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FLIGHT INVESTIGATTON OF A COMBINED GEARED UNBALANCING-TAB
AND SERVOTAB CONTROL SYSTEM AS USED WITH AN ALT-MOVABLE

HORTZONTATL, TAIL

By Robert G. Mungall

SUMMARY

Results are presented of a flight investigation of a Curtiss XP-42
airplene equipped with an all-movable horizontal tail having a control
system incorporating a combination of geared unbalencing tebs and servotabs.
Previous investigations of the configuration hed been mede with a servotab
control system for which the variations of elevator hinge moment with
slevator deflection and with angle of attack were near zero. The stick-
force variations with airspesed and acceleration were supplied by means of
a bobwelght. Thils system offered the possibility of having a constant
control-force gradient regardless of altitude or center-of-gravity position.
The servoteb control system tested was found to be unsatisfectory, however,
because of the light stick forces accompanying rapid elevator deflections.

In order to increase the stick forces for rapid deflections without
affecting the forces in gradual maneuvers, the servoteb linkage was modi-
filed by Incorporating a viscous damper in one of the links so that the
tabs deflected as geared unbalancing tebs for rapid stick motion. For
slow motions, the damper allowed the tabes to operate as servotabs.

A flight investigation of this arrangement showed that the control
characteristlics were generally satisfactory in rapid maneuvers as well as
in steady flight.

INTRODUCTION

An Investigation was initiated to study a type of longitudinal-
control system which would provide satisfactory control characteristics
over a wide center-of-gravity range. In the development of such a control
gystem, it 1s necessary to keep the value of Chs (the variation of

hinge-moment coefficient with control deflection) near zero and it is
also deslirable to keep Cha. (the variation of hinge-moment coefficient

with angle of gattack) near- zero and to supply the stick-force variation
with speed and acceleration by means of a bobwelght. This arrangement
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would be expected to eliminate the variation in stick-force gradient with
center-of-gravity position and altitude and yet provide adequate static
longlitudinal stebility and force per g-. -

In order to obtain the desired hinge-moment characteristics of the
control surface, an all-movable horizontal tall operated by servotabs was
uged. This tail was tested previously on the Curtiss XP-42 airpleme and
the results of these tests are reported in reference 1. The stability
and control characteristics obtalned In steady maneuvers were satlisfactory,
but the servotab control system gave too light stick forces for rapid
elevator deflectlions. This condition resulted from the fact that the
normal acceleration did not bulld up immediately when the elevator was !
deflected rapldly and thersfore the bobwelght did not have time to provide
stick force for these rapid elevator deflections. It was suspected also
that there might be some undesirable characteristics in addition to the
servotdb control system Inherent in the all-movable tall. In order to
learn whether the all-movable tall could be used as a satisfactory
longitudinal control, the servotabs were changed to geared unbalancing
tabs (reference 2). The deflec¢tion ratio between the geared unbalencing
tabs and the all-movable horizontal tail could be controlled from the
cockpit to give the pilot the desired stick-force variation. Although
the geared-unbalancing-tab control arrangement was found to be satis-
factory and indistinguishable from a conventlonal tail, 1t obviously did
not have the control characteristics originally intended, because it dld
not fulfill the original requiremsnts of the all-movable horizontal tail
for a low vealue of Cha‘ The tests with thils control system did prove,

however, that nothing is inherently wrong with the all-movable horilzontal
tail as a longitudinal control.

At the sams time the work wes belng done on the all-movable horizontal
tall, a related set of tests was being made to improve the longitudinal
control characteristics of a P-63A-1 airplene having experimentel elevators
(reference 3). The British also were performing scmswhet similar tests a
a fighter-type airplane and thelr conclusions were in general agreement
with those reached in the tests of the P-63A-1. As a result of these
investigations, a paper discussing the need for additional requirements
for satisfactory elevator control characteristics was published, refer-
ence 4.

During the course of the flight investigation of the P-63A-1, a set
of highly balenced slevators Ch8 and. chm near zero )\ was used in

conjunction with a bobweight and was found to be unsatisfactory because
of the light stick forces for ‘abrupt stick deflsctions. In an effort to
obtaln satisfactory longlitudinal control characteristics of the P-634-1
alrplane with the highly balanced elevators, a device was Incorporated
in the control system which consisted of a spring in series with a
viscous damper attached between the control system and the alrplane
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structure. Better stick-force characteristics were obtained for rapid
deflections, but because of the fixed spring constant the control was
satisfactory only over a limlted speed range.

In order to-provide control-feel characteristics similar to those
obtained with the spring end demper device on the P-63A-1 airplens, but
for a wider speed range, the original servotah arrangement of the
Curtiss XP-42 alrpleme was modified to include & viscous damper in the
control system in order to cause the servotebs to act as geared un-
balancing tabs for abrupt deflections. This arrangement would effectively
provide a spring restraint on the elevator with a spring constant that
would vary as the square of the airspeed. The geared umbalancing tabs
were expected to supply satisfactory stick-force gradients in rapid
maneuvers. The control system, howsver, would still act as a pure
gervotab for slow stlick deflections. The flight-test results of this
control system are presented herein.

