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By Richard H. Rhyne and Herold N. Murrow
SUMMARY

A £flight investigation has been made on a large swept-wing bomber
airplane in rough air at 5,000 feet to determlne the effects of wing
flexibility on wing bending and sheer strains. In order to evaluate the
overall magnitude of the aeroelsstic effects on the strains and their
variation with spanwise location, amplification factore defining the
ratio of the strains in rough air to the strains expected for a "rigid"
and "quasi-rigid" sirplane were determined. The results obtained indi-
cate that the seroelasstic effects are rather large, particularly at the
outboard stations. The effects of dynamic seroelassticity appesr to
increase the strains from O to 170 percent depending upon the spanwise
station. On the other hand, the relieving effects of static aero-
elasticity appear to reduce the strain amplification in rough air by a
significant amount.

INTRODUCTION

The stresses that develop in aircraft structures in flight through
turbulent air are, in many cases, strongly influenced by aeroelastic
effects. In the study of these aeroelastic effects, flight-test studies
have been mede on several unswept-wing airplanes that have been classified
from "rather stiff" to "rather flexible" (refs. 1 to 4). Analytical
methods have also been developed in references 5 to 7 for calculating the
structural response of unswept-wing airplanes to atmospheric turbulence.
The results obtained in such calculations show good correlation with the
results of flight-test studies for the unswept-wing airplanes so far
considered.

The response of swept-wing esirplanes in rough air involves a number
of complications not present in the case of unswept-wing airplanes. These
complications are due principally to the increased importance of torsion
for swept-wing airplanes. This torsion in turn results in significant
effects on both the airplane aerodynamics and stability. In addition, the
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airplane vibratory modes may no longer be epproximated by simple beam-
bending theory but may require consideration of coupled bending-torsion
modes. Few experimental dste exist on the character and magnitude of
these problems.

In view of the lack of experimental date on the many questions
involved in the behavior of a swept-wing airplane In rough air, a flight
investigation on a flexlble swept-wing airplene was undertaken. The
general aim of this Investigetion was to determine the magnitude of the
aeroelastic effects on the wing streins and the importance of the many
factors involved in the gust response. These results would then serve
to Indicate the elements necessary for a successful dynamlic enalysis and
also serve to provide test data which would be useful for correlatlon
wilth theory.

The present paper describes the flight-test conditions and presents
the results obtained from the initial evaluations of the wing strain
measurements., The results presented are principally limited to the
establishment of the overall character and magnitude of the dynamic
flexibility or vibratory effects on the wing bending and shear strains.

SYMBOLS
8n normel acceleration, g units
b airplane wing span, ft
E modulus of elasticity, 1b/sq in.
G modulus of figidity, 1b/sq in.
g acceleratlion due to gravity, 32.2 ft/sec2
I section moment of inertis, in. b
J polar moment of inertia, j.n.)+
q dynamic pressure, ng, 1b/sq £t
v true airspeed, ft/sec
y distance along span measured perpendicular to center line, ft

0 density of air, slugs/cu ft
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v root-mean-square deviation
Op root-mean-square deviation for flexible airplane
oR root-mean-square devigtion for rigld sirplane

ATRPTANE AND INSTRUMENTATION

A photogreph of the test alrplane is shown in flgure 1. The only
changes in the configuretion of the standard alrplane were the addition
of a boom that was falred into the nose of the alrplane for measuring
flight speed and an externsl canopy mounted on top of the Tuselage to
house some of the instruments. (See figs. 1 and 2.) Some of the physical
characteristics and dimensions of the alrplane are listed in table I.
The estimated wing and fuselage welght distributions for the testes are
given in figures 3(a) and 3(b), respectively. All the fuel is carried
in tenks located within the fuselage as shown in figure 3(b). Fig-
ure 3(c) shows the calculated wing bending stiffness distribution and
the experimental wing torsional stiffness distribution as cbtained from
the manufacturer. It should be noted that the wing stations in fig-
ures 3(a) and 3(c) are measured slong the elastic axis, whereas the
stations 1n all subsequent figures are measured perpendicular to the
alrplane center line.

The basic instrumentation pertinent to the present paper consists
of the following:

(1) An NACA air-demped recording accelerometer (response flat to
gbout 10 cycles per second, accuracy *0.0125g) was mounted close to the
center of gravity of the alrplane ;50 measure normal accelersation.

