÓ), êðèâûå ñîïðîòèâëåíèÿ

ðàñïðîñòðàíåíèþ òðåùèí ïðè ñòàòè÷åñêîì íàãðóæåíèè (R-êðèâûå), óñëîâíî êðèòè÷åñêèå

( )Kc
ó êîýôôèöèåíòû èíòåíñèâíîñòè íàïðÿæåíèÿ íàõîäèëè ïî îòå÷åñòâåííûì ñòàíäàðòàì.

Äëÿ îáåñïå÷åíèÿ ñî÷åòàíèÿ âûñîêèõ âåñîâîé ýôôåêòèâíîñòè, ðåñóðñà è õàðàêòåðèñòèê ýêñ-

ïëóàòàöèîííîé æèâó÷åñòè êîíñòðóêöèé ñàìîëåòîâ àëþìèíèåâûå ñïëàâû äîëæíû îáëàäàòü

ñëåäóþùèì êîìïëåêñîì íåîáõîäèìûõ ñâîéñòâ: áîëüøèì ñîïðîòèâëåíèåì ïåðåìåííûì íà-

ãðóçêàì, ìàëîé ñêîðîñòüþ ðàçâèòèÿ óñòàëîñòíûõ òðåùèí, òðåáóåìîé îñòàòî÷íîé ïðî÷íî-

ñòüþ, õîðîøåé êîððîçèîííîé ñòîéêîñòüþ. Ïîëó÷åííûå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èñ-

ñëåäîâàíèé äàþò âîçìîæíîñòü ñðàâíèòü ïðî÷íîñòíûå ñâîéñòâà èññëåäóåìûõ ìàòåðèàëîâ â

öåëÿõ èõ îïòèìàëüíîãî ïðèìåíåíèÿ äëÿ êîíêðåòíîé çîíû êîíñòðóêöèè. Ýòî ïîçâîëèò ïî-

âûñèòü ðåñóðñ è áåçîïàñíîñòü ïðîåêòèðóåìûõ ñàìîëåòîâ.

Êëþ÷åâûå ñëîâà: àâèàöèîííûå ñïëàâû; ïðåäåë ïðî÷íîñòè; óñëîâíûé ïðåäåë òåêó÷åñòè;

óñòàëîñòü; ñêîðîñòü ðîñòà òðåùèí óñòàëîñòè; R-êðèâàÿ.
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The results of experimental studies of the static strength, fatigue and crack resistance of modern im-

proved aluminum alloys 1163ATV, 1163RDTV, 1441RT1, 1163T, 1163T7, 1161T, V95ochT2, B96-

3pchT12., 1973T2 developed at the All-Russian Scientific Research Institute for Aviation Materials

(VIAM, Russia); and 2524-T3, 6013-T6 HDT, 2324-T39, C433-T351, 7055-T7751 developed at ALCOA

(USA) are presented. Those materials are used in the construction of modern operated and designed air-

craft. The experimental data were obtained in testing standard specimens on electro-hydraulic machines

MTS (USA), Instron (Great Britain) and Schenk (FRG). The tested specimens were cut from semi-prod-

ucts manufactured according to serial technologies. The mechanical properties of materials under tension

(ó
b
, ó

0.2
, ä), fatigue characteristics, fatigue crack growth rate, stress crack propagation curves under static

loading (R-curves), conditionally critical ( )Kc
c stress intensity factors are determined according to domestic

standards. To ensure high weight efficiency combined with a high resource and high performance charac-

teristics of the aircraft structures, aluminum alloys must have the following set of necessary characteris-
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tics: high resistance to variable loads, low rate of fatigue cracks growth, required residual strength, and

good corrosion resistance. The obtained results of experimental studies clearly demonstrate the advan-

tages and disadvantages of the strength properties of the materials under study. The results of experimen-

tal studies provide the possibility to compare the strength properties of the materials under study to opti-

mize their use for the specific zone of the structure and thus increase the life and safety of the aircraft

design.

Keywords: aviation alloys; ultimate strength; conditional yield strength; fatigue; growth rate of fatigue

cracks; R-curve.

Ââåäåíèå

Íåñìîòðÿ íà ðàñòóùåå èñïîëüçîâàíèå êîì-

ïîçèòíûõ ìàòåðèàëîâ, àâèàöèîííûå ìåòàëëè-

÷åñêèå ñïëàâû îñòàþòñÿ îñíîâíûì êîíñòðóêöè-

îííûì ìàòåðèàëîì òðàíñïîðòíûõ ñàìîëåòîâ.