These tests were carried out with the Curtiss XP-42 airplane having
the all-movable tall because of the convenlience of utilizing the existing
control linkage of this ailrplane- This type of control system is not
restricted to use with an all-movable tail, but may be applied also to
a conventlonel tall arrangement with closely balanced elevators.

DESCRIPTION OF GEARED UNBALANCING SERVOTAB CONTROL SYSTEM

A three-vlew drawling of the airplane and the plan view of the
horizontal teil are shown in figures 1 and 2, respectively. A diagram
showing the action of the geared unbalancing servotab in three successive
stages 1s shown in figure 3. Figure 3(a) presents a general graphical
view to Indicate in which way the viscous damper is Incorporated in the
control arrangement and also to show the position of the various parts
of the system before any deflection of the control is mede. Figure 3(Db)
shows the position of the control aftér the control stick has been
deflected rapidly. Figure 3(c) shows the final position of the control
system after a rapid deflection of the control has been made and the stick
has been held in a fixed position for a periocd of time.

The viscous damper In the control system is the medium through which
the change from a geared unbalancing teb to a servotab is possible as
shown in stage B of the control motion. For rapid stick deflections,
the viscous damper aots as a rigid link. Under these conditions, the
control system moves the tabs and the horizontal tail in the same direction
in & ratlo of 1.2:1.0. If the stick 1s held at a certain deflection after
it has been rapidly deflected, the aerodynamic force exerted on the tabs
creates a moment about the elevator hinge which 18 transmitted through
the control system, deflects the piston In the damper, and returns the
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tabs to approximately zero deflection with reference to the horizontal
tall. When the stick is deflected initially, the action of the damper
in moving the whole horizontal tail and tabs in the same direction gives
an immedlate stick force that is proportional to the stick deflection,
and this stick force is then gradually relieved by the ensuing servoteb
action. As the normal acceleration builds up, the bobwelght supplies
stick force. For slow movements of the stick, the demper allows the
tabs to act approximately as pure servotaba. The centering springs
shown in figure 3, give a simulated value of Ch8 but this value de-

creases with airspeed to small values at high speeds. The purpose of
the centering springs is to glve a stick force in landing and also to
give the horizontal tail a centering tendency when the airplane is on
the ground. During & previous investigation (reference 2) a spring was
necessary In the t&b control system to teke up backlash in order to
eliminate an undemped oscillation caused by pley in the tab control
linkage. The stick forces contributed by the backlash spring shown in

figure 3 are negligible.

The characteristics of the viscous damper are shown in figure U4 as
the variation of stick force with stick-deflection rate with the tail
locked. The damper used in this control system was quite sensitive to
small changes in temperature. No temperature-compensating device was
used in connection with the viscous damper in this control system, although
such a device could be provided in a service instaliation.

Figures 5 to 7 give the linkage and force characteristics as de-
termined in groumd calibrations. Figure 5 shows the deflection of the
horizontal control surfaces in relation to the stick deflection. The
variation of tab angls with stick deflectlon was measured with the
elevator in neutral; whereas, the variation of elevator angle with stick
deflection was measured with the teb locked to the elevator. In both
these conditions, the damping plston was free to move and the maximmm
deflections obtained were limited by the travel of the demping piston.
Figure 6(a) presents the variation of tab angle with elevator angle with
the damping piston locked in 1ts extreme position and near neutral. The
slope of theses lines represents the linkage ratio of the tab acting as an
unbalancing tab. Figure 6(b) shows the variation of tab and elevator
angles with stick angle measured with the damper locked. The stick
forces contributed by the different units of the control system are
presented in figure T.

FLIGHT TESTS AND RESULTS

The longitudinel stability in steady and turning flight and in
rapid meneuvers was investigated. Some of these tests were made with
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the center of gravity at 27.3 percent mean aerodynamic chord and the
remainder at 30.1 percent measn aerodynamic chord.

The static-longitudinel-stability data are not presented as they
were found to be similar to the characteristics found in previous
tests (reference 2). The Curtiss XP-L2 alrplane shows a tendency to
become statically unstable near the stalling speed in the power-on con-
dition with any of the tail surfaces that have been tested.

The data obtained from turning flight with the center of gravity
at 30.1 percent mean asrodynemic chord are presented in figure 8. The
stick-force gradient was 10 pounds per g. This stick force is slightly
heavier then the desirsble stick force for this type of airplane (3 to
8 pounds per g). It may be noted that 6.5 pounds per g were obtained
from the action of the bobweight and 1.3 pounds per g from the centering
springs. The remalning 2.2 pounds per g are attributed to the small
variation of the teb angle shown in figure 8, which was caused by a small
amount of statlic friction in the damping cylinder. The force per g could
have been reduced, however, by the use of a smaller bobweight.

