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Ôëàòåð òîíêîñòiííèõ åëåìåíòiâ àâiàêîñìi÷íèõ êîíñòðóêöié ¹ îäíèì
iç õàðàêòåðíèõ ìåõàíiçìiâ âòðàòè àåðîïðóæíî¨ ñòiéêîñòi â íàäçâóêîâî-
ìó ïîòîöi. Äëÿ êîìïîçèòíèõ ïëàñòèí-ñìóã öÿ çàäà÷à óñêëàäíþ¹òüñÿ òèì,
ùî çìiíà ñõåìè àðìóâàííÿ âïëèâà¹ îäíî÷àñíî íà çãèíàëüíó æîðñòêiñòü,
ïîâ'ÿçàíó ç ìîäóëåì Þíãà E, i íà òðàíñâåðñàëüíó çñóâíó æîðñòêiñòü,
ïîâ'ÿçàíó ç ìîäóëåì çñóâó G. Òîìó íåçàëåæíà çìiíà îäíîãî ç öèõ ïàðàìå-
òðiâ çà ôiêñîâàíîãî iíøîãî íå çàâæäè êîðåêòíî îïèñó¹ ïîâåäiíêó ðåàëü-
íîãî êîìïîçèòó.

Ìåòîþ ðîáîòè ¹ ÷èñëîâå äîñëiäæåííÿ âïëèâó óçãîäæåíî¨ çìiíè ìîäó-
ëiâ E òà G íà êðèòè÷íå ÷èñëî Ìàõà Mcr ôëàòåðà øàðíiðíî çàêðiïëåíî¨
âçäîâæ âèäîâæåíèõ ðåáåð êîìïîçèòíî¨ ïëàñòèíè-ñìóãè. Ðîçãëÿíóòî óòî-
÷íåíó äåòåðìiíîâàíó ìîäåëü ôëàòåðà, ÿêà âðàõîâó¹ ïîäàòëèâiñòü ïëàñòè-
íè äî òðàíñâåðñàëüíîãî çñóâó. Âëàñíi ôîðìè ïîäàíî ó âèãëÿäi

w(x, t) = W (x)eΩt, Ω = δ + iω, (1)

äå δ ¹ øâèäêiñòþ íàðîñòàííÿ àáî çàíèêàííÿ àìïëiòóäè êîëèâàíü, à ω �
êîëîâîþ ÷àñòîòîþ. Êðèòè÷íå ÷èñëî Ìàõà âèçíà÷àëè çà ïåðåõîäîì ñèñòå-
ìè ÷åðåç ìåæó ñòiéêîñòi, òîáòî çà çìiíîþ çíàêà ïàðàìåòðà δ.

Ïiñëÿ ïiäñòàíîâêè âëàñíîãî ïîäàííÿ çàäà÷à çâîäèòüñÿ äî õàðàêòåðè-
ñòè÷íîãî ðiâíÿííÿ äëÿ ïðîñòîðîâèõ âëàñíèõ çíà÷åíü òà ñèñòåìè ëiíiéíèõ
àëãåáðà¨÷íèõ ðiâíÿíü äëÿ ñòàëèõ iíòåãðóâàííÿ. Óìîâà iñíóâàííÿ íåòðèâi-
àëüíîãî ðîçâ'ÿçêó ìà¹ âèãëÿä

∆(M,ω;E,G) = detA(M,ω;E,G) = 0, (2)

äå ìàòðèöÿ A âèçíà÷à¹òüñÿ ãðàíè÷íèìè óìîâàìè øàðíiðíîãî çàêðiïëåí-
íÿ. Äëÿ êîæíîãî çíà÷åííÿ ÷èñëà Ìàõà ìiíiìiçóâàëè |∆|, à çíàéäåíó ÷à-
ñòîòó ω âèêîðèñòîâóâàëè ÿê ïî÷àòêîâå íàáëèæåííÿ íà íàñòóïíîìó êðîöi
çà M . Êðèòè÷íå çíà÷åííÿ Mcr óòî÷íþâàëè ìåòîäîì áiñåêöi¨.
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ßê ìàòåðiàë âèáðàíî ñêëîïëàñòèê GFRP. Äëÿ âðàõóâàííÿ ðåàëüíî¨
çìiíè ôiçèêî-ìåõàíi÷íèõ õàðàêòåðèñòèê ïiä ÷àñ ïåðåõîäó âiä çñóâíîãî
óêëàäàííÿ ±45◦ äî ïîâçäîâæíüîãî óêëàäàííÿ 0◦ âèêîðèñòàíî ëiíiéíó
àïðîêñèìàöiþ

