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SUMMARY  

Experience has shown that it is often necessary 

to retain many degrees of freedom in order to calculate 

critical flutter speeds reliably, but this entails much 

labour. Part I discusses the choice of a minimum set of 

freedoms and suggests that this should be based on the 

equation of energy and the use of the Lagrangian dynamical 

equation corresponding -to any proposed additional freedom. 

The methods for conducting flutter calculations so as to 

minimise labour are treated in Part II. 

DMS 

arisiam,Tuq 
N b.. 

.t Ali 1911 ri., ‘soizaviqourzy 	ao 	gDatirl 0 0 	gill, 

.. C 	f) 

6t-v O/ 

 

SIATa 

AON 

eL u 

.11 11sauT pal.saaq. a.zs ..1110011VI 027107.177 

0; gV os suoTvetnorso ao4plij 5U-p.onpuoo JOJ spolgam 

•mopoaaj IsuovrTpps posodoad Sus O. SuTpuodsaamo uoTI.snba 

TsoTinsuSID usT2usaaal attar  jo asn PIT; pus A2aaus jo uo-R.snbe 

aqq. uo possq aq pInoqs sT7_1 weq4 sva22ns pus smopaaaj 

JO ;90 ummTuTm a jo aoToqo allor  sassnosTp 11.asj •anoqui 

t1onm 	it 1-114 'SVIETU-m na9do -zoql-triff TuoTI-Tav 
1.13-1110-E.o O. aopao uT mo-p9ij jo ua9aBop Susm uTsi.aa 0; 

.AIZVCODOU u.a , o sT 	;stn. umorls osT4 aousTaadxg 

---000-- 

•PTaTJutiap 4s0T1TrauoJP-Ir Jo D.20-(T00 
auk vs soTmsuApoaay JO aossajoaa 

g.s.H.a ,.0s.a tusouna •fgA 

-Sq- 

smopaaaj StreEfqq-T.m  sma;sSs jo aoli_nTA 

2/61- 'zonnv 

a ',-761 iaoaai 



11. The Method of R.A. Frazer ... 	IP • • 

12. Methods Based on the Use of Matrices 

-2- 

CONTENTS  

Page  

1. Introduction 	e • • 	• • • 	• • • 	• • • 	... 	3 

2. Some Exactly Soluble Problems of the 

Flutter of Elastic Wings. 	m.0 	 066 	4 

Part I 

Choice of the Degrees of Freedom  

3. Types of Generalised Coordinates ... 	5 

4. The Equation of Energy 	 5 

5. General Discussion of Couplings ... 	goo 	8 

6. Comparison of Inertial and Aerodynamic 

	

