
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB013257

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; AUG 1975. Other
requests shall be referred to Air Force Flight
Dynamics Laboratory, PTC, Wright-Patterson AFB
OH 45433.

affdl ltr, 2 may 1979



L^%.:rorjigBPMwrasaaMawBBTO^ mmPMmssm.* 

THIS   REPORT  HAS  BESN  DELIMITED 

AND  CLEARED  FOR  PUBLIC  RELEASE 

UNDER.  DOD DIRECTIVE  5200.20 AND 

NO  RESTRICTIONS  ARE   IMPOSED  UPON 

ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 

i 
i 



.^> .   :.:±t.' 

f] -5     ■ 

N AFFDLTR-7MO 

■■■■i IH^PPJIP^IJMIIIIlt,.!.!,..!!,.     » 

/ 

04 

o 
DESIGN, FABRICATION, TESTING AND 
ANALYSIS OF TORSION FREE WING TREND 
FLUTTER MODELS 

GENERAL DYNAMICS 
FORT WORTH DIVISION 
FORT WORTH, TEXAS 76101 

MAY 1976 

FINAL REPORT FOR PERIOD APRIL 1975    MAY 1976 

CD 
C3 

Ok C/ 

Distribution limited to U.S. Government agencies only; test and 
evaluation, statement applied August 1975. Other requests for this 
document must be referred to AF Flight Dynamics Laboratory 
(PTC), Wright-Patterson Air Force Base, Ohio 45433. 

AIR FORCE FLIGHT DYNAMICS LABORATORY 
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES 
AIR FORCE SYSTEMS COMMAND 
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 



r ^^^^^^^^^^^ mmmmmm mtmmmM.mm^jMmmm, jjuggpi..,,,,,, .„v.,.,.,*,,,,™,,,,,,!    ,    mipma 

r 
^        «,»■* NOTICE 

When Government drawings, specifications, or other data 
are used for any purpose other than in connection with a 
definitely related Government procurement operation, the 
United States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the government 
may have formulated, furnished, or in any way supplied the 
said drawings, specifications, or other data, is not to be 
regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or sell any 
patented invention that in any way be related thereto. 

This technical report has been reviewed and is approved. 

/ 

g^ 

D^/ Squire L, Brown 
'roject Engineer 
Air Force Flight Dynamics Laboratory 

^ - 

Riccioni, Colonel, USAF 
Aeromechanics Division 

Air Force Flight Dynamics Laboratory 

_,^is of this report should not be returned unless return 
is require^ by security considerations, contiactual obligations, 
or notice on a specific document. 
AIR  FORCt   -   27 AUGUST   76 

,,^to.ü^«:.^^.>--^.a.»«^.^.^^i^ 
--—'■ ••--- -        m I.,.., ..!■ lUMWirillMi 



.      .. T-- -  .mi.WK'   ■■.... ^   t  u ji i ^ L w^^g. ■^■v 

Hnpmn^P^piPsp!^ 

UNCUSSIFIED 
SECURITY   CLASilFICATION   OF   THIS   PAGE  fWhtn   D.I.  Cnl*r«llJ 

(EPORT DOCUMENTATION PAGE 
iRFPöRI 

AFFDl^TR-76-4/ ( ^ 
i   GCVT  ACCESSION NO 

4      TITLE rard Su6r/tl.J 

PESIGN, FABRICATION, JESTING AND ANALYSIS 
OF TORSION FREE WING TREND FLUTTER fcJODELS. 

7       »ijTMOflli 

A. C./Murphy, R. P./peloubet, 
R. M./Bolding J. J.^Hosek 

9     PERFonM!>jr, ORCANIZATION  stME   »NB  AODBESS 

General Dynamics   / 
Fort Worth Division, P. 0. Box 748 
Fort Worth, Texas 76101 

II       CONTBQLtlNG  OFFICE   NAME   AND   ADDRESS 

Air Force Flight Dynamics Laboratory(FX 
Wright-Patterson AFB, Ohio 45433 

14      MONITORING   AGENCV   NAME   »   ADORESS'/f Jllterrnl Irom Conlrolllni Olttcoj 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

ALOG NUMBER 

».   PEHPUMBmrSTSftg 

T  »  PERIOD COVERED 

- MayfflTj^ | 

a  CONTRACT OR GRANT NUMBERCs 

F33615-75-C-3^45l   r ■ 

10      PROGRAM   ELEMENT. PROJECT,   TASK 
AREA   4   WORK   UNIT   NUMBERS 

vProject  1370 

' May mie { 

IS      SECURITY  CLASS,  (ol Ihls report/ 

Unclassified 
IS«     DECLASS1FICATION   DOWNGRADING 

SCHEDULE 

16    DISTRIBUTION STATEMENT fai mu Kt,pnri> 

Distribution limited to U.S. Government agencies only; test and 
evaluation, statement applied August 1975.  Other requests for 
this document must be referred to AF Flight Dynamics Laboratory 
(PTC), Wright-Patterson Air Force Base, Ohio 45433. 

17      OlSTHlBUXlON ST ATEMENT  <ol tht mbllrltcl tnlered in Black 20.  il dlllerenl Irom Report) 

Hf''J-57q 
IB    SUPPLEMENTARY NOTES 

'9      KEY WORDS fConfinue on rever.se  side i/ necessary and Identity by block number) 

Torsion Free Wing 
Free Floating Wing 
Flutter 
Flutter Model 

Trend Flutter Model 
Torsion Free Wing Trend Flutter Model 

20.    ABSTRACT (Continue on reverse side // necessary and Identity by block number) 

A ■^Trend type aluminum plate flutter models of a Torsion Free 
Wing (or free floating wing) were designed, built and wind tunnel 
tested. Types of models tested included cantilever, torsion free 
wing with a forward trim surface and torsion free wing with an 
aft trim surface.  Several flutter points were obtained in the 
wind tunnel. The models were also vibration tested and static - 

DD   1 JAN"}   1473 EDITION OF  1 NOV 65 IS OBSOLETE UNCLASSIFIED 
SECURITY  CLASilFICATiON O ^  THIS  PAGE fM>ien Dale Bntere.l) 

VÖZ 70'/ 
.... ,   ■ .        ■      . • 

\ikj^i,,***i**iimuiMK^ix,^i^M i. ijjwu.-mi-^.i^.i-^n^...-.^..»»... aa^üiiA^SMia 



[*f?mmsmmmmmim$sais^'vmmm»f-™^ 

UNCLASSIFIED 

*ff 
^ECuR^T^^LA^S^F^CATlON O^ TMlS PAOEfH^i»« Dmlm Enttrmd) 

deflection tested to measure influence coefficients. These 
measured data were then used in flutter and divergence analyses. 
The correlation between analysis results and wind tunnel results 
is good for some cases and fair or poor for others.  Reasons for 
lack of correlation in some cases are given. 
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SUMMARY 

Torsion Free Wing plate type trend flutter models were 
designed, built and wind tunnel tested.  The purpose of the 
program was to secure some well documented wind tunnel flutter 
test points so that flutter analyses of the test configurations 
could be made and the results correlated with the test data. 
Divergence analyses were also performed as part of the program. 

The test configurations consisted of a cantilever model, 
cantilever planform Lestrained at only one point at the root, 
a torsion free wing with forward trim surface and a torsion 
free wing with the trim surface aft of the wing at the tip. 
This program was believed to offer a logical sequence of test 
and analysis steps from the simplest to the most complex 
configurations. 

Flutter test points were obtained for three configurations. 
These were the cantilever, the cantilever supported at one point 
(called the pitch restrained cantilever) and the torsion free 
wing with trim surface aft.  For the torsion free wing with 
forward trim surface, divergence was experienced before the 
flutter speed was reached.  Therefore, positive correlation of 
calculated and wind tunnel test flutter speed was impossible 
for this configuration.  However, positive correlation of 
analytical and experimental divergence speed was possible for 
this case. 

Flutter analyses were conducted using measured vibration 
modal and measured mass input data utilizing kernel function 
aerodynamics. Analyses were performed for the cantilever model, 
pitch restrained cantilever model, two different configurations 
of the torsion free wing with forward trim surface and one case 
of the torsion free wing with aft trim surface.  For this last 
case, the flutter analyses were repeated using doublet-lattice 
aerodynamics.  It had been planned to repeat one case using 
doublet-lattice aerodynamics and originally this was planned 
for a forward trim surface configuration.  However, because no 
flutter test points were obtained in the wind tunnel with the 
trim surface forward, it was decided to use doublet-lattice 
aerodynamics for a trim surface aft case. 

PRECEDING PAGE BLANK-NOT FIIMED 
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Overall correlation of flutter analysis results with wind 
tunnel test data is not particularly good.  Essentially perfect 
agreement was achieved for the pitch restrained cantilever; 
however, for the other configurations not nearly so good corre- 
lation was achieved.  Fairly good correlation was shown for the 
trim surface aft case using doublet-lattice aerodynamics for 
one of two flutter cases experienced in the wind tunnel.  The 
flutter speed agreement was within 12 percent of the measured 
speed and the flutter frequency was within 2 cps of the measured 
value.  The doubiet-lattice method of representing the aero- 
dynamic forces included mutual interference effects between 
surfaces.  Perhaps this is one reason for the better correlation 
achieved using this method. 

Divergence analyses were conducted for four configurations. 
These were:  (1) cantilever, (2) pitch restrained cantilever, 
(3) torsion free wing with forward trim surface and (4) torsion 
free wing with aft trim surface.  Measured deflection influence 
coefficients were utilized as the model stiffness values in the 
analyses.  A finite element representation of the aerodynamic 
forces employing aerodynamic influence coefficients computed by 
the Woodward method was used in the aeroelastic solution. 

For both the cantilever and pitch restrained cantilever, 
very high divergence speeds were calculated.  This is consistent 
with the wind tunnel results since no divergence condition was 
encountered up to the speed at which flutter occurred.  For the 
trim surface forward case, the calculated divergence speed is 
considerably above the measured divergence speed. With the 
trim surface aft the calculated divergence speed is high. 
This is also consistent with test results wherein flutter was 
encountered before reaching any divergence condition. 

In general, the analyses-test correlation was less 
satisfactory than was hoped for.  There were some cases in 
the flutter analysis that gave good agreement. A more detail 
investigation as to the reasons for disagreement, when they 
occur, may be warranted. 
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SECTION       I 

INTRODUCTION 

The concept of an aircraft with Torsion Free Wings (TFW) 
is not new. The term Torsion Free Wing as defined herein means 
a wing which is mounted on the fuselage by means of a spanwise 
oriented pivot shaft and is mechanically unrestrained in rigid 
body pitch. Other investigators have used the terms free-wing 
or free floating wing for similar or identical type configura- 
tions . 

Early attempts at flying TFW or quasi-TFW aircraft WPie 
recorded by the French in the early 1900s.  Other attempts 
to design or build TFW aircraft have been reported over the 
intervening years.  However, these investigations have been 
few in number and have not received much attention.  It was 
not until 1970 that a serious documented study of a TFW con- 
cept was undertaken (Reference 1).  This investigation showed 
the gust alleviation benefits of a TFW airplane and also 
indicated that longitudinal handling qualities were satis- 
factory.  The study also showed that an artificial roll damper 
was beneficial to lateral control because of inherently low 
roll damping and spiral divergence of the TFW configurations 
under consideration.  However, no investigation of the flutter 
characteristics of a TFW vehicle was undertaken in the inves- 
tigation. 

The study of Reference 2 was an investigation of the 
effect on the ride quality of a TFW configuration if either 
an active or passive flutter stability augmentation system 
were added to increase the flutter speed. A semi span flex- 
ible pivoting wing was flutter analyzed as a cantilever, as a 
TFW configuration and as a TFW with the flutter stability 
augmentation added.  One of the major conclusions of the study 
was that the inclusion of a flutter stability augmentation 
system reduced the ride smoothing qualities inherent in a 
torsion free wing. 

Porter, R. and Brown, J., "The Gust Alleviation Characteristics 
and Handling Qualities of a Free-Wing Aircraft," AIAA Paper 
70-947, AIAA Guidance, Control and Flight Mechanics Conference, 
August 17-19, 1970. 

"Wattman, W., et al., "Pivoting Wing Ride Smoothing/Flutter 
SAS Analyses," The Boeing Company, Wichita, Kansas, May 1971. 
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General Dynamics' Fort Worth Division has studied TFW con- 
figurations in some depth over the last several years.  This 
type configuration has received attention because of improved 
ride quality associated with TFW, better landing and takeoff 
characteristics, better target tracking, increased maneuver- 
ability and more efficient use of structural materials.  These 
studies have been primarily aimed at high performance fighter 
type aircraft applications.  Studies have included aerodynamic, 
stability and control, stress, weight, gust response and flutter 
analyses.  Included in the work done has been the fabrication 
and flight testing of a small remotely piloted subsonic model. 
The model has been successfully flown many times thus demon- 
strating the feasibility of the TFW concept. 

In the studies conducted at General Dynamics' Fort Worth 
Division, flutter analyses have been conducted for some of the 
more promising configurations which have been studied for 
possible future applications.  The first of these flutter 
analyses was completed in 1972 for the wing-trim surface con- 
figuration shown in Figure 1. The structural arrangement for 
this configuration was graphite skins bonded to full depth 
aluminum honeycomb core. This was idealized to skin panels 
and ribs and spars for the flutter analysis. 

Pivot 

Fus -^ 

Figure 1 Torsion Free Wing Configuration 

Flutter Analyzed in 1972 
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The required flutter speed at sea level was 1100 knots. 
This would be unrestrictive for the strength design configura- 
tion.  Calculated flutter speeds for the alternate wing pivot 
locations were: 

Sta. 77 pivot axis -- flutter speed = 1450 knots 
Sta. 95 pivot axis -- flutter speed - 1050 knots 

There was no hingeline on the trim surface for this analysis. 
The trim surface was attached along the root to the structural 
rib which extended chordwise across the wing tip and the trim 
surface root.  Symmetric analyses only were done.  In the modal 
analysis, the wing was assumed to be clamped at the pivot.  For 
the flutter analysis, however, a rigid body pitch degree of 
freedom was present. 

From the results of this analysis it was concluded that a 
TFW configuration would not present serious flutter problems 
in design studies of this concept. 

A second configuration was analyzed in 1974. A geometrical 
sketch of the configuration is shown in Figure 2.  This was a 
larger and heavier vehicle than was analyzed in 1972 but was 
still a high performance fighter type vehicle.  The wing and 
trim surface structure was aluminum skins with aluminum spars 
and ribs. 

<[  fui  -' 

I—107 —*| 

Figure 2    Torsion Free Wing Configuration 

Flutter Analyzed  in  1974 
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The flutter speed for the configuration of Figure 2 was computed 
to be 190 knots.  Adding weight to a forward located balance 
weight boom at the wing tip was not beneficial.  For these 
analyses the vibration modes and frequencies were computed for 
the wing pivot not clamped. A flutter analysis was also per- 
formed using modes calculated by clamping the pivot as was done 
in the 1972 analysis.  This gave a flutter speed of 377 knots. 

Because of the low flutter speeds an alternate configura- 
tion was analyzed for a smaller planform wing wherein the trim 
surface was located at the inboard wing root station and forward 
of the wing leading edge.  This arrangement (canard trim surface) 
raised the flutter speed significantly (to 960 knots for this 
smaller configuration). 

These large differences in flutter speeds were not well 
understood.  All structural sizing for the various configura- 
tions was done on the basis of the minimum weight structure to 
satisfy the strength requirements.  Therefore, no extra material 
was in any of the designs to help raise the flutter speed.  On 
this basis the difference in planform size can be virtually 
ruled out as a contributor to the difference in flutter speeds. 
Also, the change in material from one configuration to another 
should not have any sizable effect.  Possible errors in the 
analyses were searched for and no significant ones found. 

However, the flutter analysis (and modal analysis) of a 
TFW configuration may not be as straightforward and the level 
of confidence in the results be as high as for more conventional 
type structures.  The presence of the wing pivot may present 
problems that conventional analyses cannot properly account for. 
As a result of these possible uncertainties, this program was 
undertaken in order to provide some wind tunnel test flutter 
data with which analyses results could be correlated and com- 
pared. 

