
R
i
[

i

I
t

NATIONALADVISORYCOMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 4055

EFFECTS OF AJRPMNE FLEXIBILITY ON WING BENDING

STRAINS IN ROUGH AIR

By Thomas L. Coleman, Harry Press,
and C. C. Shufflebarger

Langley Aeronautical Laboratory
Langley Field, Va.

Washington

July 1957

,

https://ntrs.nasa.gov/search.jsp?R=19930084886 2020-06-17T18:29:17+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/42801257?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


TECHLIBRARYKAFB,NM

F NATIONAL ADVISORY COkMIYIEE

.

d“.-

.

.

.

.

FOR AERONAUTICS Illlllllllllllllllllllll[ljlll
l)llbh7zh

TECIINZCMNOTE4055

EFFECTS OF AIRPLANE FLEXIBILITY ON WING BENDING

STRAINS IN ROUGE AIR

By Thomas L. Coleman, Harry Press,
and C. C. Shufflebarger

s~

Some results on the effects of wing flexibiMty on wing bending
strains as determined from flight tests of a Boeing-B-29 an~ a Boei&
B-47A &@_ane in rough air me presented, and the experimental results
for the B-29 airplane sre compared with results from em 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 snd second symmetrical bending
modes yield moderate strain smplifications in rough air all along the
airplane span. Calculations involving one or preferably two structural
modes appear to yield reliable estimates of the flexibility effeets on
the strains. For the B-&7A airplane, the dynamic qlifications appear
to be quite large, particularly in the midspan region, but these ampli.
fications sre psx’tiallybalanced by large and favorable static aeroelas-
tic effects associated with this swept-wing airplane. In addition, some
indirect results from the B-47A investigation suggest that spanwise
variations in turbulence have a significant effect on the responses of
airplanes with large spans.

INTRODUCTION

Previous flight tivestigations (refs. 1 to 3) have indicated that
wing flexibility could cause substantial simplificationin the wing strains
in rough air for such straight-wing airplanes as the Douglas DC-3,
Martin 2-O-2, and the Boeing B-29. Also, by application of pwer-
spectral.methods ofanalysis, good correlation has been obtained between
the measured root bending strains and calculated results for these three
airpl.smes(ref. 3). As a continuation of the work in this area, the
B-29 investigation has been extended to cover the bending-strain aa@i-
ffcations at several other wing stations. In addition, a flight inves-
tigation involving the swept-wing Boeing B-47A airplane has been under-
taken in order to assess the significance of the wing sweep on the
elastic response in rough air.
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In the present paper, an effort is made to sumar ize some of the
more importazrtresults obtained in recent extensions of the studies
involving the B-29 and B-47A airplanes. The material to be covered
includes experhental results on the bending-strain responses at vari-
ous stations for both the Eoeing B-29 and the Boeing B-47A airplanes.
For the B-29 airplane investigation, comparisons are made between the
experimental results and calculations. Unfortunate~, similar results
are not yet available for the B-47A investigation. The present paper
is concerned with describing the response characteristics of these air-
planes h terms of their strain frequency-responsefunctions to atmos-
pheric turbulence. Finally, some indirect evMence obtained in the
B-47A investigation on the effects of spanwise variations in turbulence
on the strain and acceleration responses is described.

MRPIMES, INSTWMENTATION, AND TFST CONDITIONS

Figure 1 shows plan-form views of the two test airplanes end the
locations of some of the primary instrumentation. The basic instrument-
ationof the two airplanes included strain gages (denotedby 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 airplanes.

●

The accelerometer measurements
pertinent to the present paper are shownby the shaded circles on the
figures and were at the nodal points of the fundamental wing bending u
mode of the B-29 airplane and at the center of gravity of the B-47A air-
plane. In addition to the accelerometers and strain gages, the instru-
mentation included control position recorders and attitude and rate gyros.
One significant addition to the B-47A instrwentation was a flow-direction
vane from which a time history of the vertical gust velocity couldbe
derived by correcting the vane measurements for airplane motions.