Ïëàíåð ñàìîëåòà [1] ïðèìåðíî íà 70 % ñîñòîèò èç

àëþìèíèåâûõ ñïëàâîâ.

Êàê â Ðîññèè, òàê è çà ðóáåæîì ñóùåñòâóþò

ñâîè êàòàëîãè àëþìèíèåâûõ ìàòåðèàëîâ, êîòî-

ðûå òðàäèöèîííî ïðèìåíÿþòñÿ ïðè èçãîòîâëå-

íèè îïðåäåëåííûõ êîíñòðóêòèâíûõ ýëåìåíòîâ

ëåòàòåëüíûõ àïïàðàòîâ [2 – 5]. Áëàãîäàðÿ èñ-

ïîëüçîâàíèþ áîëåå ñîâåðøåííûõ ïðîöåññîâ èçãî-

òîâëåíèÿ è òåðìîìåõàíè÷åñêîé îáðàáîòêè àëþ-

ìèíèåâûõ ñïëàâîâ èõ ïðî÷íîñòíûå õàðàêòå-

ðèñòèêè óëó÷øàþòñÿ. Â ðàáîòå [6] ïðåäñòàâëåí

îáçîð ïî ýâîëþöèè ñâîéñòâ àëþìèíèåâûõ ñïëà-

âîâ, ïðèìåíÿåìûõ â çàðóáåæíîì àâèàñòðîåíèè.

Â íàñòîÿùåå âðåìÿ îòìå÷àåòñÿ ïåðñïåêòèâíîñòü

àëþìèíèé-ëèòèåâûõ ñïëàâîâ [7].

Ïëàíåð ñàìîëåòà ìîæíî óñëîâíî ðàçäåëèòü

íà íåñêîëüêî îñíîâíûõ êîíñòðóêòèâíûõ ýëåìåí-

òîâ, íàãðóçêè íà êîòîðûå ïðåäúÿâëÿþò îïðåäå-

ëåííûå òðåáîâàíèÿ ê ìàòåðèàëàì, ïðèìåíÿåìûì

ïðè èõ èçãîòîâëåíèè. Òàê, íàïðèìåð, âåðõíÿÿ ïî-

âåðõíîñòü êðûëà ñàìîëåòà ïðè ýêñïëóàòàöèè èñ-

ïûòûâàåò â îñíîâíîì ñæèìàþùèå íàãðóçêè, ïî-

ýòîìó ìàòåðèàë âåðõíèõ ïàíåëåé êðûëà äîëæåí

îáëàäàòü ïîâûøåííûìè ìåõàíè÷åñêèìè ñâîé-

ñòâàìè, ïðèåìëåìûìè óñòàëîñòíîé ïðî÷íîñòüþ è

âÿçêîñòüþ ðàçðóøåíèÿ. Íèæíÿÿ ïîâåðõíîñòü

êðûëà è îáøèâêà ôþçåëÿæà â áîëüøåé ñòåïåíè

ïîäâåðæåíû óñòàëîñòíûì ïîâðåæäåíèÿì, è äëÿ

èõ èçãîòîâëåíèÿ èñïîëüçóþò ìàòåðèàëû ñ ïîâû-

øåííûìè óñòàëîñòíîé ïðî÷íîñòüþ, âÿçêîñòüþ

ðàçðóøåíèÿ è öèêëè÷åñêîé òðåùèíîñòîéêîñòüþ

ïðè ïðèåìëåìûõ ìåõàíè÷åñêèõ ñâîéñòâàõ. Êðîìå

òîãî, îáøèâêó ôþçåëÿæà íèæå ïîëà âûáèðàþò

ñ ó÷åòîì êîððîçèîííîé ñòîéêîñòè. Äëÿ ýòîãî ðàç-

ðàáîòàíû êîððîçèîííî-ñòîéêèå ñâàðèâàåìûå

ñïëàâû 1441ÐÒ1 è 6013-Ò6 HDT: àëþìèíèé-ëè-

òèåâûé ñïëàâ 1441ÐÒ1 — íà îñíîâå ñèñòåìû Al –

Cu – Mg – Li; ñïëàâ 6013-Ò6 HDT — íà îñíîâå

ñèñòåìû Al – Mg – Si – Cu. Ëèñòû èç àëþìèíèé-

ëèòèåâîãî ñïëàâà 1441ÐÒ1 èìåþò ïëîòíîñòü

ïðèìåðíî íà 7 % ìåíüøå, ÷åì äðóãèå ñïëàâû [1].