In the interest of keeping overall costs low, a program 
of plate type trend flutter models was proposed as being satis- 
factory test vehicles which could also be analyzed.  They did 
not need to be dynamically similar to any airplane configuration 
in order to provide good test data.  If flutter points could be 
obtained and a few parameters varied in an orderly manner, then 
a quantity of experimental data could be gathered which would 
form the basis of comparison between analyses and the test 
configurations. 

. ■    .  ■■ ^..■.,    ;■:.■..,...:* 
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This program was initiated in April of 1975.  The first 
steps taken were the technical and detail design of the models. 
Technical design refers to that portion of the design effort 
which involves establishing planform size; model structural 
thicknesses, sizes and masses; general design concepts, etc. 
Detail design refers to that effort required to convert the 
technical design information into working drawings so that the 
detail parts can be fabricated and assembled.  The detail draw- 
ings are not included in this report but copies could be fur- 
nished upon the reader's request. 

Detail design was followed by fabrication and wind tunnel 
testing.  These phases in turn were followed by vibration 
testing, influence coefficient testing, flutter analysis and 
divergence analysis.  The significant portions of all test and 
analysis results are included herein. 
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SECTION  II 

MODEL CHARACTERISTICS 

The model wing and trim surface planform was established 
by scaling down the size of an airplane configuration which had 
been studied in 1974.  The full scale wing and trim surfaces 
are shown in Figure 3. 

122.60 

-^ 32.27 (*- 

Figure 3 Torsion Free Wing Configuration Upon Which 
Geometry of Trend Flutter Models is Based 

A subsonic wind tunnel with a 14 inch square test section 
was to be used to test the models. It was decided early that 
establishing subsonic flutter test points would furnish the 
best test data base with which to correlate analyses rather 
than to attempt correlation in the transonic or supersonic 
speed ranges. With the wind tunnel size fixed, it then became 
a simple matter to establish the geometric scale of the models. 
The type models and nature of the test also influenced the model 
to airplane geometry scale. 
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It was desired to obtain some fundamental or baseline 
flutter data from tests of a cantilevered planform configuration 
as a part of this program.  In some of the studies conducted at 
General Dynamics' Fort Worth Division the TFW configuration had 
been established by first considering a cantilever wing, then 
hypothetically slicing the tip off and moving it aft to provide 
a trim surface and finally providing a pivot axis for the wing 
itself. 

This same thinking helped establish the cantilever model 
planform and also the geometrical length ratio between model 
and full scale.  The cantilever wing model size to properly fit 
the wind tunnel was 10 inches root-to-tip.  The planform was 
generated by extending the TFW wing trailing and leading edges 
a distance such that the wing span was increased an amount equal 
to the span of the trim surface.  This is shown in Figure 4. 

Figure 4 Wing Planform for Scaling Cantilever Model 

The length scale then became 10/182.3 or 1/18.23.  This was 
used for all models in the program. 

: i 
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Another basic idea that was proposed and followed in 
the model program was to test four basic types of models. 
These were:  (1) cantilever model (previously discussed), 
(2) pitch restrained cantilever (cantilever planform mounted 
on a pivot shaft and tested with the pivot shaft clamped), 
(3) TFW with the trim surface inboard and forward as in 
Figure 3 and (4) TFW with the trim surface at the wing tip 
and aft of the wing.  This program was believed to be a 
logical progression from the simplest model (cantilever) to 
the most complex (TFW).  Provision was made within each type 
of TFW model to vary important parameters such as wing pivot 
location, boon stiffness, trim surface size and trim surface 
pitch stiffness. 

The TFW models were conceived and designed to be semi-span 
type models.  It was also required to have the effects of fuse- 
lage mass and stiffness in the test results but it was not 
believed important to include fuselage aerodynamic forces in 
the tests.  Therefore, the models were designed such that the 
fuselage was supported by a mechanism which could provide 
symmetric or antisymmetric boundary conditions at the fuselage 
centerline with the fuselage and support mechanism being placed 
outside the wind tunnel test airstream. Sketches showing the 
wind tunnel and the method of supporting the cantilever and TFW 
models are shown in Figures 5, 6 and 7. 

As can be implied in Figure 5, the wind tunnel operates as 
an injector type which pulls the air through the bell mouth and 
then through the 14 inch square section leading to an open jet 
test length.  The free jet test length is not substantially 
different from that of a walled section except for a layer of 
mixed flow which surrounds the free jet and is probably a little 
thicker than a normal wall boundary layer. Although no flow 
studies were made during these tests, it is believed that the 
root of the TFW models was close to the edge of this layer of 
mixed flow. For the trim surface forward TFW models, the trim 
surface and boom extended forward into the walled portion of the 
14 inch section as shown in Figures 6 and 7.  It is not believed 
that this had any measurable effect on the test results since 
these were outside the boundary layer. 

The model surfaces were designed as spanwise tapered 
aluminum plates.  It can be shown that this type model structure 
approximates the spanwise distribution of the full scale stiff- 
ness and mass. The structural member representing the fuselage 
is a standard wall thickness aluminum tube. Weights are clamped 
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to this tube to provide the correct lumped distribution of fuse- 
lage weight and rolling mass moment of inertia.  The structural 
boom tying the trim surface to the wing was designed as a thin 
walled tube but during the wind tunnel tests, a much stiffer 
solid aluminum rod was also used to increase the boom stiffness 
during a portion of the trim surface forward tests. 
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Figure 5    Cantilever Model Mounted in Wind Tunnel 
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The plate thickness was determined such that the cantilever 
model would flutter near a tunnel speed of 330 feet per second. 
A model plate stiffness level was established by a Stodola 
frequency analysis of the cantilever plate model using the 
assumption that the thickness ratio of the plate, t/c, remained 
constant along the span.  Coupled with this was the assumption, 
based upon the data of Reference 3 that a value of the flutter 
parameter 

a   1 
= .42 

where  b = model semi-chord at 3/4 span 

wcv= uncoupled torsion frequency 

a = speed of sound 

H- =  ratio of model plate mass to mass of 
cylinder of air surrounding the plate 

t = model plate thickness 

c = model plate chord 

would produce flutter at the desired speed of 330 feet per 
second.  The analysis gave a plate thickness at the root of 
0.063 inch to produce the desired flutter speed.  To further 
insure that flutter would be obtained within the speed capa- 
bility of the tunnel, another model with root thickness equal 
to 0.052 was also fabricated. 

The same planform and thickness were used for the pitch 
restrained cantilever model, reasoning that the flutter speed 
for this configuration would be less than that for the canti- 
lever.  If this were realized in the wind tunnel tests the 
flutter speed for this configuration would fall in about the 
mid range of tunnel speeds. 

'Harris, G., "Flutter Criteria for Preliminary Design," 
Navy, Bureau of Naval Weapons Final Engineering Report 
2-53450/3R467, Prepared by LTV Aeronautics and Missile 
Division, September 1963. 
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For the TFW models it was believed that the flutter speed 
for these would be about the same or less than that of the 
cantilever model.  This was based upon intuitive reasoning as 
much as anything.  A flutter analysis of the TFW could not be 
considered because of cost.  Also, there would be, based upon 
past experience with TFW flutter analyses, less than complete 
confidence in the results of such an analysis.  Therefore, the 
TFW wing plate root thickness was also made to be 0.063 inch 
thick.  Here again, to help insure getting flutter points within 
the speed range of the tunnel, a TFW model with root thickness 
of 0.052 inch and also one with 0.078 root thickness were fabri- 
cated.  The trim surface thickness was established by assuming 
that the trim surface root bending stiffness was the same as 
the wing tip bending stiffness.  This relationship existed on 
the full scale airplane. 

The fuselage structural member was sized by selecting a 
standard wall thickness aluminum tube which had approximately 
the same ratio of vertical bending stiffness to wing root 
stiffness as existed on the full scale article near the fuse- 
lage mid-length.  Fuselage stiffness on the full scale article 
was nearly constant over about 25 percent of the total fuselage 
length in the mid-length region where the curvature in the 
fundamental bending mode is the greatest.  Therefore, it was 
thought to be reasonable for the purposes of these tests to 
make the model fuselage spar a constant stiffness over the 
total length. 

The boom stiffness on the model was also established by 
preserving on the model the same ratio of boom bending stiffness 
at a given boom station to wing root bending stiffness as 
occurred on the full scale article. This station was near the 
boom mid-length between the trim surface hingeline and the wing 
pivot. 

In order to provide symmetric boundary conditions at the 
fuselage centerline, a mechanism was designed consisting pri- 
marily of a four-bar linkage which would allow total model 
vertical translation, wing pitch and fuselage pitch independ- 
ently of or with each other.  Fore and aft body translation 
was not allowed. As tested the model wings and/or trim surface 
were oriented in a vertical plane. 

MfglWil 
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For antisymmetric motion the model was allowed a roll 
degree of freedom about the fuselage centerline by a simple 
roll bearing support located around the fuselage spar. Wing 
pitch was also allowed but not total model side translation 
or yaw.  The rudiments of these mechanisms can be seen in 
Figures 6 and 7. 

14 
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SECTION  III 

EXPERIMENTAL PROGRAM 

The model experimental program consisted primarily of 
(1) measuring the model mass data, (2) conducting wind tunnel 
tests, (3) measuring the vibration frequencies and mode shapes 
and (4) measuring deflection influence coefficients.  The infor- 
mation associated with each of these four phases is presented 
in the tables and figures that follow. 

Mass and Geometry 

Only the mass or weight data for models which were 
vibration tested and/or flutter analyzed will be presented. 
This, along with required geometry for each model or 
component is presented in the following figures and table. 

The weights listed in Figures 8 through 13 and in Table I 
were determined simply by weighing the items on a gram scale. 
Mass moments of inertia were not measured because of the lack 
of need for this data.  The balance arm center of gravity was 
determined by balancing the arm on a knife edge. 

The S (small) trim surface is sized to be 15 percent 
smaller than the scaled or B (big) trim surface.  These are 
shown in Figures 10 and 11.  For most of the tunnel runs with 
TFW model and forward trim surface, the S trim surface was used. 
This was because the B trim surface forward tended to make the 
model marginally stable.  Similarly, the B trim surface was used 
for the trim surface aft tests to increase model stability. 

In Figures 10 and 11 the pivot axis locations D (design), 
F (forward) and A (aft) are alternate positions for use with 
the trim surface forward.  Similarly, the positions marked 
D' (design), F' (forward) and A* (aft) are alternate pivot 
shaft positions for the trim surface aft. 

: 
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Hh .063 

Wt.  - 112.5 gm 
-  .24802 1b 

.021 

Figure 8 Mass and Geometry of Cantilever Model 

8.39 

^ 

1.62 

-«-:       28.5° 

10.0 

5.43  v-<—    2.76 

-'    \*-   .063 

Wt, - 112.5 gm 
• .24802 lb 

Ü 
, h"   .021 

Figure 9 Mass and Geometry of Pitch Restrained 

Cantilever Model 
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rF.S.  6.50 

I -43 
jm ,,,  

-43     -45 

F.S.   21.627 Fus.   Pivot  Block 
F.S.   35.50 

-45 -47 "49 
r     l     l      .^TT. 

-47 

Balance Arm' 

Al. Hi 
-49 

-51 

!_. 
VJ1 

i J 

',--3Jl—Boh 
PV   '    Wing Pivot  Block 

-53 

F-T-.-  

-53 

V Pivot Shaft 

F.S.   22.29 

Item 
Fwd Fus Spar 
Aft Fus Spar 
Fus Piv Block 
Wing Piv Block 
Pivot Shaft 
Links (2) 
Bolts (2) 

-55 

T-.-I
J
 r 

-35 

.4375 O.D. 

Weight 
(grams) 

50.1 
41.6 
128.2 
231.0 
132.2 
88.1 
17.6 

Weight 
dbs) 

.110 

.092 

.283 

.509 

.291 

.194 

.039 

Figure 12 Mass and Geometry of Fuselage Spar and Mechanism 

LENGTH 
TOTAL TOTAL OF 

FUS STA DASH NO. WEIGHT WEIGHT WEIGHT 
(grams) (pounds) (inches) 

7.24 -43 (2) 124.0 .273 2.48 
8.62 -45 (1) 96.3 .212 2.88 

12.43 -45(1),-47(1) 203.4 .448 2.88/3.09 
13.48 -47 (1) 113.3 .250 3.09 
16.07 -49 (1) 84.0 .185 4.51 
18.85 -49 (1) 84.1 .185 4.51 

24.79 -51 (2) 93.4 .206 5.46 

30.23 -53 (2) 331.6 .731 5.78 

34.71 -55 (2) 284.1 .626 5.66 

Table I FUSELAGE BALANCE WEIGHT DATA 
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Wing  brace   tie 

Additional weight added here 
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.375 
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T 
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■f : Mode Shape reading point 

Wt. (Total) = 123 gm 
= .271 lb 

Figure 13 Mass and Geometry of Balance Arm 
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Influence Coefficient Tests 

Structural influence coefficients were measured for 
four configurations.  These were (1) cantilever, (2) pitch 
restrained cantilever, (3) TFW with trim surface forward-no 
root rib stiffener and (4) TFW with trim surface aft con- 
figurations.  The TFW configurations were deflection tested 
with the pivot shaft clamped.  For all tests, the load was 
c.pplied by means of a C-shaped load hanger with a pointed 
banger-to-model support.  Weight was hung from a rod fastened 
tc the hanger.  Deflections were read by using linear variable 
differential transformer (LVDTs).  This type transducer reads 
voltage changes from zero load position directly.  Voltages 
are then converted to linear displacement by means of a 
calibrated scale factor. 

Influence coefficients measured for the cantilever are 
presented in Table II. For this model as well as the others, 
a fully populated matrix was measured.  Some averaging of the 
off-diagonal elements was necessary to make the matrix symme- 
trical.  The locations of the deflection reading points are 
shown in Figure 14. 
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The  pitch  restrained cantilever was  deflection  tested  by 
mounting   the model   to  the pivot  shaft  located  in  the design   (D) 
position.     This   is  1.62  inches  aft  of  the apex of  the wing. 
The pivot  shaft was  clamped for  these measurements.     Deflection 
reading  point  locations  are shown  in Figure  15 and  the influence 
coefficients  are  in Table  III. 

- 1.62 

.29  4\ti6 
i .13 

13 

17   i      f 

14 

-:   - .29 

ISTI    t  " 
| 2.0   (Typ) 

15 1 ft       I    - 

10 11 12 

\   7 

Mid Chord 

8 

5      6 

\ : 

\1       2   3; 

.11 ~':r-   "    ■ H- .13 

Figure  15    Deflection Reading Point Locations  for 
Pitch Restrained Cantilever Model : 
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Influence coefficients for the TFW with the forward trim 
surface were measured with the pivot shaft clamped and located 
in the forward (F) location.  This is 0.97 inch aft of the 
wing apex.  The very stiff (HH) boom was used and the small (S) 
trim surface size was also used.  Deflection reading point 
locations for this configuration are shown in Figure 16 and 
the influence coefficients are presented in Table IV. 

.20 

I Figure 16 Deflection Reading Point Locations for 
Torsion Free Wing Model with Forward Trim Surface 
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Influence coefficients for the TFW model with trim surface 
aft were measured with the pivot shaft in the aft design (D1) 
position.  The pivot shaft was clamped for these measurements. 
A high stiffness (H) boom was used and the big (B) trim surface 
was installed for these measurements.  The aft design (D1) 
position of the pivot shaft was used and is 3,73 inches aft of 
the wing apex.  Deflection reading point locations are shown 
in Figure 17 and the measured influence coefficients are 
presented in Table V. 
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Figure 17 Deflection Reading Point Locations for Torsion Free 
Wing Model with Aft Trim Surface 
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Vibration Testing 

Vibration modes were measured for five model configurations. 
These are (1) cantilever, (2) pitch restrained cantilever, 
(3) TFW with forward trim surface-no root rib stiffener, 
(4) TFW with forward trim surface-with root rib stiffener and 
(5) TFW with aft trim surface. 

The vibration test was conducted with the models mounted 
in the same section of the wind tunnel (this section was removed 
from the wind tunnel) as they were for the wind tunnel tests. 
Excitation was provided by an acoustic speaker fitted with an 
open ended cone to direct the oscillating volume of air to a 
small area.  The amplitude of motion was measured by a non- 
contacting (no mass added to the models) proximity transformer. 