(2) Twenty-two NACA oil-damped accelerometers (response flat to
gbout 10 cycles per second, accuracy +0.02g) were located at the points
on the airplane wing and fuselage shown in figure 2.

(3) Electrical wire-resistance strain gages connected as four active
gages in a bridge circuit were insteslled on the wing spars at the 10 loca-
tions shown in figure 2. The gages were not calibrated to measure actual
load but served to give locel strain indications only.

(4) An NACA asirspeed-altitude recorder provided a record of airspeed
and pressure altitude.

(5) NACA control position recorders recorded the aileron, rudder,
end elevator displacements. These records were used as a check against
the control movements being gbrupt or large durlng the gust runs.
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The £ilm speed of the individual recorders was spproximately
1/2 inch per second, and the film speed of the osclllographs that were
used to record the outputs from the straln gages and oll-damped acceler-
ometers was approximetely 1 inch per second.

In addition to the recording instruments, cameras operating at a
film speed of 1 frame every 2 seconds were focused on the fuel gages in
order to determine the ailrplene welght at any point during the flight.
All recordings were correlated by means of an NACA l/lO-second chrono-
metrie timer.

METHOD AND TESTS

Basic Approach

In the experimental determination of the effects of alrplene flexl-
bility on wing strains in rough air, it has been customary to compare
the strains in rough alr with the strains caused by the same loadings
applied statically, such as those obtained in slow pull-up maneuvers.,

If the alrplane flexlbility does not seriously affect the alrplane aero-
dynamic and stability characteristics, then this comperison provides a
megsure of the effects of flexiblility. This condition seems to have
been well approximated in earlier studies (refs. 1 to 4). If, on the
other hand, the ailrplane flexibility involves apprecisble wing twist,
then this aerocelastic effect must also be considered. In the case of &
swept-wing alrplane, such aseroelastic effects due to the twist associsated
with the wing bending tend to be large and complicate the evaluation of
the effects of flexibility.

The basic approach used in the present paper involves two types of
comperisons. First, the actual measured strains-in rough sir are com-
pared with the streins obtalned for the test airplane by the static
epplication of the same load. The stralins for static ‘application of
loads are obtained from slow pull-up meneuvers at the same test condi-
tion. Since the effects of static aerocelastlclty are reflected in both
the rough-air and pull-up results, this comparison provides a measure of
the purely dynemic or vibratory effects of alrplane flexibility. Second,
in order to obtein a measure of the effects of static aeroelasticity, the
strains in rough alr are eslso compared with the strains obteined by the
static application of the same Joads to a "rigld" alrpleme, that is, an
alrplane enbodying no static aerocelastic effects. TInasmuch as staetic
aeroelagtic effects are & functlon of dynamic pressure, pull-up values
at low or zero dynamic pressure are used to obtain the reference strailns.
The dlfference between the strains in rough air and stralns cbtalned st
the zero-dynemic-pressure reference condltion provides a measure of the
comblned dynsmic and statlic aserocelastic effects.
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In both the gust and maneuver cases, the average ailrplane accelera-
tion is used as a measure of the loading on the airplane. In the maneu-
ver case, the loading is slow; therefore, the acceleration 1ls approxi-
mately the same throughout the structure and, thus, any local accelerstion
may be used as a direct measure of the loading. In the gust case, however,
vibratory modes are exclted and the average ailrplene acceleration is
different from the acceleration at locsl polnts on the airplane., As a
consequence, the average airplane acceleration has to be approximsted.

The procedure used for this purpose is indicated subsequently.

Rough-Air Tests

_ Strain and accelerastion data were obtained during a L-minute test
run at a Mach number of approximately 0.63 and en altitude of about
5,000 feet in clear-alr turbulence. The average alrplane weight was
113,000 pounds (which 1s a low weight condition for this airplene) and
the airplane center of gravity was located at gbout 20 percent of the
mean serodynamic chord. The rough-air run was made with "hands off"
control; that is, minor deviations of the airplane from the prescribed
altitude and heading were not corrected by the pilot, and large devia-~
tions were corrected only by gradual control movements. This test pro-
cedure deviates from the conventlonal "stick free" case because the
power-boost control system used on this airplane causes the control
surfaces to be essentislly "fixed" except for a pilot-controlled input.

