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SUMMARY

Flight test data obtained from a large swept-wing bomber airplane
in flight through rough air at an altitude of 5,000 feet are analyzed
to determine the effects of vertical translation and pitching motions
on the angles of attack of the wing and tail. Power-spectral techniques
are used to determine the contributions of these motions to the angles
of attack of the wing and tail at various frequencies, and the results
are compared with the direct gust-induced angle of attack.

The results indicate that the motions, particularly the pitching
motions, significantly amplify the angles of attack of the wing and tail
for the test airplane. The pitching-motion component increases the root-
mean-square angle of attack of the wing by about 35 percent and the root-
mean-square angle of attack of the tail by about 50 to 60 percent.

INTRODUCTION

The effects of airplane longitudinal motions, particularly the
pitching motions, on the loads or angles of attack of the wing and tail
of an airplane in flight through rough air have long been of concern.

A number of analytic studies (for example, refs. 1 and 2) have indi-
cated that the motions may contribute substantially to the airplane
loading. The evaluation of these motion effects experimentally, how-
ever, has been complicated by the continuous and random character of

both the turbulence and the resulting airplane motions. As a consequence,
few experimental data exist on the subject.

As part of an investigation of the effects of airplane flexibility
on the strains in rough air for a large swept-wing bomber airplane
(ref. 3), time-history measurements of the vertical gust velocity and
the longitudinal airplane motions were obtained. These measurements
provided an opportunity for evaluating the effects of the longitudinal
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motions on the loading or angles of attack of the wing and tail for the
test airplane; consequently, an analysis of these measurements was under-
taken. In the present report, power-spectral methods of analysis are
applied to the test measurements in order to determine the direct con-
tributions of the airplane vertical velocity and pitch responses to the
angles of attack of the wing and tail at the various frequencies during
flight in rough air. The techniques used in the analysis and the results
~obtained are presented.

SYMBOLS
1/2
15
A truncated measure of the root mean square, JF o(f)af .
"2
radians
an normal acceleration, g units
de/da downwash factor
e frequency, cps
i imaginary part of cross-spectrum
1 distance between angle-of-attack vane and center of gravity, ft
ls distance between center of gravity and root quarter-chord of
horizontal tail, ft
15 distance between angle-of-attack vane and quarter-chord of
horizontal tail, ft
M Mach number
n number of separate power estimates
R real part of cross-spectrum
ty time for gust to travel from angle-of-attack vane to wing, sec
to time for gust to travel from wing to horizontal tail, sec
t5 time for gust to travel from angle-of-attack vane to hori-

zontal tail, sec
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The airplane used in this investigation was a six-engine jet bomber.
The configuration of the standard airplane was changed slightly for the
tests by the addition of an airspeed measuring boom and fairing on the
nose and by an external canopy mounted on top of the fuselage to house

airplane forward speed, ft/sec

airplane vertical velocity, ft/sec

vertical gust velocity, ft/sec

gust-induced angle of attack, radians

tail angle of attack as measured at quarter-chord of hori-

zontal tail, radians

vane-indicated angle of attack, radians

wing angle of attack as measured at center of gravity, radians

W,
f1ight-path angle, —=, radians
v

pitch attitude, radians
pitching velocity, radians/sec
wing sweep angle at quarter-chord line, deg

power spectrum if 1 = j or cross-spectrum if 1 ¥ 3
radians2/cps (see ref. k)

power spectrum of tail angle of attack, radiansz/cps

power spectrum of wing angle of attack, radians?/cps

ATRPLANE, INSTRUMENTATION, AND TESTS

Airplane

an optigraph. A photograph of the airplane is shown in fegure™l,

two-view drawing of the airplane, showing some of the pertinent dimen-

sions, is shown in figure 2. Some of the airplane characteristics are

presented in table I.
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Instrumentation

The instruments pertinent to this study included an NACA air-
damped recording accelerometer mounted near the center of gravity to
measure normal acceleration. A standard NACA attitude-pitch recorder
and a magnetically damped NACA turnmeter were installed near the center
of gravity to record the pitch angle and pitching velocity, respectively.
A mass-balanced metal flow-direction vane was mounted on the nose boom
to obtain an indication of the instantaneous angle of attack of the air-
plane. An NACA 1/10-second chronometric timer was used to correlate all
recordings. Table II presents a summary of the instrument characteristics
and their associated accuracies.

