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-\ SIMPLIFIED FLUTTER PREVENTION CRITERIA

: FOR PERSONAL TYPE AIRCRAFT gL
NSy

This report is intended to serve as a guide to the small plane designer
in the presentation of design criteria for the prevention of such aero-
elastic phenomens as flu*ter, aileron reversal amd wing divergence. It
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} should also serve as a guide to recommended and acceptable practice for e
o the design of non=-structursl, mass balance weights and attachments. The ﬁ
v criteria developed in this report include: wing torsional ripidity;
b aileron, elevator and rudder mass balance; reversible tab and balance v
L

weight attachment criteria.

i,
o

N Introduction

. The simplified criteria appearing in CAM OL were developed at a time when e

‘4 rational methods of flutter analysis were not available. Because of the e

U lack of available methods of analysis varicus attempts were made to set '.‘u:.*f
4L

*: up empirical formulae which, if complied with, would reasonably assure
freedom from flutter. The sources of material for these studies were three-

~ - m
e e
A

%F folds

B :
: :" . le A statistical study of the geometric, inertia and elastic
=, properties of those airplanes which had experienced fluttexr
) in flight, and the methods used to eliminate the flutter.
&, '

f’." ;! 2+ limited wind tunrel tests conducted with semi~-rigid models,

These mcdels were solid models of high rigidity so that
A effectively the model was non-deformable. The motion of
' - the models was controlled by attaching springs at the root
L]

and at the control surface to simulate wing bending, torsion
and control surface rotation,

o
X

" 3. Analytic studies based on the two dimensional study of a

;:‘ representative section of an airfoil. by
,‘

P L %
;:‘ For the most part these studies indicated that for a conventional airfoil R
,: in which the center of gravity of the airfoll section is not too far back, &L"
4 that wing flutter could be prevernited by designing for a certain degree of $
& wing torsional rigidity and by control surface dynamiec balance, whereas -
& empennage flutter could be prevented by providing a degree of control sur- ol
be. face dynamic balance. The limitations were based on the design dive speed "o
b7 of the airplane and within certain ranges were functions of the ratio o -
“d contrcl surface naturai frequency to fixed surface frequency. e
- - : K
,. Y Satisfactory rational analytic mechods have been available for a number L
by of years which would permit an engineer to carry through computations to P
M determine the flutter stability of a specific design. In view of the o
‘& fact that flutter is an aercelastic phencmenon which is caused by a com- N
Z bination of serodynamic, inertia and elastic effects, any criteria which o
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-does not consider all three effects is bound to have severe limita-

tions, That this is so, is evidenced by ths fact that in almost all
cases where rational analyses have been carried thru for specific de-
signs it has been found that the balance requirements specified by

the simple criteria have been too severe., In some special cases the
criteria in CAL OL appear to have been unconservative, i.e, flutter
has been encountered in some airplanes which complied with these cri-
teria, In spite of the fact that the old flutter preventinn criteria
for the msst part yield over-conservative results most small aircraft
companies in the personal plane field prefer to comply with these crie
teria rather than perform complex flutter analyses. In order to aid
the small mamufacturer the CAA in October 1948 issued Airfrzme and
Equipment Engineering Report No. L3, entitled, "Outline of An Accept-
able Method of Vibration and Flutter Analysis for a Conventional Aire
plane®, The purpose of that report was to present to the inexperienced
flutter analyst an acceptable, three dimensional method of analysis by
presenting in detail a step-by-step tabular technique of analysis. Al=-
though a number of aircraft companies are using the methods ocutlined
in the report, others are of the opinion that this method entails too
much time and expense and are therefore seeking other means of comply-
ing with thuse regulations which require them to show freedoum from
fluttier,

Although a rational flutter analysis i3 to be preferred to the use of
the simplified criteria containcd herein (since in most cases a better
design may be acnieved by reducing or elimlrating the need tor non-
structural balance weights), the application of these criteria to con-
vantional aircraft of the personal plane type is believed to be adequate
tc insure freedem from flutter.

The criteria contained in the present report have been developed after
an exhaustdve study of the American and British literature as well as
indepc:'dent investigations. For the most part the criteria contained
in this rerort are new, however, some have been taken with little or
no modirication from other sources. ' .

Xt should be noted that the empennage criteria developed in this report,

have been developed on the basis of a single representative (conservative) - — --—
value of the empennage mass mcment of inertia about the bending axes, y—
The value was chosen as a result of a study of the mass parameters of 44(

a mumber of airplanes of the personal plane type, Therefore, for larger -

«03 circraft than those usually classified as personal planes the cri- 7

teria may not be applicable, The wing criteria on the other hand should =
be applicable to all conventional .03 airplanes which do not have large _
mass concentrations on the wings, , ]
‘ ’ ' ! '-;VJA “li* : ltl('“/ P ——

LoAvallability Codes
AVe L ondjorp D

Gpeeinl

23177




The criteria developed in this report are of a preliminary nature,
and although considered to represent current thinking on acceptable
and recommended practices regarding flutter prevention measures for
personal type airplanes, these criteria should not be consirued as
required procedure to meet the flutter prevention requirements of
the Civil Air Regulations.