Frequencies of interest were located by plotting relative 
response (amplitude of motion) versus frequency on an x-y 
plotter.  The x axis motion (frequency) was driven by an 
oscillator output signal whose dc amplitude is proportional 
to frequency.  The y axis motion (amplitude of motion) was 
driven by the output of a narrow band pass tracking filter. 
The dc output of the filter was proportional to amplitude of 
motion as measured by the non-contacting transducer.  Frequency 
surveys are presented in the Appendix. 

Once the response frequencies of interest were located, 
each one was excited in turn by locating the acoustic speaker 
at a point of significant motion.  This was sensed with a 
lightly held pencil.  Only one vibrator was used.  The mode 
shape was then measured by moving the non-contacting transducer 
to a pre-selected series of reading point locations in turn and 
reading the relative amplitude of motion by means of an elec- 
trical meter.  Phasing was determined by comparing the waveform 
of the output of the transducer to a fixed sine wave of the 
same frequency.  Plotted mode shapes and the tabulated mode 
shape amplitude and phasing data are in the Appendix.  It should 
be noted in reviewing the modes and frequencies that only symme- 
tric modes were measured for the TFW models. 
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Wind Tunnel Testing 

Wind tunnel tests were conducted la a 14 inch square free 
jet injection tunnel at General Dynamics' Fort Worth Division 
in September 1975.  The tunnel was calibrated prior to testing. 
Smooth air flow was provided by placing fine screens over the 
bell mouth inlet.  Access to the model was achieved by moving, 
with hydraulic actuators, the bell mouth and inlet sections 
to which the models were attached out of the 30 inch diameter 
plenum.  Model access could also be gained through the viewing 
windows in the plenum section. 

It was planned to test the cantilever model, the pitch 
restrained cantilever model, TFW model symmetric and anti- 
symmetric with trim surface forward and TFW model symmetric 
and antisymmetric with trim surface aft. Several parameter 
variations were planned for each TFW configuration. However, 
circumstances which developed during the test prevented many 
of the planned tunnel runs from being completed. 

No antisymmetric tests were accomplished due to a very low 
speed (about 30 ft per second) instability involving rigid wing 
pitch and total configuration roll. Several different ways 
were tried to eliminate the instability or increase the speed 
at which it occurred. Only one was moderately successful. 
This consisted of moving the trim surface aft of the wing at 
the wing root and simultaneously placing a large forward balance 
weight on a boom at the wing tip.  Speeds up to 130 ft per second 
were achieved for this configuration without the roll instability 
occurring. However, this so distorted the model configuration 
that testing was not attempted because of the lack of a reason- 
able model configuration. 

Difficulties were also experienced in the symmetric tests 
with the trim surface forward. These consisted of two types. 
The first was a low speed instability involving rigid wing pitch 
and total configuration translation normal to the plane of the 
wing. This was easily solved by adding a forward balance weight 
to the pivot shaft inboard of the wing root. No aerodynamic 
forces were on the balance weight arm during test because of 
its inboard location. 

The second problem which manifested itself during the 
symmetric tests, particularly with the trim surface forward, 
was wing static divergence. Items which were tried to increase 
the divergence speed above the flutter speed were testing only 
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in  the forward pivot shaft position, using a much stiffer boom 
to support the forward trim surface, using a 15 percent smaller 
area trim surface, adding a balsa fairing at the wing root to 
make the airflow more symmetrical about the wing chord plane, 
blocking out the translation degree of freedom, and finally 
testing a thinner wing surface with an aluminum angle stiffener 
attached to the wing root aft of the pivot.  None of these 
things enabled flutter speeds to be lower than the divergence 
speed.  Therefore, no flutter speeds were obtained with the 
forward trim surface. 

Several flutter points were obtained with the trim surface 
at the wing tip and aft.  However, with the pivot shaft in the 
aft position (A1) wing divergence was again experienced rather 
than flutter.  However, for the trim surface aft the flutter 
speeds for the forward (F1) and design (D1) positions of the 
pivot shaft were about the same.  Similarly, boom stiffness and 
trim surface pitch stiffness changes seemed to have only small 
effect on the flutter speed.  Two cases of flutter were inherent 
in the trim surface aft tests.  One was particularly mild and 
occurred at a low frequency with a definite flutter speed some- 
times difficult to determine.  The other case was a higher speed, 
higher frequency flutter instability that was present every time 
it was searched for. However, for some runs this instability 
was avoided. 

The cantilever and pitch restrained cantilever both had 
definite but not explosive flutter speeds and frequencies. 
It was possible, not only on these two models but also on the 
TFW models, to probe into the flutter regime a long way, speed- 
wise, with no dangerous amplitude buildup. 

Major wind tunnel tests results were: 

1. The pitch restrained cantilever flutter speed 
was less than the cantilever. 

2, No flutter was experienced with the trim 
surface forward.  Static divergence occurred 
at a speed lower than the flutter speed. 

3.  For wings of the same root thickness, the 
flutter speed with the trim surface aft was 
slightly higher than the cantilever flutter 
speed. 

A summary of the wind tunnel test data and variables tested 
is given in Table VI. 
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SECTION       IV 

ANALYSES 

Both flutter and static aeroelastic analyses were performed 
during this program. Flutter analyses were conducted upon five 
different configurations using measured mass and vibration mode 
data as input to the analysis.  Kernel function aerodynamics 
were utilized for all analyses and one configuration with trim 
surface aft was reanalyzed using doublet-lattice aerodynamics. 
The doublet-lattice method includes mutual aerodynamic inter- 
ference effects between surfaces whereas the kernel function 
method does not. 

Static aeroelastic analyses were performed upon four 
configurations using measured structural influence coefficients 
to describe the stiffness characteristics of each model.  Aero- 
dynamic influence coefficients were computed using the method 
of F. A. Woodward.  The static aeroelastic analyses were used 
to determine divergence speeds described later. 

Flutter Analyses 

Conventional V-g flutter analyses and the number of modes 
used in the analyses were conducted upon the following five 
configurations : 

1. Cantilever (3 modes used) 

2. Pitch restrained cantilever (4 modes used) 

3. TFW with trim surface forward (7 modes used) 

4. TFW with trim surface forward and 
stiffened wing root chord (6 modes used) 

5. TFW with trim surface aft (7 modes used) 

Kernel function aerodynamics were utilized in the analyses of 
all configurations and in addition the last one (number 5) was 
also analyzed using doublet-lattice aerodynamic theory. 
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The kernel function method used for application to the 
torsion free wing flutter models was mechanized by R. p. Peloubet 
and P. G. Waner (Reference 4) and follows the approach described 
by P. T. Hsu (Reference 5).  The present method uses an integral 
equation obtained from linearized compressible subsonic flow 
which relates the downwash to the pressure difference over a 
finite span surface, i.e., 

W(x,y) —L_ JJ dp(f,r))K(x-^y-T,,k,M)d^dr/ 

Sw 

where 

W    =    downwash at coordinate x,y 

P    -    air density 

V    =    free stream velocity 

Ap =    difference  in pressure between upper 
and  lower  surface of wing 

K    =    kernel  function 

k    =    reduced frequency 

M    =    Mach number 

Sw =    Wing area 

x,y,^,-r]    = coordinates  in the plane of the wing 

^■peloubet,  R.  P8,   "Finite Span Subsonic Flutter Analysis Method 
Utilizing M.I.T.  Series Method for Computing Pressure Distri- 
butions," General Dynamics Memorandum Report SDGM-80, 
August 1958. 

5Hsu,  P.  T.,   "Flutter of Low Aspect Ratio Wings,   Part I, 
Calculation of Pressure Distributions for Oscillating Wings 
of Arbitrary Planform in Subsonic Flow by the Kernel-Function 
Method," Aeroelastic and Structures Research Lab.   TR 64-1, 
MIT,  Cambridge,  Mass.,   October 1957. 
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The solution to the previous equation is accomplished by 
the use of an assumed pressure distribution with unknown co- 
efficients.  The assumed pressure functions are weighted simple 
polynomials where the weighting function satisfies the necessary 
edge boundary conditions.  The equation is then satisfied at as 
many collocation points as there are unknown coefficients in the 
assumed pressure distributions.  The integration of this equation 
is accomplished via Chebyschev-Gaussian quadrature for each term 
in the assumed polynomial at each collocation point reducing the 
problem to solving a set of simultaneous algebraic equations. 
Given the modal displacement the downwash is determined and the 
unknown coefficients of the pressure distributions determined. 
The integrated product of the pressure distribution and the modal 
displacement over the surface gives the generalized aerodynamic 
forces. 

In all applications of the kernel function method to TFW 
models, five spanwise rows of five collocation points each were 
used on each aerodynamic surface.  Furthermore, 11 chordwise rows 
of 10 integration points were used in computing the generalized 
aerodynamic terms.  The edge of the free jet in the wind tunnel 
was assumed to act as a reflecting plane.  Therefore, symmetric 
aerodynamics were used for all aerodynamic surfaces except for 
the aft trim surface for which antisymmetric aerodynamics best 
satisfies the pressure distribution at the root.  It should be 
noted that this method as applied here does not provide for 
aerodynamic interaction between surfaces on multiple surface 
configurations. 

The doublet-lattice method used for the analysis of the 
"trim-surface-aft" configuration provides an approximate solu- 
tion to the linearized formulation of the oscillatory subsonic 
lifting surface theory.  The method, developed by E. Albano 
and W. P. Rodden (References 6 and 7), is an extension of the 

6Albano, E., Rodden, W. P., "A Doublet Lattice Method for 
Calculating Lift Distribution on Oscillating Surfaces 
in Subsonic Flows," AIAA Paper No. 68-73, AIAA 6th 
Aerospace Sciences Meeting, January 1968. 

Albano, E., "Planar Doublet-Lattice Method for Aero- 
dynamic Forces," Northrop Corporation, Norair Division 
Report NOR 68-147, October 1968. 
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one developed by Hedman for steady flow (Reference 8).  One 
important feature of the method is that it provides for aero- 
dynamic interaction between surfaces. 

As applied to the trim-surface-aft model, the wing was 
divided into 42 boxes (6 spanwise x 7 chordwise) with smaller 
boxes near the leading edge to compensate for the steep pressure 
gradient.  In addition, the wing planform was extended slightly 
to compensate for the "end cap effect" of the trim surface boom. 
The aft trim surface was extended inboard for the same reason 
and divided into 25 constant span, ( onstant percent chord boxes 
(5 spanwise x 5 chordwise).  Again, symmetric aerodynamics were 
used. 

Conventional V-g flutter analyses using the modal method 
were performed for the TFW models using flutter subroutines 
coded into the respective aerodynamic codes.  The generalized 
mass was computed from lumped mass models of various TFW 
configurations and the experimentally measured nodes.  Orthogo- 
nality of the experimental modes was checked and non-orthogonal 
modes deleted from the analysis.  This resulted in not deleting 
any modes for the cantilever, pitch restrained cantilever, and 
TFW forward trim surface models (no wing root stiffener). 
Three modes were eliminated on the TFW forward trim surface 
model (with wing root stiffener) and one mode was eliminated 
on the TFW trim aft model.  The general criterion for elimi- 
nating a mode was based on the calculation of the product of 
the mass coupling terms for a pair of modes divided by the 
product of the diagonal generalized mass terms for the same 
pair of modes.  If this ratio exceeded 0.15, one of the two 
modes was eliminated.  To avoid the non-orthogonal effects 
of the remaining modes, off diagonal terms of the generalized 
mass matrices were set equal to zero. 

8Hedman, S, G,, "Vortex Lattice Method for Calculation 
of Quasi-Steady-State Loading on Thin Elastic Wings," 
Aeronautical Research Institute of Sweden Report 105, 
October 1965. 
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Wliere applicable, analyses included rigid body modes, 
i.e., fuselage pitch and wing pitch.  Due to the model 
suspension the vertical translation mode appeared as a 
pendulum mode with a frequency of approximately 1.6 Hz. 
This mode was also included in the analyses. 

The results of the flutter analyses are presented in 
the form of structural damping and frequency versus velocity 
curves in Figures 18 through 23. A comparison of measured 
and calculated flutter speeds is shown in Table VII.  Also, 
the experimentally measured modes are plotted in Figures 30 

through 62 in the Appendix. 
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Figure 18 Structural Damping Coefficient and Frequency 
Versus Velocity for Cantilever Model 
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Velocity for Pitch Restrained Cantilever Model 
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Velocity for TFW Trim Surface Forward Model 
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Velocity for X'FW Trim Surface Forward Model 
With Wing Root Stiffener 
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Figure 23 Structural Damping Coefficient and Frequency Versus 
Velocity for TFW Trim Surface Aft Model (Doublet-Lattice) 
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Table VII  COMPARISON OF CALCULATED AND MEASURED FLUTTER SPEEDS 

Configuration 

Cantilever 

P.R. Cant. 

TFW 
(Fwd Trim Surf) 

TFW 
(Aft Trim Surf) 

Calculated 
Flutter Speed Frequency 

315 fps (a)    65 cps 

218 fps (a)    37 cps 

228 fps (a) 
21 fps1(a) 

208 fps2(a) 

305 fps (a) 
20 fps/ 

229 fps4 

31 cps 
1.6 cps^- 

o 
17 cps'1 

35 cps 
1.59 cps3 

42 cps4 

Measured 
Flutter Speed Frequency 

240 fps      87 cps 

215 fps      37 cps 

None*      None* 

210 fps 
260 fps 

9.2 cps 
43.8 cps 

(a) Kernel function aerodynamics used 

1 Stiffened wing root-rigid body translation 

2 Stiffened wing root-lowest speed involving flexible mode 

3 Rigid body translation-doublet lattice 

4 Lowest speed involving flexible mode-doublet lattice 

* Did not get flutter - experienced divergence instead 
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Divergence Analyses 

The divergence speeds for the Torsion Free Wing (TFW) were 
computed for the four configurations which are: 

1. Fully cantilevered (Figure 8) 

2. Pitch restrained cantilever (Figure 9) 

3. Wing supported at a single point plus a 
forward trim surface (Figure 10) 

4. Wing supported at a single point plus a 
wing tip aft trim surface (Figure 11) 

Thus, in order to calculate the divergence speeds for the 
above configurations, the following tasks were required: 

1. The experimental test determination of the 
structural influence coefficients. The grid 
points where the influence coefficients were 
measured are shown in Figures 14 through 17, 
respectively. Tables II through V summarize 
the results of the measured influence coeffi- 
cients for each respective configuration. 
The method used in the determination of these 
influence coefficients is discussed in the 
Experimental Program section of this report. 

2. The theoretical calculation of the aerodynamic 
influence coefficients utilizing the method 
presented in Reference 9. 

The two items above were then combined in the same manner 
as shown in Figure 24, equation (6). 

^Woodward, F. A., Hague, D. S., MA Computer Program for 
the Aerodynamic Analysis and Design of Wing-Body-Tail 
Combinations at Subsonic and Supersonic Speeds, Volume I; 
Theory and Program Utilization," General Dynamics' 
Fort Worth Division ERR-FW-867, February 1969. 
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Figure 24 shows a schematic representation of the aero- 
elastic equations solved to obtain the divergence speeds. 
All details pertinent to the development of the aeroelastic 
theoretical and computer programs are given in Reference 10 
and Reference 11. 

Prior to combining the structural and aerodynamic matrices, 
the matrix of structural influence coefficients was inverted in 
order to yield a structural stiffness matrix, [s].  Also, the 
structural control points (i.e., the grid points where measure- 
ments were made in obtaining the structural influence coeffi- 
cients) did not coincide with the aerodynamic control points. 
Thus, in order to properly combine the operations required by 
equation (6), Figure 24, the aerodynamic influence coefficients 
matrix was transformed to yield loads at the structural control 
points.  The details of this transformation are presented in 
Reference 1.  Finally, the final form of equation (6) for the 
calculation of the surface divergence speed is 

[Sj " qM = 0. 

The above equation was then solved for the divergence 
speed by maintaining the structural restraint against plunging 
and pitching as was done during the measurement of the experi- 
mental structural influence coefficients matrices for the last 
two (TFW) configurations. 

