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SUMMARY

Some results on the effects of wing flexibility on wing bending
strains as determined from flight tests of a Boeing B-29 and a Boeing
B-4TA airplane in rough air are presented, and the experimental results
for the B-29 airplene sre compared with results from an analytical study.
The results are presented as frequency-response functions of the bending
strains at various spanwise wing stations to gust disturbances. For the
B-29 airplane, the effects of the first and second symmetrical bending
modes yield moderate strain amplifications in rough sir all along the
airplane span. Calculations involving one or prefersbly two structural
modes appeer to yield reliable estimates of the flexibility effects on
the strains. For the B-4TA airplane, the dynamic smplifications appesar
to be quite large, particularly in the midspan region, but these ampli-
fications are partislly balanced by large and favorable static aseroelas-
tic effects associated with this swept-wing airplane. In addition, some
indirect results from the B-4TA investigation suggest that spanvise
variations in turbulence have a significant effect on the responses of
airplanes with large spans.

INTRODUCTION

Previous flight investigations (refs. 1 to 3) have indicated that
wing flexibility could cause substantial amplification in the wing strains
in rough air for such straight-wing airplanes as the Douglaes DC-3,
Martin 2-0-2, and the Boeing B-29. Also, by spplication of power-
spectral methods of analysis, good correlation has been obtained between
the measured root bending strains and calculated results for these three
airplanes (ref. 3). As a continuation of the work in this ares, the
B-29 investigatlon has been extended to cover the bending-strain empli-
fications at several other wing stations. In addition, a flight inves-
tigation involving the swept-wing Boeing B-A4TA airplane has been under-
teken in order to assess the signiflicance of the wing sweep on the
elastic response in rough air.
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In the present peper, an effort is mede to sumarize some of the
wore important results obtained In recent extensions of the studles
involving the B-29 and B-4TA airplanes. The material to be covered
includes experimentsl results on the bending-strain responses at veri-
ous stations for both the Boeing B-29 and the Boeing B-LT7A airplanes.
For the B-29 airplene investigation, comparisons ere made between the
experimental results and calculstions. Unfortunstely, similar results
are not yet aveilable for the B-UTA investigation. The present paper
is concerned with describing the response charscteristics of these alr-
planes in terms of their strain frequency-response functions to atmos-
pheric turbulence. Finally, some indirect evidence obtained in the
B-4TA investlgation on the effects of spanwise variations in turbulence
on the strain and acceleration responses ls described.

ATRPLANES, INSTRUMENTATION, AND TEST CONDITIONS

Figure 1 shows plan-form views of the two test airplanes and the
locations of some of the primary instrumentation. The basic instrumenta-
tion of the two airplanes included strain gages (denoted by the small
+ signs) to measure bending- and shear-strain indications on the front
and rear spars at 5 spanwise stations. Accelerometers were installed at
a number of locations on the sirplenes. The accelerometer messurements
pertinent to the present paper are shown by the shaded circles on the
figures and were at the nodal points of the fundamental wing bending
mode of the B-29 airplane and at the center of gravity of the B-4TA air-
plasne. In addltion to the accelerometers and strain gages, the instru-
mentation inecluded control position recorders and attitude and rate gyros.
One significant addition to the B-4T7A instrumentation was s flow-direction
vene from which a time history of the vertlcal gust velocity could be
derived by correcting the vane measurements for airplane motlons.