Relative to the present investigations,these two airplanes differed
in a number of respects. The airplane weights were about the same with
the test weight of the B-29 airplane at 105,900 pounds and the weight of
the B-47A airplsme at 113,200 pounds. However, the B-29 airplane had a
far greater proportion of its total weight (about 80 percent) in the
wings since almost all the fuel was in wing tanks. The B-47A 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 was rela-
tively uniformly distributed over the spamj whereas the distribution of
wing weight for the B-47A was typified by large concentrated masses due
to engine nacelles. The airplanes also differed significantly in stiff-
ness with the wing of the B-29 airplane being about twice as stiff as

.

that of the B-47A airplane. A further difference, which will he of some

.
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.
consequence in
of the B-47A.

3

the results to be presented, arises from the swept wing
Because of the swept wing, the lower stiffness, and the

. concentrated masses, the B-47A airplane has rather large static aero-
elastic effects associated with wing twist; in contrast, such aeroelastic
effects are negligible or absent on the B-29 airplane and on the other
airphnes studied.

The flight tests for both airplanes were in clear air turbulence at
an altitude of about 2,000 feet above terrain. The flight test speeds
were 250 miles per hour for the B-29 airplane and 478 miles per hour -for
the B-47A airplane. The basic test results were obtained in flight test
runs of several minutes duration in continuous rough air for each of these
test airplanes. In addition to the rough-air tests, slow maneuver pull-
.upswere also made in smooth air at various test conditions in order to
determine quasi-static reference strains.

METHODS FOR DETERMIM TION OF FREQUENCY RESPONSE

M discussing the results of these investigations, the basic quantity
that will be used is 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 acceleration, as the case may be,
to unit sinusoidal gusts of various i%quencies. The airplane response
to continuous rough air depends essentially on the product of the ampli-
tude squared of the frequency-response function and the power spectrum
of the gust velocity. Two basic approaches m&ybe used for the ~eri-
mental determination of the frequency-response functions to gust inputs,
and these are given as follows: The first method, csUed the spectrun
method, is based upon the relation between the power spectrum of a random
disturbance and 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

ldf)l2=-

where

lE(f)12 amplitude squared of frequency-response function

@o(f) power spectrum of airpkne response

@i(f) power spectrum of disturbance or gust input
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%he application of this method shply requires the measurement of the .

response power spectrum 00 and the power spectrum of the gust input al.

The second method designated as the cross-spectrummethod is based
.

upon the relationship 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). Prom this relationship, the
frequency-response function is given by the following expression:

o~o(f)
H(f) =—

#i(f)

where Oio(f) is the cross spectrum between the disturbance input and’

the airplane response. In this second method both t- amplitude and
phase of the frequency-response function H(f) sre obtained since
o~o(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 measurements of turbulence such
as that obtained from t~e angle-of-attack vane adequately represent the gust
input, then the two methods should @eld identical results for the smpli- .
tude of the frequency-response function. If, however, complicating fac-
tors are present, such as significant variations in turbulence across the
airplane span, the results obtained by
appendix). In the followingmaterial,
assessing the significance of spanwise
the test results.

the two methods will differ (see b
this property will be used in
variations in the turbulence on

.

RESULTS FOR TEE B-29 AlZWANE

The measurements obtained in the course of the B-29 flight investi-
gation have been used to estimate the frequency-response function for
the bending strains at the various stations by application of the spec-
trum meth~ described in the
frequency-response function,
gust spectrum since the gust
tigation. The gust spectrum
lowing expression:

!3(0)

preceding section. ‘in estimating the -
it was necessary to assume a shape for the
spectrum was not measured.in the B-29 inves-
used for this purpose is given by the fol-

--

2,L l+3f$’L2
=0

7

( )1 + S12L22 .
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.
where Sl= 2Ycf/V and V
found to approximate the

“ urements of gust spectra
scale of the turbulence

5

is the airplane speed. This spectrum has been
atmospheric conditions covered by flight meas-
when a value of about 1,000 is used for the
L. The intensity of the turbulence which is

described by the root-mean-square gust velocity a is, however, not
known for the B-29 measurements.