Since the torsion free wing is free to rotate about the 
pitch axis in normal operation, it might seem to be inconsistent 
to conduct divergence analyses based on structural influence 
coefficients that were measured with the model clamped at the 
pitch axis.  However, similar apparent inconsistencies exist 
in the divergence analysis of fixed wing aircraft.  That is, 
divergence analyses are often conducted for cantilever boundary 
conditions.  The wing loads are reacted at the support.  However, 

10 

11 

Hosek, J. J., Peioubet, R. P., Lyons, P. F., 
"Development of Airframe Structural Design Loads for 
Flexible Military Aircraft, Volume I:  Theoretical 
Development," AFFDL-TR-75-79, July 1975. 

Hosek, J. J., Peioubet, R. P., Lyons, P. F., 
"Development of Airframe Structural Design Loads for 
Flexible Military Aircraft, Volume II: Computer Program," 
AFFDL-TR-75-79, July 1975. 
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in flight, the summation of aerodynamic moments about the airplane 
e.g. must be zero for straight and level flight.  Hence, as speed 
increases the airplane must be retrimmed to balance the loads. 

Divergence speeds are seldom encountered in flight since 
the trim capabilities of the control surfaces prevent flight to 
the divergence speed.  Similarly, as the speed of the torsion 
free wing is increased, aeroelastic effects cause a redistribu- 
tion of loads which requires the wing to be retrimmed.  The only 
difference in comparison with the fixed wing is that the torsion 
free wing must also be balanced in pitch about the wing pivot 
axis. Hence, the divergence speed computed with the pitch axis 
clamped represents only an upper limit of flight speeds at which 
it would be impossible to trim the airplane even with unlimited 
trim capabilities.  Since the trim capabilities are finite the 
airplane is limited to some speed less than the divergence speed. 
The trend flutter models were even more limited in speed since 
they had no trim capabilities. 

A comparison of calculated and measured divergence speeds 
for the four cases analyzed is shown in Table VIII, 

Table VIII 

COMPARISON OF MEASURED AND CALCULATED DIVERGENCE SPEEDS 

Model 

Cantilever 
P.R.  Cant 
TFW(Fwd Trim Surf) 
TFW(Aft Trim Surf) 

Calc  Divergence  Speed 

5670 fps 
3675 fps 
532 fps 
520 fps 

Meas Divergence Speed 

None* 
None* 

250 fps 
None* 

* Did not get divergence in tunnel  tests  -  experienced 
flutter  instead. 

The  computer program  (Reference  11)  used  to analyze  the 
TFW for wing divergence speeds was  developed under a AFFDL 
contract.     The program has  the capability for predicting both 
the structural  design loads and aerodynamic characteristics  for 
flexible military aircraft. 

The major results  in the development of  the program has 
been the unification of the structural and aerodynamic  technolo- 
gies  through the use of efficient interface matrices in the over- 
all plan for computing the elastic airplane loads and aerodynamic 
characteristics utilizing a direct solution to the aeroelastic 
problem, 
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SECTION V 

DISCUSSION AND COMPARISON OF 
EXPERIMENTAL AND ANALYTICAL RESULTS 

The wind tunnel test flutter speeds and frequencies were, 
in general, quite definite and accurately determined.  This is 
particularly true of the cantilever, pitch restrained cantilever 
and the higher speed flutter case of the TFW model with trim 
surface aft.  The lower speed mild case of flutter (flutter 
frequency around 10 cps) was not as clearly defined, however, 
and is subject to some interpretation.  It appeared to be the 
type of flutter which may occur in a flutter analysis as a 
shallow "hump" type crossing on a V-g plot.  With the trim 
surface forward no case of flutter occurred in the test but 
instead, divergence was encountered. 

Actual determination of divergence speed for the tests 
conducted is perhaps not an accurate, well determined quantity. 
It might be argued that divergence testing should proceed with 
the model always trimmed out at zero lift.  Then at some speed, 
a small increment of lift produces simultaneously a large change 
in angle of attack and largo lift forces such that structural 
failure would occur.  The divergence speeds reported herein were 
not determined in this manner and may therefore be too low. 

During the wind tunnel tests it was not possible to trim 
the model to zero lift during testing.  Instead, the model would 
assume whatever angle of attack it wanted to as speed was in- 
creased.  This occurred primarily for the trim surface forward 
configuration since divergence was the only instability en- 
countered for this configuration.  The only kind of trimming 
tried was to bend (camber) the trim surface trailing edge before 
the start of a run in an attempt to reach higher speeds with the 
model at zero angle of attack.  This was done on a succeeding 
trial-and-error run basis. 

Other tasks undertaken in the experimental portion of the 
program proceeded in a straightforward manner with no particular 
problems appearing. - The one area where some improvement might 
have been desired was in the vibration testing of the models. 
Only one acoustic type speaker was used to excite the modes. 
However, experience has shown that a better job of excitation 
can be realized if more than one exciter is used.  This improve- 
ment usually manifests itself in the computed orthogonality of 
the modes.  It is believed that perhaps some improvement in the 
vibration modes, particularly in the higher frequencies, might 
have been realized had additional shakers been used.  This was 
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considered but not followed primarily because of the type 
exciters used and the possible phase shift between vibrators 
in the pulsating volume of air involved at the high frequencies 
under consideration.  Also, with multiple shakers proper "mode 
tuning" must be followed which involves measurement of the 
excitation force.  This was impossible for the type shakers 
used. 

Most of the vibration modes as measured were very close 
to being orthogonal.  However, for a few isolated cases a higher 
frequency mode was eliminated from the analysis because of poor 
orthogonality with the other modes.  This was done only a very 
few times thus indicating that the modes as measured were ex- 
cited and measured properly. 

The comparison between calculated and measured flutter 
speeds for the cantilever configuration is not as good as was 
hoped for.  The calculated flutter speed is 31 percent higher 
than the measured speed and the frequency difference is 22 cps 
out of 87.  There is no known reason why this case should not 
compare better.  One possible, although doubtful, reason may be 
that if higher frequency modes had been meajured and included 
in the analysis better agreement might have been realized. 

There is essentially perfect agreement between calculated 
and measured flutter speeds and frequencies for the pitch re- 
strained cantilever.  Little else need be said about this case. 

For the TFW model with trim surface forward (no root 
stiffener) the analysis shows a definite and quite likely 
rapidly divergent flutter instability at 228 fps and 31 cps 
(Figure 20).     Of course, the wind tunnel tests did not indicate 
any kind of flutter condition at this speed but the model did 
diverge statically at 250 fps (Table VI, Run 3d). Whether 
impending divergence with its probable accompanying large angle 
of attack at 228 fps could mask or eliminate a flutter condition 
is not known. 

For the TFW trim surface forward model and stiffened wing 
root, several instabilities are shown in the analysis. Again, 
no flutter condition was encountered in the wind tunnel.  The 
analysis shows a very low speed instability (Figure 21) involv- 
ing rigid body translation (a pendulum mode the way the model 
was mounted in the wind tunnel).  This was not encountered 
during the wind tunnel tests nor was the instability which is 
shown analytically at 208 fps and 17 cps.  Here again, the model 
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experienced static divergence at 325 fps (Table VI, Run 3e) 
which may or may not have affected an impending flutter 
condition at some lower speed. 

Based on the results of a TFW trim surface aft case, 
discussed later, wherein doublet-lattice aerodynamics were used, 
it would be interesting to see if a similar analysis of the trim 
surface forward cases might yield results which are in better 
agreement with test data.  Use of this method, which accounts 
for mutual aerodynamic interference effects, resulted in better 
agreement for the trim surface aft case and may show similar 
improvement in the trim surface forward configuration.  There 
is little doubt that a strong aerodynamic interference field 
exists for the trim surface forward case. 

For the TFW trim surface aft model, the analysis utilized 
separately both kernel function and doublet-lattice aerodynamics. 
The lowest speed instability (Figure 22) shown for the kernel 
function analysis was 305 fps at a frequency of 35 cps.  The 
doublet-lattice analysis (Figure 23) shows both a very low speed, 
low frequency instability and the higher speed instability at 
229 fps and 42 cps.  This latter case compares reasonably well 
with the measured flutter speed of 260 fps at a frequency of 
43.8 cps (Table VI, Run 7a).  It. is interesting to note that 
neither type analysis shows the instability measured at 210 fps 
and 9.2 cps.  This was a very rrild case of flutter whose speed 
was sometimes difficult to determine very accurately in the 
wind tunnel.  However, this particular case of flutter occurred 
at about the same speed and frequency for several different 
trim surface aft configurations. 

The calculated divergence speeds for the TFW configurations 
are considerably higher than that which was measured.  For the 
two different types of cantilever models, the analytical diver- 
gence speeds are very high and of course no indication of diver- 
gence occurred during the wind tunnel tests.  For the TFW cases, 
the measured divergence speed may be too low due to the inability 
to trim the models as discussed earlier.  However, it seems un- 
likely that a speed as high as the calculated value could have 
been realized during the tests even with the ability to trim 
the model. 
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Perhaps one of the key elements missing from this investi- 
gation is the comparison between computed and measured vibration 
modes for the configurations which were flutter analyzed in this 
program.  From inception it was not planned to calculate any 
vibration modes for comparison with measured modes.  However, 
it may be in this area that a major reason for the large change 
in calculated flutter speeds for the airplane studies of 1972 

and 1974 exist. 

m. 
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SECTION       VI 

CONCLUSIONS AND RECOMMENDATIONS 

One of the significant conclusions of this program is that 
the flutter speed of these particular torsion free wing models, 
with trim surface either forward of the wing at the root or aft 
of the wing at the tip, is higher than that of the cantilever 
model.  This was shown to be true in the wind tunnel tests and 
is presented in Table VI runs 1, 3c, 7 and 8.  A similar 
conclusion cannot be substantiated by the analysis, however. 

It can also be concluded from the test results of these 
models that the flutter speed of the TFW models with the trim 
surface forward is higher than that for the TFW models with 
trim surface aft.  This can be seen by a comparison of runs 3c 
and 8, 3d and 8b in Table VI.  In these runs, speeds as high 
or higher were reached with the trim surface forward with no 
flutter occurring (divergence occurred at a higher speed) than 
were reached with the trim surface aft when flutter occurred. 
The analysis did not verify this conclusion, however. 

The generally high test flutter speeds for the TFW models 
relative to the cantilever model may be an indication that 
excessively low flutter speeds do not necessarily accompany a 
torsion free wing design.  This may lead to questioning the 
results of the flutter analysis results performed in 1974 on 
the TFW configuration with the trim surface at the wing tip 
and aft wherein a very low flutter speed was calculated. 

It is recommended that further work be done to pinpoint 
the reasons for some of the larger disparities between calcu- 
lated and measured flutter and divergence speeds.  This may 
take the form of different analytical procedures or of more 
sophisticated test procedures used in measuring vibration mode 
shapes and deflection influence coefficients. 

It is also recommended that an effort be made to calculate 
the mode shapes and frequencies and influence coefficients. 
Gaining confidence in the analytical procedures to do this for 
the types of configurations tested in this program would be 
very valuable. 
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APPENDIX 

The mode shape reading point locations for the 
configurations which were vibration tested and flutter 
analyzed are shown in Figures 25 through 28.  Mode shape 
data including frequency surveys, plotted modes and 
tabulated amplitude data are included in the figures 
and tables of this appendix. 
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1/3 chord 

2/3  chord 

Figure 25 Mode Shape Reading Points for Cantilever 
And Pitch Restrained Cantilever Models 
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Figure 26 Mode Shape Reading Points for Wing 
of TFW Models 
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Figure 27    Mode Shape Reading Points  for  B Trim 
Surface  (Aft Trim Surface TFW Config.) 
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Figure  28    Mode Shape Reading Points   for  S Trim 
Surface  (Forward Trim Surface TFW Config.) 
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Table IX 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 
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WhP |       ^    —4 
W14     j   -f    i 

W15     j    -f- 
W16     1    -f 
U1 7       !     -A- 

'/5 T14    j 
T15    j 
Tie 1 
T17 

  

pFSL     I 
1   F6L     | 
|   F7L     l 

F8L 

W18    !   -t 
r.Tl Q       I     _/- 

1 T18    1 
j T19 
   __ 1 F9L 

     . j 

W20 
i W2T 

. i.. 
.^^ 
0 

]  T20 Ü              P ivot Blocks         | 
.. ±  [|_ Wing^ _ i ...   J 

rü??   i .+- i     ■ öö (r 1 Fus. 

W23 i ■+■ \     .D(0   [  ■ -■-■--             I 

W24 -fc 1       'C^f .  |!  j  t- —  ] 
j— +- 1 

-14 

j  ]-   ' 1!  
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— — 
■  1 

r    1 L 
[—-— 
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Table X 
TORSION  FREE WING TREND FLUTTER MODEL 

MODE   SHAPE  DATA 

Root Thick.    '.A6A  
Trim Surf.   Pos. -    —_ 
Trim Surf.   Pitch Stiff. 
Boom Stiff.    
Fus.   Stiff.    
Trim Surf.   Size 

Cantilever  _i{  
Pitch Res.   Cant. _ 
Torsion Free Wing 
Frequency i/.Z. cps 
Damping Co&f£.'££&i (g) 
Normalizing pt.   b^L 

Wing Trim Surface Fuselage              j 

Point i Pha.i   Amp1.1 Point,   Pha.i   Arapl.l Point I Pha. Ampl.      i 

Wl        j ■\     j ,33    [ Tl       I            L     ___ F1V     ] 

W2 -t ' 5d i T2       I 
~T3     "I 

F2V     j 
W3       | -f   1 •77 1 |              I F3V 

W4       | -+-    1 f.aa   1 T4       |             I F4V 
lW5    J — ■30    1 T5    J F5V     i 

Lw6      1 — - 00 I  T6 [ F6V 
Fw? -f- •2^    j T7 |   F7V 
j W8        i + '¥■5 ""TS     I F8V 

W9 _- "^55| r^g    J i   , .        I LF9V     i 
1 W10 — '3f   ! TIG LF1L    . 
Iwii — -/ /   ! Til j   F2L 
| W12 -+- ■ö^l T12    i I  F3L 

W13 -35 T13 
  

I  F4L 

1 W14 — -3/    1 !  T14 j  F5L 

IW15 _- • 15   i i  T15 . , I  F6L     ! 

|W16 — • *; 1 T16     i [ F7L 

W17 — • / 2 1 i T17     l_        . I   F8L i 

|W18   ,__.' / 3   I |  T18    j Ji   F9L 

W19 _^ W ^   ! i  T19     ; i 

!                I 
Lw20 •— ' <?f   Si  T20     i ivot  Blocks          1 
JW21 —■ LJ^/J |  !  Wing 

rFus. ' 
   

1W22 ■^" , ^2 
1 W23 — , r."' r 

i 

1 
rw24 

i ,^    1 
i                     i 

I! 
f !„_„   ._._..   .J 

  L - i 

i 

,                     i 

  
i  

i                     j 

! i 
| i                     | 

i  i I L_   _______ [::::::   
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Table XI 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

Thick.   > ^^ 
Surf. Pos, -  
Surf. Pitch 
Stiff.   
Stiff.   

Root 
Trim 
Trim 
Boom 
Fus. 
Trim Surf. Size 

Stiff. 