Relative to the present investigations, these two sirplanes differed
in e number of respects. The airplane welghts were gbout the same with
the test weight of the B-29 airplane at 105,900 pounds and the weight of
the B-L4T7A airplane at 113,200 pounds. However, the B~29 airplane had a
far greeter proportion of its total weight (about 80 percent) in the
wings since almost all the fuel was in wing tanks. The B-4T7A carries all
its fuel in the fuselage, and the ratio of the wing weight to total weight
for this airplane was 36 percent. In addition to the differences in the
proportion of weight in the wing, the wing weight of the B-29 wasg rela-
tively uniformly distributed over the span, whereas the distribution of
wing weight for the B-4TA was typified by large concentrated messes due
to engine nacelles. The airplanes also differed significantly in stiff-
ness with the wing of the B-29 sirplane being sbout twice as stiff as
thet of the B-4TA airplane. A further difference, which will be of some
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consequence in the results to be presented, arises from the swept wing
of the B-LT7A. Because of the swept wing, the lower stiffness, and the
concentrated masses, the B-4LTA airplane has rather large static aero-
elastic effects associated with wing twist; in conbtrast, such aeroelastic
effects are negligible or absent on the B-29 airplene and on the other
airplenes studied.

The flight tests for both alrplanes were in clear air turbulence at
an altitude of about 2,000 feet ebove terrain. The flight test speeds
were 250 miles per hour for the B-29 airplane and 478 miles per hour for
the B-L47A airplane. The basic test results were obtained in flight test
runs of several minutes durstion in continuous rough air for each of these
test airplenes. In addition to the rough-air tests, slow maneuver pull-
‘ups were also made in smooth air at various test conditions in order to
determine quasi-static reference strains.

METHODS FOR DETERMINATION OF FREQUENCY RESPONSE

In discussing the results of these investigations, the basic quantity
thet will be used 1s the frequency-response functions of the wing strains
or accelerations to gust disturbances. This function describes the air-
plane response in strain or in normal accelerstion, as the case msy be,
to unlt sinusoidal gusts of variocus frequenciles. The airplane response
to continuous rough alr depends essentially on the product of the empli-
tude squared of the frequency-response function and the power spectrum
of the gust velocity. Two basic epproaches msy be used for the experi-
mental determination of the frequency-response functions to gust inputs,
and these are given as follows: The first method, called the spectrum
method, 1s based upon the reletion between the power spectrum of a random
disturbance end the power spectrum of the response of a linear system to
the disturbance. From this relation, the amplitude squared of the
frequency=-response function is given by

2 o (£)
|a(e)|” = -2
o, (£)
wvhere
2 . '
|H(f)l emplitude squared of frequency-response function
Qo(f) power spectrum of alrplane response

Qi(f) power spectrum of disturbance or gust input
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“The gpplication of this method simply requires the measurement of the
response power spectrum &, and the power spectrum of the gust input ¢.

The second method designated as the cross-spectrum method 1s based
upon the relstionship for linear systems between a random input disturb-
ance and the cross spectrum between the input disturbance and the system
response to the disturbance (ref. 4). TFrom this relationship, the
frequency-response function is given by the following expression:

<I’:Lo(f)

- H(f) = m

where °io(f) is the cross spectrum between the disturbance input andl

the alrplane response. In this second method both the smplitude and
phase of the frequency-response function H(f) are obtained since
®;(f) is, in general, complex.

In the material to be presented, both of these methods will be
applied. It should be noted that if the meassurements of turbulence such
as that obtained from the angle-of-attack vane adequately represent the gust
input, then the two methods should yleld identical results for the ampli-
tude of the frequency-response function. If, however, complicating fac-
tors are present, such as significant variations in turbulence across the
alrplane span, the results obtained by the two methods will differ (see
appendix}. In the following msterial, this property will be used in
assessing the signiflcance of spanwise varlations in the turbulence on
the test results. _

RESULTS FOR THE B-29 ATRPLANE

The measurements cbtalned in the course of the B-29 flight investil-
gatlon have been used to estimete the frequency-response function for
the bending strains et the various stations by spplication of the spec-
trum method described in the preceding section. In estimating the
frequency-response function, it was necessary to assume a shape for the
gust spectrum since the gust spectrum was not measured in the B-29 inves-
tigetion. The gust spectrum used for this purpose is given by the fol-
lowlng expression: ' '

1 + 3Q°L2

Q(Q) = 0'2 % 5
(1 + 0212)
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vhere 0 = 2xf/V and V 1is the airplane speed. This spectrum has been
found to spproximate the atmospheric conditions covered by flight meas-
urements of gust spectra when a value of about 1,000 1is used for the
gcale of the turbulence L. The intensity of the turbulence which is
described by the root~mean-square gust velocity o 1is, however, not
known for the B-29 measurements.