In order to permit direct canparisons of the frequency-response
functions at the various wing stations, the results were converted to
~fequivalentaccelerations” by dividing 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 frequency-response function
on this basis are shown in figure 2. The ordinate represents the smpli-
tude of the bending-strain response for a unit sinusoidal gust velocity
at the various frequencies. The four solid-line curves shown in the
figure are the results for the four spanwise stations whose locations

are designated in terms of the fraction of the semis~n
?

Also
b 2*

shown in figure 2, by the dashed-~ne curve, is the frequency-response
function obtained from the measured nodal accelerations. This frequency-
response function can be considered as a 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.)

.
Comparison of the solid curves of figure 2 with the reference curve

of nodal acceleration shows that the principal effects of flexibility
are associated with a luge peak at the first bending mode, which is at
2.7 C-W. The amplification is 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 airplane couldbe determined analyticald.y,calculations were also
made. The calculated strain frequency-response functions were converted
to equivalent accelerations for direct comp~ison with the results of
figure 2 and are shown in figure 3. These results are for three modes
or degrees of freedom, that is, airplane vertical motioh and the first
and second symmetrical bending modes. Compsxison of the results in fig-
ures 2 =d 3 shows that, in general, the character and trends of the
experimental and calctited frequency-response functions me in fairly
good ~eement in regard to flexibility effects. Wth figures indicate
that the principal effects of flexibility sre associated with the first
bending mode and that the simplificationis largest at the root station
and progressively decreases with outboard wing span station..

It is of interest to note that the calculated and measured frequency-

. response functims (figs. 2 and 3) differ below about 1 cps. This dif-
ference is due principally to the mission o? the pitching motion in the
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calculations. Because of the high gust input power at these low frequen- -
ties, it would thus appear t-”t the inclusion of the pitching mode is
quite important in determining the actual output response. “

The effect whfch the frequency-responsefunctions have on the over-
all bending-strain amplification is shown in figure 4. In the upper part
of the figure, the ordinate is the ratio of-the root-mean-square strain
for the flexible airp~e Ue,F~X to the root-mean-square strain for

the reference condition ae,~. The reference strains were based on the

nodal-point accelerationsmeasured in rough air and the strain per g as
measured at the various spanwise stations in slow pull-ups. This refer-
ence condition represents the strains for the static application of bails,
and thus this ratio provides a measure of dynamic-strain amplification.
The circles represent the measured simplificationfactors, and the curves
represent calculated results. The dashed curve was obtained by consid-
ering two modes: airplane vertical motion and the first sy!mnetrical
mode in bending. The solid curve was obtained by using three males:
airplane vertical motion smd the first two symmetrical bending modes.
The measured results show that the overall strain simplificationis approxi-
mately 10 percent at the root station and is somewhat lower at the out-
board wing stations. Both the two-mode and three-mode calculations are
in rather good agreement with the measured results except at the far-
thest outboard station.

A second set of strain-amplificationfactors is shown in the lower
p=t of figure 4. This ordinate is the ratio of the peslsstrains that
would occur with equal frequency for the flexible airplane - md

for the reference airplane condition ~. The fmwenw level at which

this strain ratio was taken corresponds to a valw”of 8train equai to
about twice the root-mean-square”strain. These experimental em@ifica-
tions are about twice as large as those shown in the top figure based on
root-mean-square strains. This is a consequence of flexibility 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 stations, whereas the analysis
using three modes gives a good approximation to the measured results.