Tests

The data for this study were obtained as part of an investigation
of the effects of airplane flexibility on the wing strains of a large
swept-wing airplane in rough air. These data consist of 4 minutes of
time-history measurements of vertical gust velocity and longitudinal
airplane motions, and the data were obtained in clear-air turbulence at
an altitude of 5,000 feet at a Mach number of approximately 0.63. The
test was made with "hands-off" control; that is, the pilot only corrected
for large deviations of the airplane from the prescribed altitude and
heading. An examination of the control position recorders indicated
that the only movements of the elevator during the flight in rough air
consisted of several small deflections applied gradually by the pilot in
order to correct for deviation of the airplane from the prescribed
altitude.

METHOD OF ANALYSIS

The basic method of analysis consists of first expressing the angles
of attack of the wing and tail as a sum of the vertical gust velocity
and the longitudinal motions (airplane vertical velocity and pitching
motions). Then the contributions of the motions (vertical velocity and
pitch) to the wing (or tail) angle of attack are obtained by comparing
the total wing (or tail) angle of attack in rough air with the gust-
induced angle of attack. Likewise, the effects of the individual com-
ponents of the motions are obtained by comparing the direct gust-induced
angle of attack with the angle of attack evaluated by neglecting first
the pitching-motion component only and then the vertical velocity com-
ponent only. The methods used to determine the effects of the motions
on angles of attack of the wing and tail are described in the following

sections.
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Wing

Figure 3 shows the geometrical relations between the wing angle of
attack, the airplane motions, and the vertical gust velocity. From the
figure, it may be seen that the angle of attack of the wing (measured
at the center line) in rough air is given by the following equations:

ay(t) = 8(t) + 7(t) + og(t)
=0(t) + E(t) % w—g(t) (1)
) v
where
S pitch attitude, radians
g gust-induced angle of attack, radians
¥ flight-path angle, radians
Wg airplane vertical velocity, ft/sec
v airplane forward speed, ft/sec
Vg vertical gust velocity, ft/sec
t time

In the present investigation, measurements of the instantaneous
vertical gust velocities were made by the use of an angle-of-attack vane
mounted on a boom at a distance 17 of 52.5 feet ahead of the a%pplane

center of gravity. Thus, the wing penetrates the gust wg at a time

i1
ty = v after the vane penetrates the gust, and this time lag must be

taken into account in order to use the measured gust velocities in equa-
tion (1). By introducing this time lag factor into equation (1), the
instantaneous angle of attack of the wing may be expressed as

a(t) = 8(t) + Kva_(t) + %(t-tl) (2)
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Tail

The angle of attack at the tail may be obtained from the angle of
attack of the wing by taking into account the effects of pitching
velocity, wing downwash, and the appropriate time lags. In rough air,
the instantaneous angle of attack of the tail a(t) may be expressed

as
de 12 .
ap(t) = ot) - aw(t-tg)a; + ag(t-t3) - ag(t-t1) + = 8(t)
W, W, W
= 0(t) + —2(t) - o(t-tp)3E - TB(t-1,)%E + B(t-t3) -
v do ) do )
W, de lo
“E(t-15)= + — 6(t) (3) y
A da v
where
e downwash factor
da
to time gust takes in traveling from airplane center of gravity to
quarter-chord of horizontal tail, ZQ/V
t3 time gust takes to travel from vane to quarter-chord of horizontal

tail, 15/V

The downwash factor de/da used in equation (5) was estimated from
the following empirical relation derived from flight test data for this
airplane in reference 5:

<95> ___0.458
et M§°7O 1l - MzcosgA
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For the present investigation where M = 0.63 and A = 359,

Power-Spectra Equations

In order to examine the contributions of the motions to the wing-
and tail-angle-of-attack responses at the various frequencies, power
spectra of the angle-of-attack variations for various conditions are
determined. The power spectra of the wing and tail angles of attack
may be obtained from equations (2) and (3) by either of two procedures.
First, the equations may be evaluated to obtain time histories of the
wing and tail angles of attack from which the power spectra may be cal-
culated. Secondly, equations (2) and (3) may be transformed so as to
express the power spectra of the wing and tail angles of attack in terms
of the power-spectra and cross-spectra components of the motions and
gust velocity. The second procedure is used herein.