Defirdtions

Flutter: Flutter is the unstable self-excited oscillation of an airfoil
and its associated structure, caused by a combination of aerodynamic,
inertia and elastic effects in such manner as to extract energy from

the airstream, The amplitude of oscillation, (at the critical flutter
speed) following an initial disturbance will be maintained., At a higher
speed these amplitudes will increase,

;@* Divergence: Divergence is the static instability of an airfoil in tore
2&« : sion which occurs when the torsional rigidity of the structure is ex-
eﬁ§ ceeded by aerodynamic twisting moments., If the elastic axis of a wirg
e is aft of the aerodynamic center then the torsional moment about the

R elastic axis due to the 1lift at the aerodynamic center tends to increase
gqﬁ the angle of attack, which further increases the 1lift and therefore

?ﬁﬁa : further increases the torsional moment, For speeds below some critical
‘ﬁ:: speed (the divergence speed), the additional increments of twist and
.:5‘; , moment become smaliler so that at each speed below the divergent speed
vy ( an equilibrium position is finally attzined (i.e. the process of moment

increasing angle and thereby increasing moment etc. is convergent); above
i this critical speed the process is non-convergent,

o Contrcl Surface Reversal: This is the reversal in directicn of the net
;‘pQ normal force induced by the deflected control surface, due to aerodynamic
DA moments twisting the elastic "fixed" surface. This phenomenon can best
“}?‘ S be illustrated by considering tne case of aileron reversal., Normally the
ﬁﬁ:é 1ift over the wing with down aileron is increased bty the aileron deflecw-
fﬁﬁsi tion, while the 1lift over the wing with up aileron is decreased by the

« \ aileron deflection, thus a rolling moment results from an aileron deflec-
ﬁﬁd tion, However, since the center of pressure for the 1lift due to the de-

flected aileron is usually att of the elastic axis, deflecting the aileron
downward tends to reduce the wing angle of attack thus reducing the incre=-

3#;22 ment of 1ift, For the wing with up aileron the torsional moment due to
.%‘E. up aileron tends to increase the wing angle of attack., It can thus be

ﬁ, seen that the rolling moment for an elastic wing is less than for a rigid
lﬁ wing. Since the wing torsional rigidity is constant while the twisting

e _ moment due to aileron deflection increases with the square of the velocity
Fow - A it is obvious that at some critical speed the rolling moment due to aileren
Ay ) deflection will ve zero. Above this speed the rolling moment will be

'nﬂé' opposite to that normally expected at speeds below this critical speed,
:45' The critical speed so defined is the aileron reversal speed.

i
; ¢ Y,
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Summary of Criteria

Wing Torsional Stiffness

The wing torsional flexibility factor F defined below should be equal
to or less than 2LW

d
Where: F = §°.1.012<18

6 = Wing twist at station i, per unit torsional moment
applied at a wing station outboard of the end of the
aileron, (radians/ft = 1b)

C4 = Wing chord length at stationm i, (ft)
ds = Increment of span (ft)
V4 = Design dive speed (IAS) of the airplane

Integration to extend over the aileron span only. The value of the
above integral can be obtained either by dividing the wing into a
finite number of spanwise increments AS over the aileron span and
summing the values of ©;C32AS or by plotting the variation of 6;C,2

over the aileron span and determining the area under the resulting
Curve,

In order to determine the wing flexibility factor F, a pure torsional
couple should be applied near the wing tip (outboard of the end of the
aileron span) and the resulting angular deflection at selectecl inter-
vals along the span measured. The test can best be perfocrmed by
applying simltaneously equal and opposite torques on each side of the
airplane and measuring the torsional deflection with respect to the
airplane centerline, The twist in radians per unit torsional moment
in ft-lbs should then be determined. If the aileron portion of the
wing is divided into four spamwise elements and the deflection deter-
mined at the midpoint of each element the flexibility factor F can be
determined by completing a table similar to Table I below., Figure 1
1llustrates a typical setup for the determination of the parameters C

and A5
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Fig. 1
TAELE I
(1) (2) (3) (k) (5) (6)
STATLON AS C c2 e 9,245
rad
£t ft £12 £ 1b

EwW oo

Fm Zcolumn (6)

Aileron Ralance Criterion

The dynamic balance co-efficient K/I should not be greater than the value

obtained from figure 2 wherein K/I is referred to the wing fundamental
bending node line and the aileron hinge line, If no knowledge exists
of the location of the bending node line the axis parallel to the fuse-

lage center line at the juncture of the wing and fuselage can be useds
. 4
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0 VYherein: K = product of inertia

= I = mass moment of inertia of aileron about its
. hinge line

o

o

f: Free Play of Ailerons

_ The total free play at the aileron edge of each aileron, when the other
P aileron is clamped to the wing should not excesd 2.5 percent of the

Aes aileron cherd aft of the hinge line at the station where the free pliay
< . is measured,

Elevator Balance

' {2 Each elevator should be dynamically balanced to preclude the parallel
W axis flutter (fuselage vertical bending=symmetri: elevator rotation)
o as well as perpendicular axis flutter (fuselage torsion =~ antisymmetric
1:2 elevator rotation)s If, however, the antisymmetric elevator frequency

is greater than 1.5 times the fuselage torsional frequency the perpen-
dicular axis eriterion need not applye

; Parallel Axis Criterion
A
} The balance pararmeter X as obtained from Flgure 3 should not be ex-
ceeded., In Figure 3 the bzlance parameter ¥ and the flutter speed
e parameter Vg are cefined as:
& b
R ¥ =
?
* Ve Ta
iy
Where: Sp = Elevator Static Palance about hinge line (ft - 1lbs)
I = Elevator mass moment of inertis about the hinge line

(1b - £42)

b = Semichord of the horizontal tail measured at the mid-
span station (ft)

V4 = Design dive speed of the airplane (mph)
. : fy = “uselage vertical bending frequency (cpm)

Perpendicular Axis Criterion

! For each elevator the balance parameter A\ as obtained from Figure L
should not be exceeded. Ir Figure | +he balance parameter )\ and the
flutter speed parameter V¢ are defined as: 4
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Mgl =