Couplings. 	... 	••• 	••• 	• 0 • 	••• 	11  

7. Principles Governing the Choice of 

Freedoms • • • ••• 	• • • 	••• 	••• 	11 

8. Illustrative Examples on the Choice of 

Freedoms • • • ••• 	• • • 	• • • 	• • • 	12 

Part II  

Methods for Predicting Flutter 

Characteristics  

9. Non-Dimensional Form of the Equations 

of Motion. 	••• 	OOO 	4160 
	

006 	 400 	11+ 

10. The Orthodox Method of Solution. 	•• • 15 

13. The Method of Duncan, Collar and Lyon. ... 16 

14. Another Inverse Method. ••• ••• 	••• 	17 

List of Symbols 	• •• 	••• 	• • • 	*00 	 0011 18 

List of References ... • •• SOO 	 111110 21 

saoTaq.uw Jo asn am. uo pasug spouwg 

aamta '177'11 Jo pot 3b4 ma .14 

*uoTql-tios Jo potanct xopotaao atu 

• • • 	• • • 	
*** 	sUOT4011 JO 

suoTI.unbg am. Jo mod TvuoTsuamTa-uox '6 

•• • 

• • • 

000 	••• 	smopaaaa 

Jo aoTouo am. uo salcimuxa aATquaq.sniii 

• • • 	• • • 	• • • 	• • • 	
smopaaaa 

Jo aoT0110 ma 2uTuaa.n.op ..s.-EciTouTaa 

"' '0811TIdno0 • • • • • • 	• • • 

• • • 
bz 

• • • 	• • • 	• • • 	• •• SSOUOJaJaa JO ZOTI 

• • • • • • 	• • • 	• •• 	• • • etoToSS Jo IcTU 

6p0111PN GSJ@AUI aamouv 

91, --- 	puu au IT00 euvouna Jo Pm-a-9W ma "CI, 

so-p.sTaa;ovautio 

aaw-LILE EltrPoTPaJA: .zoj  SP0141.91( 

II 1-1733 

oTmuuSpoaay puu TuTwoui Jo uosTaudmoo 

auudhoo Jo uoTssnosTa Tuaaun 

69 

.g  

• • • OO* 	00* aaoug Jo uowenba aqy I +( 

• saveuTpa000 pasTivaouao Jo sadicI - c 
mopooaa Jo sooaaa am. Jo ;)oTotiO 

I qaud 

'auTS1 DT1s1317 JO a@ 11AITLI 

am Jo smaigoad aiguTos SIg.ouxa amos • 

• • • 	• • • 	• • • 	0 • uoTq.onpoaq.ui • 1. 

• • • 

• • • 



_3- 

1. Introduction 

The aim of this paper is to discuss methods foe-  calculating 
the critical flutter speeds and the nature of the motion at these speeds 
for systems with a large number of degrees of freedom. This problem is 
becoming increasingly important since it is now recognised that reliable 
estimates of critical speeds can, in many instances, only be made when 
many independent kinds of motion of the structure are admitted, 
However, the labour in the calculations increases exceedingly rapidly as 
the number of degrees of freedom is increased. Hence two principal 
problems arise:- 

(a) The choice of a minimum set of dynamical 
coordinates or degrees of freedom which 
leads to calculated results of adequate 
accuracy. 

(b) The choice of the method of conducting the 
calculations after the dynamical coordinates 
have been chosen. 

These problems are separately considered in Parts I and II of 
the paper. 

It is concluded that a particular freedom F must be retained 
when the balance of energy at a critical flutter speed is sensitive to 
its inclusion, unless it can be shown that the amplitude of F is very 
small. This amplitude will be very small when one or both of the following 
conditions is satisfied:- 

(a) The coupling terms in the Lagrangian dynamical 
equation corresponding to F are all very 
small. 

(b) The impedance for F at the critical flutter 
speed and for the flutter frequency is very 
large. 

As regards the energy balance, it is shown that large skew-
symmetric components in the aerodynamic stiffnesses are of particular 
importance. Inverse methods appear to be the most advantageous for the 
calculation of critical flutter speeds when there are many freedoms. 

There are a few known special cases where /exact? calculations 
of critical flutter speeds can be made for elastic continuous systems 
having infinitely many degrees of freedom. Such systems throw much 
light on the general problem of the choice of freedoms and they are 
briefly considered in the following section, 
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_4._ 
2. Scme Exactly Soluble Problems of the Flutter of Elastic Wings  

Exact solutions of two problems on the flutter of continuous 
elastic cantilever wings have already been published and the details are 
as follows:- 

(a) Uniform rectangular wing supported by a pair of 
uniform parallel spars. The covering has no 
proper torsional stiffness and both the flexural 
and torsional stiffnesses are provided by the 
uniform spars. The inertial and aerodynamic 
coefficients are independent of spanwise position 
(See references 1, 3 and 4). 

(b) Uniform rectangular wing as for case (a) but now 
the torsional stiffness is provided by the 
uniform covering or by a torque tube and the  
flexural stiffness is assumed to be negligible

m  

(See the Appendix to reference 7). 

Both wings have the following special dynamical characteristics. 
The modes of oscillation in vacuo or in an airstream occur in pairs 
which, in general, have both flexural and torsional components. 
The displacements in both flexure and torsion for the r.112 pair are 
proportional to the displacements in the rit mode of the purely 
flexural oscillation of a uniform cantilever beam for case (a) and to 
the displacements in the r±1.2. mode of the purely torsional oscillations 
of a uniform cantilever for case (b). When the wings are exposed to 
an air current the two modes of the rIL pair become coupled together 
aerodynamically, but remain uncoupled to all other modes. The flutters. 
which occur are therefore effectively binary and the earliest flutter 
occurs in the modal pair corresponding to the fundamental free mode. 

These results are not, in fact, isolated and other similar 
cases will be discussed in a separate paper. At present we wish to 
emphasise the remarkable simplicity of the solutions, which were obtained 
in an orthodox way by solving the differential equations of the problems. 
An independent explanation of the results is given in §6 by means of an' 
analysis of the various couplings between the modes. 

/ PART I  	 

This is of course an artificial case but is not without interest 
since the flexural stiffness does not greatly influence the 
flutter. 
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