The power spectra of the angle of attack of the wing ¢“w(f) and
of the tail O®u(f) may, from equations (2) and (3), respectively, be

expressed as

B lT) = [%(f):l " Vie[%a(f)] + V%EDwg(f):l +2 REDWae(fﬂ +

R[d)wge(f_)} cos 2nfty - % E [pwge(f)] sin 2nfty +

<Ino

2 2
=R e i
7 [(Dwawg(f):'cos 2nfty 2 I[Qwawg(f):] sin 2nfty (&)
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and
%,t(f) = [@e(f{]<l.25 - cos &rftg) + LEDW (f)}<1.25 - cos eyrftg) +

vaL @

2
E 1
0.25 2 .. 2
_VTEpr(f)J + V?_[pe(f):l + = R[®wag(f):](l.25 - cos 21rft2> +

%R o o(f) [0.5 cos 2xftz - 0.25 cos 2:tf(t5-t2):] -

% [-0.5 sin 2xfts + 0.25 sin Extf(t3-t2)] +

—

2 R [d?wawg(f)

— [0.5 cos 2nftz - 0.25 cos axf(t5-t2):| +
%

5 -
v_2 IEbwawg(f) [0.5 sin 2nftz - 0.25 sin %tf(t;-tg)} +

=

21 r 7

2 ol 2

— R|e, §(F - 0. =5 :

= ‘_Wae( )](1 5 cos 2:tft2> + 2 I[Qwae(f)—_Ksin E:tftg) +

Vv
e RE}W é(f{l <cos %tft5> e 1[¢w é(f):I (sin 2:rft5> (5)
V2 g v2 g

where

R real part of cross-spectrum

L imaginary part of cross-spectrum

Equations (4) and (5) express the contributions of the spectra
and cross-spectra of the various motions and gust velocity to the power
spectra of the wing and tail angles of attack, respectively. The direct
contributions of the airplane motions to the wing and tail angles of
attack may be ascertained by comparing ®aw(f) and ¢at(f) obtained

from equations (4) and (5), respectively, with the power spectra of the
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gust-induced angle of attack. The direct contributions of the gust to
the power spectra of the wing and tail angles of attack are given by the
)52
terms —l—[d)w (f):l and ——5[®w (fSJ in equations (4) and (5), respec-
val '8 va L8

tively. The spectral effects of vertical velocity and pitch on the wing
and tail angles of attack may be determined by omitting the terms
involving either 6 or wy in equations (4) and (5) and then by com-

paring the resulting spectra with the direct gust-induced angle-of-
attack spectra.

EVALUATION OF DATA AND RESULTS

The record evaluation consisted of reading the measured time his-
tories of pitching velocity 0, vane-indicated angle of attack oy, and

the center-of-gravity normal acceleration ap at given time interwvals.
The reading interval was 0.1 second for © and o, and 0.05 second
for ap. The values of 6 and an Wwere numerically integrated in

order to obtain time histories of the pitch angle 6 and the airplane
vertical velocity wg. The values of 6, 6, wy, and a, were used

to determine the time history of the vertical gust velocity wg in

accordance with the general method given in reference 6. The detailed
procedures used in the gust-velocity determination are presented in
BEfERENECE .

The time-history values of 6, é, Wg, and Wg were used to cal-

culate the various power spectra and cross-spectra required in the
right-hand side of equations (4) and (5). These calculations were based
on the methods given in reference 8. In calculating the various power
spectra and cross-spectra, 60 lagged products (n = 60) and At = 0.1 sec-
ond were used so that 60 power estimates were obtained between O and

5 ecps. Only the results for the frequency range of 0.25 tps to 1.5 cps
are used herein, however, for the following reasons:

(1) This frequency range is of primary concern since most of the
airplane loading is concentrated within the frequency range of 0.25
to 1.5 cps. This may be seen from examination of the power spectrum of
normal acceleration at the center of gravity given in figure 4, which,
as indicated in reference 3, provides a measure of the airplane loading.