The foregoing results hply that, for this straight-wing airplane,
calculations 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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RESUME FOR TEE B-47A AIREEANE

Frequency-Response Functions

The rest of this paper will cover test results obtained from the
B-47A airplane investigations. Figure 5 shows the measured frequency-
response functions for the rear-spar bending strains for various wing
stations. Similar 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 vane angle-of-attack meas-
urements corrected for airplane motions according to the method given in
reference 5. For present comparisons, the measured strains at the var-
ious 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 relatively uninfluenced by the fundamental 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 Wge peak at the

first bending mode fre~ency which is around 1$ cps. In contrast to the

B-29, however, the magnitude of the peak is now smallest at the root sta-
tion and progressively increases for the outboard stations. Another
significant difference between the frequency-response functions for the
B-47A and the B-29 airplanes is the closer proximity of the first bending
mode to the short-period mode which is at about 0.6 cps. As a consequence,
the gust input, which decreasetirapidly with frequency, will be relatively
much higher-at-the first bending m~de in this
amplification effects may be expected.

The phases shown in figure 5(b) indicate
lag with increasing frequency, as is the case
moderate amount of damping. Above 2 cps,
The results above 2 cps are not, however,

Strain-Amplification

Figure 6 shows the variations in the

the

case, aii larger overall -

a Unesr increase in phase
for a simple system with a
curves appe~ to be erratic.

considered to be reliable.

Factors

bending-strain-amplification
factors–with spanwise positions. Again, the res~ts are sh&n based on
both root-mean-square values and strains having an equal frequency of
occurrence. Note that the ordinate scale is compressed and covers a
wider range of simplificationvalues than the scale used earlier for the
corresponding B-29 results.
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the swept-wing airplane, the effects of flexibility are com- .

by large static aeroelastic or twist effects which act to reduce
loading and the strain response. Thus, the derivation of ampli- -
factors for this case is not straightforward,and several pro-

cedures might be used. For present purposes, three strain response= 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 obtained by the static:applicationof the same
loads to the airplane.

(2) The strains obtained by the static‘applicationof the loads
to an essentially “rigid” airplane, that is, an airplane
embodying no static aeroelastic effects.

The ratio of the measured strains to the strains in the statically elastic
airplane yields the soMd-line curves and provides a measure of the purely
dynamic strain simplification. (See fig. 6.) The ratio of the measured
strains to the strains for the airplane without static aeroelastic effects
yields the Wshed-line curves and provides a measure of the conbined
effects of the static alleviation and the dynamic amplification.

The procedure used in the determination of the reference strains
was based upon the use of the actual measured center-of-gravity acceler-

.

ations as a measure of the airplane loading in rough air. Exsminati.on
of the power spectra of the normal accelerations had indicated that the”
first mode had only a minor effect on the center-of-gravityaccelerations.

*

As a further check, the average airplane acceleration was determined for
a short section of the test run by using the accelerometer measwmnts
from 22 locations along the wing and fuselag_eof the test airplane along
with their associated masses. The results obtained indicated that, exCePt
for the presence of high-frequency fluctuations associated with the higher
structural modes, the center-of-gravityacceleration provided a good meas-
ure of the airplane acceleration. on this basis, the center-of-gravity
acceleration measurements were faired to remove the effects of the higher
structural modes and used as a measure of the airplane loading. The loads
obtained on this basis were then converted to strains for the mious sta-
tions on a static 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 strains for a statically elastic air-
plane and were used in obtaining the solid-line curves of figure 6.

In order to provide a measure of the static-aercd-asticeffects on
the strains, the strains per g in pull-ups were also determined for the
condition of low or zero dynsmic pressure. At low dynamic pressure, the
static aeroelastic effects tend to be mintiized, and thus the strains

. —.

per g obtained at low dynamic pressure -providea basic “rigid!’airplane
reference condition. Figure 7 illustrates the values of bending strain
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.
per g obtained

. pressure. The

9

. . OZE *...(fifi =o.m)for various values of dyr=mic

variation of the strain per g appears linear over the wide

.

*

.

.

mnge of dynamic pressure represented. A linear extrapolation to a value
of dynamic 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 aeroelastic
strain alleviation for this station. The amount of this alleviation is
about 22 percent for this station and varied scmewhat for the other
stations.

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 obtain the dashed curves of figure 6.