BT

:i*.f-;: Vhere: S = Semispan of horizontal tail (ft)
B AR

b & Semichord of horizontal tail at midspan station (ft)

»ﬁ',:w K = Elevator product of inertia referred to stablilizer

R : . center line and elevator hinge line (1b - £t2)

\fg‘! .

f I = Elevator mass moment of inertia about the elevator

i hinge (1t - £12)

:;;5‘.;!

i& f , = Fuselage torsional frequency (cpm)

ol o

i Rudder Balance

:Zs*' The value of ¥ as obtained from Figure 3 and the value A as obtained
el from Figure l should not be exceeded; where in Figures 3 and 4, ¢ =
) - BSps )\ m K and:
- Rk

o ( S = Distance from fuselage torsion axis to tip of fin (ft)
| oy -

;3:::3 b = Semichord of vertical tail measured at the seventy
3,;::: percent span pogition (ft)

R
"; ' K 8 Product of inertia of rudder referred to the fuselage
- torsion axis and the rudder hinge line (1b = f£12)

f“ = Fuselage torsional freqency (cpm)

), = Fuselage side bending frequency (cpm)
; = Rudder static balance about hinge line (1b - ft)

I = Mass moment of inertia of the rudder about hinge line
(1b - £12)

Tab Criteria

A1l reversible tabs should be 100f statically mass balanced about the °
tab hinge line, Tabs are considered to be irreversible and need not
be mass balanced if they meet the following criteria:

1, For any position of the control surface and tab no
SN appreclable deflection of the tab can be produced
Y ' by means of a moment applied directly to the tab,
. when the control surface is held in a fixed position
and the pilots tab controls are restrained,

Y R
SN T
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:;E . - 2« The total free play at the tab trailing edge should be

less than 2.5% or the tab chord aft of the hinge line,
at the station where the play is measured.

] 3. The tab natural frequency should be equal to or exceed
u:’ the value given by the lower of the foliowing two cri-
RO teria

S | .

ve "o y" by R

P () g =3 7d St opm
it ¢l 5

or

(b) £,= 2000 opm for airplanes having a design dive speed of
less than 200 mph, For airplanes with a design dive
speed greater than 200 mph the frequency in cpm should
exceed the value given by 10 times the design dive
specd in miles per hour.

Thus for an airplane with a design dive speed less than 200 mph if (a)
above gave a value in excese of 2000 cpm it would only be necessary to
shor a frequency of 2000 cpm for the frequency criterion,.

Where: fy = lowest natural frequency of the tab as installed
in the airplane (c¢cpm) — either tab rotation about
the hinge line or tab torsion whichever is lower,

¢l = chord of moveable comtrol surface aft of the hinge
line, at the tab midspan position (ft)

8¢ = Span of tab (ft)
S; = Span of moveable control surface to which tab is .
attached (both sides of elevator, each aileron
and rudder)(ft)
Particular care should be taken in the detail design to mindmize the
possitdlity of fatigue failures which might allow the tab to become
free and flutter violently.

Balance Weight Attachment Criteria

Balance weights should be distrituted along the span of the control sur-—
face so that the static unbalance of each spamwise element is aporoxi-

. mately urdform. However, where a single external concentrated balance
weight is attached to a control surface of high torsional rigidity the
natural frequency of the balance weight attachment should be at least

2177

Al AR LI R T A at Sy 7 Tl ' ; ; A"
5:,‘.“‘!‘.;“ V ‘. ““(‘"- *n' R R TR LA Y " L L B g L L 0 “
) a AR A SO , RO

LM% LA Ny, Far .
ﬁi’r,l':?b‘cft'c;t Se Aty };—ﬁ;fﬁ' !



oz s
[ Sme o

.
s
o o I.’(s' e
el L dvhiniiagn,

o

A
. ™
¥
'
=
&
‘.8

VT .y d L TN O P W Y WY TP T W T W W W RSN T W T M M Y M W W AP v LT s w e v At w o mw mr o teew s o e e

-5-

50 percent above the highest frequency of the fixed surface with which
the control surface may couple in & flutter mode, For example the
ailercn balance weignt frequency should be at least 50% above the wing
fundamental torsional frequency., The balance weight supporting struce
ture should be designed for a limit load of 2h4g normal to the plane of
the surface and 12g in the other mutually perpendicular directions,

It should be noted that the dynamic balance coefficient K/ can be re-
duced by (1) redumcing K, (2) increasing I or (3) reducing K and in-
creasing I, Since an increase in I results in a reduced control sur-
face natural frequency with possible ‘adverse flutter effects, the primary
purpose of ballast welghts used to reduce K/I » should be to decrease the
product of inertia K and not to increase the mass moment of inertia I.