Cantilever -JL 
Pitch Res. Cant. _ 
Torsion Free Wing 
Frequency _/0b- 'Z .cps 
Dampixig Coeff. -MM* (g) 
Normalizing Pt. Mi  

'% i 

Wing                           Trim Surface Fuselage 
Point I Pha.    Ampl.r Pointi   pha.i   Ampl.j Point1 Pha. Ampl.       1 

Wl f     \ /*C&     i Tl       T_ ^ F1V     ] 1 
 1 1 

W2 -t ■7f T2       f F2V 
W3        j ■f- '35   ] T3       !             ! F3V 
W4       1 4- . && T4       \ F4V   ! 
W5 +■ '&3 T5 F5V 
W6 + '33 T6 F6V 
W7 .Of T7 F7V 
W8   .fe T8 1               1 1   F8V 
W9       i -h ■ 3^ T9       i j   F9V 
W10 + '07\ T10 \   F1L 
Wll '35 r Til     i '               i :   F2L 
W12 — • 75 T12 j   F3L 
W13 "f . /£ T13     ] F4L 
W14 o       j T14     ; i   F5L 
W15   . 3 0 T15     | •   F6L     ' 
W16 — .S9  | T16    1 !   F7L i 

W17 "t- ,05 j 11:17     1 !   F8L     1 
IW18      i 0   j! T18   i 1   F9L 
! W19 — -/£    i .  T19 .     .    .. 1 

[W20 — .■2b   \ j   T20 !;             Pivot  Blocks          I 
1 W21 -   zL ' oe n      '   Wing 
1W22 0       \ j  Fus.    i 

W23 —- \   ,o'd   ! 
LW24 ■— 1 . ^V- 1 | 

1 L    ._4_   . J  i 
—,  1 I           1         1               j ..                 .           ......     -. , ^  - _ _ 

i               i _.._. _.!   !             i 
j 1 1 

^_. _._ 
.    — 

' 

= 

1 _ ,_ J1 _.. 
1                               \l 

 — 
\ «s- *_  . %  
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Table XII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

,06 2 Root Thick. 
Trim Surf. Pos.   
Trim Surf. Pitch Stiff. 
Boom Stiff.   
Fus. Stiff.   
Trim Surf. Size   

Cantilever   
Pitch Res. Cant. &~ 
Torsion Free Wing . 
Frequency —/!£*£— cps 
Damping Coef f.'J^lk. (g) 
Normalizing Pt. JV^  

Wing Trim Surface                     Fuselage 
Point1 Pha. Ampl.j Point Pha. Ampl.l Point Pha. Ampl.      ! 
Wl ■t- ^3   | Tl 1 F1V 
W2 •f- '#7  1 T2 F2V 
W3 -h 95  1 lT3    "1 F3V 
W4 f /<^o   j ' T4 F4V 
W5 t .^£3 T5 j   F5V 
W6 ■i .^7 T6 |   F6V 
W7 -f- 75   i T7 F7V 
W8 ■+- ■ 27 T8 FSV 
W9 -t- •37 1  T9 F9V 
W10 f •f 7 1 T10 |   F1L 
Wll f •6/    1 1  Til 1 !   F2L 
W12 -f- •7/     1 T12 j   F3L 

|W13 -h l/'2 1 T13 i   F4L 
|W14 •f- '28 !  T14 1   F5L 
W15 -h '^f i  T15 1  F6L 1 

1W16 t ■57 T16 i   F7L 
W17 f- .^2 T17 i   F8L 
W18 ■f . /Ö TIB F9L 
W19 f •27   1 T19 ! 

iW20 t •f^ [120 Pivot Blocks         i 
W21 .^/   | I LWing_ 

i Fus. " 
   \ 

JW22- + .   >0Zr 
W23 + ■/£     1 

1W24 t •^3 1 

  - i  

 , 

I 
   \ 

|  

73 

iasife 

■ÄK-MMj 

■'   :--i-    ■^--V-^.'-^.   -■■■•'•- ^i^^i.!^.-^^....   ..  ..    ■      .. 



.mum   i bWIfin iWEB!^'''.'-''''"'-.',".' __^:„-     . ^7^-r-^^^^j,^^,,^^^^^^^ L ..,,„, .   

Table XIII 
TORSION  FREE WING  TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

y Root Thick.  tLt 
Trim Surf. Pos. -   
Trim Surf. Pitch Stiff. _ 
Boom Stiff. --—  
Fus. Stiff.   
Trim Surf. Size   

Cantilever   
Pitch Res. Cant. X. 
Torsion Free Wing _ 
Frequency .. 4<P.'/  -_cps 
Damping Coeff. '£&££„(g) 
Normalizing Pt.   tklä:.   __ 

Wing 
7 

Ampl.I 
Ti 

Point 
TI       i 

:im Su) 
Pha.! 

rface                     Fuselage               | 
Point i   Pha.i Ampl.j Point! Pha. Ampl.      1 
Wl        i    -f-     !   /. ^^ i F1V 
W2        !   -f / > 3 J*  J T2 F2V     1 
W3       1 

"^   ! T3       !             I F3V 
W4 + [ /•<?£:  I T4 F4V 
W5        | -i   I • ^ j |  T5    J F5V 
W6        I -t •7€ J ̂ T6 1_F6V 
W7        ' t   I •5/    ] T7 !   F7V 
W8 -t   i rFTT T8 j   F8V 

I W9        i    ■+-     i ■5/    l [rT9 F9V j 

Iwio t   I • Z7\ r TIG F1L    j 
Iwii ,$$  I Til I  F2L 

W12 — I 'V-Tl T12    1 F3L     : 
W13 i- ,25   | T13 ' 1   F4L 

| W14     i    - .^2   j ! T14    ^ F F5L 
iWlS     |    - ^T\ \ T15 1  F6L    1 
IW16     I    - '^5 J Tie   i I   F7L | 

W17     i   -y- •^5    ! T17 !   F8L 
| W18 - j ^:..j 1 T18 ■ HÖk. 
Lwl9 .  •J^    i 1  T19 : I... -... J 

P 
1 

l W20 
W21 

/.. ^   I ]  120 ivot Blocks 

-f . ö ^   5 l  ~—  —— 11 Wing i 

1                         ! IW22 t/2     j i Fus. 
I W23 

  

i 
1 

I W24     i    - 

 "1 

    

i 

 i    __ _ ' 
1                             ' 
1 

I  !  1              i 

1             i 
_ _ 1 

L. .        _     i ._  _.   . 

I 
  

—   
   ] 

  i  
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Table XIV 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

£>63 Root Thick. . 
Trim Surf. Pos. —,  
Trim Surf. Pitch Stiff. 
Boom Stiff.   
Fus. Stiff.   
Trim Surf. Size   

Cantilever   
Pitch Res. Cant. ÜL 
Torsion Free Wing _ 
Frequency —?£sZ— cps 
Damping Coeff.'-^£(g) 
Normalizing Pt. Jv^L 
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Table XV 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

e <*3 Root Thick. _ 
Trim Surf. Pos. —  
Trim Surf. Pitch Stiff. 
Boom Stiff.   
Fus. Stiff. ,  
Trim Surf. Size   

Cantilever   
Pitch Res. Cant. XL  
Torsion Free Wing   
Frequency —IZUH—cps 
Damping Coeff. 'JO&i®. (g) 
Normalizing Pt. ML 

Wing                          Trim Surface                      Fuselage              j 
Point 1 Pha. j Ampl.T Point Pha.i   Ampl.i Point Pha. Ampl.      | 
Wl -t   \ / >eo i TI F1V 
W2        ! 

"+" •7f 1 112 ,   F2V 
W3      1 -f-    1 ■ ^  ! r~T3 F3V 
W4       1 t . f <? \ T4 F4V 
W5      ! -t"    ! ■5/ T5 F5V 
W6       i -t ■zi T6 F6V 
W7 ',a T7 F7V 
W8    Zl — •53\ T8 FSV 
W9       1 -f < it- T9 F9V 
WIG -t ■ t>T\ ITTO i   F1L 

IWll     1 •33 [Til F2L 
|W12 — ■^ T12 F3L 
W13 t '*f\ j T13    ! F4L 

jwu" 0 T14 F5L 
W15 — -l 3 i T15 F6L    ' 
W16   • 3? T16 |   F7L 
W17 — . o 1   1 JTl? F8L 

Iwl8 -t .07   1 TIB 1   F9L 
W19 -t ^r T19 i i 

|W20 -f «;3 T20 Pivot Blocks 
1 W21   

>o)    i i Wing 
|W22 •+ :o% j Fus. 

W23 t .fa 
  W24 +   . >5^ 

i 

i 

1 
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Table XVI 

TORSION FREE WING  TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

Root  Thick.    L0J?-1=  
Trim    urf.   Pos.     ..A -- 
Trim Surf.   Pitch Stiff. M- 
Boom Stiff.  ti  
Fus.   Stiff. ti~  
Trim Surf.   Size JBL 

Cantilever   
Pitch Res.   Cant.   
Torsion Free WingitSfMM 
Frequency   —UuJk cps 
Damping Coeff. L^LL—(g) 
Normalizing Pt. JJOt  

Wing                          Trim Surface                     Fuselage 
Point PhaTj Ampl. Pointi   Pha.l   Arcpl.n Point Pha. Ampl. 

iwi ■f ■35 Tl -h '^  1 FIV    1 —    i <zzc   | 
W2 -i 3? T2 4- •?7 F2V — 'If* 
W3 + •5/ T3 4- 99 F3V .— >OtZ 
W4 t •55 [_T4 H- Jx60 F4V — .030 

W5 ■f" 2^ 1  T5 f • S3 F5V -f- .o/<? 

| W6 "t '27 T6 t •1* F6V ■\ .^«s 
|_W7 -f af T7 + .S<B F7V + ,C$£ 

W8 t •3/ T8 + .   91 F8V ' 05f 

.WL t 'Zl    , T9 t .9« F9V — 'IS0 

WIG + ./s :  TIG .75 F1L 
Wll + • /I Til -e .gÄ F2L <fO' t 0 lo 
W12 .   JL IS T12 t 11- F3L —■ .0 11 
wis -t •It T13 + . 6f F4L f >0l 0   \ 
W14 -i "* T14 1 .6.7 F5L + , 0/ Ö 

W15 •+ 'O T15 -+ „     ll- '' F6L t .0/0 
W16 + . 61 T16 4 75 ^_F7L &' .•of 
W17 + . 23 T17 -f,. .U.2 F8L ± ,016 

W18 f . /3 TIB ^ -tj • ^3 F9L 4 • ot I 
W19 •f • cf T19 4 6f 

^20 >t1 T2G -1- .&? P ivot Blocks 
W21 Wing + -I/O 
W22 Fus. -f .// d> 
W23 
W24 

IfA M| h* K    + 'U 
8*i.i'+. AF f    -f ty 

, 
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Table XVII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE  SHAPE DATA 

ssa Root Thick.  _ 
Trim Surf.   Pos. d  
Trim Surf.  Pitch Stiff. 
Boom Stiff.  Ä!  
Fus.   Stiff.  d.  
Trim Surf.  Size A. 

Cantilever    
Pitch Res.   Cant.   
Torsion Free Wing  
Frequency        <?/••? ':ps 
Damping Coeff.  JSjSJLjg) 
Normalizing Pt. _Z^L  

a 

Wine                          Trim Surface                     Fuselage 
Point Pha. Ämpl.I Point Pha. Ampl. Point Pha. Ampl. 
Wl ■f Zö fl t iff F1V 4- »/Co 
W2 t 'Zf- T2 + / .00 F2V t , oZ o 
W3 ■f '3S rT3 + hob F3V -1- i coi 
W4 -h • ++ KT4 + hod F4V O 
W5 4 '01 T5 t •ge F5V — .030 
W6 f 'lO T6 t .%+ F6V — . öS« 
W7 f •/a T7 t s? F7V — < ^ 52 
W8 t /y T8 t *! FSV -t- ,  00 / 

W9 + ■05 T9 -»- .(,9 F9V f < ovS 
WIG •f 'OOl TIG f '73 F1L •f ' oo 1 
Wll mmm >ozo Til ■f" •79 F2L f .»01 
W12 i ' o5 T12 ±L_ •^ F3L •+ i eo / 

W13 -e , ot T13 + -K F4L -f ■ 00/ 

W14 toJf T14 f .59 F5L + tot 
W15 — ' ta T15 + •(c<h F6L t . ool 
W16 — .it T16 + lO F7L + i »oi 
W17 t .oz T17 ■h -51 i_F8L + . t)Ol 
W18 •oat TIB + •5B F9L t > oo\ 
W19 — '/5 T19 t .(e5 
W20 -       03 T2G f •?*■ P ivot Blocks 
W21 Wing_ — . ot. 
W22 Fus. __ , 06 
W23 
W24 
B**rf !      4 . 13 
tki.vTM7 -f >/o 
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Table XVIH 
TORSION  FREE WING TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

Root Thick.     
Trim Surf.   Pos, 

.£££„ 
A 

Trim Surf.   Pitch Stiff. jL 
Boom Stiff. ./L,   
Fus.   Stiff.    d  
Trim Surf.   Size ä  

/W 

Cantilever    
Pitch  Res.  Cant.   
Torsion Free Wing SLS 
Frequency   —6JI1Ä cps 
Damping Coeff. tj^!ö (g) 
Normalizing Pt. Ml   

Wing Trim Surface Fuselage               \ 
Point 1 Pha.!   Ämpl,f Point'   Pha." Ampl.r  Pointi " Pha. 1 

..„„.±J 
Arapl.      j 

>0O\      I IWI -+ /.00 Tl       i —   ■ <o«   j F1V     | 
W2 . ±4 •*5 T2      J 

T3      | 
~   1 •//   I F2v   ; t   \ >oott>   \ 

¥3 -f ' 5^ — . 20 F3V .ooov 
W4 -1- i ' V T4 — • 3a F4V — < oooG>  j 
W5 -+• i .4,7 T5      ' — - 05 I F5V     1 - • oof     \ 

'we 
LW7 

-#- • «7 T6 — •/ 3 i F6V - '001        \ 
-h   ; 3»? T7 — ,30 i F7V «■ • OOC%    \ 

; W8 -f     ! T8 — •** \ FSV 0         1 
W9 + •35 | T9 — ' OÖ 1 \ F9V -f- i ocl      \ 
W10    . 

1 WU 
_ JL. ! .3oj TIO    j    - J 'T(r   1 F1L a     ! 

.2.61 Til     1     - ' 36   : '   F2L Ö       1 
' W12 + .o^l T12 —- - So F3L Ö 

W13 . -+   j ._   ^5] uTi3 t •CO)\ F4L + , 0 ääcTl 
IW14 .. ±   . .    '071 T14 'lb  I 1 F5L "t ,0001 
[wi5 +- ■03 \ Ti5 

Tie 
— • fa 1 I   F6L .1... . tfCOXp    \ 

LW16 — .ocl\ - 5? F7L 0       \ 
W17 — • o'r/\ T17     ■    + • oak. 1 F8L 0           j 

i W18 — , ö2  1 1  TIB     1     - -as  ] F9L O            \ 
1 W19 — • öifi   i 1 T19 — •5^ 
1 W20 — •in ; rT2Ö — •7? Pivot Blocks          ! 
i W21 i_Wing 

i Fus. 
— .0 c ■' :-\ 

wm — > cc 1    \ 
iW23 
1 W24 
raw ;' r A r       — ,0^ ; 

mkjttAf r   - .CiT/V 1 j 

1  , , 

T 

L    
I __.   L_  

88 

^titiiii&l&SL^L.:........._   ,.J./....:^ mmmr   ■ ^^^nn^l^t^jjä 



 ^—..-—_ 
"■ "'     " ""  ""■'  ^ ^  ' ' "  -1 ^^^-'^^m^i^^^j^f^^a^ 

^^■H-W:----.^r^ 
■ 

Table XIX 
TORSION FREE WING TREND FLUTTER .-IODEL 

MODE SHAPE DATA 

, ^„r2 Root Thick. _ 
Trim Surf. Pos. ~~A  
Trim Surf. Pitch Stiff. jL. 
Boom Stiff. iL.  
Fus. Stiff.  O.  
Trim Surf. Size £  

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing xJj'Jlts 
Frequency 7^>^  cps 
Damping Coeff.-^/—(g) 
Normalizing Pt. Dc. 