, (2) At frequencies below 0.25 cps, the power spectrum of vertical
gust velocity obtained from the vane measurements is not considered
reliable.
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(3) At frequencies above 1.5 cps, the airplane pitching and
vertical-velocity motions are small.

Tables IIT and IV present the individual power estimates of the
power spectra and cross-spectra of the motions and gust velocity which
contribute to the power spectra of the wing and tail angles of attack,
as indicated by equations (4) and (5), respectively.

Three estimates for &g, (f) and &y, (f) are given in tables III
v o,

and IV, respectively. These spectra were obtained by: (1) summing all
the terms in tables III and IV according to equations (4) and (5),

(2) neglecting the terms involving only © and 6, and (3) neglecting
the terms involving only wg. The three spectra of oy and a are

also given in figures 5 and 6, respectively. In addition, the power
spectra of the direct gust-induced angle of attack of the wing and tail
are given in these figures. The contributions of the gust to the power
spectrum of the angle of attack of the wing is given by the term

—ki?wg(fi] in table III. For the tail, the spectrum of the gust-induced

2
\
angle of attack is given by the term QLEEI%Wg(fi] in table IV.

%

Comparison of the various spectra in figures 5 and 6 provides an
indication of the contributions at the various frequencies of the direct
gust effects, vertical motions, and the pitching motions to the angle-
of-attack spectra of the wing and tail. As an indication of the total
power, the values of the quantity A, defined by

12

1.5
A= f o(f)af
.25

is also given in figures 5 and 6. The values of A may be considered
a truncated estimate of the root-mean-square angle of attack because
only the power over the frequency range of 0.25 cps to 1.5 cps was
considered.

RELIABILITY OF RESULTS

The present results are subject to errors due to a number of factors.
The more important ones appear to be:

(a) The accuracy of the basic measurements
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(b) The accuracy of the gust-velocity determination

(c) Possible errors arising from airplane flexibility, particularly
in regard to fuselage bending affecting the tail angle of
attack

(d) Inaccuracies in the determination of the downwash factor de/da

(e) Statistical sampling errors

The reliability of the present measurements and the gust-velocity
determination was considered in detail in another connection in ref-
erence 7. The results obtained therein suggest that the measurements
and the gust velocity are sufficiently accurate for present purposes
for the frequency range considered. The possible effects of fuselage
flexibility on the tail angle of attack were also considered. An evalu-
ation of these effects, based on the results of reference 9, indicates
that these effects are negligible for present purposes over most of the
frequency region of concern. In order to determine the effects of
inaccuracies in the downwash factor, the spectrum of the tail angle of
attack was computed by using a 20-percent-lower downwash factor. The
results obtained indicate that the 20-percent reduction in the downwash
factor yielded a 15-percent increase in the spectrum of the tail angle
of attack.

In order to establish the statistical reliability of the present
results, the methods of reference 10 were used to obtain confidence
bands for the present power-spectra and root-mean-square values. The
results obtained indicated that each of the present power estimates is
reliable to within about +30 percent of the values given whereas the
root-mean-square values are reliable to better than 10 percent. In
addition to the absolute reliability of the present power spectra, the
reliability of ratios of the power estimates for the various power
spectra is also of concern in the interpretatién of the present results.
Unfortunately, no means are yet available for establishing quantitative
estimates of the reliability of ratios of power estimates, although the
theoretical analysis and some of the results obtained in reference 11
indicate that such ratios may have greater statistical stability than
the stability of individual spectral estimates.