Ïîìèìî çíà÷èòåëüíîãî ïðåèìóùåñòâà â âåñå,

àëþìèíèé-ëèòèåâûå ñïëàâû îáëàäàþò áîëåå âû-

ñîêèìè ïðî÷íîñòüþ, æåñòêîñòüþ, óäåëüíûìè è

ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêàìè. Îíè ïîç-

âîëÿþò èñïîëüçîâàòü áîëåå ýôôåêòèâíûå êîí-

ñòðóêòîðñêèå ðåøåíèÿ, òàêèå êàê ëàçåðíàÿ ñâàð-

êà, ñâàðêà òðåíèåì ñ ïåðåìåøèâàíèåì, àâòîìàòè-

÷åñêàÿ àðãîíîäóãîâàÿ ñâàðêà ñ èñïîëüçîâàíèåì

íîâûõ ïðèñàäî÷íûõ ìàòåðèàëîâ [8].

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Èññëåäîâàëè ñëåäóþùèå ìàòåðèàëû, ðàçðàáî-

òàííûå â Ðîññèè (ÂÈÀÌ) è ÑØÀ (ALCOA):

óëó÷øåííûå ñïëàâû äëÿ îáøèâêè ôþçåëÿ-

æà — 2524-T3 (ALCOA), 1163ÀÒÂ è 1163ÐÄÒÂ

(ÂÈÀÌ);

êîððîçèîííî-ñòîéêèå ñïëàâû äëÿ îáøèâêè

ôþçåëÿæà — 6013-T6 HDT (ALCOA), 1441ÐÒ1

(ÂÈÀÌ);

ñïëàâû ïîâûøåííîé òðåùèíîñòîéêîñòè äëÿ

íèæíåé ïîâåðõíîñòè êðûëà — 2324-T39,

C433-T351 (ALCOA), 1163Ò, 1163Ò7, 1161Ò

(ÂÈÀÌ);

ñïëàâû ïîâûøåííîé ñòàòè÷åñêîé ïðî÷íîñòè

äëÿ âåðõíåé ïîâåðõíîñòè êðûëà — 7055-T7751

(ALCOA), Â95î÷Ò2, Â96-3ï÷Ò12, 1973Ò2

(ÂÈÀÌ).

Èñïûòàíèÿ ïðîâîäèëè â ñîîòâåòñòâèè ñî

ñòàíäàðòàìè: íà ðàñòÿæåíèå — ÃÎÑÒ 1497–84 è

ÎÑÒ 1 90011–70; íà óñòàëîñòü — ÃÎÑÒ 25.502–

79; íà ÑÐÒÓ — ÎÑÒ 1 92127–90; íà ñòàòè÷åñêóþ

òðåùèíîñòîéêîñòü ïðè ïëîñêîì íàïðÿæåííîì ñî-

ñòîÿíèè — ÎÑÒ 1 92122–88 è ÎÑÒ 1 90356–84.

Ðåçóëüòàòû èñïûòàíèé

Â òàáëèöå ïðåäñòàâëåíû ïðî÷íîñòíûå õàðàê-

òåðèñòèêè íåêîòîðûõ àëþìèíèåâûõ ñïëàâîâ, èñ-

ïûòàííûõ â ÖÀÃÈ. Çäåñü èñïîëüçîâàíû ñëåäóþ-

ùèå îáîçíà÷åíèÿ: N133 — ñðåäíåå çíà÷åíèå äîë-

ãîâå÷íîñòè îáðàçöîâ òèïà «ïîëîñà ñ îòâåðñòèåì»

(ÏÎ) ïðè ìàêñèìàëüíûõ íàïðÿæåíèÿõ áðóòòî

� max

áðóòòî
= 133 ÌÏà è àñèììåòðèè öèêëà R = 0;

m — ïîêàçàòåëü ñòåïåíè â óðàâíåíèè êðèâîé

óñòàëîñòè ómN = 10C (îáðàçöîâ ÏÎ), íà áàçå íà-

ðàáîòêè äî ðàçðóøåíèÿ N � 2 · 104 – 6 · 105;

(da/dN)31 — ñðåäíåå çíà÷åíèå ñêîðîñòè ðîñòà òðå-

ùèí â ïëîñêîì îáðàçöå ñ öåíòðàëüíîé òðåùèíîé

ïðè ðàçìàõå êîýôôèöèåíòà èíòåíñèâíîñòè íà-
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ïðÿæåíèé ÄK = 31 ÌÏà · ì1/2; n — ïîêàçàòåëü

ñòåïåíè â óðàâíåíèè Ïýðèñà da/dN = C(ÄK)n.