In order to permit direct comparisons of the frequency-response
Punctions at the various wing stations, the results were converted to
"equivelent accelerations" by dilviding the strains at each station by
the strain per g measured at the station during slow pull-ups. The
results obtained for the amplitude of the freguency-response function
on this basgis are shown in figure 2. The ordinate represents the ampli-
tude of the bending-strain response for a unit sinusoldal gust velocity
at the various frequencies. The four solid-line curves shown in the
figure are the resulis for the four spanwise stations whose locations

E%E' Also

shown in figure 2, by the dashed-line curve, is the frequency-response
function obtained from the measured nodal accelerations. This frequency-
response function can be considered as s reference for static loading.
Thus, the difference between this reference and the other curves gives
an indication of the effects of wing flexibility. (Flexibility also has
an effect on the nodal accelerations, but this effect is small for this
airplane.)

are designated in terms of the fraection of the semispan

Comparison of the solild curves of figure 2 with the reference curve
of nodal acceleration shows that the princlpal effects of flexibility
are associated with a large peak at the first bending mode, which is at
2.7 cps. The amplification 1s highest for the 15-percent-semispan sta-:
tion and progressively decreases with outboard wing span station.

In order to see how well the frequency-response functions for the
B-29 girplane could be determined anaelytically, calculations were also
made. The calculated strain frequency-response functions were converted
to equivalent accelerations for direct comparison with the results of
figure 2 and are shown in figure 3. These results are for three modes
or degrees of freedom, that 1s, airplane vertical motion and the first
and second symmetrical bending modes. Comparison of the results in fig-
ures 2 and 3 shows that, in general, the character and trends of the
experimental end calculated frequency-response functions are in fairly
good agreement in regerd to flexibility effects. Both figures indicate
that the principal effects of flexibility are associated with the first
bending mode and that the amplification is largest at the root station
and progressively decreases with oubtboard wing span station.

It is of interest to note that the calculated end messured frequency-
response functions (figs. 2 and 3) differ below sbout 1 cps. This dif-
ference is due principally to the omission of the pitching motion in the
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calculations. Because of the high gust input power at these low frequen-
cles, 1t would thus eppear that the Inclusion of the pitching mode is
quite important in determining the actual output response.

The effect which the frequency-response functions have on the over-
all bending-gtrain amplification is shown in figure 4. In the upper part
of the figure, the ordinate 1s the ratio of the root-mean-squere strain
for the flexible airplane GE,FLEX to the root-mean-square strain for

the reference condition ce,REF' The reference strains were based on the

nodal-point accelerations measured in rough air and the strain per g as
nmeasured at the various spanwise stations in slow pull-ups. Thils refer-
ence condition represents the strains for the statlic application of loads,
and thus this ratlo provides & measure of dynamic-strain ampliflcation.
The circles represent the measured emplification fectors, and the curves
represent calculated results. The dashed curve was obtained by consld-
ering two modes: sairplane vertical motion and the first symmetrical

mode in bending. The solid curve was obtalned by using three modes:
alrplane vertical motion and the first two symmetrical bending modes.

The messured results show that the overall strain amplification 1s approxi-
mately 10 percent at the root station and is samewhat lower at the out-
board wing stations. Both the two-mode and three-mode calculetions are

in rather good agreement with the measured results except at the far-
thest outboard station.