Wing                          Trim Surface Fuselage              j 
Point I   Pha.l   Ämnl.ii Point;    Pha.: Ampl.;   Point I Pha. Ampl,       s 

'^^/y1 1 Wl -+   \   ■50\\ Tl       1 

...  t    j 

Mit 1 F1V     1 —    ! 

rw2   i +   \     U   \\ T2    ; 
T3       i 

^F2V_. 1 0 

ft3       ! ' t I • \t>    1 /•*f     F3V t •JL£-. 
{W4       1 9o'' 1 ,/# fi T4       1 

TS     T 
16      1 
T7      l 

+   ! /.do   j! F4V    I . Jr ... • 00/b\ 

i W5        ! -t   i • /4 ! -f-   i   'W    ü  F5V    ! i-   i . _ '^ J 
! W6 •f   ! •^ __±_4 '1? F6V ,.,...±J ■ 03      j 
LW7 '/^   l F7V ~t . ö.3       j 
1 W8 —    | •f/ T8 ] 

T9 
■f .  ' ^-7 F8V    j -+■ ; - c 3       1 

&9      : +    ! •AS   1 ■t i .fi 1 F9V     j — ■ < 00 1     \ 

iwio   ! -C2   i " TIG     1 t  ! . '17 _F1L.  J  ±  1 ■ o?      \ 
i Wll — •5/ Til     ■ •^    '3M F2L t - .03      | 

W12 mm 'fa' \ T12 ^    1   - 27   1 ,   F3L ,    '*t   A 
W13 -f           ' . cb } T13 + w/ F4L_ — -0 7        i 

i WI4 . oz j i TU +     ' .#« F5L    1 — . ö ^ö  ! 
; W15 "" .2^1 T15 -      i     '^l r  F6L 

-t 
- ^5       | 

iwie   <7/  1 | T16 — .o7 F7L .. . o i n \ 

IW17 90 '^J T17 — ./<5_| F8L L ,-lr   1 , oz-     j 
|W18 .^J   j I Tie — •/9 F9L ■ oo r)\ 
|W19 — ■'7  1 1 T19 — .2^» 1 r 

IW20 M«. .$o \ T20 — ■si Pivot Blocks          i 
|W2r i  Wing 0 

W22 j Fus. t 1     . ^       | 
Lw23 
1W24 1                                         ä 
fiL.Vr f. r   — ■ 11 1 
If^.l^. if 7      — |    , (P6 

L 11 

.1 
■ 

. 
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Table XX 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

.OS2 
JL 

Root Thick.     
Trim Surf.   Pos. 
Trim Surf.   Pitch Stiff. 
Room Stiff. ti  
Fus.   Stiff.   tt  
Trim Surf.   Size 

JtL 

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing XS/W 

79. S Frequency cps 
Damping Coef f. ö^jv^.fir(g) 
Normalizing Pt. X^L 

Wing                           Trim Surface                      Fuselage             j 
Point!   Pha.!   AmplJ Pointi   Pha.i   Ampl.'1   Point] ' Pha.J Ampl.      I 
Wl       i ft* .«? 1 Tl       i + .n | F1V     ! —    ! '/«Ö       l 

W2       i —       ! .of    i T2 t    1 'li F2V     1 —    1 .«iö     ! 
W3       | —^      { »to T3 f     | 'ii \ F3V     ! — •fl70 
W4       I —      | 11     ; T4      ! -+■ j.dO F4V     i ->-    1 • /a.«     | 
W5       \ •f       f ,<?&    j T5       I t    i ■75 FSV     j — .a^¥   | 
W6 — '4 T6 t '7^   ! F6V     j — .0^/   i 

[W7 — 
■z-1 T7       , -t    \ .71 F7V     j 0     i 

IW8 mm. >*2\ T8 •f . 7#  1 FSV t . D49    \ 
|W9 -t .12. !  T9 •+    1 .#7 F9V ro' \ ' CO I      \ 
Iwio .t>3   \ 1  T10 f ■ So   i F1L ■t . 07/   ! 
Iwii — -33   j Til + •52 F2L -h . 03^ I 

W12 — . 6,*, ; i  T12 -f • s-y- F3L .07^? 
|W13 ■f ■ fl   \ 1 Tl? 4- .22 F4L 1- .65/    | 
|W14 + '07  ! T14 t •2-5   | i   F5L t .Of 2.   \ 
iWl5 ^ '*-* \ TIS i- -Z^  [ !   F6L ,of7 
|W16 — • 70 \ L Tie + • 29   j 1   F7L ./- , ex^  i 
LW12  -f ./5 T17 9*' •10    j I   F8L t- . 03^  1 
1W18     1  -^ >oi LT18 ft* ./2.  1 !   F9L .oo/C» 
|W19 — .;3 : 

ITIS Cfo' ./5 t 1 
'ui^O — •73 T20 JO' ./g' 1 1            Pivot Blocks         i 
IW21 1 Wing_ t .<?33    I 
iw22 j Fus. O        | 
IW23 

W24 ! 
an-^r^v o  - i .ii / 
W*Ti,Fl — ,e#j. 

\ 
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Table XXI 
TORSION FREE WING TREND FLUTTER MODEL 

MODE  SHAPE DATA 

Thick.     f-f?  
Surf. Pos.   4— 
Surf. Pitch Stiff. 
Stiff. &— 
Stiff.  ä— 

Root 
Trim 
Trim 
Boom 
Fus. 
Trim Surf. Size .£. 

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing Xly*tn 
Frequency —&9:b ops 
Damping Coeff. •_££iIL (g) 
Normalizing Pt. _ZJ^  

Win? Trim Surface                     Fuselage 
Point] " PhaH AmolJ   Point Pha. Ampl.i!   Point    Pha.     Ampl.      1 
Wl — 'of   I1  Tl t h»5   :   F1V ± .23 o o 
W2 — • IZ T2 + -ij-0 ^ F2V t ,0C€Z 
W3 —   ' '1(0 T3 -4 /. ^5 1 F:V t/?<?V 
W4 — '17 T4 ir l.oö r4V — '2,106 
W5 -f" • li T5 -t .(eX F5V — .130* 

;w6 ,a$ T6 I . (el F6V ir . ooSS 
W7 — . 27 1 T7 •t 'li      ! F7V -f . cc+1 
W8 — -fj T8 t '7« FSV , f9S0 

J£L- + li T9 t ^32       F9V -f ,Uf& 
W10 -f .01 TIG t .if  1 F1L ■f .c+yo 
Wll — 'in Til -+■ '3* F2L t > 0*/5 
W12 — .y-7 T12 -+- .•57    |  F3L . ot+o 
W13 t • lö T13 -r '^7 5 i   F4L — ' e>3 9o 
W14 -1- •/f T14 + /^f       F5L — .0}?c> 
W15 — ■öS T15 f • // F6L O 
W16 — •^ T16 -t . 12, F7L ^ »0 iZ. 
W17 -e . 3^ T17 — 'it F8L — ' oo 3<* 
W18 i-   - • /3 T18 .— . 1$ F9L ?^, 'COZ(* 
W19 + ■ '3 Fng — .asr 
W20 • ze T20 M» '2^ Pivot Blocks 
W21 1 Wing y- ,1 (e> 0 
W22 1   Fus. «t . f3S 
W23 i 

W24 
ß*t.Wr /w »   - . MO 
fl/»tWY  AP '   + •e>3k> 
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Table XXII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

.eft Root Thick.   .._ 
Trim Surf.   Pos. 4  
Trim Surf.   Pitch Stiff. j£_ 
Boom Stiff.  ti  
Fus.   Stiff. -ff  
Trim Surf.   Size ß  

Cantilever  
Pitch Res.   Cant.   
Torsion Free WingYJV/*^ 
Frequency -M^iZ cps 
Damping Coeff. tM£±.(s) 
Normalizing Pt. T4 

Wing                          Trim Surface                      Fuselage              i 
Pointl   Pha.i Ampl J Point, Pha.i AmpTT]' Point] Pha,] Ampl.      | 
Wl +   !  .tfg^i Tl       ! 

"*" /•/f F1V     j 0          \ 

[W2       1 •t 1 • 1 60 \ T2       i t    1 /./3 i F2V     1 0 
^3       ! ■ öZ o\ 33L71 + /   6lß F3V     i "1"   1 , 00<f 

m    \ —   1 • izo\ ,_T4       1 "*■   1 l.oo F4V     1 4 1 < 005     ! 
i W5 — • si o\ T5       1 +  ! '^ F5V     { 0          j 
\V6 — i o/b 1 T6       ! ■f 1 -7^     1 F6V     1 w >ooij-   \ 
iW7 — • o57| T7 + . ^5    | F7V     1 —- 1 >   00%      \ 

!W8 — i ' '2 LT8 t • i*J    \ F8V     i ■f ,00^      \ 

^W9 w. >*>H\ T9 t .27 F9V o'         \ 
Imp — . ö33 T10 -t- • tf F1L     1 '   T~ 
Iwii -f .tf33 TU •t . /^  i F2L 0          \ 
Pwiz •f . öfJ T12 f ./ö F3L     , 0            \ 

|W13 
( i ö83 i  T13 -^ F4L 0          \ 

LWU — .«2/ T14 —. •/ e 1 1   F5L o        \ 
!W15 ■t- . 09? PriS _- ./« !   F6I, o      ! 
|W16 i- - zfH [Tie ~— •Z9 :   F7L O             1 

W17 ■ ö7i iTT? — •27    ! F8L ö         1 
iwi8 -t 0     I ITIS — 

^    '^ \   F9L o       1 
W19 + .//^l | T19 —- 'id 

fwäo ■t -^5^ T20 — . ^3 i Pivot Blocks         ! 
JW21 1 Wing [ . oof     \ 
|w22 JFus. ... .Oöb 
1W23 
|W24 i 

IBäLKT p* 
\ * 

.03£ 
\B»IVT Af, "t i    .o^/ r i 
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Table XXIII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

Root Thick.    i ^S*  
Trim Surf. Pos. -A.  
Trim Surf. Pitch Stiff. 
Boom Stiff.  ä  
Fus. Stiff. tt  
Trim Surf. Size JS__ 

/■/ 

Cantilever    
Pitch Res.   Cant.   
Torsion Free Wing KSYII 

Frequency     l^Cifl ops 
Damping Coeff. 'Gj&L—(g) 
Normalizing Pt.   ^Lil  

i! 
3 

Wing '                          Trim Surface Fuselage              \ 

Point! Pha.l Ampl.j Pointi Pha.: Ampl.!!   Pointi Pha.l Ampl.      j 

|W1       1 ■nil Tl      ! *t >\is\ F1V     \ —    1 > oof     \ 

LW2       ! —     i . 4f2<9 LT2       ! _1_J • 19» F2V     i +   1 .007 

W3       l »a , 11d\ T3       i ■+. _^iI^J F3V    J +   1 , <?a /* 

W4       i ^    \ , 3^ T4       i -t   1 <-b46 1 F4V     | i- . oo(t> 
'LWS        \ -f   1 ,ffo\ T5       ! "t i ö^3l F5V     i . cog     \ 

fwe -f •of3\ T6       ! 
f > \ /1>\ F6V _ ,o28     | 

W7 > /3ii \ T7 t >ZI o\ F7V — , özf- 
IWS — >fiS\ 1  T8 ■i- • 3D ö\ FSV _± • ooZ   \ 
|W9 -t 'W0\ ,  T9 ,063 F9V 0        \ 
jwio ■f- ,10 »\ T10 ±__j .«25 1   F1L 96 ,04 *      i 
Iwii ■f > 05ä\ |  Til .±_-J ./35 F2L fo '*'?■ 1 
W12 "t • e«ö T12 + .23^ ,  F3L Al . *oS 
W13 *f »Sffil 1  Ti3 '11 A F4L w ' *'*   \ 

W14 t i Z$P\ prü i 030] i   F5L 4- i ooS    i 
W1.5 U  f , 1 O0\ j  T15 -f- ,//<?] F6L i ooZ      \ 

W16 -f •itA T16 -t 17^ 1  F7L — ,eot       j 
W17 ■r /.oo* | T17 'i5s\ F8L + .00*        \ 

W18 t r//5 pTlB — • 021 :  F9L 0        \ 
W19 + ,öfa\ T19 •+ • III' 
W20 ■f .3<j * 1 T20 -f • 1+0 Pivot Blocks         i 
W21 | winS_ . - • cob    | 

|W22 j Fus. — •<9 3^       | 
W23 
W24 

flAU WT f* i»  _ ,#.5 i* 
\ü»iWr *F r       MW ,ozv 
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Table XXIV 
TORSION FREE WING TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

Root Thick. •0£c.  
Trim Surf.   Pos. £-  
Trim Surf.   Pitch Stiff. .M— 
Boom Stiff. tiJi  
Fus.   Stiff.   ä.  
Trim Surf.   Size  S.  

Cantilever   
Pitch Res.  Cant.   
Torsion Free Wing * Jwri 
Frequency —J&'O cps 
Damping Coeff.' zML    (g) 
Normalizing Pt. W4-  

Wing                         Trim Surface                     Fuselage 
Point Pha. Ampl. Point1   Pha.l   Ampl.F Point Pha. Ampl. 

Wl 4- ö,75 Tl -f- OTT F1V — o.n7 
W2 ■+ O.BO T2 •f 6.S4 F2V — o.&d 
W3 4 o.ZQ T3 -f o.S-f F3V — e.ZS 
W4 A- I.CO T4 f 0,57 F4V — o./2 
W5 ■f- O.SC T5 •f- O.S7 F5V ■h c.fZ 
W6 -f O.G5 T6 4 CSS" F6V 4- 0.Z8 
W7 ■h £>.1S r ^7 + c.s-f F7V 4 <5>.26 
W8 + oßZ T8 ■*-       0.49 FSV Ä/< 
W9 -4- o.S9 T9 ■f-        O.S7 F9V - Ö.5-7 
W10 4- 0.47 TIC ■+ 0.5-f F1L — ö.c4> 
Wll -h 0.53 Til -h CSD F2L — o.cT 
V712 •4- o.&e T12 ■+■ 0.43 F3L — c.o5- 
W13 -f o.zt rrL3_ + C.6o F4L 90' a.af 
W14 -f- O 55 T14 + O.S4 F5L 90° O.OS" 
W15 «f o.4Z T15 -t O.S/ F6L 9cf 0.64 
W16 -f 0,bi T16 + 0.4-7 F7L — o,CG 
W17 -h Ö.Z2 T17 4- o.tl F8L — e.cS' 
W18 -h    . o.ZS TIB -h O.&Z F9L 90° 0.63 
W19 -f- 0.30 Ti9 t O.Sä 
W20 4- 0.41 T20 + o.S4 P ivot Blocks 
W21 Wing 4- o.ss- 
W22 Fus. -+- 0.23 
W23 
W24 
&ocrA 4 0.4S 

$vr ■h 0.41 
«*jfr 4- 0.5-O 
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Table XXV 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

.Of 2. Root Thick. , 
Trim Surf. Pos. —Ü  
Trim Surf. Pitch Stiff. 
Boom Stiff.  UM.  
Fus. Stiff.  H.  
Trim Surf. Size 

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing JLJxttM 
Frequency   —J&.Z* cps 
Damping Coeff. iJ£Z   (g) 
Normalizing Pt. 3tt4  

Winp • > Trim Surface Fuselage 
Point Pha. ÄmpT/ Point PhaT1 Ampl. Point Pha. Ampl. 
Wl + 0.4J Tl -f- 0.3/ F1V — 0,085" 
W2 -f O. 73 T2 + 0.^9 F2V — O.oZZ 
W3 + o.Bc T3 "#• 0.27 F3V — o.OiS 
W4 + 0.95- H-jtt +- 0.25 F4V — O.OZJO 

,W5 + o.3Z T5 •+ ©.32 F5V — o.oz 9 
W6 -+ c.45 T6 -f- fi>.29 F6V — £>. 05o 
W7 •+ o.ss T7 + ^.^5* F7V — O.C4-8 
W8 -+■ 0,67 T8 -¥ 0.13 FSV — 0.0/7 
Ji2_ -h o./o T9 + 0.33 F9V 4- c.ozz 
W10 + o.n T10 -/- 0.Z9 F1L O.O0 7 
Wll + o.Z* Til + o.ZS F2L — c.oes 
WI2 4 0.39 T12 4 0,Z/ F3L — o-oof 
W13 — O.OZ TI3 4- 0.34 F4L — o. 003 
W14 — c oi T14 -f o.zd F5L — O.OOZ 

iWl5 + 0.O7 T15 •t 0.Z4 F6L — 0 .e>o<f- 
W16 -f Ö.16 T16 -f o.Zo F7L — 0.003 
W17 — G.OI T17 + o.n F8L — c.?c3 