DISCUSSION
Wing

Comparison of the power spectrum of the direct gust-induced angle
of attack QQg(f) with the power spectrum of the actual angle-of-attack
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change of the wing ®aw(f) in figure 5 indicates that the combined air-

plane motions (pitch and vertical velocity) contribute significantly to
the wing angle of attack over the frequency range 0.35 cps to 1.5 cps.
Except for the small reduction in the wing angle-of-attack spectrum at
frequencies below 0.35 cps, the motions tend to increase the spectrum

of the gust-induced angle-of-attack change at the wing by factors of 2
and 3 over the entire frequency range. The overall effects of the air-
plane motions, as indicated by the values of A, cause about a 30-percent
amplification of the gust-induced angle of attack over the frequency
range of 0.25 to 1.5 cps.

Comparison in figure 5 of the spectrum of the wing angle of attack
obtained by considering only the airplane vertical velocity (6 = 0)
with the gust-induced angle-of-attack spectrum @ag(f) shows that the

vertical velocity component acts to reduce the net angle of attack at
frequencies below 0.6 cps. Above this frequency, however, the vertical
velocity component of the angle of attack adds to the gust-induced angle
of attack. The overall effect of the vertical velocity component is a
small reduction in the wing angle-of-attack change, as i1s indicated by
the values of A. The pitching-motion component, however, adds to the
gust-induced angle of attack over almost the entire frequency range and
gives an overall increase in airplane angle of attack of about

35 percent.

Tail

Examination of figure 6 indicates that the overall effects of the
airplane motions on the tail angle of attack are of the same general
character as for the wing angle of attack and act to increase the angle
of attack over the entire frequency range. The magnitude of the increase
is, however, greater for the angle of attack of the tail and increases
the direct gust-induced angle-of-attack variations by about 70 percent.
Further examination of figure 6 indicates that the effect of the air-
plane vertical-motion component on the tail angle of attack opposes the
gust-induced angle of attack at the lower frequencies (below 0.50 cps)
but adds to the angle of attack at the higher frequencies. The overall
effects of the vertical-motion component on the tail angle of attack
appear to be small, as is indicated by a comparison of the values of A
given in figure 6. The pitching-motion component (both pitch attitude
and pitching velocity), however, significantly increases the power spec-
trum of the tail angle of attack for the entire frequency range covered.
This increase amounts to 50 to 60 percent for the overall angle-of-attack
variations, as is shown by the values of A.
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CONCLUDING REMARKS

The foregoing analysis of the longitudinal airplane motions (pitch
and vertical velocity) of a large swept-wing bomber airplane in rough
air have served to indicate that the motions in rough air have an appre-
ciable effect on both wing and tail angles of attack. For the test air-
plane, the effects of the airplane vertical velocity appear to be rela-
tively small. The effects of the pitching motions, however, are
unfavorable and tend to increase the direct gust-induced angle of
attack over almost the entire frequency range (0.25 to 1.5 cps). The
overall effect of the pitching motion appears to increase the root-
mean-square wing angle of attack by about 35 percent over the direct
gust effects. The overall effect of the pitching motion on the tail
angle of attack appears to be even larger and increases the root-mean-
square angle of attack by about 50 to 60 percent.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., May 8, 1958.
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TABLE I

PERTINENT PHYSICAL CHARACTERISTICS AND DIMENSIONS

OF THE TEST AIRPLANE

Wing:
Total area, sq ft .
Span, ft
Aspect ratio
Thickness ratio -
Taper ratio . .
Mean aerodynamic chord in. 5
Sweepback at 25-percent-chord llne deg .

Horizontal Tail:
Total area, sq ft .
Span, ft o o
Mean aerodynamic chord in. .
Sweepback at 25-percent-chord llne, deg e

Airplane weight, 1lb .

1,428
116
9.43
0.12
0.42
1559
59

268

35
102.9

35

113,000




TABLE II

SUMMARY OF INSTRUMENT CHARACTERISTICS AND ACCURACIES

Quantity Measurement Instrument Instrument EStlm&ted
: ke s instrument
measured station range sensitivity
accuracy
Normal acceleration, 34.2 percent $1.0 1.01 & units 0.005
g units mean aerodynamic chord == . in. E
Pitching velocity, 25.0 percent +0.25 0.254 radians/sec 0.005
radians/sec mean aerodynamic chord - in.
Vane-indicated :
in. ahead of i
angle of attack, L +0.5 G et 0.002
radians original nose in.
Time, sec @ = = | e=;ccmcccccmcmmmcecccee | ccmem | mmmmmmmmem e 0.005