U WM E W m W e e

- s

EAARR A AL Sl atl "ot R VN ST R

T W W VRPN R W W Ay

ORI W W

A iad e oo 2oy o

-=10-

HdW ‘033dS 3A1Q N9IS3Q = °A

NI

te

u ’a»

ie

Q

/

1N3I101434300 30NVIVE OIRVNAC

Aol

~
o

-

At mARr ek wh

Q
)

I/M

231717
-
LY
Y




H° A "¥OLOVd 033dS ¥311Nn7d

02 8 or i 2r or 80’

i T HERENRRE xﬁDx e ! ] | 7
.v Ly .- ni wv

ComE T RTE TRST PRE T PR TR

4[
/-
.
1
[
I O
: IR
; : |
=
‘AL
T4 !
BEREE RN
i
ja——
;-
1
o
+
+
«-«—*-
1
B

; G :
n L TN T e e e e e e s
. SN TS JRANSERARE i Pt e e — 20
v TR NG TR e e SR Easseanm
: PN P N e ST T T
: NN mafseniusauses
w T NN CTTO T
: U TN tH
m - - T 1 RE- f EEEESER
i S R 0 A N LI I vo
! h t
; Hi#%jﬁt b8 - T e R T CH
W cod FEVE ase 9s P R ] o ,
T T ol T I#T TR . :
A T = T L T f YOLVA3I [
STUTHET SONA I R P e e e 1 EEnandRan;
I b 111t TEE e F e i e T + .
T T T e T e T 90
S E T AT U T H R w3aany
STE ERRRBEES e s e -
1 + - s B o = - - 4— —1=t-t—t- -4+ 1 —p- =t b 111 -

|

T
T

e

[
|
T
i
1
i
i
I
i
T
/V
T
1
+
i1

'
v
L
+
1
R R
SN W SIS

: ERAEa RNl nEnE 1 ESEREENssnanuEsn - NI Lo
SEREEEN M b

Tty 1T i i g e

TrReE Lo ST 1S

qu,.ﬂ-ww@ A (30v38NS TOMLNOD —9NION38 39V13SNd) : N
SESRRERRRINES N o I // T

UENE RN RYR S3Xv 13717vyvd /ﬂw Ol

s

- VIY3L1I¥0 3ONVIVE ¥3QANY OGNV HOLVA313 HH
i : Egssh - €913 B :

VL T T T T T L T T T T T T T T T T T T T T T T T T

"
T
I
]

L

—t—
o

2l

T SR At
& b(ﬂnu-r--g.hMm
LR SF s S )
o W
Eh




L
L

A BEERELY X K Nyt utw Bt e e < AL bl Sl L A SET R BT K N e R X T AT e il ol e B VTR X ¥ W O 4 A WS &£ & & & &£ @&« A/emmesssemeem s oo7m T T

-

el el iadh Al et ol i e .

»
q
L@du# ‘4OLOVS 033dS ¥3ILLNJ .

9¢ oe - 8¢ _ ve ST oI 1) »
T T A R TR A e o °
, Y SN S N A T O A O W O W O S O ‘1~<i_'1 4t L 4 17 i L1}
38 — EREEEREEREA EEEEENS RN REEER NN RENEREE
gt L | s S .‘,n.g-,fu:T T T SEgans RERE T
P R T R PR A RESNERRSRREREN »
SR ISR SR T | e e SaEa
: ‘ 3 . B LE L T NS Wy o S SO - SN - = r-f- d—d—d SR A T [0 NN T S VN S L. O
: * i I v__ _ ! af 5 bt Bh thi il o O -TW. Bt o e B |TT].ITL.x BN 11+ 1T I.}\M._ﬁ{ - - _ ’ w
“ : “ “ ” W ;ﬂml [MIT»L .lf.Tw ».w‘_v *JYI.[IW -+t ;\Jl,% R ae o -t J.I.I.v - T.!I!IIL + -t i .L.IA. — ; :LK qo v '
S Y LTI I T T O T : SE CLorrr - b
SUSSSSRRNIN CLILAS jisiasnsiul anauaRuRuRa N - BRENE EulinSeuns) -+ w
P S S S G 0 S W O D S SN N W U A 0 SO N OO S O Y (O O ] Ny ] T f
Sioirtii HaW - A i uw T Mwmuﬁ QLT e T e HH JRERRNEE RN T ] -
\ c e e e . . . it 8 v....,ulw Ilu A S 0 D RS U N W 1 ] rL,l M.!ln‘ln.‘.,.,llr, ] ll,fwivw ] pani -k v
N EEERRREREN T T L LR T R R R R N | 1 . W
It i a3 8 - Tl e 4 [+t sREnaunns - 80 N.
: T +—111F T+ i 4. -1 Tl.‘ ' w + =t
D 13 -8 T e SujEESESRnERgSnuNLE - -
SESSESS 14 - Qs R R Eadiigatkinngan: .
S : T IRREES IS RREENREERE SRR t D
EEREREE S1INn | | IRNEN SR * S RS - >
| , . SERE SEEEES ﬁ ot e e oy D
R MRS I ¥ . “ - ,. ’
PR S ,?tr_._., -+ REREREEERRRRRAANI -t RERERSRARBER RSt 1 >
RSOSSN RESEEEREBRNS nEEHAASR R SRR At aaiaig g M
. - .. o s e g e . o‘ . ) ; IR .ﬂ.l B ) I..|. . _ R HEES
o e e R T ASSaRaasesiRR ants ~®
A R R S N S %» T S H 1T :
NS B8 BeuElnN Ui Ba 1] Tr ity =t m
retre ..ﬁ.”.: 1 it EEEEE SRR r 1 s nEnl EuESE NN T L
, . H b ¥ . -
R : = ! i
T[] (30V4MNS T0MANOD —NOISNOL 39¥73Sd) | |1 1] 21
I BANEERN LT :
SESUREERSE B Hf_h S3IXV H¥VINOION3d¥3d - - M- 1 @ S..QOW,.H
o - b . + ' ..+ J ﬁ.m-q L‘“, ﬂ RE ) '
e ey . i ‘ o AT
STl vIE3L1¥0 3ONVIVE ¥3AGNY ONY ¥OLWAITS |1t T TP b
N A ~ IBPRRNESNE MENERS o e
e v 'S4 f, SEEEA RDREAS! .@MO.N .-m.....”,..w_...._ﬁ.&
P PR . .” ”w,.#..w. R SR A N B R R R e e, HAXV.*.J .m i T ahae 2k B4 , nv,.. .{N
SESOSEEEE ERORERES SN ERRERRRER :,.:t‘.; REERERER bbb e L L L LT RS
NS I SEETEREAE ERSRERERE| H-] _%H ; vty ' R I S R = RS RSN SRy St s S
S R I N R RO R SR i | R
e SRS Sa A B R R SRR R TRt SR RN e A et ey i T4 kR
-t 1 [} i+ b- e [ ww - ' - - ﬁ . * RN . - 4 f\vL.m.LvH_ .y H - mn . LA
S COROEEE BEd R R REE ;:;?,w.j* vf+-: S DURSRRE R SN EAREEERE RO RERES! 1k b
tee gt P e T ! TJ SaBRSdiasgaan: sa L ﬁ..\