JUS — O.lZ T18 * Ä3J F9L — o.oo£> 
W19 — o./o 1 T19 4- 6,Z4 
W20 AM» OfOZ T20 4- o.Zo P ivot B locks 
m' ■ Wing — o.ec 
W22 Fus. — o.os 
W23 
W24 
ßoov ■+■ CO 9 

hit 4- 0.07 
^m + O.X3 

fi«TtiHWl'f''^"a'™-";S''l'','^^*j'li'lW*l^S' 
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Table XXVI 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

Root Thick.   
Trim Surf. Pos. . 
Trim Surf. Pitch 
Boom Stiff.   
Fus. Stiff.   
Trim Surf. Size 

st£Z. 
JE- 

Stiff. iL 

JL 
^L 

Cantilever   
Pitch Res. Cant.   
Torsion Free WingiLuufA/ 
Frequency -4% fa cps 
Damping Coeff. ■^J'P (g) 
Normalizing Pt. W ZQ  

- 

Wing                          Trim Surface                      Fuselage 
Point!   Pha.! Ampl   j Pointl Pha.i   Ampl.i "Pornt! Pha.T Ampl.      | 
Wl       1 ~~    \ C.<do\ Tl      1 4     i o.*3\ F1V   J 4-    1 ß.ÖO£>     \ 
W2        \ —    | c 73 LT"

2
    1 +- a./2 \ F2V     1 -h     1 a. £>c3 

iW3       1 —    1 Ö.4~T\ "TS n -f     ; cjf  \ F3V     ! —     j o.o0S 
W4       i — o.Zf\ T4      1 -f    ! o./o \ F4V     { — c.oo7 
W5       ! — e.6>o\ T5       | 4-     i o./3 F5V     j — O. ocQ    \ 
W6       1 — OA4 1 T6      ! ■f      i oJT\ F6V     j — O.OIC     \ 
W7 — c. /&    i T7 +■ OJO   \ F7V —    | ö.öC9 

LW8 -f- c./o T8 4- o.o3 1 F8V     | — c.oo6   1 
|W9 - c z/   \ T9 -h 0./3 F9V     1 4     1 C.OQZ     \ 

W10     ' — c.Zo \ 1  T10 f- o.fi \ F1L - O.OC/     \ 
Iwii •+• COS | Til 4- 0 03 F2L - 0. OCt 
[W12 4- 0.42 | rTi2 4- o.c3 1 i  F3L — coo/    \ 
1 W13 — 0.07 \ T13 4- c>./J 1 1   F4L — o.oo/     \ 
Iwu — o.o3 1 T14 4 o.//   ; i   F5L 0 
Iwl5 •4- c.Z9\ T15 4 0.0S '   F6L o     1 
|W16 +■ 0.72 T16 4 ö.ö7 i   F7L 0       \ 

W17 O      \ T17 -f <?./5 1 1   F8L - O.OC/      \ 
|W18 - o.o/ Pris 4 0./3 i   F9L - o.ooz   \ 
|W19 4- 0.43 LT19 4- oJO ! 
|W20 -f \,co T20 4 A^ ' !        P tvot Blocks          \ 
|W21 ! Wing — o.oo3 

W22 Fus. mm' O.O0$    \ 
W23 
W24 

XßttfS] -f 0.03 

r>>t + o o4 
W/L^XIT 

■*■ 

ö./l 

• 
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Table XXVII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

0S^ Root Tiiick.    
Trim Surf.   Pos. 
Trim Surf.   Pitch jBtiff. 
Boom Stiff. - 
Fus.   Stiff.   d— 
Trim Surf.  Size  sf. 

it 
HH 

JL 

Cantilever  
Pitch  Res.   Cant.   
Torsion Free WingX JyWV 
Frequency —C 21x—cps 
Damping Coeff. *M£k  (g) 
Normalizing Pt.  

Wing                          Trim Surface                      Fuselage 
Point!   pha.     AmpI.T Pointi   Pha.! Ampl. Point Pha. Ampl. 
Wl — o.ftr Tl — C.Ö7 F1V — C.Z7 
W2 fa* C.C3 T2 — O.ol F2V — O. /O 
W3 + CSS T3 — ß.n F3V -h__ <D.8,3 
W4 4- 1 oo T4 C./3 F4V 4 o.z? 
W5 — 0.60 "T5 Ö.04- F5V -4- OJ4- 
W6 — O.Z7 T6 — COS" F6V ^m cods' 
W7 4- o.ZS- ^7 - O.Dd F7V   O.VZS 
W8 ■f Ö.70 T8 — £>.// FSV 4- c.Zd 

| W9 Ö.55 T9 W c.O/ F9V a./3 
W10 — o.ze TIG C.C3 F1L — 0.61 
Wll 90' 0.04 Til — O.OS F2L — a öS 
W12 ■+• 0.34 T12 — C.oB F3L -f o.oz 
W13 — o.ZS T13 -f 0.04. F4L -f 0.0b 
W14 — C.37 T14 + o.oz F5L 4- o.ot. 
W15 — o.zo ^[15 0.03 F6L +• fi.ciS 
W16 mm Ö.07 T16 — o.ct, F7L ■+- 0.0/0 
W17 — 0.2/ T17 •f o.ct, F8L -f 0 Oft 
W18 — 0.13 TIB + o.cs F9L — 0.0ZS 
W19 — O.Z(, T19 9^ C.CI 
W20 — 0./3 r_T20 — ö.c4 P ivot Blocks 
W21 Wing — &./& 
W22 Fus. — 0./3 
W23 
W24 
Qesw — 6./S 
*%$ — C.'C 

^Ä — e.oZ 
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Table XXVIII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE  DATA 

Root Thick. ' ££&  
Trim Surf.   Pos.  £  
Trim Surf.   Pitch Stiff. 
Boom Stiff. tLhL 
Fus.   Stiff.    d— 
Trim Surf.   Size  JL_ 

^_ 

Cantilever   
Pitch  Res.  Cant.   
Torsion Free Wing-XSy*** 
Frequency UJLJ1 ops 
Damping Coeff. ^JLH  (g) 
Normalizing Pt. JäA  

Wing                          Trim Surface                      Fuselage 
Pointi   Pha.l Ampl. Point'   Pha.;   Ampl.li   Point!   Pha.     Ampl. 

iwi — o.4S Tl - 6.bO !l   F1V + C.01% 
W2 — <s>.C6 T2 — CCS F2V 4 e.ooi 
W3 -f CSC T3 —• a.S7 F3V — 0.0^4 
W4 ■+■ l.oc T4 — 0. S7 F4V — ß.o/$ 

iW5 — T5 -   \a.43 \ F5V — ö,oo7 
W6 — C.Z7 T6 _ a.4-7 F6V -H ö ö -LO 

LW7 -h £,f2 T7 — c 4S F7V -h o.oi7 
W8 -f Ö.GO T8 — 0.4S F8V - 0.0Z3 

_K2 ^_ Ö.27 T9 — O.Z9 F9V f- Ö.OCS 

W10 — Ö..2.& T10 — o.S3 F1L -f- oo/o 
^11 — ö.Öf \ Til — c.3C F2L +■ o.ocS 

W12 -h Ö./& 1  T12 — c. 13 F3L ■— &.co$ 

W13 €>.OA T13 — o.SZ F4L — o.ooj 

W14 — d./S T14 — £ZS F5L — d.003 
|W15 — tr.fl T15 — o.ZS- F6L Oo' o,oo 7 

W16 - c.cQ T16 oZ3 F7L do0 6. 0O£, 
rWl7 - f.oZ T17 — 1^.11. F8L + o.oze 

W18 - 0,03 T18 — o,zd F9L — o. ozo 
W19 — CZ* \ T19 — r.;:z 
W20 — c.Z7_ T20 — o,/S P ivot Blocks 
W21 Wing 4 0.0/5 
W22 Fus. i- 0,033 
W23 
W24 
gOLf, — o.oe 
«*hW +• o.ot\ 
UL '■'■>r 4- c.cy 

%: 
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Table XXIX 
TORSION  FREE  WING TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

Root Thick.    xJ&ZZ  
Trim Surf.   Pos.  £  
Trim Surf.   Pitch Stiff. JL 
Boom Stiff.  // ti  
Fus.   Stiff. äi  
Trim Surf. Size 

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing *IV*& 
Frequency -Z 9 3J£ cps 
Damping Coeff .ßfilü^i?(g) 
Normalizing Pt. &U 

Wing i.— „ Trim Surface Fusels 
Pointf Pha.f 

ige 
Point 1 Pha7[ Ampi.r Point Pha.i Ampl.j AmpfT 

iwi" 4- /.00 TI — o.z/ F1V -/-      o.ctZ 
W2 •f ö,8ft T2 — o.Zf I F2V — o.oi3 
W3 -t C  40 T3 — 0.33 F3V — O.0 29 
W4 — 0.2.7. T4 o.3e F4V — O.Ofl 
W5 4- on T5 O c7 F5V H- O.OiyS 

^6 ■+• O.ll T6 — o.il F6V 4- 0. flO 
uW? — C.C4- T7 — Ö.ZO F7V 4 o oZV 

W8 — ö 33 T8 — o.Zt> F8V 4- o.o// 
LWI — 0.43 T9 H- O.CS" F9V 9^" C.^JI 
rwio — o. 2 7 L_T10     ! o F1L 4 o.oo € 
! wii — o zo Til — col F2L — Ö. 00$ 
LW12 — Ö.Zty T12 o /3 F3L 4- h. 001 
rwi3 — o.zsr T13 -h 0./5- F4L 30° d>.o o3 

iWl4 — o.Ztr T14 +- a.09 F5L — 0.OZ3 

i W15 -— 0.0 Z, T15 ■4 0.03 F6L So0 0.OC 5 

LWI 6 4 o./7 T16 Ö.C5 F7L 4 0. OÖto 
^17 O. 09 IT 17 -4^ Ö.Z/ F8L + o.oo? 

W18 — &./3 fis 4" <o/9 rF9L 4 0. 002 
W19 + O 14 1  T19 -h c.O 

^W20 4- o.ll 1  T 2 0 •+ Ö.O'* Pivot Blocks 
1 W21 ! Wing — 0.0/5 

W22 Fus. 4 con 
W23 
W24 

  

iPas^ — CCS 
öfii. täi/r — 0.C71 
*^m — O.CIÖ 
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Table XXX 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE  DATA 

Root 
Trim 
Trim 
Boom 
Fus. 
Trim 

<?S? 
f* 

Thick. 
Surf.   Pos. 
Surf.   Pitch Stiff. 
Stiff. dM  
Stiff.  ä.  
Surf.   Size        ^S" 

Cantilever    
Pitch Res.  Cant. 
Torsion Free 
Frequency _ 

Wing ^ Sdam 
L&LQ. cps 

l^fffii MlVt't-i  Jriffifvifd t*J p/ii** SeoT 

Damping Coeff. ■ 00JS..{U,) 
Normalizing Pt. ÜÜL 

Win? T Trim Surface Fuselage 
Point i Pha. Ampl.11 Point] Pfia. Arnpl. PoinP Pha. Ampl. 
Wl •f" /.OO^ Tl _±- 6.74 F1V - o^ 
W2 4- /.o7 T2 -+ JL2Ä- F2V — o.70 
W3 -t /. 07 T3 -h o.<*8 F3V ■— <£>. Z/ 
W4 -h /. /o T4 -t- Ö.teb F4V —< Ö.OH 
W5 ■h 6.34 T5 4 6.7 Z F5V 4 c.Zo 
W6 + 6.8 7 T6 + C.&9 F6V 4 Ö.43 
W7 4. Ö.VO T7 4 0,66 F7V 4 0.47. 
W8 + c.9f T8 -f- c.&c* F8V - c.l 1 
W9 ■4 Ö.4J T9 4 0,-71 F9V — O.C>9 
W10 4- O.I06 TIG 4- o.t>B F1L -h 0,0Z7 
Wll 4- o.7o Til 4- 0,C5 F2L 4 0.O50 
W12 4- 0 7Z T12 -h o.&s F3L 4 6.o£& 
W13 -f O.S1 T13 4- 0.7/ F4L -f e>ow 
W14 + 0.5/ TI4 4 0,69 F5L 4- O.OCJO 

W15 + C.5Z T15 4 ö.&S F6L 4 0.0 (DB 
W16 t Ö.50 T16 -h C.&3 F7L 4 o.o+z 
W17 ■+ öAC T17 4 0.13 F8L 4- 0.00,0 
W18 -h: 0.45" _T18    , 4 0.73 F9L ^ Co Sc 
W19 H- 0,<fO LT19 •f 0.7S 
W20 ♦+- c.zc T20 4- 0.71 P ivot B locks 
W21 Wing •f. _^5-0„  , 
W22 Fus. -r o.sro 
W23 
W24 
ßsrjt*! -f 0.67 

4 o.€7 
SAL »l -+ O.LS 

116 

■ r:-<'>'M**l*ä' .u**^^*^^:^^*^^^^^^ 



Table XXXI 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

.OSl, Root Thick.   
Trim Surf. Pos. JL  
Trim Surf. Pitch Stiff. H 
Boom Stiff.  idJtL  
Fus. Stiff.  d.  
Trim Surf.  Size —if  

Cantilever   
Pitch Res.   Cant.   
Torsion Free WingX Sfnn 
Frequency —^5^9—cps 
Damping Coeff. • Hk (g) 
Normalizing Pt, JV±  

Wing                          Trim Surface                     Fuselage              1 
Point] Pha. Amol.ll  Pointi   Pha.l   Ampl.l Pointi Pha.l Ampl,      \ 

|W1        1 •+■ 0-37 \ iJEL    1 -h 1 0.Z3 F1V     \ •f 0.030 

J^    i ■4-      ' O.V4 | T2 f- 1 ö.Z6> F2V "*■    1 Ö.Ö/6 
iW3       ] + e.VA T3 -4- o.z4 I F3V — O.O IS 
^4      i t     ' l,oo  \ T4      \ -f-     ' O.ZZ\ F4V     ! —    j 4.0/1      1 
LW5    J -4- o.so T5       1 + 0.Z8 F5V     1 -     1 C.031     1 
jW6      i mfm c.si T6       i 4- c.ZS ! 1  F6V    i — 0. 04S   \ 

W7       I 4- o.it pn    ] + 0,23 j |  F7V    1 -     ' e>04S 
W8       1 f- C.C4 | T8 4 0.2.I 1 j  FSV — &.CZ4- 

|W9 + ö.2o  \ T9 4 0.27 F9V «• £> ClO     \ 
| WIG     1 +- czs TIG 4- 0.25" F1L — 0.004  1 
iwii -f- O.Z9 1 Til 4 0.2/ F2L — o.ccZ.    1 
W12 -f 0.23 T12 4- o./S F3L — 0,004- 
W13 + oof    j 1 T13 -h ö.Z« F4L 90* c.oci-   1 

|W14 ■f ö.tfj   1 T14 i    4- czf i  F5L 3CC c.ooS 
W15 4 c.az   \ 1 T15    1    + 0X0 F6L — c e)C(>   \ 

|W16 — o. o3   \ 1 T16  n •f- err F7L 0.006, 
|W17 ö     ! T17 -/- 0.30 ; F8L — ö.oßi-   \ 
' W18 mm a, 08   \ TIB -4 0.Z9 j  F9L 4 0 ■003   \ 

W19 « 0./9   \ 11x19 4- 0.%*, j 
1 

|W20 — c.Z9  ' T2G •f- o.f8> |           Pivot Blocks         1 
W21 [Wing — 0.037  1 

|W22 j Fus. — 0O44   1 
W23 
W24 

VfaotT) I   -h cos I 

Y'bpr- +- \o.ca 
\BWt wr 4 0/7 

c 
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Table XXXII 
TORS 101! FREE WING TREND FLUTTER MODEL 

MODE SHAPE  DATA 

Root Thick.     
Trim Surf;.   Pos. 
Trim Surf.   Pitch Stiff. 
Boom Stiff. MM.  
Fus.   Stiff. d  
Trim Surf.   Size  tS  

JL 

Cantilover „_  
Pitch Rss.  Cant.   
Torsion Free Wing )LSx£& 

ixaL Frequency cps 

vftrrAc /)tje,L£ S7jrf*"*n *" ttff** 8»»* 

Damping Coeff .#frfr/A^<g) 
Normalizing Pt. J±1L 

V7ing                          Trim Surface Fuselage            _J 
Pointi Pha.1 Atnol.ll  Point;   Pha.i   Ampr.n PoihtF Pha.T Ampl.      \ 
Wl       i _.      ! /.6Ö TI      j 

