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Abstract: The influence of the rolling maneuver on the free vibration of swept 
wings is studied in this article. Non-Classical effects like warping inhibition and 
transverse shear flexibility are included in the structural model. Within the model 
developed herein, both static and dynamic instabilities are simultaneously 
addressed. The governing equations and boundary conditions are determined via 
Hamilton�s Variational Principle, include coupling between the angular velocity 
of the maneuver and the elastic degrees of freedom. The result partial differential 
equations are transformed into a set of eigenvalue/ boundary value equations 
through the extended Galerkin approach and solved by numerical integration. 
Finally, the results of the numerical simulation and the effects of the rolling 
angular velocity on the natural frequencies are presented for classic and shear 
deformable wings.  Furthermore, validations of selected results against the 
previous publications are supplied. Results are indicative of the significant 
influence of the rolling maneuver on the natural frequencies and the static 
instability. ��������
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ƮŤƀǀſ�Ʀƿ� Źŵ� ŚƷ�žƳŚĩźƟ�ƱŶƃ�źƠƇ�Ţĩźů� Żř�ƾƧŚů�ƾƨǀƯŚƴƿŵ�
ŹřŶƿŚěŚƳ� ŻźƯ� ƶŝ� ƱŶǀſŹ� Śƿ� ƹ�ŜƬƇƽƯ�ƾƨǀţŚŤſř�ƾ�Ʋƿř� Źŵ� �� ŶƃŚŝ�

� ƶƘƫŚƐƯ�ŹŚŤƟŹ� ƩŚŝ�ƦǀŤſǇř� ŹŚŤƟŹ�šřźŧř�ƲŤƟźĭ� źƔƳ� Źŵ� ƶŝ� ƶūƺţ� Śŝ
ǈưƗ�ƹ�ŶƃŚŝ�ƾƯ�ƾƠŤƴƯ�ŜƬƇ���ƵŶǀſŹ�ƾƨǀţŚŤſř�ƽŹřŶƿŚěŚƳ�ŻźƯ�ƶŝ�ƩŚŝ

Ţſř� 

ƪƇŚů�ƾƨǀţŚŤſř�ƭźƟ�źǀǀƜţ�Ʀƿ�ŹŚģŵ�ƩŚŝ�ŢƫŚů�Ʋƿř�Źŵ�ƾƯ�ŹƺƳŚƯ�Żř�
ǈưƗ�ƹ�ŵƺƃ���ŵƹŹ�ƾƯ�Ʋǀŝ�Żř�Ʊō�ƾƃŚƘţŹř�šŚƳŚſƺƳ���ŪƿŚŤƳ�ƶƀƿŚƤƯ�Śŝ
�ƽŚƷ�ƪƨƃè�ƹ�é�źǀǀƜţ�źŧř�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƶƧ�ŵƺƃ�ƾƯ�ƵŶƷŚƄƯ��
�ƾƃźŝ�ƭźƟ100RŶƴƧ�ƾƯ�řŶǀě�ƂƷŚƧ�ƾƳřźŰŝ�ƩƺƏ������

�ƽŚƷ�ƪƨƃ�Źŵ�ƶŬǀŤƳ�ƲǀưƷ�ƶŝŚƄƯê�ƹëƿƹřŻ�ŢƗźſ�ƂƿřżƟř�źŧř�Źŵ����ƶ
ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ƩŚŝ�ƾƳřźŰŝ�ƩƺƏ�ƹ��ŵŵźĭ�ƾƯ�ƶƔůǈƯ�ŹƺƳŚƯ�ƾŗř��źŧř

�žƳŚĩźƟ� źŝ� ŹƺƳŚƯ�ƾŗř� ƶƿƹřŻ�ŢƗźſ� ƹ�ƩŚŝ� ŵźĭ�ŜƤƗ� ƶƿƹřŻ�šřźǀǀƜţ
ƘǀŞƏƾ� ƽŚƷ� ƪƨƃ� Źŵ� ƩŚŝ� ƭƹŵ�Ô� ƹÕ�ƩŚŝ� Ʀƿ� ƽřźŝ� Ŝǀţźţ� ƶŝ�

ƦǀſǈƧ0R�� ƶŤƟźƄǀě� ƩŚŝ�Ʀƿ� ƹ�100RƵŶƃ� Ƶŵřŵ� ƱŚƄƳ�
Ţſř���

Ư� ƵŶƷŚƄƯ� ƶƧ� ƶƳƺĮƳŚưƷƾ�źŝ� ƩŚŝ� ŵźĭ� ŜƤƗ� ƶƿƹřŻ� šřźǀǀƜţ� ŵŵźĭ
�Żř�źŤưƧ�ƾŗř�ƶƿƹřŻ�ƽŚƷ�ŢƗźſ�ŌřŻŚŝ�ƭƹŵ�žƳŚƧźƟæê�ƶǀƳŚŧ�źŝ�ƱŚƿŵřŹ�

�šřźǀǀƜţ�Ʋƿř� ǇŚŝ�ƾŗř� ƶƿƹřŻ�ƽŚƷ�ŢƗźſ� Źŵ� ƹ� ŶƃŚŝ�ƾưƳ�ŽƺƀŰƯ
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ƿřżƟř� Śŝ�Ʃżƴţ� ƾƘǀŞƏ�žƳŚƧźƟ� ƩŚŝ� ŵźĭ� ŜƤƗ� ƶƿƹřŻ� ƢƬƐƯ� ŹŶƣ�Ƃ��

ƾƯŶŝŚƿ.���
�ƽřŻř� ƶŝ� ƩŚŝ� ŹŚŤƟŹ� Ʊŵƺŝ� ƱŚƀĪƿ� ƪĪƃ� ƹŵ�Ʋƿř� Źŵ� ƶūƺţ� ƪŝŚƣ� ƶŤĪƳ

Ţſř�ƾƠƴƯ� ƹ�ŢŞŨƯ� ŵźĮŞƤƗ�ƽŚƿřƹŻ� ��ƱŶƃ�ƪƿŚưŤƯ� źĮƿŵ�šŹŚŞƗ�ƶŝ
�ƾƘǀŞƏ�ƽŚƷ�žƳŚĩźƟ�ƽƹŹ�źŝ�ƾƳŚƀĪƿ�źŧř�ŜƤƗ�Śƿ�ƹ�ƺƬū�Ţưſ�ƶŝ�ƩŚŝ

ŵŹřŸĭ�ƾƯ�ƮŤƀǀſ� �ŬǀŤƳ�Ʋƿř�šŚƃŚƘţŹř� ŚŬƴƿř� Źŵ�ƶĪƴƿř�ƶŝ�ƶūƺţ� Śŝ�ƶ
ŶſŹ�ƾƯ�źƔƳ�ƶŝ�ƾƘǀŞƏ��Ţſř�ƶŤƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƩŚŝ�ŵřŻō���

��
ë��źǀĭ�ƶŬǀŤƳƽ��

�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ƶưĩŚů�šǇŵŚƘƯ�ƽŚưǀěřƺƷ�ƩŚŝźƿŸě�ƝŚƐƘƳř�źƔƳ�Źŵ�Śŝ�
�ƾŗř�ƶƿƹřŻ�ŢƗźſ�źŧř�ŢŰţ�ƾƃźŝ�ƽŚƷ�ƭźƟ�źǀǀƜţ�ƲŤƟźĭŹƺƳŚƯ�ƂŤƬƛ

Ŷƃ�Ƶŵřŵ�ƶƘſƺţŢſř�Ƶ��ƲǀƴĤưƷ�źŧř�źŤƯřŹŚěƽŚƷ�ƩŚŝ�ŹŚŤųŚſ��ŢƗźſ�ƹ
ƶƿƹřŻ�ƾŗřƹŹ�źŝ�ŹƺƳŚƯƽžƳŚĩźƟ�ŚƷƽƘǀŞƏ�ƾ��ƶŤƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ

�ŪƿŚŤƳ�ƹ�ŶƳř�źƿŻŢſř�ƵŶƿŵźĭ�ƪƇŚů����
�Î� � ƂƿřżƟř� ƾƃźŝ� ƭźƟ� źǀǀƜţ� ƆųŚƃžƳŚĩźƟ� ƂƷŚĩ� ŦƗŚŝ�ŚƷ�����

Ưƾŵƺƃ� 

�Ï� ƩƺƏ�ƂƿřżƟřƩŚŝ�ř�ƶƿƹřŻ�ŢƗźſ�ƹ�ƽ��ŹƺƳŚƯžƳŚĩźƟ�ƂƷŚĩ�ŦƗŚŝ�ŚƷ
Ưƾŵƺƃ�� 

�Ð� ŵŢƗźſ� Ź� ƽŚƷř� ƶƿƹřŻƽƲǀƿŚě�� ��źǀŧŚţ� ŵźĭ� ŜƤƗ� ƶƿƹřŻ� źǀǀƜţ
ſƺƀŰƯƾƹŹ�źŝ�ƽƘǀŞƏ�žƳŚĩźƟ�šřźǀǀƜţ�ƾŵŹřŶƳ����

�Ñ� �ƹ�ŹƺƳŚƯ�ƾŗř�ƶƿƹřŻ�ŢƗźſ�ƂƿřżƟř�źŧř�Źŵ�ƾƃźŝ�ƭźƟ�źǀǀƜţ�ƆųŚƃ
ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ƩŚŝ�ƾƳřźŰŝ�ƩƺƏ��ƾƨǀţŚŤſř�ƽŹřŶƿŚěŚƳ�ŹŚģŵ�ƩŚŝ�ƹ
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