ve

S
o e

LY

-

o St S el b Ly ey IR CEpraA S SRR s
s - : o TR - s 4, . ,
A RN A MR AR

e M

P VNIV Y N Y WA
Aw-.- ,P,;-rh.n‘-:\...\.h- ‘ - Py o .al,_-.nu_.\. nﬂ&r

g




R ‘ --JJ-

o
/

-
Y

il
WO S

Dynemic and Static Palance of Mowveable
Control Surfanres

Py
-

kX Definitions

Static Ralance: Complete gtatic balance of a moveable control surface
) is obtained when the center of gravity of the control surface lies on
4 the hinge line i.e. the resultant moment of the mass of the surface
about the hinge line is zero. If the center of gravity of a curface
Yies aft of itne hinge surfece it 1y called statically unbelanced, wheree
i as if the center of gravity lies forward of the hinge iine the surface is
N called statically over-balanced.

2 Dynanic Balance: A moveable surface is dynamically balanced with respect
: to a given axis if an angular acceleration about that axis does not tend

to cause the surface to rotate about its own hinge line. The dynamic

e halance coefficient K/7 is a measure of the dynamics balance condition

! of the moveable control surface, wherein K is the product of inertia of

R the surface (including balance weights) about the hinge and oscillation

§ axes and I is the mass moment of inertia of the control surface (including"

_ balance weights) about the hinge axis, Physically the dynamic balance
K coefficient I‘/I may be interpreted to represent:

‘ Execiting Toraue
: Resisting Torque

Mass Balance Computations

-

a s w el

Assume the X axis coincident with the oscillation axis and the Y axis
coincident with the control surface hinge line. After the reference axes
have been detecrmined the surface should be divided into relatively small
parts and the weizht of each part VW and the distance from its c.g. to
each axis tabulated, See Figure 5 and Table II. Referring to Figure S
the static moment of the element &Y 1is AWx, the moment of inertia
about the hinge line is a7x? and the product of inertia is aAWxy. The
static unbalance of the total surface Sg is then LawWx; the moment of
inertia of the surface is L awx2 and the product of inertia is K = ZA\\/x,y
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~ Product of Inertis with respect to Other Axcs
;é s Having determined the product of inertia with respect to one oscillation
:s:‘f ‘ axis it may be desirable or necessary to determine the product of inertia
*ni h with respect to some other oscillation axis. If the product of inertia
o : was originally calculated for an oscillation axis which was perpendicular
] ' to the hinge axis then the product of inertia with respect to inclined
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axee OO anq Y-Y can be determined from the perpendicular axes product
of inertia \X-r and YaY) by ure of tue following equation:

i, Koy » Kxy sin¢ - Iyy cosﬂ

e

s
——

S T

¥ where: ¢ is the angle between 00 &nd Y=Y in the quadrant where the
e center of gravity of the surface is located,

- If the product of inertia was originally calculated for ome set of axes
g and it is desired to determine the product of inertia for another set

: { of axes parallel to the original set, ther the new prochct of inertia
B K, can be determined from the equation:

g K2 3Ky A X PV £ W £ xoyH

k) Where: W = total weight in pounds of the moveable surface

" ' " K7 @ product of inortia with respect to uxes I)=Y;

‘ . Xo = distance between xl and X2 axes

o . ( ’ . /
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Yo <= distance between Y) and Y, axes
® = distance from C,%, of surface to } axis

¥ = distance from C,G. of surface to Y, axis
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E@erimental Determination of Static Unbalance, Moment of

E
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;
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Fig. 7

Inertia and Product of Inertia

PR

(a) Static Unbtalance

The moveable control surface should be carefully supported at its
hinge line on knife edges or in A jig with a minimum of friction.
The force necessary to balance the control surface, when applied
to a given point, is then measured by an accurate weighing scale.
Te net force itimes the distance between the hinge line and the
point of application of the force is equal to the static unbalance
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AN . ' | Weighing Scale
N
Ao ()
o
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VS
i
»;22'0 . Distance
L j—— between point ___.||
,_~_'§f§ of application of Fig. 8
balancing force and hinge line
Yl
“ ks i
"’ (b) Xoment of Inertia
g‘" - The experimental determiprtion of the mass moment of inertia consists
ot ‘ of supporting the surface or tab at the hinge line with a minimum of
ol friction ir a Jig ia an attitude similar to that described above and
! g maintaining it in this ettitude by means of one or two springs, as
e:?i shown in Figure IX, bgi.; spring hfj;i s;r‘ficient for iintrotds\;gia:\e;faces
iy with large static un nces, while two are generally us
i :‘-i:f‘ vhich are fairly well statically balanced. The matural frequency of
_. the surface (for small oscillations) under the restraiming action of
ey ' the springs is ihen measured by means of a stop watch by determining
*i{:‘ the time necessary for a given mumber of cycles. In order to reduce
X .s'.:i experimental errors to & wminimum, the time for a large mumber of cycles
E:F: (about 30) is measured,
. ;-';'th .
I 1 .
I ) The spring stiffnesses are dynamically determined vy placing a weight
ou 3pring 1 which will deflect it an amount approxima?ely equal to
- t%e average spring deflection during the moment of inertia test and
) L then determining the natural frequency of the spring with W; attached
_ i ' ‘ by determiuing with a stop watch the time necessary for a given mmber
AN of cycles; a similar test is conducted for the determination of the
S Y spring stiffness of spring 2, using a weight W,,
. ';:; “,
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The moment of inertia can then be calculated by substituting the test
results in either equation 1 or 2, depending on whether the control