A second set of strain-smplification factors is shown in the lower
part of figure 4. This ordinate is the ratio of the pesk strains that
would occur with equel frequency for the flexible airplane CRTEX and

for the reference alrplane condition CREF" The frequency level st which

this strain ratio was taken corresponds to a value of strain equal to
gbout twice the root-mean-square strain. These experimentsl amplifica-
tlons ere about twice as large as those shown in the top figure based on
root-mean-square strains. This is a consequence of flexibllity having a
greater effect on the number of peek strains than on the root-mean-square
values. The calculations which use only two modes underestimate the
strain amplifications at the outboard statlions, whereas the analysis
using three modes gives a good approximatlon to the measured results.

The foregoing results imply that, for this stralght-wing airplane,
calculetions using only vertical motion and the fundamental bending
mode are adequate for determining the effects of flexibility on the root-
mean-square strain values but that the second bending mode must also be

included when considering peak strains.
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RESULTS FOR THE B-47A ATRPIANE

Frequency-Response Functlons

The rest of this paper will cover test results obtained from the
B-4TA airplane investigations. Figure 5 shows the measured frequency-
response functions for the rear-spar bending strains for various wing
stations. Similsr results were also obtained for the strains on the
front spar but are not included. The results shown are for both the
amplitude and the phases and were obtained by the cross-spectrum method.
The gust input spectrum was obtained from the vene angle-of-attack meas-
urenments corrected for sirplane motlons according to the method given in
reference 5. For present comparisons, the measured strains at the var-
lous stations were converted to equivalent accelerations by dividing by
the strains per g in pull-ups at the same test conditions. The reference
curve shown in the figure was based on the center-of-gravity accelerations
which appear to be relstively uninfluenced by the fundamentel airplane
vibration mode and provides a measure of the strains for static loading.
(The use of the center-of-gravity accelerations for the reference loading
is discussed in more detail later.) The differences between the reference
curve and the other curves thus provide a direct measure of the effects of
the dynamic flexibility on the local strains. As in the case of the B-29,
the effects of flexibility show up principally as a large peak at the

filrst bending mode frequency which 1s around l% cpe. In contrast to the

B-29, however, the magnitude of the peak is now smellest at the root sta-
tion and progressively increases for the outboard stations. Another
significant difference between the frequency-response functions for the
B-4TA and the B-29 airplanes is the closer proximity of the first bending
mode to the short-period mode which 1s at about 0.6 cps. As a consequence,
the gust input, which decreases rapidly with frequency, will be relstively
much higher at the first bending mode in this case, and larger overall
amplification effects may be expected.

The phases shown in figure 5(b) indicete a linesr increase in phase
lag with increasing frequency, as 1s the case for a simple system with a
moderate amount of damping. Above 2 cps, the curves appear to be erratic.
The results above 2 cps are not, however, consldered to be relisble.

Strain-Amplification Pactors

Figure 6 shows the variations in the bending-strain-amplification
factors with spanwise positions. Agein, the results are shown based on
both root-mean-square values and stralns having an equal frequency of
occurrence. Note that the ordinate scale is compressed and covers a
wider range of amplification velues than the scale used earlier for the
corresponding B-29 results.
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For the swept-wing airplsne, the effects of flexibility are com~
plicated by large static aeroelastic or twist effects which act to reduce
the gust loading and the strain response. Thus, the derivation of ampli-
fication factors for this case 1s not straightforward, and several pro-
cedures might be used. For present purposes, three strain responses are
considered. These are the actual measured strains, the numerator of the
ordinate, and two reference strain conditions. These reference strains
are . . . - _ - ..

(1) The strains obtalned by the static application of the same
loads to the alrplane. .

(2) The strains obtained by the static application of the loads
to an essentially "rigid" airplane, that is, an airplane
embodying no static aseroelastic effects.

The ratlio of the measured strains to the strains in the statically elastic
airplane ylelds the solid-line curves and provides a measure of the purely
dynamic strain amplification. (See fig. 6.) The ratio of the measured
strains to the stralng for the airplane without static aerocelastic effects
ylelds the dashed-line curves and provides a measure of the combined
effects of the static alleviation and the dynemic emplification.