Smooth-Air Tests

In order to determine the strain indications per g for the various
gages under a quasi-steady loading condition, slow pull-up maneuvers were
mede in smooth air before and after the rough-sir runs. Generally, these
pull-upse were made at a higher altitude than the gust runs in order +to
obtain smooth air. Since the dynamic pressure differed for these pull-
ups at the higher altitudes, runs were made at two Mach numbers, 0.65
and 0.35, end at two altitudes roughly 10,000 feet apart. The fairly
wide range of dynamic pressure which was covered permitted the estgblish-
ment of the variation in the strain indication per g with dynamic
pressure and also permitted the determination of the strain indication
per g at zero dynamic pressure. This value serves as a useful rigid
reference value.

EVATUATTION OF DATA AND RESULTS

As an indication of the general charecteristics of the airplane
strain and acceleration responses in rough alr, sections of the measured
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quantities for the rough-air run are shown in figure 4. The records
indicete the vibratory character of the airplane response. In addition,
a number of predominant frequencies are discermible in the various
straln and sccelersiion historles. Samples of the records obtained in
8 typical pull-up are shown in figure 5., In contrast to the rough-asir
records, the response in e pull-up ie smooth and reguler end shows no
evidence of the excitement of the airplane structural modes; the quesi-
steady character of the losd application for the pull-up maneuvers is
thereby indicated.

The dsta-reduction procedure involved the following steps:
(1) An evaluation of the strains experienced in rough air

(2) An evalustion of the associated average alrplane acceleration
in rough air

(3) An evaluation of the steady strains per unit acceleration in the
pull-up maneuvers

The results obtained in the data-reduction steps (1) to (3) are then
used to obtain overall measures of the aerocelastic effects in the form
of amplificatlion factors. The procedures used for each of these steps
and the results obtained are described in order in the following sec-~
tions. The recorded quantities were evaluated at 0.05-second intervals
along the time histories. All records were read and processed wlth
eutomatic digital computing equipment.

Rough-Air Stralns

In previous investigations, a '"selected peak" type of evaluation
was used to present the data. (See, for example, ref. 4.) In an evalue-
tion of thils type, Judgment was frequently necessary to match the peak
nodal acceleration and the assoclated pesk strains. This difficulty msy
be avolded by eliminating the timewise assoclation and comparing directly
the oversall straln time histories in terms of the number of peaks of a
given magnitude. TFigure 6 shows the procedure used to obtain this count
of the number of peaks. As shown in figure 6, only one peak 1s counted
between consecutive intersectlions of the trace with the trace position
for steady level flight. A threshold depending on gage sensitivity must
also be exceeded and, for the sketch of the record portion shown in fig-
ure 6, four readings at points &, b, ¢, and d were made. These peak
readings were then used to determine the cumulative frequency distribu-
tions. In addition to the determination of the cumulative peak distri-
butlons, the time histories were used to obtain the root-mean-~square
streins.
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Inasmuch as the strain per g under steady loads varied widely among
gages, a normslizing procedure was used in order to slmplify comparisons
of the strain counts for different stations. The normsalizing procedure
consisted of dividing all strain indications (record deflection minus
mean deflection) by the pull-up slope (Deflection/g) in steady pull-ups
for the individual gages. The resulting strain values are accordingly
converted to units of equivalent acceleration as was done in reference L.
The cumulative distributions of strain peeks in accelerstion units for
the various strain-gage staetions are given in figures 7 and 8 for both
the front-spar and rear-gper statlons. Flgure 7 presents the bending-
strain results and figure 8 gives the shear-strain results.

Average Alrplesne Acceleration in Rough Air

The determinetion of the average airplane acceleration for the gust
condition for the present slrplene posed & nunmber of problems. In pre-
vious flight-test studies on unswept-wing airplanes (refs. 1 to L), the
procedure was based on the use of the measured accelerations at the nodal
points of the fundamental wing bending mode for the gust-loading condi-
tion. The location of the nodal point of the fundamental wing bending
mode in these cases was not difficult since the bending mode was usually
at a much higher frequency than the sirplane short-period mode. The
effects of the alrplane higher vibrational frequencies at the nodal points
of the fundamental wing bending mode were usually evident and it was
necessary to eliminate them by falring. For the present ailrplane, this
procedure did not seem feasible. Two difficulties arose: First, the
location of the nodes from the flight recordings of acceleration at var-
ious locations along the wing did not asppear to be practical since the
fundamentel wing bending frequency could not be clesrly distinguished
from the alrplane short-period pitching frequency. Second, & correction
to the wing accelerations for the airplane pitching motions would most
likely be required because of the longitudinal distance between the nodal
points of the swept wing and the airplane center of gravity.