E(η) = 12 + 23η ÃÏà, G(η) = 4.6− 1.1η ÃÏà, 0 ≤ η ≤ 1. (3)

Òóò η = 0 âiäïîâiäà¹ çñóâíîìó óêëàäàííþ, à η = 1 � óêëàäàííþ, äîìiíî-
âàíîìó ïîâçäîâæíiìè âîëîêíàìè.

c
Ñõåìà óêëàäàííÿ E, ÃÏà G, ÃÏà E/G
Çñóâíå, ±45◦ 12 4.6 2.6

Êâàçiiçîòðîïíå 21 4.2 5.0

Äîìiíîâàíå, 0◦ 35 3.5 10.0

×èñëîâi ðåçóëüòàòè ïîêàçóþòü, ùî çi çðîñòàííÿì E/G êðèòè÷íå ÷è-
ñëî Ìàõà Mcr çðîñòà¹ ìîíîòîííî. Çáiëüøåííÿ ìîäóëÿ Þíãà ïðèâîäèòü
äî ñóòò¹âîãî çðîñòàííÿ çãèíàëüíî¨ æîðñòêîñòi ïëàñòèíè-ñìóãè, òîìó äëÿ
âèíèêíåííÿ ôëàòåðà ïîòðiáíèé áiëüøèé àåðîäèíàìi÷íèé òèñê. Âîäíî÷àñ
çìåíøåííÿ ìîäóëÿ çñóâó G çíèæó¹ òðàíñâåðñàëüíó çñóâíó æîðñòêiñòü i
äi¹ â ïðîòèëåæíîìó íàïðÿìi, ñïðèÿþ÷è ðàíiøié âòðàòi ñòiéêîñòi. Äëÿ ðîç-
ãëÿíóòîãî GFRP äîìiíàíòíèì âèÿâëÿ¹òüñÿ âïëèâ çãèíàëüíî¨ æîðñòêîñòi,
òîìó çàãàëüíà òåíäåíöiÿ ïîëÿãà¹ ó çðîñòàííi Mcr.

Îòðèìàíà çàëåæíiñòü ìà¹ íåëiíiéíèé õàðàêòåð iç ïîñòóïîâèì íàñè÷å-
ííÿì: çà ìàëèõ çíà÷åíü E/G êðèòè÷íå ÷èñëî Ìàõà çìiíþ¹òüñÿ øâèäøå,
à çà âåëèêèõ çíà÷åíü E/G ïðèðiñò Mcr ñïîâiëüíþ¹òüñÿ. Îòæå, ïiä ÷àñ
àíàëiçó ôëàòåðà àðìîâàíî¨ êîìïîçèòíî¨ ïëàñòèíè-ñìóãè ìîäóëi E òà G
äîöiëüíî ðîçãëÿäàòè ÿê óçãîäæåíi ïàðàìåòðè, ùî çìiíþþòüñÿ ðàçîì çi
ñõåìîþ óêëàäàííÿ. Ó äîñëiäæåíîìó äiàïàçîíi âèçíà÷àëüíèì ¹ çðîñòàííÿ
çãèíàëüíî¨ æîðñòêîñòi, ÿêå ïiäâèùó¹ êðèòè÷íå ÷èñëî Ìàõà i ðîçøèðþ¹
äiàïàçîí àåðîïðóæíî¨ ñòiéêîñòi ïëàñòèíè-ñìóãè.
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NUMERICAL STUDY OF THE INFLUENCE OF YOUNG'S

MODULUS AND SHEAR MODULUS ON THE CRITICAL

FLUTTER MACH NUMBER OF A COMPOSITE

PLATE-STRIP

The paper investigates the coupled e�ect of Young's modulus and shear modulus
on the critical �utter Mach number (Mcr) of a composite plate-strip with hi-
nged edges. A re�ned deterministic model is used to account for the material's
sensitivity to transverse shear. Numerical analysis for a GFRP material shows
that Mcr? increases monotonically with the growth of the E/G ratio. Although a
decrease in the shear modulus acts to reduce stability, the simultaneous increase
in Young's modulus plays a dominant role, leading to an overall expansion of the
aeroelastic stability domain
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