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FREE-FLIGHT-TUNNEL INVESTIGATION OF THE DYNAMIC
STABILITY AND CONTROL CHARACTERISTICS OF A
CHANCE VOUGHT F7U-3 ATRPLANE
IN TOWED FLIGHT

By David C. Grana and Robert E. Shanks
SUMMARY

As part of a program to determine the feasibility of using a fighter
airplane as a parasite in combination with a Consolidated Vultee RB-36
for long-range reconnaissance missions (project FICON), an experimental
investigation has been made in the Langley free-flight tunnel to deter-
mine the dynamic stability and control. characteristics of a l/l7.5-scale
model of a Chance Vought F7U-3 airplane in several tow configurations.
The investigation consisted of flight tests :n vhich the model was towed
from a strut in the tumnel by a towline and by a direct coupling which
provided complete angular freedom. The tests with the direct coupling
also included a study of the effect of spring restraint in roll in order
to simulate approximately the proposed full-scale arrangement in which
the only freedom is that permitted by the flexibility of the launching
and retrieving trapeze carried by the bomber.

For the tow configurations in vwhich a towline was used (15 and
38 feet full scale), the model had a very unstable lateral oscillation
which could not be controlled. The stability was also unsatisfactory
for the tow configuration in which the model was coupled directly to the
strut with complete angular freedom. When spring restraint in roll was
added, however, the stability was satisfactory. The use of the yaw
demper which increased the damping in yaw to about six times the normal
value of the model appeared to have no appreciable effect on the lateral
oscillations in the towline configurations, but produced a slight improve-
ment in the case of the direct coupling configurations. The longitudinal
stability was satisfactory for those cases in which the lateral stability
xﬁ%&ﬁﬁgﬁhx;; _ﬂmtlons.
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INTRODUCTION

The U. S. Air Force has undertaken a program to determine the
feasibility of using a fighter airplane as a parasite in combinstion
with a Consolidated Vultee RB-36 in order to extend the range of the
fighter for high-speed reconnaissance (project FICON). One part of
the program is the development of a satisfactory method for launching
and retrieving the parasite which in the preliminary tests will be a
Republic F-84E airplane. Reference 1 presents the results of an experi-
mental investigation to determine the stability and control charscter-
isties of a simplified model of the F-8L4E airplane in several tow con~
figurations. At the request of the Air Research and Development Command,
this investigation has been extended to include a study of the stability
and control characteristics of a l/l7.5-scale model of & Chance Vought
FTU-3 airplane in towed flight.

The present investigation, like the investigation of reference 1,
consisted of tow tests in which the model was towed from a strut in the
tunnel to study its dymamic stability and control characteristics.
Tests were made with the model towed by a towline, lengths of 15 apd
38 feet full scale being used. The investigation also included tests
of a direct-coupling configuration in which the model was coupled
directly to the strut with complete angular freedom and with spring
restraint in roll. This spring restraint simulated the flexibility in
roll of the launching and retrieving trapeze when the fighter airplane
is coupled to the trapeze with freedom only in pitch and yaw. For both
the towline and ‘direct-coupling configurations the .effect of artificially
increasing the damping in yaw was also studied.

APPARATUS AND MODEL

The model used in the investigation was approximately a 1/l7.5-scale
model of the Chance Vought F7U-3 airplane. Originally, it had been a
scale model of the Chance Vought F7U-1, but it has been modified by
increasing the nose length and enlarging the vertical tails to represent
closely the FTU-3 airplane. A three-view sketch of the model is pre-
sented in figure 1 and the mass and dimensional characteristics of the
model are presented in table I, together with a comparison between the
full-scale and scaled-up model values,