Äëÿ ïåðå÷èñëåííûõ ñïëàâîâ (ñì. òàáëèöó)

ïðèâåäåíî ïðîöåíòíîå ñîäåðæàíèå ïðèìåñåé æå-

ëåçà (Fe) è êðåìíèÿ (Si). Ñíèæåíèå äàííûõ

ïðèìåñåé â àëþìèíèåâûõ ñïëàâàõ ïîçâîëÿåò

óâåëè÷èòü óñòàëîñòíóþ ïðî÷íîñòü, óëó÷øèòü õà-

ðàêòåðèñòèêè âÿçêîñòè ðàçðóøåíèÿ è öèêëè÷å-

ñêîé òðåùèíîñòîéêîñòè, ïîâûñèòü êîððîçèîííóþ

óñòîé÷èâîñòü, îáåñïå÷èòü ïðèåìëåìûé óðîâåíü

ìåõàíè÷åñêèõ ñâîéñòâ.

Ìåõàíè÷åñêèå ñâîéñòâà ìàòåðèàëîâ ïðè

ðàñòÿæåíèè. Èñïûòàíèÿ ïðîâîäèëè ïðè íîð-

ìàëüíîé òåìïåðàòóðå íà ïëîñêèõ îáðàçöàõ ðàçìå-

ðîì 30 × 310 ìì íà ýëåêòðîãèäðàâëè÷åñêîé èñ-

ïûòàòåëüíîé ìàøèíå Instron-10. Â òàáëèöå ïðåä-

ñòàâëåíû ñðåäíèå çíà÷åíèÿ ìåõàíè÷åñêèõ

ñâîéñòâ (óâ, ó0,2 è ä) èñïûòàííûõ ìàòåðèàëîâ, ïî-

ëó÷åííûå ïî èòîãàì èñïûòàíèé íå ìåíåå ïÿòè

îáðàçöîâ.

Óñòàëîñòü. Èññëåäîâàíèÿ ïðîâîäèëè íà ïëî-

ñêèõ îáðàçöàõ â âèäå ïîëîñû øèðèíîé 36 ìì ñ

öåíòðàëüíûì îòâåðñòèåì äèàìåòðîì 6 ìì (êîýô-

ôèöèåíò êîíöåíòðàöèè íàïðÿæåíèé Kt = 3,1).

Îáðàçöû èñïûòûâàëè íà ýëåêòðîãèäðàâëè÷åñêèõ

ìàøèíàõ ôèðì Instron, MTS è Schenk. ×àñòîòà

íàãðóæåíèÿ — 3 – 5 Ãö, êîýôôèöèåíò àñèì-

ìåòðèè R = 0, äèàïàçîí ìàêñèìàëüíûõ íàïðÿæå-

íèé ïî ñå÷åíèþ áðóòòî (áåç ó÷åòà îñëàáëåíèÿ ñå-

÷åíèÿ íàëè÷èåì îòâåðñòèÿ) � max

áðóòòî
= 80 –

– 220 ÌÏà. Ðåçóëüòàòû èñïûòàíèé íà óñòàëîñòü

òàêæå ïðåäñòàâëåíû â òàáëèöå (íà êàæäîì

óðîâíå íàãðóæåíèÿ èñïûòûâàëè íå ìåíåå ïÿòè

îáðàçöîâ).

Ñêîðîñòü è äëèòåëüíîñòü ðîñòà óñòàëîñò-

íûõ òðåùèí. Èññëåäîâàíèÿ ïðîâîäèëè íà ïëî-

ñêèõ îáðàçöàõ ñ öåíòðàëüíîé òðåùèíîé. Øèðèíà

îáðàçöîâ: îáøèâêè íèæíåé ïîâåðõíîñòè êðûëà è

ôþçåëÿæà — 200 ìì; îáøèâêè âåðõíåé ïîâåðõ-

íîñòè êðûëà — 100 ìì. Íà÷àëüíûé íàäðåç ñîçäà-
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Ñâîéñòâà àëþìèíèåâûõ ñïëàâîâ