'L0¢Hh NI VOVN
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TABLE III.- CONTRIBUTIONS OF THE VARIOUS TERMS OF EQUATION (4) TO THE POWER SPECTRUM OF THE WING ANGLE OF ATTACK, AS A FUNCTION OF FREQUENCY

Contribution of various terms, (radians)a/cps, at frequency of -

Terms of equation (4)

0.25 cps 0.333 cps | 0.417 cps | 0.50 cps | 0.583 cps| 0.667 cps| 0.75 cps [0.833 cps| 0.917 cps| 1.0 cps 1.083 cps| 1.167 cps| 1.25 cps (1.333 cps |1.417 cps | 1.50 cps
0g(£) 223.0x10-T| 123.0x10-7| 76.7x10-7| 69.0x10-7| 52.5x10-7| 30.3x10-T| 19.7x10-7| 14.1x10-7| 10.9x10-T| 7.20x10-T| 3.34x10-T| 3.38¢10-T| 4.3810-7| 3.89x10-7| 2.99x10-7| 3.22x10-T
V%E"a(f)] 69.9 5h.1 35.5 35.0 24.2 127 15T 4.76 3.34 2.48 1.3 .887 845 .81k 645 .598
%E”E(f)] 342.0 166.0 110.0 9k.0 59.8 37.5 32.5 24.5 19.0 17.5 16.6 15.7 17.1 16.5 12.8 12.4
v
%“E’Vaa(f)] 159.0 66.8 39.6 22.0 12.1 .999 -.T43 -3.05 -4.56 -4.05 -2.20 -1.74 -2.56 -3.05 -2.46 -1.91
%R[@wgs(f)]ccs 2nfty -338.0 -119.0 -22.3 29.2 2.2 4o.1 33.9 25.0 17.8 1k.2 1.2 9.06 8.97 8.42 5.11 3.26
= % I[O.,,Kg(fﬂsin 2nfty | 35.2 31.6 31.0 32.3 22.2 10.7 5.70 2.44 00203 |-2.16 -2.79 -3.64 -5.78 -6.23 -3.42 -5.49
v% R[o‘,aug(f)] cos 2xfty |-264.0 -147.0 -105.0 -88.6 -51.6 -23.2 -13.0 -7.22 -3.19 -.450 -.0102 L6351 2.20 2.38 1.75 1.53
._25 I[wawg(f)]sin 2nfty 2.10 2.69 5.70 10.2 10.7 9.83 4.50 7.37 5.78 5.25 52T 4.58 5.13 5.07 3.50 2.69
v
Oy (£) 229.0 177.0 172.0 203.0 172.0 118.0 90.1 67.9 49.1 39.9 3.7 28.9 30.3 27.8 20.9 16.3
0q,,(£) (8 = 0)| 149.0 4.9 46.8 50.6 43.1 36.9 31.6 29.4 24.9 24.8 23.2 21.8 25.3 4.7 18.7 17.2
oaq(r) (wg = 0)| 260.0 201.0 196.0 225.0 177.0 119.0 91.8 66.1 7.7 36.7 28.3 24.5 247 22.6 17.4 13.3

QT
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TABLE IV.- CONTRIBUTIONS OF THE VARIOUS TERMS OF EQUATION (5) TO THE POWER SPECTRUM OF THE TATL ANGLE OF ATTACK,

AS A FUNCTION OF FREQUENCY

Terms of equation (5)

Contribution of various terms, (radians)2/cps,

at frequency of -

0.25 cps (0.333 cps [0.417 cps | 0.50. cps |0.583 cps 0.667 cps | 0.75 cps [0.833 cps |0.917 cps | 1.0 cps 1.083 cps|1.167 cps | 1.25 cps | 1.333 cps |1.417 cps | 1.50 cps
oe(r)(l.zs ~ cos 2nft2) 57.0x10-7| 31.9x10-7| 20.3x10-7| 18.7%10-7| 1k.7x10-T 8.73¢10-7| 5.88¢10-7| 4.3810-7| 3.52¢10-T| 2.42¢10-T, 1.17x10-7| 1.24x10-T| 1.67x10-T] 1.5510-7| 1.25%10-7| 1.k1x10-T
Lz[w,(tﬂ (225 - cos 2nrtn) 17.9 4.0 9.40 9.50 6.78 3.64 2.26 147 1.07 .831 464 324 324 326 2n .263
VA
0{,52["'3(’E| 85.5 b1k 27.6 23.5 4.9 9.38 8.12 6.15 b7k k.38 k.15 3.93 k.27 k.11 3.19 3.09
12 &