P2
N surface center of gravity is above or below the hinge axis,
- If control surface center of gravity is below hinge axis:
B = d2

ot L= g—z (W1£32 £ Wafz2) [ 9,788 Wox 1B,-IN? @)
:i'g;g | ° o
Eg::% If control surface center of gravity is above hinge axis:
Selnd

?;“kb 2

d

) : T T2 W1£)2 £ Wyr,2) « 9,788 Wox

fets ' ° n : (2)
.:Qi;; o
] i‘.‘,
Eifé Where: 1 3 Moment of inertia of surface about hinge axis (pound-
et inches?)

Wo ® Weight of surface (pounds); W,, W, Spring calibration
weights (pounds) .

X & Distance of surface C,G, above or below hinge axis
(inches)

4 = Distance from hinge axis to springs (inches)

£, = Frequency of surface when restrained by springs (c.pes.)
, ' £, = Calibration frequency of spring Ki under weight W) (c.p.s.)

4 f2 = Calibration frequency of spring K, under weight Wp (C.pes.)
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(¢) Product of Inertia

The product of inertia Kyyof a moveable control surface can be calculated
from three experimentally determined moments of inertia, If the control
: surface moments of inertia are obtained by oscillating about each of the
S axes X-X , Y-Y and then about a third axis O-0 lying in the XY plane and
' making an angle o with the X-X axis, then the product of inertia KW is
obtained from:

2
‘<‘ = IIICQSd *I!'y s‘Nad—-L_
Y 2 81N o COS o«

"'

2

Figo 10

ST

Since this method of determinming the product of inertia involves small
differences between large quantities a small experimental error in the
determination of the moments of inertia may result in large errors in
the product of inertia., It can be shown (ACIC No, 711 "The Determinmation
. of the Product of Inertia of Aircraft Control Surfaces"), that the error
. can be reduced to acceptable levels by the proper choice of the angle & ,
The proper value of & can be determined after having determived I, and
I”; this value is given by the relationship:
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& Appendix I — Discussion of Empennape Flutter Criteria

Studies made by the Air Material Command the Civil Aeronautics Admine-

- istration and many independent investigators have shown that for the
’ 2 most part empennage flutter modes can be closely assoclated with con-
£ trol surface unbalance and the appropriate fuselage natural frequency

(" with which the control surface will couple., Thus, in the case of
: elevator coupling, for the most part, the fuselage vertical bending
; pode enters into the motion of the system whereas for the rudder elther
: , fuselage side bending or torsion will couple. Although it is fully
R realized that any analysis tased on this type of simplification would
4 of necessity be only approximate, it should be noted that the results
obtained are usually highly conservative, since other modes which
Y generally enter into the motion of ths complete system tend to damp
,Z: the motion with a resultant higher flutter apeed, Thus, the fuselage
N vertical bending mode is generally damped by coupling with wing sym-
metric bending and stabilizer bending whereas fuselage side bending
motion is usually damped by coupling with fuselage torsion the apti-
symmetric bending of the stabilizer and bending of the fin.

e Bagsed on these considerations the Air Material Command prepared a ree
X port Army Air Forces Technical Report No. 5107 entitled “Charts for
Fuselage Bending vs Control Surface Flutter", It has been round that
these charts are applicable to larger aircraft than those considered
in the personal plane field, Each chart in AAFTR 5107 shows the
variation of Y with Yhw for various values of A% « Unfortu-

L

N nately the limits Bf the values of the parameter ,uy;‘if used, are

;: such that for most airplanes in the personal plane field these curves
4 cannot be read with any degree of accuracy, without doubtful extrapo-
B lation, Furthermore, it was considered that for simplicity a single
, curve would be more suitable in treating the relatively low performe
I ©  ance persomal plane field, than a family of curves,

Fuselege Bending - Control Surface Rotation #

The following assumptions were made in the determination of the fuse-
. lage bending control surface rotation flutter criterion (Figure 3):

- W W= W,
@ We= O
kK (3) ¢c-e=z O
k. | W a=-3

(5) An‘a (* & for elevator rotation va fuselage
_ vertical bending

; z § for rudder rotation vg fuselage side
bending :

#The notation used in this section is similar to that appearing in o
CAA Airframe and Equipment Engineering Report No. L3 )
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\ The abtove assumptions are celieved to re rational and valid for most
aircraft in the field under considerstion. Justification for each of
the above assumptions is given nelow,

(1) The flutter frequency @ is equal to the fusel:ge
bendin; f.equency thy « Zxporience has shown ihai
because of the relatively large inertia of the tail
t acrodynamic and inertia coupling terms are coime
paratively small., The flutter frequency is there-
fors very close to the fuselage bending frequency,