The procedure used in the determination of the reference strains
wes based upon the use of the actusl measured center-of~gravity acceler-
ations as a measure of the alrplane loading in rough alr. Exsmination
of the power spectra of the normal accelerations had indicated that the
first mode had only a minor effect on the center-of-gravity accelerstlons.
As a further check, the average sirplane accelerstion was determined for
a short section of the test run by using the accelerometer measurements
from 22 locations along the wing and fuselage of the test ailrplane along
with theilr assoclated masses. The results obtained indlcated that, except
for the presence of high-frequency fluctuations associated with the higher
structurel modes, the center-of-gravity acceleration provided a good meas-
ure of the slrplane acceleration. On this basis, the center-of-gravity
acceleration measurements were falred to remove the effects of the higher
structural modes and used a&s a measure of the airplane loading. The loads
obtained on this basls were then converted to strains for the various sta-
tions on a statlc basis by using the strains per g as measured in slow
pull-up maneuvers at the test dynamic pressure. The strains obtained on
this basis provide a measure of the stralns for a statlcally elastic air~
plane and were used in obtaining the solid-line curves of figure 6.

In order to provide a measure of the static-asercelastic effects on
the strains, the strains per g in pull-ups were also determined for the
condition of low or zero dynesmic pressure. At low dynamlc pressure, the
static aerocelastic effects tend to be minimized, and thus the strains
per g obtained at low dynamic pressure provide a basic "rigid" airplene
reference condition. Figure T 1llustrates the values of bending strain
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per g obtained at one station.(;%é = 0.60) for various values of dynamic

pressure. The variation of the strain per g appears linear over the wilde
range of dynamic pressure represented. A linear extrapolation to a value
of dynamlc pressure of O was therefore used. The difference between the
strain per g (0.65) for a dynamic pressure of O and the value (0.51) for
the test dynamic pressure provides a measure of the static aerocelastic
strain alleviation for this station. The amount of this alleviation is
about 22 percent for this station and varied somewhat for the other
statlions.

The strains per g for the condition at a dynamic pressure of O were
used with the airplane center-of-gravity acceleration to obtain the sec-
ond set of reference strains. These reference strains constitute strains
for an airplane embodying no dynamic flexibility or static aeroelastic
effects and were used to obtaein the dashed curves of figure 6.

Tn the upper part of figure 6, the dynamic smplification, shown by
the solid curve, is sbout 10 percent at the root but increases rapidly
along the span and reaches a value of about 2 at the 60-percent-semispan
station. The amplification factors obtained by considering both the
static allevistion and dynsmic effects, shown by the deshed line, are
below 1 at the inboard stations but reach values of about 1.5 at the
60-percent-semispan station.

The amplification factors based on the ratios of strains for equal
frequency of occurrence, shown in the lower part of figure 6, follow the
same pettern as those based on the root-mean-square values but are every-
where higher. It thus appeers that, for the swept-wing B-4TA airplane, the
effects of dynsmic flexibility are quite large, particulsrly &t the mid-
span stations, but that favorable static aercelastic alleviation moderates
the large dynamic esmplifications. In addltion, it is evident that several
values for the amplification factor masy be obtained depending upon the
particular definition or reference used. The particular amplification
Pactor of significance depends upon the specific applicatlion.