72- oé(fSJ 2.2 2.32 2.58 3.28 3.03 2.30 1. 1.30 1.10 -920 663 .698 1.03 1.15 -9k6 853
%R[Ov‘e(le(l.ﬁ - cos artg) 40.6 17.3 10.5 5.98 3.39 .28 -.222 -.9uk 147 -1.36 -.769 -.637 -.985 122 -1.03 -.8%8
%R o‘,ge(r)] [.5 cos 2nfty - .25 cos 2xf(ts - cz):l -81.4 -27.9 -5.03 6.27 8.51 T-47 5.7h 3.7h 2.28 1.48 897 446 .159 -.139 -.275 -.305
%I[Ousa(fﬂ [--.5 sin 2xfty + .25 sin 2xf(t3 - tzﬂ 2k.0 21.6 20.8 1.7 k.7 7.02 3.66 1.54 .00142 )-1.30 -1.6% -2.08 -3.22 -3.34 -1.78 -2.75
% R[ov.ug(f)] [.5 cos 2xfty - .25 cos 2xf(t3 - tg)] -63.8 -34.6 -23.6 -19.0 -10.4 -4.31 -2.20 -1.08 -.ko7 -.0468 | -.000814 | .o311 0389 | -.0395 | -.0936 | -.1
Ve

é I[o.,a,g(fi] [.5 sin 2xft3 - .25 sin 2xf(t3 - tz)] 1.43 1.83 3.87 6.84 7.08 6.41 5.86 L.64 3.58 3.17 2.93 2.63 2.8 2.73 1.82 1.34
21

?e R[ouaé(rﬂ (1 - .5 cos atcz) 8.04 9.12 7.79 9.87 8.57 5.80 .01 2.93 2.10 1.67 .922 .853 1.01 1.9 .788 637
1

v_g r[w,e(r)] (sin zme) .89 643 -.59% -2 -.352 | -.0383 0358 .18 326 2 |l 216 .198 334 448 403 350
:’—gn[o,gé(r)](cos att;) 15.2 13.5 12.8 13.0 8.65 h.01 2.03 .82 .000610 | -.623 -.T37 -.865 -1.21 -1.11 -.798 -.629
- ;—2 I[O‘,sé(fi](sm anrt5) -3.91 -2.44 -1k 1.35 2.63 3.28 3.48 3.17 2.73 2.56 2.44 2.22 2.52 2.69 1.83 1.30
o%(r) 102.0 87.6 8.7 101.0 8.1 54.0 40.5 28.3 19.6 k4.4 10.7 8.98 8.79 8.34 6.52 4.58
0q,(2) (6 =0; 8=0) k.9 22.7 17.3 20.9 18.4 15.1 4.0 1.2 8.99 8.34 7.55 6.90 7.49 7.12 5.19 k.56
Oq,(£) (va = 0)| 98.5 80.4 8.4 87.9 67.1 42.2 30.7 23 .4 9.85 6.94 5.58 5.23 4.90 4.38 2.97
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Figure 2.- Two-view drawing of test airplane.
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Figure 3.- Geometrical relations of the airplane motions with positive
directions shown.
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Figure 4.- Power spectrum of normal acceleration at the center of

gravity.
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Figure 5.- Comparison of power spectra of wing angle of attack, with
and without vertical- and pitching-motion components, with power
spectrum of gust-induced angle of attack. v
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Figure 6.- Comparison of power spectra of tail angle of attack, with
and without vertical- and pitching-motion components, with power
spectrum of gust-induced angle of attack.
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