B i
NACA RM L7GO2

A _amae N

e

.":ln—

RM L7G02

I

RESEARCH MEMORANDUM

A TORSIONAL STIFFNESS CRITERION FOR PREVENTING -
FLUTTER OF WINGS OF SUPERSONIC MISSILES

Bernard Budiansky, Joseph N. Kotanchik,
and Patrick T. Chiarito

Langley Aeronautical Laboratﬁn &n'l{ cﬁp"

Langley Field, Va.

MAR 1} 1981

' cibe TORY
40, ik LIBORK
LANOLEY ESCELRY, WREA i
LANGLEY i i VIE

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
August 28, 1947




1 7601

'l\‘\ﬁ [ Iﬁl ll@ﬂ\"\\il\\l

NACA RM No. L7GO2

NATIONAL ADVISORY COMMITTEE ¥OR AERONAUTICS

RESEARCH MEMORANDUM

= e

A TORSTONAL STIFFNESS CRITERION FOR PREVENTING

FLUTZER OF WINGS OF SUPERSONIC MISSILES

By Bernard Budianslky, Joseph N. Fotenchik,
and Patriclk T. Chiarito

SUMMARY

A formula, based on a semlrational analysis, is presented for
estimating ths torsional stiffness necessory to prevent flutter of a
sweptback or unswept uniform wing thet atteins supersonic spesda.
Results of missile flights at speed.s up to Mach number 1.4 demonstrate
the usefulness of the formula.

INTRODUCTI.ON

Faillures probably due to flutter were encountered in NACA flight
tests of several rocket-powered, drag-research misslles that were
intended to attain Mech numbers of about l.k. The wing failures of
these missiles led to the developmont of & simple, semirational
torsional stiffness oriterion for »reventing flutter of wniform,
sweptback or unswept migsile wings that attain supersonic speeds.
Migsiles that Tailed were redeslgned in accordance with this stiffness
criterion snd proved to be safe in flight.

TORSIONAL: STIFENESS CRITERION

On the basis of the semirational analysis presented in appendix A,
the following formula is pronoged for estimating the btorsionel stiffness
necessary to prevent flutter of a uniform sweptbaci or unswept wing
that attains supersonic speeds: .

. .
oT = uoC‘3° d) : (1)
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vhere (fig. 1)

GJ  torsional stiffnese (ratio of torque to twist per unit length}
of section ncrmel to leading edge, pound-inches<

L length, inches

c chord, normel to leading edre, inches
Distance of center of gravity behind guarter-chord position
Chord

Equation (1) may be consldered as probably most relisble for wings
having the following characteristice:

(a) Low ratio of bending frequency to torsional fregquency:

«< 1
S

(b) High relative density: % > 10 (see appendix B)

(c) Center of gravity ahead of midchord vposition. However, ror
wings that do not quite satisfy those conditions, the criterion may
be used as a deslign guide until more oxperimental end theoretlcasl
information becomes dvallable.

The derivation of equation (1) was made for standard sea-level

atmospheric® conditions; application of the formuls to high-alititude
conditions in probably conservebive.

Divergence of Unswept Winss

Fallure by divergence rather than by flutter may occur in wings
without sweepback. ILet e he defined by:

Distance of ghear center behind quarter-chord position
' Chord

then the larger of d and e should be used in equation (1) in
order to guard against the possibility of divergence as well as {lutter
of unawept wilngs.
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FLIGET TESTS

A number of roclet-powered missiles with uniform wooden wings,
sweptback and unswept, have been flown by the NACA in the course of an
investigation of drag at speeds up o Mach muber 1l.k. Some of the
missiles logt their wings in flight; subsequent models of these missiles
were flown successfully after ths wings wers rsinforced with aluminum
sheet bonded to the upper and lower surfaces in order to increase the
torsional stiffness sufficiently to satisfy the criterion presented in
the present paper. ) :

A history of the flight experience with missiles 1s summarized
in figure 2, which compares the actual wing stiffnegses (measursd or
calculated) with the stiflnesses required tw prevent flutter according
to equation (1). The data for figure 2 are shown in table I. It is
to be noted that all missile wings with torsional stiffnesses that fall
above the straight-line plot of the ptiffness criterion did not fail
in flight. The nresence below the line of the two points representing
missiles that did not fail indicates some ccnasrvatism of the
criterion.