An inspection of the records indicated that the accelerstion at the
center of gravity would approximste the average airplane acceleration.
Also, from a consideration of the mass distribution of the airplane and
the shape of the first mode in bending, the nodal points of the funda-
mental wing bending mode were expected to be falrly close inboard. A
short section of record was used as & check on the religbility of using
the acceleration at the center of gravity as a measure of the rough-air
loading. The procedure used was the aversging of the accelersation over
the entire airplane maess and was accomplished by summing the products of
the local accelerstions and assoclated masses and dividing by the total
mass of the airplane., Twenty-two local acceleratlion measuring stations
were used (six stations along the fuselage and 16 locations along the
front snd rear spars of the wing as shown in fig. 2). The airplane
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mass dlstribution, as given in figures 3(a) and 3(b), was subdivided in
such a way as to assoclate portions of the mass of both the wing and
fuselage with the nearest accelerometer station. A time history of this .
averaged alrplane acceleration for approximetely 10 seconds of rough-air
flight is shown in figure 9(a).

The center-of-gravity acceleration exhiblited considersble high- _
frequency "hash" of frequencles above 5 cycles per sécond assoclated
with the higher structural modes and not reflected in the airplane
acceleration. Consequently, these higher frequencies were falred as
11lustrated by the sample record sections in figure 9(b). The faired
center-of-gravity acceleration is also shown in figure 9(a) for compar-
ison with the airplane acceleration. In general, good agreement is noted
in figure 9(a) between the time histories of the faired center-of-gravity
accelerstion and the alrplane acceleration based on the 22 accelerometers,
although some discrepancy msy be noted for individusl pesks. Comparison
of the overall counts of the peak accelerations made for the same gamples
showed good agreement, however. The power spectrum of the falred normsal
acceleration at the center of gravity was also determined and indicated
some effects of the first bending mode. However, these effects were
smell and were estimated to yleld a S«percent increase in the accelera-
tion, which is considered negligible for present purposes. Accordingly,
the faired center-of-grevity accelerstion was used as a direct measure
of the airplane loads. Peak counts of the faired center-of-gravity
accelerations were then made for the 4-minute gust run in s manner simi- -
lar to the counts of rough-alr strain, as illustrated in figure 6. The
resulting cumulative distributions of falred center-of-gravity-acceleration
peaks are then given in figures 7 and 8 for comparison with the peak
counts of rough-air strain. '

Pull-Up Maneuver Strains

As indicated in a previous section of this paper, the gquesi-static
strain indications per g for slow pull-up maneuvers obtalned at the
several stations along the wing varied considerably with dynamic pressure.
This variation was attributed to an inboard shift in center of pressure
of the additional losd resulting from increasing load allevistion out-
board due to wing twist as dynemic pressure increased.

The variation of strain indication with g was linear for the
various gages and accordingly the slope was used as & measure of strain
indication per g for the individual pull-up maneuvers. A typlcal plot
of the strain indication per g against dynamic pressure is presented
in figure 10 for wing station 41k, Each datum point on the plot repre~
sents the slope of the strain varlastion with acceleration for a single
pull-up meneuver. Other strain-gage locations along the wing give simi- -
lar results; some locations ylelded somewhat more rapid varistions of
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strain per g with dynamic pressure than others. The values have all
been adjusted for slope change due t0 change in alrplane welght and are
shown plotted in figure 10 for the average airplane welght during the
gust run.

If the data for the two gages of figure 10 are extrapolsted to &
dynemic pressure of zero, as shown by the solid lines, a value of strain
per g is obtained and 1s assumed to correspond to that which would be
obtained if no load alleviation due to wing twist hed oceurred. (In
most cases, the variation of straln indication per g with dynamic
pressure appeared to be linear; therefore, a linear extrapolation was
mede.) Thus, two pertinent values of strain per g are obtained for
each gage, one for a condltion where quasi-static twist effects are
eliminated (zero dynemic pressure) end the other st the dynsmic pressure
of the gust run (484 pounds per square foot). These two sets of refer-
ence strains are given in tdble II and are used subsequently to obtaln
amplification factors.