The tests of the model were made in the Langley free-flight tunnel
which is described in reference 2. All the tests were made in the power-
off condition at an airspeed corresponding to a full-scale speed of
about 210 mph at sea level for a fully loaded F7U-3 airplane having
pylon tanks. At this speed the 1lift coefficient was sbout 0.56.
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The model was towed from the lower end of a strut vwhich extended
downward from the top of the tunnel test section. The use of a rigid
strut instead of a model of the bomber was felt to be justified because
of the large difference in relative sizes of the two airplanes; that is,
the motions of the bomber arising from the fighter motions are relatively
small, so the assumption that the bomber maintains steady flight should
give a reasonable first approximstion of the actual fighter motions. No
attempt was made to duplicate the possible effects of the turbulence of
the flow around the bomber on the fighter. For the tests of the model
on a towline, a 1/16-inch-diameter cotton line, representing a full-
scale line gbout 1.1 inch in diameter, was used. The model was tested
at towline lengths of 10 and 26 inches, which represented full-scale
lengths of about 15 and 38 feet, respectively.

The strut and apparatus used to represent the launching and
retrieving traepeze on the Consolidated Vultee RB-36 for the direct
coupling tests are shown schematically in figure 2. A direct coupling
which provided complete angular freedom was use@ to connect the model
to the strut. The coupling consisted of a universal joint which provided
freedom in pitch and yaw. The universal Jjoint was mounted in a ball
bearing in such a way that it was free in roll sbout the X wind axis
but could be restrained in roll by a torsion spring. Three torsion
springs were used in the tests to provide roll restraints which were
equivalent to full-scale values of about 180,000, 235,000, and
490,000 ft-1b/radian. These values were intended to bracket the value
for the full-scale trapeze. The stiffness of the actual trapeze is not
known exactly although it is known that the original trapeze which
provided a restraint of approximately 100,000 ft-lb/radian has been
stiffened considerably. No attempt was made to simulate the flexibility
of the full-scale trapeze in any other respect.

The model was equipped with rudder and aileron control but no
elevator control. The ailerons were operated manually by the pilot for
lateral control. The rudder was never used for manuval control but was
sometimes operated by a rate-gyro automatic stabilizing device (yaw
damper). This stabilizing device consisted of a rate gyro which con-
trolled a pneumastic servoactuator that operated the rudders to increase
the damping in yaw. By means of this system the damping in yaw could
be increased to gbout six times the normal value of the model.

RESULTS AND DISCUSSION

The results of the tests consist primarily of pilot's comments
regarding the stability and controllability of the model and are illus-~

trated in most cases by film records of the rolling motions of the model.
These records are presented in figure 3 for the towline tests and in

figures 4 and 5 for the direct-coupling configurations.
SONEERENG AT
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A motion picture containing film records of the flight behavior of
the model in all the test configurations discussed herein is available
on loan from the NACA Headquarters, Washington, D. C. The results of
this investigation are illustrated more graphically by the flight scenes
of this motion picture than is possible in the present paper.

Towline Tests

For the towline lengths covered in the tests (15 and 38 feet full
scale), the model had a violently unstable lateral oscillation which
could not be controlled for any extended period of time. This result
is illustrated in figure 3 which shows time histories of the rolling
motions of the model for flights in which the pilot was attempting to
control the model. These records show that the pilot was sometimes
able to control the oscillation for a short period of time but that it
eventually built up in spite of his efforts. The use of a yaw damper
which increased the damping in yaw of the model to about six times its
normal value did not cause any noticeable improvement in the motions of
the model.

It was not possible to determine whether the model was stable or
unstable longitudinally because of the violent lateral oscillations of
the model. ‘

Direct Coupling Tests

Complete angular freedom.- The rolling motions presented in fig-
ures 4 and 5 show that, for the tests in which the model was coupled
directly to the strut with complete angular freedom (no roll spring or
yaw damper), the model had a violently unstable lateral oscillation.

The data of figure 4(a) show that, for the uncontrolled case, the ampli-
tude of the rolling oscillation of the model became very large in about

l% cycles. For the controlled case (fig. 4(b)), the oscillation diverged

more slowly and reached large amplitudes after about 2% cycles, The

pilot was unable to control the motion of the model successfully because
of the short period (sbout 1 second) and high degree of instability of
the oscillation. It might be possible to control this motion in the
case of a full-scale fighter, however, since the period of the oscilla-
tion would be about 4 seconds.