In order to obtain date in rapld maneuvers, a series of pull-ups
and holds were executed by the pilot at different indicated airspeeds.
In the pull-up and hold maneuvers the pilot rapidly deflects the stick
to a certain displacement and attempts to hold the stick fixed until a
steady value of acceleration 1s obtained. The data obtained in these
mansuversg are presented 1n figure 9. The stick force was proportional
to the tab deflection for the initial deflection of the stick before the
acceleration bullt up. As the tab returned to a neutral position in
relation to the horizontal taill, the stick force due to the tail hinge
moments approached zero and then the stick force due to normal accelera-
tion acting on the bobwelight appeared, and thus maintained the stick
force that the tab had given. In some respects, the stick-force character-
istice obtained differed from those intended. The runs at the lower
indicated alrspeeds show that, becamse of too rapld action of the damper,
the stick force tended to fall off before the bobweight force reached.
its maximm value. Also, at the lower speeds the tab did not return
completely to its neutral position due to static friction in the demper,
and this resulted in an increased stick force. The system, however,
provided the stick force upon the initial stick deflection which had
been lacking with the original servotab system and the pilot felt that
the stlck-force characteristics in rapid maneuvers were fairly satis-
factory. Furthermore, the requirement stated in reference U "the gradient
of elevator control force per g in quick pull-ups shall never be less
than in steady tutning f1ight under the same conditions" was satisfied.
The near-zero values of Chq, and ChG’ which had been provided by the
original servotab control, however, were retained for slow movements
of the control.
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The tab ratio and damper characteristics of the geared-unbalancing-
servotab arrangement used are not considered. the optimm. Furthermore,
the arrangement tested had one undesirable feature, which is brought out
in figure 3(c), wherein a comparison of horizontal-tail deflection for
stages B and C is made. This comparison shows that the horizontal tall
does not remsin in its original deflected position but returms to »

52 percent of its original deflection as the unbalancing tab returns

to neutral position. This characteristic ls inherent in the linkage system
used in this particular control system; however, the decrease in tail
deflection could be reduced by redesigning the linkages in the control
gystem. Fligure 9 shows that the effect of the decrsase in tall deflection
was to cause a fall-off In normal acceleration in the later stages of the
pull-up and hold msmeuvers and that the pllot attempted to correct for

the decrease in acceleratlon by increasing the stick deflection.

Two time histories of the tab and elevator angles in pull-up and hold
maneuvers with Increased static friction in the viscous damper are pre-
sented in figure 10. In these rums, the center of gravity was at 27.3 per-
cent mean serodynamic chord. Figure 10 also shows that the static friction
in the viscous damper prevented the tab from returning to neutral at an
indicated airspeed of 150 miles per hour. As the airspeed was increased
to 200 miles per hour, however, the tab returned relatively farther toward
neutral. Thus, in the latter case, the tab hinge moments acting on the
control linkage were larger in relation to the static friction, and the
tabs could therefore return nearer to the neutral positlion as the alrspeed
was Increesed. These results indicate that in ordsr to obtaln the desired
stick-force characteristics at all airspeeds, the static friction in the
viscous damper must be kept at a low value.

.

Trim tabs located at the tralling edge of the servotabs as shown In
figure 2 were available on the tail surface tested. These tabs were un-
satisfactory as trimming devices. The trim tabs located on the geared-
unbalancing servotebs initially trimmed the alrplane in the wrong direction
until the static friction in the demper was overcoms. Therefore, during
these tests, the trim tabs were always locked in a neutral position.

With this type of control system, trimming could be provided by means
of an adjustable bungee.

CONCLUSIONS

The Curtiss XP-42 airplane with an all-moveble horizontal tail
was equipped with a control system Incorporating a combination of geared
unbalancing tabs and servotabs in order to provide increased stick force
in rapid meneuvers, which was not obtainable with the plain servotab
control system. From a flight investigation of this arrangement, the
following conclusions were reached:

1l. A combination unbalancing tab and servotab control system of the
type tested can be used to give satisfactory longitudinal control
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characteristics In rapid as well as In steady maneuvers for control
arrangements which possess near-zero values of tall hinge-moment variation
with deflection and angle of attack.

' 2. The static friction in the viscous demper must be held at a low
value 1n order to obtain the desired operation of the control system.

Langley Aerona;utical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., September 28, 1948
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Figure 1.- Three-view drawing of Curtiss XP-Lo airplane with all-movable
. horizontal tail.
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Figure 3.- Sketch with linkages drawn to scale of the geared unbalancing
servotab control system tested on the Curtiss XP-42 airplane. This
sketch gives the position of the contrcl system at the end of three
different stages.
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Figure 6.- Linkage characteristics between teb and elevator control
surfaces with the damper locked on the all-movable horizontal tail
of Curtiss XP-42 airplane.
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geered unbalancing servotab control on the Curtiss XP-L42 alrplane

haying an all-movable horizontal tail.

-econsidered to be very small during these runs.

Figure 9.~ Time histories of a series of pull-ups and holds with the
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Figure 10.- Time histories of pull-ups and holds in flight at 5000 feet
altitude with the geared umbalancing servotab on Curtiss XP-42 air-
plane having an all-movable horizontal tail. Control system had
increased static friction during these runs. Center of gravity
at 27.3 percent mean asrodynamic chord.
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