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Chordwise a,erodynamw strip derivatives for the swept
back wing having bending-torsion degrees of freedom as
modified by the aircraft’ simple harmonic pltohmg 08~
clllatlons have been calculated

Introduction

Aerodynamic derivatives based on stream-wise and chordwise strip
derivatives are often used for flutter calculations for a swept wirg of a low
aspect. ratio. The former results are more suited to the wing having ribs
oriented in the flight direction and the latter- -approach is preferred when the
ribs are perpendicular to the span. As the aircraft speed is increasing, the

* necessity of including more degrees of freedom is becoming imperative,

In this paper, the effect on the wing bending-torsion chordwise aerody-
namic strip derivatives due to the additional aircraftpitchirg degee of freedom
ig studied. Though similarity rules for such extension of results are sometimes
quoted, yet one is liable to make mlstakes, unless the entire calculations are
carned out ab initio.

Kinetic Energy

For brevity let us stick to the symbols and notations used by Bisplingh~
off! and others in their book ‘Aerclasticity’. The Y - axis is alorg the wing
span and swept at an angle A and the X — axis is perpendicular
to it, origin being the point df intersection of the line of aircraft symmetry
and the wing elastic axis (¥Fig I). The berding. deformation of a section
at Y is taken as h ( (y, 1) (positive downwards) and .the twist about
the elastic = axis is « (y, ) (positive nose-up). The aircraft executes
simple harmonic pitching oscillations of frequency © about a lateral axis
at a distance p, from the origin.

The upward displacement of pointr; on the mean line ma’y’ be written as

Za @9, 8)=—h—az+ (Po —z Cos \ — gy Sin A) i
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. where ¢ is the pltchmg angle Thus the kinetlc eﬂergy of the whole ‘
‘ Wlng is obtamed as

(Mh2+ I-a T I«b ¢2> (kas +k<p5’¢+ oubP— ¢)
where M, Iz and S have the usual meamrgs, and e

| I ¢ = w1rg moment of mertla about the pltchmg axis

S¢ == wing static memenpxalagut, the.pi_tchlng axis

Pa’ Y == Wingr preduct of irertia about the elastic axis-and pitching a‘,xis..
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Fig. 1 Chordwise Section of the Swept 'ng a.nd G‘o ord nate—axes '

Aerodynamm Forces and Moments ' S

' The vertlcal velocity - of fluid partlcles forced by the Wlng motzon is |
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where U is the free stream veloolty and
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Proceedmg in the usual manner; repeating all the calculatlons ab smtzo
* the following expressmns for. the- aemdyra,mw forces and mrments are ob-

, Lamed.
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The oscilla,tory‘ aerodynamic wing lift is v :
Lyt=— ©p wz/.i»”_ { g Lwi + o Lan’ +a Lia + o7 Liw }
—mp 0;.27)3 {Lhoc +oan A L }~P Cos A :
The aerodyna.mlc pitching moment about the elastl(;, ams is

y (y,” WP“’zb {_M¢h+6M¢h’+ nMad +57Mu }

—l— 7P oﬁb {MMJ_(%+“)M¢'h+ tanALah}‘PC'OSA

The aerodynamic pitching moment about the aircraft pitchi.ng"axis is -
By@o = nearb [ M + u{M’ — 4o Ma )
+ o M’ah’ + & v Maxnt ] Cos A

+mpwtd [ Mae + M ] é Cost A
where d, b, p, ® etc‘ have the usual meaning and
oo (Pt 4o
Lun, Lns oovonvvninannnn. etc. have their usual significance and
Moa ={ Me —G+ 01 } —etp{u—a+o u}
= Mu— G+ 9) M¢h .
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One dash on Lan....... ..... ebe. signify that. in the corresponding
terms o is replaced by @'

© Magr = —

Conclusion - ‘ : >

The paper fulfils the needs of extending swept wing bending torsion strip
derivatives to the more generalised case whén an‘craft pltchmg degree of
* freedom is also mcluded .
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