In the upper part of figure 6, the dynamic amplification, shownby
the solid curve, is about l.(1percent at the root but increases rapidly
along the span and reaches a value of about 2 at the 60-percent-semispm
station. The simplificationfactors obtained by considering both the
static alleviation and dynamic effects, shown by the dashed line, are
below 1 at the inboard stations but reach values of abut 1.5 at the
60-percent-semispan station.

The simplificationfactors
frequency of occurrence, shown
ssme pattern as those based on
where higher. It thus appears
effects of dxnsmic flexibility

based on the ratios of strains for equal
in the lower part of figure 6, follow the
the root-mean-square values but are every-
that, for the swept-wing B-47A airplane, the
are duite large, particularly at the mid-

spa. station:, but that favofible siatic aerwfiitic ~eviation m~erates
the large dynamic amplifications. In addition, it is evident that several
values for the simplificationfactor maybe obtained depending upon the
particular definition or reference used. The particular amplification
factor of significance depends upon the specific application.

lWl?ECTSOF SFANWISZ VARIATIONS IN TUK6UIENCE

AS a final point, scme indirect evid.e.ceof the effects of sP~wise
variations in turbulence on airplane gust response will be presented.
As mentioned previously, two methods could be used in determining the
frequency-response tictions for the B-47A: the spectrum and the cross-
spectrum methods. As indicated, if no spanwise variations in turbulence
existed, then the gust input would be adequately reflectedby the point
measurements of the angle-of-attack vane. For this case, both methods
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should~~@eld identicalresults for the.frequency-response f@ction. Fig- -
me 8.shows the freque~cy-response functions obtained by”ithetwv.methods
for the airplane center-of=gravity nozmal acceleration...~t is quite
clear that the cross-spectrpm results,are consistently lower than those

&

obtained by the spectrum m&hod. Similar differences-also have been
found between strain frequency-response functions obtained by the two
methods. The differences between these two results are suggestive of
the effects of spanwise variations in gusts which have received consMer-
able attention recently in analytical studies by Diederich, fi”ischl.er,
and Liepmsmn. (See refs. 6, 7, and 8.)

By making use of some results obtained by Diederich (ref. 6), first-
order adjustments for the effects of spanwise variations of turbulence
for the condition of isotropic turbulence were made to these two results
in acca”dance with the analysis given in the appendix. The adjusted
frequency-response functions obtained are shown in figure 9. Two effects
may be noticed from this adjustment. First, the two freqpency-response
functions are now in much better agreement, and second, the adjustment
has raised the two curves by from 10 to 20 percent over most of the fre-
quency range in accordance with the span averaging functions of figure 10.
The basis for the underestimation 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 frequencies. As a consequence, the airplane
acceleration response is lower than what would be expected for uniform
distribution of the measured gust ;nput across the span. These results

.

thus suggest that the effects of spanwise v.sriationsin turbulence tie
significant for such airplanes as the B-47A. In addition, 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.

CCWCLUDINGREMARKS

It has been indicated that, for,the B-29 airplane, the effects of the
first and second symmetrical bending modes yield moderate strain edi-
fications in rough air all along the airplane span. Calculations involving
one or preferably two structural modes appear toyield reliable estimates
of flexibility on the strains.

For swept-w4g airplanes, the effects of flexibility are complicated
by the importance of static aeroelasticity effects in addition to the
dynamic response. In the case of the B-47A airplane, the dynamic smplifl- -
cations appear to be qtite large, particularly in the midspan region.

.
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.
These amplifichtiorisare at least partially balanced by large and favor-
able static aeroelkstic effects associated with sweep. Finally, SO=

* indirect results suggest that spanwise variations in turbulence have a
significant effect on the responses of the B-47A airplane.

.

.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., lkrch5j 1957.
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APPENDIX

EFFECTS ~ SPANWISE VARIATIONS IN TURBULENCE

MEASURED FREC&JENCY-RESPONSEFUNCTIONS

ON

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

101response function for gust disturbances H f can be obtained experi-

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

and the cross-spectral

The subscripts s and

lH8(f’)12=~. (Al)

method which is based on the relation

@~o(f)
He(f) = —

@i(f)
(A2)

c are used to differentiate between the esti-
mates obtained by the two methods. In this appendix, the effects on
these estimates of spanwise variations of turbulence will be outlined.