Amplification Factors

For the swept-wing alrplane of the present investigation, amplifice-
tion factors are determined in two different ways. These two amplifica-~
tion factors are based on the two sets of reference strains given in
table ITI,

Amplification factors (with the strain per g at the test dynamic
pressure of the gust run as the reference condition) may be obtained
from figures T and 8 at any strain level within the relisble range of
the curves by taking the ratio of the value of strain in g units from
the curve for the flexible airplane (see point A of fig. 7, for example)
to the value in g wnits from the curve of the reference airplane
acceleration (for example, point B of fig. 7). It can be seen that the
emplification fector varies with the cumulative frequency chosen.

. The retio of values from the curve for the flexible elrplane to those
from the curve for the reference airplene is high at high values of cumu-
lative frequency (low strain levels) and decreases with decressing cumule-
tive frequency (high strain levels). It can be shown that this ratio
approaches the ratio of root-mean~square values at high levels of strain.
The actual strain level that is important would appear to depend upon the
nature of the application.

For present purposes, two values of amplification factors have been
obtained for each of the two reference conditions; one is at a level of
strain of 20 for the flexible airplane. For example, this condition leads
to point A in figure T(c) and to the amplification factor given by A/B.
The other value of amplification factor is one determined from the ratio
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of the root-mesn-square values (strain to airplane -acceleration). Ampli-
fication factors for both the bending and shear strains were determined
for each of the eight strain-gage locations and are given in taeble II.

As indiceted in the section entitled "Rough-Air Strains," the
cunulative distributions of strain peaks presented in figures 7 and 8
were "normalized," or converted to acceleration units, by use of the
reference strain per g obtalned at the dynamic pressure of the gust
run (484 pounds per square foot). The amplification factors obtained
from these figures are, of course, for this reference condition. Similar
flgures were obtained for the zero-dynamic-pressure reference condition
by the conversion of the cumuletive distributions of strain peaks to
acceleration units with the use of the appropriate reference strain indi-
cation per g. Such figures are not presented, but the amplification
factors determined for this reference condition are given in table II.
The amplification factors obtained for both reference conditions eaxre
shown in figures 11 and 12 as functions of wing station for the bending
and shear strains, respectively. It is to be noted in figure 12 that
for the front-spar gege at station 252 for both reference conditions
and for the front-sper gage at station 54 at the zero-dynamic-pressure
reference condition, relisble values of strain per g in pull-ups could
not be obtained snd, therefore, the amplification factors for shear
strain at these statlons are not shown.

.

DISCUSSION

Inssmuch as the method used herein for obtaining emplification
factors 1s based on a comparison of frequency distributions and differs
from that used in references 2 and 4, a comparison has been made of the
magnitude of the emplification factors obtained by the two methods. For
this comparison, amplification factors based on the selected-peak method
used in previous studies were determined for several of the strain
chennels of the present data. In general, the amplification factors
obtained on thils basis were in good agreement with those obtained at the
level of 2op (fig. T). Figure 13 shows an example of the results
obtained by the selected-pesk method. The least-squares line through
the data is also shown and ylelds an amplification factor of 2.68 for
this case. The value obtained in this case from the frequency distribu-
tions was 2.72 as indicated in teble II for. wing station 41k, front spar.
Thus, the ratio of "flexible" to "reference" at 2o ylelds amplifica-
tion factors which are in good agreement with those obtained from the
selected-peak method. Amplification factors based on the ratio of root-
mean-square values, however, are somewhat lower than those glven by
either the selected-peak or 20 method.
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Bending Streins

A summary of the amplification factors obtained for the bending
strains is given in figure 11 and table ITI. The results for the front-
spar (fig. 11(a)) show that emplification factors based on the root-
mean-square values for the test value of dynamic pressure (the broken
line with the circled points) increase from a value of 1.07 at the root
to & value of 2.00 at station 41h and then decrease scmewhat at the
most outbosrd station. The amplification factors based on the strain
values at 20 show a similar trend but have consistently higher values
than those previously mentioned; the value at the root is 1.16 and
increases to 2.72 at station 41h. The same general situation, except
for differences in the actuel values, is seen to exist for the rear
spar (fig. 11(b)). Thus, in general, the smplificatlion factors of the
strains appear to be small at the root but increase to very large values
at the outboard stations,