It should be pointed out that the coupling for the case illustrated
in figure 4(b) actually consisted of a very short towline connection
instead of the universal joint connection (fig. 2) which was used in the
cases illustrated in figures h(a) and 5. These records are considered

L
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to be directly comparable, however, because this difference was found
in some preliminary tests to have no appreciable effect on the motions
of the model.

Effect of spring restraint in roll.- Figure 5 presents the results
for the direct-coupling configurations which had spring restraint in
roll to simulate approximately the flexibility in roll of the launching
and retrieving trapeze when the fighter airplane is coupled to the
trapeze with freedom only in pitch and yaw. With the weakest roll
spring (fig. 5(c)), the lateral oscillation was stable but was still
only lightly damped; however, the model could easily be stesdied by
use of the controls following a disturbance. The small-smplitude
residual oscillation can probably be attributed to the turbulence in
the tunnel airstream rather than to an inherent condition of neutral
stability. Reference 3 indicates that, for an airplane having a lightly
damped lateral oscillation, atmospheric turbulence can initiate and
maintain a pronounced lateral hunting oscillation of fairly regular
amplitude and frequency. The stronger roll spring (fig. 5(e)) increased
the initial damping, reduced the period of the oscillation, and made
the model more difficult to disturb in roll. As in the case of the
weakest roll spring, however, a small-amplitude residual oscillation
appeared to persist. The use of the strongest roll-spring restraint
(fig. 5(£)) resulted in a well-damped oscillation with a period about
half that found for the weakest spring configuration. The residual
oscillation in this case was of such small amplitude as to be barely
discernible to the observers. The model was found to be longitudinelly
stable for all direct-coupling configurations having spring restraint
in roll.

Effect of artificially increased damping in yaw.- For the model
having complete angular freedom, the instability of the lateral oscilla-
tion was not markedly improved by the use of a yaw damper which inecreased
the demping in yaw to six times the normal velue of the model (see
figs. 5(a) and 5(b)). Analysis of the record presented in figure 5(Db)
indicates that the yaw damper provided more damping st small amplitudes
than at large amplitudes. (The rate of divergence from 2 to 4 seconds
is about twlce that from O to 2 seconds.) This nonlinearity can be °
attributed to the fact that, because of the high gearing used, maximum
avallable rudder deflection was obtained at rather small yawing veloc-
ities so that the value of yawing moment due to yawing angular velocity
(damping in yaw) could not be maintained at the higher yawing velocities
associated with the larger amplitude motions.

The addition of artificial damping to the condition with the weakest
spring restraint caused a slight improvement in the motion (figs. 5(c)
and 5(d)).
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SUMMARY OF RESULTS

The results of an experimental investigation of the dynamic stabilw
ity and controllaebility of a l/l7.5—sca.1e model of the Chance Vought
FTU-3 airplane in towed flight may be summarized as follows:

1. For tow configurations in which a towline was used (towline
lengths of 15 and 38 feet full scale), the model had a very unstable
lateral oscillation which could not be controlled. The stability of
this lateral oscillation was not noticeably improved by increasing the
damping in yaw to about six times the normal value of the model.

2. For direct-coupling tow configurations, the lateral stability
was satisfactory when the model was directly coupled to the strut with
complete angular freedom in pitch and yaw but restrained in roll by a
torsion spring. With no spring restraint in roll, however, the lateral
oscillation was very unstable and unconbtrolisble. Increasing the
damping in yaw to six times the normal value of the model produced only
a very small improvement in the behavior of the model for these direct-
coupling configurations.

3. The longitudinal stability was satisfactory for those cases in
which the lsteral stability was good enough to permit study of the
longitudinal motion.
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Figure 1.- Three-view sketch of model used in tests. All dimensions are
in inches.
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