The material to be preserrtedis based on the analysis of the effects of
spanwise gust variations given in reference 6.

The response of an airplane z(t) to two-dimensional turbulence,
that is, turbulence varying along the flight path and along the spanwise
direction, maybe expressed as

z(t) ‘j’$~j X@ - tl,$h~l,y)dtl @ (A3)

where

b wing span

X(t,y) vertical gust velocity Impinging at wing leading edge at
time t and Sp!Xl10@tiOn y

.
h(t,y) response at time t due to unit impulse gust impinging

at wing between station y and y + dy at the zero
.
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.
The power spectrum of z(t) as derived in reference 6 for the case of
isotropic turbulence is given by

.

where

Oz(f) power spectrum of response z(t)

( )
@x fj Y2-Y1 cross-spec’cru between gust velocities hpinging at

wing leading edge at stations y2 and yl

H(f,y) influence function describing response of airplane
to unit sinusoidal gusts im@inging at wing leading
edge at station y and is given by

J
a

H(f,y) = h(t~y)e‘Mtdt
o

.
The asterisk designates the complex conjugate.

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

rob/2 oh/2

L;,J
.

-b,2 %Jf$ y2-Mf@*(f~Y2)@l dyz
lHs(f)[2 = (A5)

#(f,o)

where @(f,O) is the power spectrwn of the
(such as measured with the vane).

The expression for IHs(f)[2 given by

as an average
result can be

where
.

*

frequency-response function.

gust input at

equation (A5)

span station O

may be viewed

Further insight into this
obtained by considering the special case

H(f,y) =H(f)y(y) (A6)

J

b/2
7(Y)dY = ~

-b/2
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For this case

= [df)[2;12(f) (A7)

Equation (A7) indicates that the quantity [Hs(f)12 determined from
measurements represents the ‘frequncy part” of the frequency-response
function multiplied by the term in brackets, which might be considered
a span averaging function. For the case of uniform turbulence across
the spsn, equation (A7) reduces to

lHs(f)12 = lH(f)12

If the turbulence is isotropic with a lmown spectrum, the averaging
function given by the term in brackets in equatifm (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 distributions 7(y]. By using these results, the
function ~l(f) was evaluated for a particular case end the results

<

obtained are shown in figure 10. The result shown in figure 10 is for
the case of a uniform span distribution (7(y) = l/b) snda spectrum of
vertical gust velocity given by

(A8)

2Ycf
where (l = — and V is the airplsme forward speed.

v
In equation (A8),

aw is the root-mean-sqme gust velocity and L is the scale of turbu-

lence. A value of L = 1,~ feet appears to be representative of con-
ditions for atmospheric turbulence. For present ptioses, a value of
b/L =0.1 was assumed. The results of reference 7 indicate that the
averaging function 71(Y) is not sensitive to variation in 7(y), sweep

angle, and the form of the assumed gust spectrum.

A similar analysis maybe applied to the Cross-spectrw case and
yields the following results:
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.

8

[

J
b/2

@x(f,y)y(y)dy

Hc(f) = H(f)
-b/2

@(f>o) -
=. 4...

=H(f)@
.. . .

where. ~(f,y) is the cross spectrum between the vertical
at span stations O and y. The weighting function ~iven bv

-.

(A9)

gust velocities

the term in
brackets wy alsobe viewed as an avertie span wei&t~ &ction 72(f).

The function ~2(f) can also be evaluated from figure 4 of reference 6
for the case of-uniform spsn loading and the gust.spectti .of”~uatim”(A8).
This function ~2(f) is also shown in figure 10.

If the weighting functions ~l(f) ~d ~2(f) given in equations (A7)
and (A9) are divided into the measured values of lHs(f)l and lHc(f)],

respective.y, of figure 8, estimates of lE(f)[ may be obtained which
are compatible. The results obtained in this manner are shown in
figure 9.
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