The results shown in figure 11 for the zero-dynamic-pressure refer-
ence condition provide & measure of the total amplification of the
strains relative to a hypothetical rigid sirplane, that is, an airplane
embodying no static aeroelastic or twist effects. The amplification
factors obtained on this basis are a measure of the combined effects of
dynamic amplification and statle alleviation due to wing twist. For
this reason, a significant reduction exists in the magnitude of the
amplification factors obtained. For example, at the root station of the
front spar, the amplification factor based on the ratio of the root-mean-
square values i1s reduced from 1.07 for the gust-dynamic-pressure refer-
ence to a value of 0.86 for the zero-dynamic-pressure reference. Since
the latter amplification factor is less than 1, s net reduction of the’
strain per g 1in gusts as compared with the strain per g expected in
a pull-up maneuver of the hypothetical rigid alrplasne is implied. At
station 414, the reduction is from 2.00 to 1.26. Thus, the overall
effects of flexibility as represented by amplification factors that
inelude both dynamic end static seroelasticity are considerably less
than the amplification factors which include only the dynemic effects.

Shear Strains

The results for the rear-spar sheer strains are similar to those for
the bending strains and show relatively small smplifications at the root
and large amplifications at the outboard stations. The results for the
front spar show some variations from this general pattern with larger
shear-strein amplificatlions at the root than those for the bending strains.
The reason for the deviation of the results at the front-sper shear gages
from the generasl pattern is not clear, but the discrepancy masy be asso-
clated with the fact that the wing twlst arising from the inertia loads
of the inboard nacelle has greater effects on the front-spar root station.
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The amplificatlion factors for the shear stralns shown in figure 12 are,
in general, considered less representative of & given region than those
for the bending strains because of the greaster local variations normally
encountered for shear streins in en airplane structure.

CONCIUDING REMARKS

A flight investigation in rough air was underteken on a flexible
swept-wing airplene to determine the effects of flexibility on the wing
bending and shear strains. For the airplene tested, both dynamic and
static aeroelasgtic effects have a lerge influence on the bending and
shear strains across the span. The bending-strain amplification factors
reflecting the dynamic effects alone are smallest at the root, where the
values are 1.20 to 1.30, and increase rapldly along the span to a value
as high as 2,72. The shear-gtrain emplifications show the same general
pettern but are less consistent between front and rear spasrs than those
for the bending geges because of larger localized strain effects ¢on the
web-mounted shear gages. Amplification factors based on the strain per
unit acceleration in pull-ups extrapolated to zero dynamic pressure pro-
vide a measure of the combined static and dynemic aeroelastlc effects
and are substantially lower than those determined for dynamic aeroelastic
effects alone. For the bending strains, these strain amplification
Tactors were negligible at the root and increased to a value of about
1.50 at the outboard stetlions. The shear-straln results show similar
trends.

The relatively large asmplification factors noted in the present
study and their wide variation with spanwise location, particularly at
the outboard stations, indicate that a detaliled analysls of the aero-
elastic effects are required for the successful prediction of gust strains.
With regard to the prediction of bending strains, it should be noted that
at the root stations the strain records are of an essentlally low-frequency
neture and thereby reflect largely rlgld alrplane motions and bending Iin
the first mode, which 1s at approximately 1.5 cycles per second. At the
outboard stations, the strain records indicate considerably more evidence
of the higher frequencies, suggesting that the higher vibrational modes
become more important in regerd to strains at these locations in the
present case as was the case in NACA Technical Note 4071, A reliable
dynamic anelysis for bending-strain calculetions, at these outboard
stations particularly, would thus apparently require the considerations
of these higher vibrational modes.
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The successful analysis of the shesr strains at all stations, which
have frequency characteristics similar to the bending strains at the
outboard stations, would also appesr to require the consideration of
higher vibrational modes in the analysis.