Properties of aluminum alloys

Ñàìîëåò Ìàòåðèàë
ó

â
,

ÌÏà

ó
0,2

,

ÌÏà
ä, % Fe, % Si, % N

133
, öèêë m

(da/dN)
31

,

ìì/êöèêë
n

Kc
ó,

ÌÏà · ì1/2

Âåðõíÿÿ ïîâåðõíîñòü êðûëà

B777, A380 7055-T7751 (ïëèòà) 620 595 7 0,13 0,12 300 000 5,9 3,1 2,8 90

Â96ö-3ï÷Ò12 (ïëèòà) 635 595 10 0,12 0,03 320 000 7,4 4,1 2,8 70

Èë-96-300 Â95î÷Ò2 (ïëèòà) 540 460 10 0,12 0,07 170 000 4,7 2,4 2,9 160

Àí-124 1973Ò2 (ïëèòà) 531 484 14 0,15 0,1 110 000 4,5 2,6 — 111

Íèæíÿÿ ïîâåðõíîñòü êðûëà

Òó-204 1163Ò (ïëèòà) 460 340 20 0,07 0,04 205 000 4,8 2,6 3,9 158

Èë-96-300 1163Ò7 (ïëèòà) 500 390 14 0,12 0,06 200 000 5,0 2,6 3,2 163

Àí-124 1161Ò (ïðåñ. ïàíåëü) 474 324 16 0,10 0,03 220 000 5,3 1,4 — 155

A380 2324-T39 (ïëèòà) 500 460 12 0,08 0,04 275 000 5,9 2,5 — 148

A340 C433-T351 (ïëèòà) 456 320 15 — — 260 000 5,3 1,1 — —

Ôþçåëÿæ

Èë-96-300 1163ÀÒÂ (ëèñò) 442 315 24 0,12 0,05 90 000 4,0 1,8 4,7 156

Òó-204 1163ÐÄÒÂ (ëèñò) 456 350 23 0,14 0,03 115 000 4,0 1,7 3,8 171

A380 2524-T3 (ëèñò) 450 363 20 0,07 0,03 95 000 3,4 1,8 3,5 181

1441ÐÒ1 (ëèñò) 443 364 13 0,05 0,03 100 000 4,34 3 5,4 115

6013-T6 HDT (ëèñò) 365 333 — — — 85 000 3,6 1,9 2,7 175
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Ðèñ. 1. Çàâèñèìîñòè äëèí óñòàëîñòíûõ òðåùèí îò ÷èñëà

öèêëîâ íàãðóæåíèÿ â îáðàçöàõ ìàòåðèàëîâ îáøèâêè íèæ-

íåé ïîâåðõíîñòè êðûëà

Fig. 1. Dependences of the fatigue crack lengths on the

number of loading cycles in the specimens of material used

for bottom surface of the wing skin



âàëè ýëåêòðîýðîçèîííûì ìåòîäîì. Îáðàçöû èñ-

ïûòûâàëè íà ýëåêòðîãèäðàâëè÷åñêèõ ìàøèíàõ

ôèðì Instron è MTS ïðè àñèììåòðèè öèêëà,

áëèçêîé ê íóëþ (R � 0), ïðè ìàêñèìàëüíûõ íà-

ïðÿæåíèÿõ ómax = 105 – 130 ÌÏà è ÷àñòîòå íà-

ãðóæåíèÿ f = 1 – 3 Ãö. Ïîëó÷åííûå äàííûå —

óñðåäíåííûå èñïûòàíèé íå ìåíåå ïÿòè îáðàçöîâ

äëÿ êàæäîãî ìàòåðèàëà — ïðèâåäåíû â òàáëèöå è

íà ðèñ. 1 – 6.

Ñòàòè÷åñêàÿ òðåùèíîñòîéêîñòü. Äëÿ

èññëåäîâàíèÿ èñïîëüçîâàëè ïëîñêèå îáðàçöû ñ

öåíòðàëüíîé òðåùèíîé. Øèðèíà îáðàçöîâ (W) èç

ìàòåðèàëîâ îáøèâêè ôþçåëÿæà — 1200 ìì,

èç ìàòåðèàëîâ îáøèâêè êðûëà (âåðõíåé è íèæ-

íåé) — 837 ìì. Äëèíà íà÷àëüíîé òðåùèíû

2a0 = 0,33W. Èñïûòàíèÿ ïðîâîäèëè íà ýëåêòðî-

ãèäðàâëè÷åñêîé ìàøèíå ôèðìû MTS. Ïðè èñïû-

òàíèè óñòðàíÿëè âûïó÷èâàíèå (ïîòåðþ óñòîé÷è-

âîñòè) îáðàçöîâ.
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öèêëîâ íàãðóæåíèÿ â îáðàçöàõ ìàòåðèàëîâ îáøèâêè âåðõ-
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Fig. 3. Dependences of the fatigue crack lengths on the

number of loading cycles in the specimens of material used

for upper surface of the wing skin
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Fig. 4. Dependence of the fatigue crack growth rate da/dN

on the amplitude of the stress intensity factor ÄK
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Fig. 2. Dependence of the fatigue crack growth rate da/dN

on the amplitude of the stress intensity factor ÄK

0

20

30

40

50

60

70

80

90

100

1163ÀÒÂ (ëèñò)