EFFECTS OF SPANWISE VARTATIONS IN TURBULENCE

As a final point, same indirect evidence of the effects of spanwise
varistions in turbulence on airplane gust response will be presented.
As mentioned previously, two methods could be used in determining the
frequency-response functions for the B-4TA: the spectrum and the cross-
spectrum methods. As indicated, if no spanwise variations in turbulence
existed, then the gust input would be adequately reflected by the point
measurements of the angle-of-attack vane. For this case, both methods
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should-yield identical yresults for the.frequency-response function. Fig-
ure 8 shows the frequency-response functions obtained by, the two, methods
for the airplane center—of-gravity normel acceleration. . It is quite .
clear that the cross-spectrum results are consistently lower than those
obtained by the spectrum method. Similar differences also have been
found between strain frequency-response functlons obtalned by the two
methods. The differences between these two results are suggestive of

the effects of spanwise variastions in gusts which have received consider-
able attention recently in analytical studies by Diederich, Drischler,
and Liepmann. (Bee refs. 6, 7, and 8.)

By meking use of some results obtained by Diederich (ref. 6), first-
order adjustments for the effects of spanwise variations of turbulence
for the condition of lsotropic turbulence were made to these two results
in accordance with the anslysis given in the appendix. The adjusted
frequency-response functions cbtained are shown in figure 9. Two effects
may be noticed from thils adJustment. Filrst, the two frequency-response
functions ere now in much better agreement, and second, the adjustment
has railsed the two curves by fram 10 to 20 percent over most of the fre-
quency range in accordsnce with the span averaging functions of figure 10.
The basis for the underestimstion and distortion in the apparent frequency-
response function of figure 8 stems from the fact that the point gust input
used is too high. The effective gust input is the average gust velocity
across the span which, as indicated in reference 6, tends to fall below
the point input at all frequencles. As a congequence, the alrplane
acceleratlion response is lower than what would be expected for uniform
distribution of tue measured gust input across the span. These results
thus suggest that the effects of spanwise variations in turbulence are
significant for such airplanes as the B-LT7A. In a2ddition, since analytic
results indicate that the effects of spanwise variations in turbulence
are primarily a function of span, these effects may be even more impor-
tant for airplanes with larger span than the present airplane.

CONCIUDING REMARKS

It has been indicated that, for the B-29 airplane, the effects of the
first and second symmetrical bendling modes yleld moderate strain amplie-
fications in rough alr all along the ailrplane span. Calculations involving
one or preferably two structural modes appear to'yleld relisble estimstes
of flexibility on the strains.

For swept-wing alrplanes, the effects of flexibllity are complicated
by the importancé of static asercelasticity effects in addition to the
dynemic response. In the case of the B-4TA airplane, the dynamic emplifi-
cations asppear to be guite large, particularly in the midspan region.
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These amplifications are at least partially balenced by large and favor-
able static aerocelastic effects associated with sweep. Finslly, some

indirect results suggest that spanwlse variations in turbulence have s
significant effect on the responses of the B-4TA airplane.

Langley Aeronsuticel Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Vea., March 5, 1957.
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APPENDIX

EFFECTS OF SPANWISE VARIATIONS IN TURBULENCE ON

MEASURED FREQUENCY-RESPONSE FUNCTTIONS

In the main body of thls paper, it was indicated that, for uniform
turbulence across the airplsne span, the amplitude of the frequency-

response function for gust disturbences IH(f)| can be obtalned experi-

mentally by two methods; the spectral method which is based on the
relation

2 o (f)
H (f = 2 Al
501" - 325 (a2)
and the crogs-spectral method which 1s based on the relation
5 6(£)
H,(£) = “ior? (A2)
®; (£)

The subscripts s and c¢ are used to differentiate between the esti-
mates obtained by the two methods. In this appendix, the effects on
these estimates of spanwlse varlatlons of turbulence will be outlined.
The material to he presented is based on the analysis of the effects of
spanwise gust verlations given in reference 6

The response of an airplsne z(t) to two-dimensional turbulence 3
that is, turbulence varying along the flight peth and along the spenwise
direction, may be expressed as

2(t) = _:Z\/: x(t - tl,y)h(tl,y)dtl ay ” (.1%3)

where
b wing span

x(t,y) vertical gust velocity impinging at wing leading edge at
time t and span location ¥y

h(t,y) response at time t due to unit impulse gust impinging
at wing between station y end y + dy at time zero
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The power spectrum of z(t) as derived in reference 6 for the case of
lsotropic turbulence is given by