Langley Aeronsutical ILsborsatory,
National Advisory Committee for Aeromautics,
Iangley Field, Va., June 26, 1957.
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TABLE I.- PERTINENT PHYSICAL CHARACTERISTICS AND

DIMENSIONS OF TEST AIRPIANE

Totel wing area, s £ « + « « v ¢0 o ¢« o o &
Wing span, £ « « ¢ « ¢ o o o ¢« ¢« ¢ o o o s

Wing aspect ratio . . « « & e o o o 8 o o @ . .« .
Wing thickness ratio, percent e 4 s e e s 4 e = o .
Wing taper ratio . . . « « . c e s e 8 s s

Wing mean aerodynamic chord, in. e s s e e s
Wing sweepback (25apercent-chord line), deg . .
Total horizontal-tail area, sq £t . . « « « « .
Horizontal-teil span, £t . « « ¢« ¢« ¢« ¢ « ¢ + « &
Horizontal-tall mean aerodynsmic chord, In. . .
Horizontsl~tall sweepback (25-percent-chord line), deg .
Airplane weight, I1b . ¢ « ¢ o o ¢ ¢ ¢« ¢ ¢ ¢ s

I.._l
3
8.

2

15

.. 1,428
. 116
9.43

0.k2
155.9

268
33
102.9

35
to 120,000
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TABLE II.- AMPLIFICATTION FACTORS OF STRATN

Bending-strain indication

Shegr-strain Indlcstion

Amplification Amplification
Wing Spar factor | factor
station P'u_'l_]_-up 20‘F Bu_]_'l__up EGF
factor level | Values at 9 factor level | Values at Op
2 level| @ 2 level
@ | @ [™F Rl @ | @ |7F %
Reference g = 484 1bfsq £t
5k Front | 0.469 0.220 1.16 1.07 | 0.150 | 0.362 2.15 1.77
5 Rear .809 225 1.32 1.10 496 .202 1l.12 .99
252 Front 148 .253 145 1,23 | —aeee ——— —— ———
252 Rear L3h -262 1.5% 1.28 .186 302 1.89 1.7
b1k Front L16 410 2,72 2.00 .320 277 1.62 1.35
L1k Rear 511 L3552 2.26 1.72 160 392 2.42 1.91
572 Front A8 .32k 2.3 1.58 hot 194 1.21 95
572 Resar . .251 297 1.97 . 1.45 163 385 2.00 1.88
Reference @ = 0 l'b/sq_ g

5k Front | 0.582 0.178 0.93 0.86 mmee | aeeea ——— ——
5l Rear 1.052 AT3 1.01 .84 0.550 0.183 1.0L 0.8
252 Front 671 .169 97 -1 [RCUIVOR R _— —_—
252 Rear .608 .187 1.09 .92 339 165 1.04 .B1L
L1k Front .660 .258 1.71 1.26 478 185 1.08 1
L1k Rear .653 276 1.77 1.35 217 .288 1.78 1.1
572 Front .291 .203 1.h45 .99 579 AL3 .89 .70
572 Rear 11 182 1.20 .89 252 271 1,40 1.32

BRecord deflection, inches per g (edjusted for changes in system voltage).
bconverted to equivalent g unite by use of pull-up factor.

9T

LOTH NI ¥OWVN
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Flgure 1,- Photograph of tegt alrplane,
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18 NACA TN 4107
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Figure 2.- Three-view drawing of test airplane.
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(a) Wing dead-welght distribution.

Figure 3.~ Alrplene weight and stiffness distributiocns.
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(b) Approximate weight distribution of the fuselege including weight of the pilots s Instruments,
and average fuel for the gust run.
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Pigure 3.- Continued.
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(¢) Bending and torsional stiffness distributions of wing.

Figure 3.~ Concluded.
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Figure 4.~ Sample time histories in rough air.
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Figure 5.~ Time histories of wing strains and acceleration at center of gravity in typical
pull-up.
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Figure 6.~ Illustrative strain time history showlng method of count.
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26 NACA TN 4107
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Flgure T.- Cumulative frequency distributions of faired center-of-gravity
acceleration and bending strains in g units.
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Figure 8.- Cumulative frequency distributions of faired center-of-gravity
acceleration end shear strains in g units.
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(b} Genter-of-grovity occeleration.

Figure 9.- Compariscon of airplane acceleration computed from 22 acceleration time histories,
and faired measurement of acceleration at alrplane center of gravity.
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Strain indication per ¢

Bending gage
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Figure 10.- Typlcel values of strain Indication per g in a pull-up
maneuver plotted against dynamic pressure. Wing station L1L; rear
spar. '
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Figure 1l.- Spanwise varistion of amplification factor for bending strain.
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Figure 12.- Spanwlse veristion of amplificetion factor for shear strain.
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Flgure 13.-~ Typical plot of strain ratios as a function of faired center-
of-gravity acceleration. Bending-strain indication; front spar; wing

ctation 41k4.
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