(2) For conventicnal aircraft with no springs in the con~
trol system the neturzl frequency of the empennage
centrol surfaces is zeroe For the most part con-
ventional tail control systems are so rizzed that
elestic deformation in the control system takes place
only if the controls are locked in the cockplt. Since
under actual flight conditicns the pilot restraint in
the cockpit is small, the assumption of ‘f, = 0 is con~-
sidered to be valid,

(3) In the low performance field it has bteen found that

Ty most control surfaces are not aerodynamically balanced,

s Since in genaral an increazse in zerodynamic balance will
iy tend to increase the criticai flutter speed this assump-
tion will yield conservative results for aircraft with

.. aerodynamically balanced surfaces and yleld correct ree

s sults for those aircraft with no aerodynamic balance,

(4) The flutter mode involving fuselage bending and control
R surface rotation is anczlogous to the wing torsion-aileron
' rotation case with the effective fuselage bendinc axis

R corresponding to the wing elastic axis, This axis of
B rotation is the effective point atout which the airfoil

‘jfb" : section (statdlizer-alevator or fin-rudder) rotates when
iﬁg | the fuselage bends aid is not the nodal line of the fusee
B lage in tending. A study wade by the Air Natewial Command
e from vibration measurements of a Jlarge mumber of airplanes
e - indicates that the effective fuselage bending axis is
;& ; located approximately 1,5 tail sufface chord lengths ahead
) of the tail surface mid=chord (i.e. & = = 3,0). .
;%& .. (5) An examinztion of the values of the parameter.l(t? for
0 " the empernage of a number of small airplanes of the .03

By ) . type indicates that this parameter is small varying approx=
' imately between L and 8 at low altitudes (based on g = ,03).

-

br For the case of fuselage side bending it has been found that
:g ! -~ the effective increase in mass moment of inertia of the
: “‘*?!} i
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fuselage due to wing yawing is approximately 75%
of the empennage mass moment of inertia. By as-
surdng MY Ay constant, one curve of allcwable
mass balance parameter versus flutter speed paw-
rameter can be calculated for each value of @
thus JSimplifying the protiem, The values of

L - J.L = S for fuselage vertical bending and

uq‘gu = 8,75 for fuselage side bernding are be=-
lieved to be representative, conservative values
for .03 airplanes,

Derivation of Criterions

The two degree, three dimensional flutter statility equations uwsed
in the development of the criteria are:

(1)

(TompA,- I«""taﬂ%m + {8+ Agl= o
o 1pAfol (5o gl

Where:; 1 = mass moment of inertia of the entire empennage about the
effective fuselage bending axis

Y = miss moment of inertia of control surface about its hinge
[ 1line (both sides of elevator for fuselage vertical bendirg
flutter ard complete rudder for side bending flutter)

P,,e = mass product of inertia about effective bending axis and
hinge line = (C-tt)l3~;),"'Zl.'ls

A;'ﬂ Aerodynamic terms of the form

A = (M- (L+a) (Lt M)+ (4 +a)tL,,]J"°4"k

Setting the determinant of the coefficients of equation (1) equal to
zgero and making the appropriate substitutions for the assumptions the
following equation is cobtained:

(2)

%ﬂ
+
2
~d
3
=
o
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*s A '
Ir m Atd = b i& where A;‘ is the aerodynamic portion of
Ajidees Ave” [, -CArd( bt my) + ({*&)"L,'then dividing thru
equition (2) by rp4¥S and substituting T, Guhpb?S = 5 the
following eguation is obtained:

A'al.(" SJ' P+ A.dp o

n
\ &4

P+ Ay, T+ Ry

Where: P = %/’ﬂ'fb‘&ws
I s Iit/nfb".s

S Total span of surface (ft)

b = Seml-chord (ft)

S o, & Total static mass unbalance of control surface
A about hinge (Slug-ft)

Equation (3) when expanded can be expressed in the following form:

' ! ? ! U ’ [ / . ’
P (At Ao Pt A A= A * A + (S A)T0
ey
For a fixed value of e and I equation (Li) when expanded results in
two real equations, in P and I, one a quadratic equation in P and the
other 4 linear equation in P, From the linear equation a value of I
.1s obtained as a function of P, When this value of I is substituted
into the quadratic equation of P, an equation in P is obtained which
does not contain I, The resulting quadratic in P can be solved and
from the roots of this equation the associated values of I can be ob=
tained. The ratio of B/T =1 £ 3b s0&‘3.3 a function of Yéw can
then be used as the flutter prevemtion criterion. Onme curve of #3947
vs Y/bw can be obtained for each value of e, where eb is the distance
from the airfoil midchord to the control surface leading edge. Solu=-
tions were obtained for e .® -,1,0,1, ard .2 and it was found that the
variation in allowable b'f‘/fﬁi‘or any V/bw value was small, Figure 3
was then chosen as a reasonable curve to represent the envelope of
curves, thus simplifying the problem by setting up a single curve ap-
plicable to conventional small aircraft,.
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Mselage Torsion - Control Surface Rotation

An approach to this problem was used which in essence is similar to
that for the fuselage bending-control surface case, The case in-
volving fuselage torsion is analogous to the wing bending-aileron
case, I1f the horizental and vertical ta2il do not deflect elastically
then for an angular deflection © radians of the fuselage, an airfoil
section located X feet from the torsion axis will have a linear
(bending) deflection of magnitude X8 , It should be noted that in
the three dimensional analysis integrals of the form,

M- Jmolelde Awe | B'L, (eToly
%’J%«)fwabm Aus: J B'Lafoodx

x
Appear in the equations. If f()O’ ‘$ where S is the distance from the
torsion axis to the tip of the fin then the mass and geometric pa-
rameters may be considered to be "weizhted" parameters. In a three
dimensional an2lysis the integration for the ¥ and Ayterms mst be
taken over the complete horizontal and vertical tail surfaces whereas
the other terms involve integration over the rudder span only,