/2 po/
¢, (£) = f z /2 f : /Z £, ¥om yl)H(f,yl)H* (f,yg)dyl dyp,  (A4)
where

¢Z(f) power spectrum of response z('b)

°x (f s ye-'yl) crogss~spectrum between gust velocities impinging at
wing leading edge at stations y, and ¥y

H(Z,y) influence functlon describlng response of sirplane
' to unlt sinusoidal gusts impinging at wing leading
edge at station y and is given by

H(E,y) = fo ) n(t,y)e " Cat

The asterisk designates the complex conjugate.

In these terms, the frequency-response function obtained by the spectral
method can be expressed as

b/2 ~b/2
f b/2J -b/2 o, (£5 yoy1) B(2y1)B*(£,52)dy1 &¥p

IHs(f)l2 (45)

e(£,0)

where Q(f,o) is the power spectrum of the gust Inpub at span station O
(such as measured with the vane).

The expression for [Hs(f), 2 given by equation (A5) may be viewed

as an gverage frequency-response funection. Further ingight into this
result can be obtained by considering the speclal case

H(f,y) = E(£)7(y) (46)
where

b/2

f_b/2 r(y)dy =
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For this case

fb/2 fble . x(f.- yg-&l)"r(yl) (yz)dyl -,

IHsi'f)lz lﬁ(f)‘ <b/2J -b/2

o(£,0)

2_2
|lae)| 7, () | (A7)

Equation (A7) indicates that the quantity ,EB(f)l2 determined from
messurements represents the "frequency part” of the frequency-response
function multiplied by the term in brackets, which might be considered
& span aversging function. For the case of uniform turbulence across
the span, equation (A7) reduces to

2
lag(2)]” = |ace)|”

If the turbulence ie isotropic with a known spectrum, the sveraging
function given by the term in brackets in equation (A7) can be evaluated.
Evaluations of the numerator of the term in brackets are given in refer-
ences 6 and 7 for several assumed power spectra of turbulence and for
several assumed span dlstributions 7(y)}. By using these results, the
function 7;(f)} was evaluated for & particular case and the results

obtained ere shown in figure 10. The result shown in figure 10 is for
the case of a uniform span distribution (y(y)} = 1/b) and a spectrum of
vertical gust veloclty given by

o(a) = w? i _;;t_EQELEE (48)

(1 + 0218)°
where = g%f snd V 1is the airplene forward speed. In equation (a8),

o, 1is the root-mean-square gust velocity and L 1is the scale of turbu=-

lence. A velue of L = 1,000 feet appears to be representative of con-
ditions for stmospheric turbulence. For present purposes, a value of
b/L = 0.1 was essumed. The results of reference 7 indicate that the
averaging function 7;(y) . 1s not sensitive to variation in 7(y), sweep

engle, and the form of the essumed gust spectrum.

A similar analysis mey be spplied to the cross-spectrum case and
yields the following results:
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b/2
J[‘ o (£,y)7(y)dy
-b/2 .~

o(£,0)

Ec(f) = H(?)

“;'H(f)ie(i") | o T )

where @x(f,y) is the cross spectrum between the vertical gust velocities
at span stations O and y. The weighting function given by the term in
brackets may also be viewed as an average span welghting function 7é(f).
The function 7,(f) can also be evaluated from figure 4 of reference 6

for the case of uniform span losding and the gust, spectrum of equation (A8).
This function 7,(f) is also shown in figure 10. _ ,

If the weighting functions 7%;(f) and 7-(f) given in equations (A7)
and (A9) are divided into the measured values of |Eg(£)] anda |BE (£)],

respectively, of flgure 8, estimates of IH(f)I mey be obtained which
are compatible. The results obtained in this menner are shown in

figure 9.
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