1163ÐÄÒÂ (ëèñò)

2524-Ò3 (ëèñò)

1441ÐÒ1 (ëèñò)

6013-T6 HDT (ëèñò)

7,3

0 5000 10000 15000 25000 3500020000 30000

2 , ììa

N, öèêëû

ó

ó

max

min

= 130,5 ÌÏà

= 2,9 ÌÏà

= 3 Ãöf

Ðèñ. 5. Çàâèñèìîñòè äëèí óñòàëîñòíûõ òðåùèí îò ÷èñëà

öèêëîâ íàãðóæåíèÿ â îáðàçöàõ ìàòåðèàëîâ îáøèâêè ôþ-

çåëÿæà

Fig. 5. Dependences of the fatigue crack lengths on the

number of loading cycles in the specimens of fuselage skin



Ðåçóëüòàòû èñïûòàíèé íà ñòàòè÷åñêóþ òðå-

ùèíîñòîéêîñòü (óñðåäíåííûå äàííûå èñïûòàíèé

íå ìåíåå ïÿòè îáðàçöîâ äëÿ êàæäîãî ìàòåðèàëà)

â âèäå êðèòè÷åñêèõ êîýôôèöèåíòîâ èíòåíñèâ-

íîñòè íàïðÿæåíèé K c

ó
è Kc ïðåäñòàâëåíû â òàá-

ëèöå è â âèäå R-êðèâûõ — íà ðèñ. 7.

Âûâîäû

Çíà÷åíèÿ ïðî÷íîñòè è ïðåäåëà òåêó÷åñòè

ñïëàâîâ 7055-T7751 è Â96ö-3ï÷Ò12, ñîäåðæàùèõ

äîáàâêè öèðêîíèÿ, çíà÷èòåëüíî âûøå ñîîòâåòñò-

âóþùèõ õàðàêòåðèñòèê ðàññìîòðåííûõ àëþìè-

íèåâûõ ñïëàâîâ, ïðèìåíÿåìûõ äëÿ èçãîòîâëåíèÿ

âåðõíèõ ïîâåðõíîñòåé êðûëà (ñì. òàáëèöó).

Ñîãëàñíî ïîëó÷åííûì ðåçóëüòàòàì èñïûòà-

íèé íà óñòàëîñòü îáðàçöîâ ðàññìàòðèâàåìûõ ìà-

òåðèàëîâ èç ëèñòîâ îáøèâêè ôþçåëÿæà ïðè íà-

ïðÿæåíèè � max

áðóòòî
= 133 ÌÏà, ëó÷øèå ïîêàçàòåëè

èìåþò ñïëàâû 1163ÐÄÒÂ è 1441ÐÒ1.

Ðåçóëüòàòû èñïûòàíèé íà ñêîðîñòü ðîñòà

òðåùèí â ëèñòàõ îáøèâêè ôþçåëÿæà (ñì. ðèñ. 6)

ïîêàçàëè, ÷òî â îáëàñòè íèçêèõ çíà÷åíèé ÄK 



 31 ÌÏà · ì1/2 ïðåèìóùåñòâî èìååò ñïëàâ

1441ÐÒ1 (ëèñò), â îáëàñòè âûñîêèõ çíà÷åíèé

ÄK � 31 ÌÏà · ì1/2 — ñïëàâ 2524-T3 (ëèñò).

Èñïûòàíèÿ îáðàçöîâ íà ñòàòè÷åñêóþ òðåùè-

íîñòîéêîñòü âûÿâèëè ëó÷øèå ïîêàçàòåëè ñïëàâà

2524-T3 (K c

ó
= 181 ÌÏà · ì1/2).
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Fig. 6. Dependence of the fatigue crack growth rate da/dN

on the amplitude of the stress intensity factor ÄK
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êðûëà (à), à òàêæå îáøèâêè ôþçåëÿæà (á)

Fig. 7. R-curves of skin materials of the upper (V95ochT2,

plate) and lower (1163T, plate) wing surfaces (a), and fuse-

lage skin materials (b)
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