Although data was available for the evaluation of J—(\:}"gu in the case
of fuselage bending vs conmtrol surface rotation similar data was not
available for the evaluation of Mahé(which bears a similar relation-
ship to the fuselage torsion case). ror the analysis then Qy was as=-
sumed to be gzero and a curve obtained for éversus V/bw Y Since the
assumption of 4wz 0 is known to be highly conservative the resulting
curve obtained from the above analysis was raised by an amount which
experience indicates is reasonable, Table III below gives a compar-
ison of the K'/I determined by the proposed criterion with the allow-
atle K/I as given by CAY O4 and ANC 12, as well as the actual K/I of
the rudder on the airplane in service, It should be noted that since

is less than one, the allowable K/T as given in CAN Ol is limited
to a maximum value of unity,
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TARIE ITT

Actual

I on
i New Air- CAY  ANC
Airplane £ K/z plane  OL 12

VD cpm b

(1) A1l American 104 183 €60 1,083 3.16 3.6 1.0 90
(2) Bellanca 1L-13 240 510 1.458 .69 708 .96 .69
(3) Cessna 190 259 685 1,917 1.53 I W65 W61
(4) Howard 18 250 250 1,40 (o 0 o79 o6k
(5) Luscombe 8A 176 870 1.583 L.8 1.225 1,000 92
(6) . Navion 210  LBO 1,208 4655 1,00 1,00 81

e
e
>

NP NI Sl g -

(7) Rawdon T-1 200 L50 1.625 886  1.59 1.00 8L
{8) Thorpe T-11 16 950 1,183 L406  LJ08 1,00 o9

Appendix IT e Discussion of Wing 2nd Tab Criteria

In the case of empennage flutter prevention criteria the problem could

be treated analytically. This was due to the simplification of the
provlem by a mumber of rational assumptions, which experience indicated

to be valid. Thus, because of the structural elements involved, the
problem could be reduced to a two dezree of freedom flutter system with
but one elastic restraint. However, in the case of the wing no such
simplification is available. An adequate analytic treatment of the
problem requires a minimum three degree of freedom consideration (with
three elastic restraints), It is true that if the ailerons are completely
statically and dynamically mass balanced the system can be reduced to a
two degree case. However, since must light aircraft do not have completely
mass balanced control surfaces, the problem must be treated as a three
degree of freedom ore,

Because of the large number of parameters involved the development of cri-
teria tased on an analytic approach is not feasible, However, experience
to date indicates that for a conventiomal wing, where there are no large
mass concentration located far aft of the elastic axis and for which the
ailerons are adequately mass balanced the a‘leron reversal phenomenon will
probably be the most critical of the aeroelastic phenomena of flutter,
divergence and reversal, Since the critical 1eversal speed is a function
of the geometry and torsional rigidity of the wing the problem of flutter
prevention for a conventional wing can be resolved by providing adequate
torsionmal rigidivy o preclude aileron reversal and by a criterion for
aileron balance,
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¥Wing Torsional -~igidity Criterion

The Cm criterion ziven in CAY QO requires tha*t at certain specified
distances from the wing tip the torsional rigidity of the wing exceed
& value wiich is a function only of the design dive sveed of the aire
plane. This criterion was considered to be adequate to preclude wing
bending-torsion flutter as well as diverzcnce and reverssl. Since the
reversal speed is a function not only of the torsional rigidity and
desizn dive speed this criterion was reviewed and a new one developed
which is a function of the dive speed, the torsional rigidity of the
wing over the aileron porticn of the span, the wing chord and the
alleron span, The criterion developed for the torsional rizidity is
in essence similar to the criterion develcped by the Air Materiel Com-
wand in TSFAL 2-4595-1-11 "A Simplified Criterion for Wing Torsional
Stiffrness" dated June 1945. The basic difference in forms between
the two criteria is that in tie Army criterion the wing rigidity and
cherd 1l3ngth is chosen at one station only, whereas in the criterion
proposed herein the variation of torsional rigidity and chord lencth
over the aileron span of the wing is used, For conventional wings
both criteria snould yield approximately the same results,

This criterion was checked on a mumber cf light aircraft _and it was
found that in all cases calculated reversal speed by the proposed
method resulted in a slightly more conservative answer than that
predicted by the Aray criterion,

Aileron Balance

Experience to date indicates that the aileron balance criterion in
CAN O4 is conservative, In some cases recently checked by analytic
means, allowable values of K/T of approximately five times that pere
mitted by the criteria were obitained. However, since the wing flutter
prevention criteria are based almost completely on empirical metnods
and since the success of the torsional rigidity requirement as a
flutter prevention method is dependent on a well balanced control sur-
face, any major change in existing criteria is belicved to be umware
ranted, It thould be noted that in a recent check on several light
aircraft the allowable value of aileron unbalance was much higher
than that given by any existing balance criteria, However, in every
case checked, the wing torsiomal rigidity was higher than the mimimm

permissable rigiditye.

Tab Criterion

The tab criteria proposed herein are essentially the same as those
in ANC 12, A recent study of tab frequency criteria indicated that
the ANC 12 criterion although very conservative was the most satise
factory, consistent criterion available., However, the use of the
second of the two frequency criteria as applied to small, low per=
formance aircraft has in the past yielded satisfactory results, It
is therefore suggested that in any particular cdse the less conserv-
ative of the two criteria (the one permitting the lowest frequency)

be used,
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