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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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ƯƾŢƠū� ƭźƟ� ƶŝ� ŚƷ� ƵĦƿƹ� Źřŵźŝ� Ʋƿř� ƶĩ� �ŶƃŚŝŚƷƽ�źƿŻ� ƎƬŤŴƯ�������
ƯƾŶƴƃŚŝ���
��
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��

� ƶĩ
jj  2Ư�ƾŶƃŚŝ�� źĭřj�ƵŶƴƷŵ�ƱŚƄƳ�ŶƃŚŝ�źƠƇ�Żř� źŤĪģƺĩ

�ƵŶƴƷŵ�ƱŚƄƳ�ŶƃŚŝ�źƠƇ�Żř�źŤĭŹżŝ�źĭř�ƹ�ƮŤƀǀſ�Ʊŵƺŝ�ŹřŶƿŚě�ŹřŶƿŚěŚƳ
ŹřŶƿŚě�ŻźƯ�ƵŶƴƷŵ�ƱŚƄƳ�ŶƃŚŝ�źƠƇ�źĭř�ƹ�ƱŵƺŝƽƯ�ƾŶƃŚŝ����

ë��ŪƿŚŤƳ�ƶŗřŹř�ƹ�ƽŵŶƗ�ƪů��
ŵřŶƘţ�ƽŵŶƗ�ƽŻŚſ�ƶǀŞƃ�ŪƿŚŤƳƽŚƷźŤƯřŹŚě�Żř�ƽ�ƱƺĤưƷ�ƩŚŝ�ƾůřźƏ�

ƩƺƏLƾƋźƗ� Ɓźŝ� ƾƗŚŬţŹř� ƾĭĦƿƹ� ƆųŚƃ� �R�ŜƤƗ� ƶƿƹřŻ� �
ŵźĭ�ŹƺƳŚƯ�ƾŗř�ƶƿƹřŻ�ŢƗźſ�ƹ�PƹŹ�źŝƽ�ƾƘǀŞƏ�ƽŚƷ�žƳŚĩźƟ�

jŢſř�ƵŶƃ�ƶŗřŹř�� ��ƪƨƃ�ŹŵÏ�Żř�ƵŵŚƠŤſř�Śŝ�ŪƿŚŤƳ�ƾŬƴſ�ŹŚŞŤƗř�
�ƖūźƯ]î[��řźŝƽŤƫŚů�ƾř�ƶƿƹřŻ�ŢƗźſ�ƶĩ�ƽ�ŵźĭ�ŜƤƗ�ƶƿƹřŻ�ƹ�ŹƺƳŚƯ�

�ŶƃŚŝ� źƠƇ� ƩŚŝ� ƶƬƇŚů� ŪƿŚŤƳ� ƹ� ƵŶƿŵźĭ� ƾſŹźŝ��řŹ� ƾŝƺų�ŢƤŝŚƐƯ
ŶƴƷŵ�ƾƯ�ƱŚƄƳ���ŌřŻŚŝ�Ʃƹř�ƾƘǀŞƏ�žƳŚƧźƟ�ƶſ�źƿŵŚƤƯ�ƪƨƃ�Ʋƿř�Źŵ

�šřźǀǀƜţRŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���RĭĦƿƹ�ÊźŤƯřŹŚě�ƾƗŚŬţŹř�ƾ�Ɓźŝ�
ƋźƗƾĭĦƿƹ�źĮƳŚƄƳ�ƶĩ�Ţſř�ƾŶƃŚŝ�ƾƯ�ƩŚŝ�ƦǀŤſǇř�ƅřƺų����Ʋƿř�ƶŝ
ƴƘƯƾźŤƯřŹŚě�Ʋƿř� źĭř�ƶĩ��Ĩǀſǈĩ�ŢƫŚů�ƩŚŝ�ŵƺƃ�ĨƿŵżƳ�źƠƇ�ƶŝ�

Ƃƴţ� ƹ� ƶŤƃřŵŚƷƽƃźŝ�ƾ�ƶĩ� ƾţŹƺƇ� Źŵ� ƹ� Ţſř� źƠƇ� Ʊō� ƾƬųřŵ�
ŚƷ�Ƃƴţ� ƹ�ŵŹřŵ�ƶŤƟźƄǀě�ŢƫŚů�ƩŚŝ� ƵŻŚſ�ŶŝŚƿ�ƂƿřżƟř�Ʊō�źƿŵŚƤƯƽ�

ƃźŝƾŵƺƃ�ƾƯ�ƶŤƟźĭ�źƔƳ�Źŵ�ƾƬųřŵ�]î[���ƲǀƴĤưƷ�ŵŚƿŻ�źƿŵŚƤƯ�ŌřŻŚŝ
RřżƟř� ƩŚŝ� ƽźƿŸě� ƝŚƐƘƳř� šřźŧř��ƾƘǀŞƏ� ƽŚƸƀƳŚƧźƟ� ƹ� ƶŤƟŚƿ�Ƃƿ

ŶŝŚƿ� ƾƯ�ƂƷŚƧ� �� ƪƨƃ� ŪƿŚŤƳÏŚƇƺƈų� źŧř� Ʋƿř� ƵŶƴƷŵ� ƱŚƄƳ�� ��Źŵ
žƳŚƧźƟŶƴƃŚŝ�ƾƯ� ƭƺſ� ƹ� ƭƹŵ�ƽŚƷ��ŚƷ�ƪĪƃ� Źŵƽ�Ð�ƾƫř�Ó�ŪƿŚŤƳ�

ƶƿƹřŻ� ŢƗźſ� źŧř� ƽŵŶƗ�ƆųŚƃ� ƹ� ƩŚŝ� ƩƺƏ� �ŹƺƳŚƯ� ƾŗřR�ƹŵ� źŝ�
�ƮǀƤŤƀƯ�ƩŚŝ�Ʀƿ�Ʃƹř�žƳŚƧźƟ�0��Ţſř�ƵŶƃ�ƮſŹ���ƶƳƺĮƳŚưƷ
Ư� ƵŶƷŚƄƯ� ŚƸƬĪƃ� Ʋƿř� Źŵ� ƶĩƾƃŵƺ� �Żř� ƪƤŤƀƯ� ƩŚŝ� ƩƺƏ�ƂƿřżƟř
ƶƿƹřŻ� ŢƗźſ� źǀƔƳ� ƾƿŚƷźŤƯřŹŚě�ƆųŚƃ� Śƿ� ƹ� ŹƺƳŚƯ� ƽřR�ŜūƺƯ�

ŵŵźĭ�ƾƯ�ƾƘǀŞƏ�ƽŚƷ�žƳŚĩźƟ�ƂƷŚĩ� ��Ʋƿř�ƶŝ�ƶūƺţ� Śŝ�ƶŬǀŤƳ�Ʋƿř
ƝŚƐƘƳř� ŜūƺƯ� ƩŚŝ� ƩƺƏ�ƂƿřżƟř� ƶĩ� ƶŤĪƳěŸƿ�ƂƷŚĩ� ƹ� źŤƄǀŝ� ƽź
Ţſř� ƶǀūƺţ� ƪŝŚƣ� �ŵŵźĭ� ƾƯ� ƩŚŝ� ƾŤŴſ� ��ƶƯřŵř� ƾƿŚū� Śţ� ŶƳƹŹ� Ʋƿř�

ƾƯ�ƾƳřźŰŝ�ƩƺƏ�Ʀƿ�Źŵ��ŹƺƳŚƯ�ƩŚů�Źŵ�ƩŚŝ�ƩƺƏ�ƂƿřżƟř� Śŝ�ƶĩ�ŶŝŚƿ
ƾƯ� źƠƇ� ƶŝ�žƳŚƧźƟ� ŹřŶƤƯŶſŹ.�ƶƿƹřŻ�ŢƗźſ�ƂƿřżƟř� ƲǀƴĤưƷ�ƽř

�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƩŚŝ�ŢƫŚů�Źŵ�ƶģ�ƹ�Ĩǀſǈĩ�ƩŚŝ�ŢƫŚů�Źŵ�ƶģ�ŹƺƳŚƯ
ţ� źŧř�ƽŚƷ� žƳŚĩźƟ� Źŵ� ƽźǀĮưƄģ� ƂƷŚĩ� ŦƗŚŝ� ƾƃźŝ� ƭźƟ� źǀǀƜ

Ţſř�ƵŶƃ�ƾƘǀŞƏ���Żř�ƩŚŝ�źŝ�ƂŤƬƛ�ŹƺƳŚƯ�źŧř�ƶŝ�ƶūƺţ�Śŝ�ƶŬǀŤƳ�Ʋƿř
Ţſř�ħŹŵ�ƪŝŚƣ�ƾŤůřŹ�ƶŝ�ƾĪƿżǀƟ�ƑŚŰƫ ��
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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�ƭźƟ100RŶƴƧ�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�

ƦǀſǈƧ0R�� ƶŤƟźƄǀě� ƩŚŝ�Ʀƿ� ƹ�100RƵŶƃ� 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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