CONCLUDIRG REMARK

The usefulnsss of the torsional stiffness criterion presented
has been demonstrated by the rosults of a limited nwmbsr of flight
tests of missiles with uniform, swentback and unswept wings. However,
the criterion should be regerded as subject to modirication or renlacemsnt
as exXperimentel and theoretical date in greater quantity and at spesds
higher than Mach number 1.h4 becoirs evailable.

langley Memorial Aeronautical Iabroratory
Natlonal Advisory Commltitee for Leronautics
Langley Field, Va.
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APPENDIX A
DERIVATION OF TORSIONAL STIFFNESS CRITERION

The following anelysils refersg throuchout to unewept wings.
However, considerable unpublished NACA data, as well as the data
of reference 1, indicate that a wing of given L and ¢ (fig. 1(a))
has a higher flutter speed if it 1s sweptback than if 1t is unswept.
Hence, the stiffness criterion developed should be conservative when
applied to sweptbacl: wings.

Flutter at low subsonic speeds.- In refersnce 2, Theodorsen and
Garricl present the Tollowing empirical formula for the flutter at
low subsonic speed of a two-dimensicnal wing (fig. 1(c)):

Yo _ [va® __1fe (A1)

Dy K % + 8+ Xy

The formule is stated to be reasocnsbly good for wings having cmell
mh/mu and small k. The following theoretical formuls for the dlvergence
gpsed of a two-dimonsional wing is also glven In refcrence 2t

> |
Ja /I;og_.-jj_z_ |
Ty, K % + 8 , (A2)

Using strip theory; soveral authors (references 3,'h, and %) have
glven as the divergence gpeed of an unswept uniform three-dimensional
wing (fig. 1)

« e -
va = = (A3)
ch | aC .
/ 2p (—\-L) e
L,
Bquations (Al) and (A2) differ only in that the term = + & in the
divergence equation 1a replaced by % + 8 + X; in the flutter equation.

Then, by analogy with equations (Al) and (A2), equation (A3) can be
modified to give the flutter speed of a uniform three-~dimensional wing

by replacing e by d4; thus,
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vwaX Tj_cgr o (84)
¢ 2p 5;:‘- a

The value of JCr/da to be used in equation (Ak) is the two-dimonsionsl

velue 2x multiplied by an aspect-ratio correction. In ca.lculating
divergence sneeds by strip theory, Shornick (reference &) mslwes the

appreximation
3, (wr) /o
3 Nkl o
or

ac ' I |
o= =@—§a (1, " 2‘) . (a5)

(For the case of & uniform wing with T/c = 3.1k, this assumption

gives for the divergence speed cammuted by strip theory, equation (A3),

e value that differs by less then 1 percont from the exact result
calculated by lifting-line theory by Hildebrand and Reissner (reference 5).)
Use of equation (A%S) in the flutter equation (Ak) gives for the required
torsional stiffness te prevent Flubtier at low subscnic speeds

o = 2200 C’ ) (&) (46)
© n® \L + 2¢/ (aa.

Flutter at hich subsonic sneeds.- Equation (A6) may be extended
to speeds uny to sbout M = 0.75 by using the Glausri-Prandtl

compressibility correction on Foe) I8 thus, in equation (AS) let

'BCT\ 2
=] = e———— (A7)
N Y1 - MR
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This use of the Glauert-Prandtl correction is suggested by Garrlck
(reference 7) for wings with small o/, and small K. From

Garrick's study of numericel flutter calculations in reference T, 1t
may be concluded that for other types of wings this corrocticn is
congexvative.

Flutter at transonic and supergonic sveeds.- From the studies
of Garricl: end Rubinow (reference 3) on supersonic flutter, the
following conclugion may be drawn: For wings having low mhﬁ%x

and low k, and having the center of gravity ehead of the midchord
position, the trensonic range appears critlcal for bending-torusion
flutter. That is, if the wing passes throush the transonic range
without fluttering, it will probably not flutter at higher speeds.
Furthermore, oven if ‘the condi%ions spocified on wyp/ug, %, and

the position of the center of gravity are not wholly fulfilled, it is
probeble that if the wing passes safely through transonic speeds, it
will not flutter until a Mach number considerably hlgsher than 1 is
attained.