T2       ! 
■£_   1 ^,^7 ! F1V    ] 4-    1 ö. /d    \ 

i_W2   J 
^ws     ; 

—       i 

6. S3   j1 
~h    1 ^.^^ 1 F2V    } 4    ! C 0$/     I 

T3       i + r.45 F3V     1 — d>./&        1 
^V4       1 — e.29 ; T4      i f     ! ö.42 i F4V     j 30° o.c7 
!W5 — c\£/   ; T5       1 -A       1 ft4'   

! F5V     ! *■   \ ^' 7 
W6      \ —        1 c',^5   ! T6      i -+- <?. ^   i F6V     { _ Ö./Ö        1 

[W7       1 —        | c.y?  1 T7 -¥ ^^7 F7V     \ — c,^''    | 
LW8       i -f-       i C./5-    \ T8       j 4-      j _Äi7.J F8V — ^.^62 

w9    : —        s e34   \ n^g -f- Ö.57 F9V     1 4 t>.t*9 
Sio   , — aJt   | LT10 ■/- ö s6  i F1L -f- t.tZ     1 
Iwn -f       ' oil   \ LJll + C.33 F2L 4 ^.o-^r 

W12 -+• oA5\ T12 •+■ c. p F3L — Ö./0 
}W13 4- 0.03    1 T13 + Ö.SÄ   i F4L > ®,ö/y 
!W14 ■f c.o9   l [_T14 4-    \ öv?2 :   F5L 4- o.dov 
'W15 + c.zn "TI? -f ^,^7 ! 1   F6L 4- o,czi 
IW16 + Ö.5T I I  T16 f O.^S" \   F7L 4" Ö.ÖG3    1 
|W17 ■4- o.o\\ T17 4 p.SS L.F8L y- , CMsr \ 
|W18 + C./l     ! LTIS ■f Otis'\ i   F9L 2^ o.ot?    \ 

W19 4 0,29  1 j T19 -f 0.3O  1 
iw20 + Ö.50 T2Ö -f ö,;i£ 1 ;       p ivot Blocks         i 
1W21 1  Wing -+ Ö.0SO    \ 
fwZZ F-us. 4 \o.oz&   \ 

W23 
[W24 
\&0»W -f \ c,fsr 

ACT ! -f \7.,o 
1        /   L'.Ti 1    -+ c. z I 

j 
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Table XXXHI 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

\' 

Root Thick. ' ^-^  
Trim Surf.   Pos.  £  
Trim Surf.   Pitch Stiff. JL 
Boom Stiff. dM  
Fus.   Stiff. Ü  
Trim Surf.  Size  iL 
MerAc 4*y6u JT i ere nee P" MMe>&>*r 

Cantilever   
Pitch Res.   Cant.   
Torsion Free Winf; A j"//*^ 
Frequency —Q*f:.V cps 
Damping Coftff »»Ü&X (g) 
Normalizing Pt. J*LL  

Winp r • Trim Surface Fuselage              | 
lPoint PhaT] Ampl.j Point] fha.l Ampl. Point] PhaJ Ampl.      I 
Wl        \ —    | /,oo \ Tl       1 -f 0,11 F1V     \ -f    j O.&J 

|W2       | —   ! cm T2      ! + C.fO    t F2V    1 ^'j <i,M$ 
jW3       i — 0.29 1 T3 -<-    1 o.tl F3V     1 CIS"      1 
iVtt        1 .  £», o 7 1 T4      i -f-   ! o./7\ F4V —    j Ö.Zt      1 
LW5       1 — o.5-$\ T5 4-     1 o./c F5V —   j o.U     \ 
W6      1 — 0.4/ \ T6 f c.o9 1 F6V     ' <D 
W7 — ö af T7 +     x 

6.63 F7V _   1 acts- 
W8 , + o.ze T8 -f o.69 F8V — &./9 

lW9 OJ9   1 T9 + C.&3   i F9V * nölZ 
Itno — &.07 T10 +- d.dJ  i F1L + 0.043    1 
Wll -f- £>.tS   I 1 Til ■f ö.ö5   i .  F2L 4- O.Ö2.I     1 

|W12 4 O.bS   1 T12 + d.oÄ F3L — 0.0 35- 
WI3 -h o.ol   | i T13 Ar Ä.<a7   1 |  F4L — O.C68 

|W14 4- 0.14-   1 | T14 + Ö.07 i  F5L ~^ 0. M3 
jwis 4- OA4   1 1 T15 -H o.cl 1 F6L — öCZS 
|vn.6 + 0.7/    \ T16 -1- fl.o? | rF7L — 0.00$     \ 
|W17 + 6.11    | T17 ■f O.ö?  | i  F8L ~ ö.OZZ 
|W18 4-   . 0.1$    \ ! T18 -b 6.07 | F9L o      \ 
|W19 + C.4S T19 4~ ö.^7 ! 1 

W20 f 0.13 \ T20 +■ ö.o7 P ivot Blocks         | 
W21 1 j Wing f Ö.Og       1 
W22 Fus. 4 6.0£      \ 
W23 {_ 
W24 | 

1 ß*>6f*> -f- ö.od 
YW -f OJl KSf 

1   -f o.%s 
| 

iZl          ll 
•J 
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Table XXXIV 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

eSt 
JE. 

Root Thick.     
Trim Surf.   Pos, 
Trim Surf.   Pitch Stiff. 
Boom Stiff.  /^M  
Fus.  Stiff.   M  
Trim Surf.  Size —JL 
MdrAL AHUö Srifßtftfti C^U^'NG /&»r 

Cantilever   _ 
Pitch Res.  Cant.   
Torsion Free Wing X -Sif*" 
Frequency   —AJJLZ. cps 
Damping Coelt.'M&f   (g) 
Normalizing Pt. J^l  

Wing                         Trim Surface                     Fuselage             | 
i Point! Pha.T Ampl.l Pointl Pha.l Ampl.j Point Pha.l Ampl,      i 
Wl       1 —    ! /.oa i Tl       1 — C.fS F1V     1 —    1 0,023 
W2       \ -—    1 0.5-C   I , T2       \ —     i o,l4 \ F2V     1 —   | Ö.0O9   ! 
W3       1 4» o./s- T3    1 —    | 1.14 F3V     I -1- Ö.03Z 
W4       i + 0.t>B  \ T4      1 — o.i4   1 F4V     1 4    1 0.O3S'   1 
W5      \ ö. sr T5       1 —    1 «•^ F5V     1 +■   \ ß.o/ß    1 
W6      1 —    | o.43 T6      1 — ! 6,' 1    1 F6V     ! —   I O.0I4-    1 
W7       1 +- Ö./6   1 T7 — c.// |   F7V     ! — c.ois 

LW8       I -h    i o.io T8 — 0, II    \ ,   FSV     ' H- ö. C3 7    1 
|W9       1 — CAT] T9 — O.09 \ 1   F9V     ! — O.otA-    \ 
iwio — o.Z& \ TIG — 6.09    \ I   F1L — o. ooy 
Iwii    ' <+■ c.ty 1 Til — c.ce i   F2L 90° O.ooz 

W12 -f" o.&o \ T12 — c.CB 1   F3L + o.ool 
W13 &.I5 i T13 0.07 \ \   F4L H_+ 0.004   I 

|W14 — c./2 1 T14 0.07 li   F5L •+ o,oo3 
IW15 -t~ 0.14  \ PTIS — O. Ol !!  F6L Se* 6,003   \ 
|W16 ± oAZ \ frTe —• 0.06 1 !   F7L •f O.OOZ 
|W17 Ö.Ö* T17 - 0.07 F8L + $.00(e      1 
|W18 — o.a LTIS _ coy F9L - coos 
|W19 •+- c.iz | rTl9 — 0.06 1 

|W20 H- 0.27 T20 a.os i            P ivot Blocks        | 
W21 1 Wins_ — 0.03i>     \ 
W22 , I Fus. — ,   Of 030 
W23 
W24 

1 SOQ"! — coj- \yw 1    ■»- 0.063 mw ? Ö./7 

■'-■■ '■ ^MMIittitilBiiäisiiiiii';   •. 
 — -■ '- 
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Table XXXV 

TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

PSI 
JP. 

Root Thick. 
Trim Surf.   Pos. 
Trim Surf.   Pitch Stiff. 
Boom Stiff.  &-£  
Fus.  Stiff.  tL  
Trim Surf.   Size  i^L 

Cantilever   
Pitch Res.  Cant.   
Torsion Free VixigK^Mtf 
Frequency      /tf^'3 cps 
Damping Coeff. dMJi (g) 
Normalizing Pt. ÜÄ  

Niertu jhJULt Sriffevea. tu W/vu 2nr 

Wing                          Trim Surface Fuselage              I 
Point! PhiT] ÄmpFT Point! Pha. Ampl. Point] PhäJ Ampl.      i 

Wl       | — '?7 Tl       i t   i t'Htl F1V     \ t * o »5    I 
\\a    \ — ■fz\ T2 f- .1 -M] F2V     1 0 

|W3       ! "f   1 .3g\ T3 + !  .Jf F3V     ! —   1 .o\ 
W4       s -f /• o o\ T4      I f   1 /•3/j F4V w . ol 

|W5       I 'f\\ T5      1 +   I / '^ F5V     j 0 
fwe — ■ ff\ T6      1 i-   • h<s\ F6V     ! 4 ■ D 1      1 

1^7 4- ' ^0\ T7 t 1 •/^| F7V -f ' el      I 
fws     ! 

+■ ,$0] T8 f / '/^i FSV ~- ,oi     \ 

LH2__J ^<f\ T9 -h l.63\ F9V 0 
[WIO — . ^^ |  T10 t I 'c0\ F1L 0      1 
[Wll -f .oS\ [TU + >n\ F2L /•-             1 

W12 f '¥■$] T12 + >u\ F3L 0 
W13 — 

■07\ 
T13 t ■?/ F4L 0       \ 

|W14 - '13\ T14 + .u\ F5L o      \ 
W15 o    \ pris 4 •23 !  F6L 0 

|W16 + 'l<>\ LT16 t ,43j rF7L 0       \ 
W17 t ,<?! T17 ■t •is\ |  F8L Ö       \ 

|W18 
■ 

>9f\ LT18 ■t ,<)i\ i  F9L 6      1 
|W19 .o1\ Prig -t •lo\ 1 

W20 — .*f\ T20 t -5/ i            P ivot Blocks         \ 
fw21 1 Wing 4 »o I    \ 

W22 Fus. f • ol 
W23 
W24 

|fl«*M + a* 
— •27 i t 

*&£■/■ 1      _ .   / L- 
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Table XXXVI 
TORSION  FREE WING TREND FLUTTER MODEL 

MODE  SHAPE  DATA 

Root Thick. l£U  
Trim Surf.   Pos.  £.  
Trim Surf. Pitch Stiff. 
Boom Stiff. MM 
Fus. Stiff. ä— 
Trim Surf. Size . J"  

Can tilever   
Pitch Res. Cant.    
Torsion Free Wing KJiy&ci 
Frequency ,, f.Z$i. ij—cps 
Damping Coeff.^JSrt&ft^. (g) 
Normalizing Pt. l/y^  

AU: 4v. 

Wing                          Trim Surface Fuselage              i 
1 PointT Pha.l Ampl.T point* ~ Pha.T AmpT. iPoihtl 

F1V ' | 
PHaJ 

_ ±... J 
Ampl.      1 
Ö 0$ Wl         ! —    [ 0.ZZ\ Tl      i 

(doc\ $.tB j 
W2       1 •+-    \ €>< I S\ 12      1 ^0\ o.tfl F2V     I O          \ 

Ji3       1 -f 0,44 T3     i %o\ . o./jj^ F3V   1 — ö,04       I 
W4       i -+- Ifi p T4      1 3 0° ^j^ilA F4V     1 —    j O. O 1L         1 

O             j uW5        i —    ! o4t   \ T5       ! %o0\ c./r 1 F5V     i 
W6       | —      ! o./S  \ T6      ! soA OjC i F6V     i f 0,04      \ 

o.cy      \ W7 ■+      ! 0.2C   \ [17      j IP* 0./4 \ 1   F7V 4- 

Lw8 _±     1 ö.4sr\ T8       1 £0° \ 0 13 \ F8V     f — -0.6'C       1 
Lwa 0.32 LTQ So0. . C'SZ\ F9V 0       1 
iwio — ^.27 ! 110 3oc ä.!t\ FIL + 0,0/       1 
|wii 

W12 
— 0J4 1 1 Til }o* 0J0\ F2L 0       \ 
_ ö./2 1 112 90° „CLLÖA ,  F3L — o.^Z      \ 

W13 — ö./ö ! S TU 90* CJO 1 F4L O         1 
rwi4 — 6,/7 \ {TU 90' .. c.clA F5L   O       1 

W15 — o.24\ TI5 30° c.cT\ F6L O         | 
W16 — o.Z9 T16 3£>6 o.ck\ i   F7L — O .c f      \ 

W17 ■— o.ci- j LT17 96c C ,03 ;   F8L 4- r_ (?.c?3 q 
|W18 — o.oi \ pTis 90" c.c9 F9L — e,<?Z  I 
|W19 — Ö.7.2 1 T19 00" cod 1 
[^20 — c.z* rT2Ö 30° f.cS Pivot Blocks          | 
fW21 1 winS -t 0,03   i 

0,05''" \ 1 W22 1 Fus. H- 
1 W23      1 

W24 
IßppM o 
Kyi: wr |     — 0,06 

1     — Vo.fä 

L  
[ 

1 
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Table XXXVII 
TORSION FREE WING TREND FLUTTER MODEL 

MODE SHAPE DATA 

I 

Root Thick. JiJ?£J:.- 
Trim Surf. Pos.  E.  
Trim Surf. Pitch Stiff. 

Stiff. MM  
Stiff. '1  

H 
Boom 
Fus. 

£. Trim Surf. Size _ 
'. nr 

Cantilever   
Pitch Res. Cant.   
Torsion Free Wing f£mt? 
Frequency -/ //S* J _cps 
Damping Coeff. ■<^Z_ (g) 
Normalizing Pt. ..W4 , 

\                  Wing                          Trim Surface Fuselage 
Point 1   Pha.l Ämpl. Pointi Pha. Amp l.Tj   Point] Pha. Ampl. 

iwi — o./7 Tl 0.61 F1V -f £>. OfO 
rw2 4- o.ZO T2 — o~GI F2V f ö.coz 
hW3 -f- Ot66 T3 — a.6>/ F3V — $.&// 

W4 ■+■ LOO T4 — o.^i F4V — ao09 
W5 0,39 ,  T5 — p.iTü , F5V ■f 0.004 
W6 — 0. /6> f T6 — ^17 i F6V t 6.0*9 

L_W7 -/- <se/9 T7 — o.41 F7V 90° 0,019 
W8 -f 0.4Z T8 - OA7 FSV — e.oäS 

_M9 — 0.29 T9 — C.17 F9V ■f o.ooz 
LwiQ — 0.26 1  T10 — Clt, F1L 90" 0.001 
Wll ^- a./4 Til — 6.34 'F2L 90° c,oc'X 
W12 — 0.07 1 fl2 — <D.31 F3L ~5cr 6.i)£>l 

W13 — o.oS T13 — t>.29 F4L 3 a' C.QOZ. 
rWl4 - o./S" 1  T14 — 0.Z6 F5L $0* 0.00% 

W15 — t>,±4 1  115 — o.zz I  F6L 30° O.ooZ. 

W16 — 0.3I T16 — etc F7L 90* 0,O04 

W17 -H O.Öl T17 — C.Z7 F8L 'W 6.O0Z 

W18 o.cz T18   ^ - ejtf F9L — ö.ecz 
W19 — O.ZO 1  T19 — <P./3 
W20 — $.19 T20 — OJ t i            Pivot Blocks 
W21 Wing c.czs 
W22   Fus. 
W23 
W24 
Been — ^Jl3 

i - 

a Afru 
— Ö. tzo 

%& — 6 Obi 

123 
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