With these considerations in mind, it appears that a procedurs tec
prevent flutter of a large class of supersonic migsiles 1s to design
against transonic flutter. Since thare is very little transonic
aerodynamic inform&tion available, the method to be used is to extend
the form of equation (AS). TPor the purvpose of the preasent analysis
it will be assumed that equation (A7) holds uz to M = 0.7%, end
that between M = 0.75 and M =1 (fig. 3),

(@Eﬁ\ _ 2%

NS - (0.79)7

on(3.51)

The design value of Ve will be tellen as the velocity of sound. Then,
substituting in the design formule (AS) the values

vy = 1120 ft/sec (Velocity of sound at
gea level)
o = 0.002378 1b-sec®/ft* (Density at sea level)
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oCy,
E?)m = 2n(1.51)

3.2
= 39.8<L < d)
L + 2¢
2

where L and o are in inches, and GJ in pound=inchos®.
Rounding off the value of the constant gives as the final design
formlea

€ives

Joed
L + 2

GF = o (48)
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APPENDIX B
SYMBOLS
c chord normal to leading edge (See fig. 1.)
a Distance of center of gravity behind guarigr-chord position
Chord
o Distance of shear center behind gquarter-chcrd wosition
: Chord
L length along leading edro (See Tig. 1.)
va divergence speed
Ve flutter speed
GJ torsional stiffness, ratio of torgue to twist per unit
length
M Mach number
o] alr density
oCL,
5&7 lift-curve slope, finlto wing
(:§9§) lift-curve slope, infinite wing
/) o
A angle of sweepback

The following symbols and their definitlons are essentlially those
of Thecdorsen and Garricl:, reference 2:

b : half chord, used as reference unit length
1. a Distoance of shear center hehind querter-chord position
2 Half-chord
(See fig. 1.}; % +a = 2¢
1 + 8 + Disgtance of center of (ravity bohind. cuarter-chord position
2 *o Balf-chord

1
+ e+ X, =24

(See fig. 1.); %



«H

NACA RM No. L7GO2

Mesg radius of gyration referred to shear center
Ealf-chord

ratio of mess of cylinder of air of diameter equal to
chord of wing to mass of wing, both talken for sequxl
length along span

angular fregquency of uncoupled torsionsl vibration about
shear center

anguler frequency of unccupled bending vibration
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TABLE I

DATA PLOTTED IN FIGURE 2

A L c GJ Flight
Missile (Geg) | (din.) | (in.) ¢ (¥kip-in.2) r? 53111:

a

1 o] 10.37 9.63 | 0.18 67.3 N
2 0 12.92 8.12 .18 52.2 N
3 0 1h .63 5.88 .18 21.9 F
L 0 1k.63 6.88 .18 145.0 N
5 0 10.37 9.63 .25 T1.6 N
6 3h 8.63 | 10.67 18 106.0 N
7 34 12.51 7.90 .18 31.8 N
8 34 15.25 6.56 .18 oh.6 N
2 34 15.25 6.56 .18 109.7 N
10 34 17.63 5.69 .18 1.4 F
11 34 17.63 5.69 .18 95.02 N
12 45 10.11 9.10 .18 55.8 N
13 45 k.75 6.88 .18 18.3 N
1k 45 18.28 5. T4 .18 13.0 F
15 45 20.63 4.88 .18 6.8 F
156 45 1k.75 6.88 .25 20.4 F
17 L5 k.75 6.88 .25 147.6 N
18 52 11.61 T7.9% .18 32.5 N
19 52 16.88 5.88 .18 9.7 F
20 52 16.88 5.88 .18 91.6 N
21 52 21.00 5.00 .18 T.6 *

8y - No failure
F - Feilure

NATTONAL, ADVISORY
COMMITTEE FOR AERONAUTICS
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(a) Uniform sweptback wing.

quarter-chord
shear center
//:center of gravity

(b) Notaotion of this report.

quarter-chord
/—shear center
/ ~—center of gravity

A A——

{
1 (E+ab
‘_—’_ (L+a+% 0|  naTiONAL ADVISORY

COMMITTEE FOR AERON
2b | ) AUTICS

(c) Notation of Theodorsen and Garrick .

Figure |- Symbois for wing dimensions.
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{10}
<
140
O 34 45 52 Sweepback,deg.
A O Reinforced
120l A O No failure in flight
X A ® Fallure inflight
A
JAN
100
A
I o)
[
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2 go} ag’b\
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= 5 _ (|
b L]
60f N
I ([
40} .
2 g @
C’é S>®
o 'l i L L 1 i L r'] ' - []
o] 4 8 2 16 20
L3¢3d 102in? NATIONAL ADVISORY
L+2¢c/" " '™ COMMITTEE FOR AERONAUTICS

Figure 2.- Comparison of torsional stiffness criterion
with flight test experience.

13
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2(l.51)
10} \
L.
2T
8 i-M
Sls [
(o] X eo)
-~ 6
®
a
2 .
(/4]
2 4
3 |
- o B
NATIONAL ADVISORY
B COMMITTEE FOR AERONAUTICS
o | | | ! i | 1 | | ]
0] 2 4 6 8 LO
Mach number

Figure 3- Assumed variation of lift curve slope
with Mach number for purposes of
flutter analysis.

NACA - Langley Field, Va.
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