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USE OF VARTABLE-RATIO GEARED TABS TO IMPROVE STICK-FORCE
CHARACTERISTICS IN TURNING FLIGHT
By Harold F. Kleckner

SUMMARY

In flight tests of an experlimentsl elevator with
geared tabs, a cockplt control over the tab gear ratio
was found to be satlsfactory for adjusting the stlck
force per g 1n turning flight according to the pllot's
preference. Thls type of control appears to have appll-
cation for lncreasing the center-of-gravlity range for
.gatlsfactory stick forces in turning flight. Sample cal-
culations made for a fighter alrplane indlicate that sat-
isfactory stick forces in turning flight can be obtalned
for any center-of-gravity poslition at which thes elevator
control meets other regqulrements.

INTRODUCTION

Because of the increase 1n welght and 1n altitude
range, most recent alrplanes meet Army and Navy specifli-
cations for satlsfactory stlick forces in turning flight
for only a limited center-of-gravity range. Attempts
have been mede to provide satlisfactory stick forces for
an lncreased center-of-gravity renge by the use of spring-
tab elevators and by a reductlion 1n the variatlon of ele-
vator hinge moment with elevator deflection Chg - If any

appreclable increase in center-of-gravity range 1is
obtained by elther of these methods, 1t is then necessary
to add a bobweight or to make the variatlon of elevator
hinge moment with tail angle of attack Cn, positive in

order to increase light stlck forces 1n turns at normal
center-of-gravity positions. Arrangements of this kind
have lntroduced undesirable control feel 1n rapid

maneuvers and poor control characteristics in rough alr.
With spring tabs, in addition, difficulty in preventing
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flutter and in malntaining the stick force per g suffi-
clently constant throughout the speed range may be
encountered.

A method 1s suggested for increasing the center-of-
gravity range for satlsfactory stick forces in turning
flight by the use of geared tabs and a cockpit control
over the gear ratlo. Flight tusts have been macde with an
arrangement of this kind, and pilots' oplnions of such a
control are now avallable.

SYMBOLS
bg elevator span, feet
T wing mean aerodynamic chord, feet
Cq elevator root-mean-square chord, feet
Ch5 varlatlion of elevator hinge moment wlth elevator
C
deflectlon —h
08¢
Chq varlation of elgvator hinge moment with tall angle
of attack —EQ
Oar
Cn elevator hinge-moment coefflclient _H
qbeEéz
H hinge moment, foot-pounds
q dynamlc pressure, pounds per square foot
CLT tall 11{t coefflclent
5CIm
(CL> tail lift-curve slope, per radlan L
a@/m éc,T
K ratio of stlclk movement to elevator deflectlion,

feet per radlan
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Ly tall length, distance from center-of-gravity
) poslition to elevator hinge line, feet
S horizontal-tall ares (exciusive of area through
fuselage), square feet
W airplane weight, pounds
ap tall angle of attack, radlans
8o elevator deflection (positive down), degrees
Oy tab deflection (positive down), degrees

8t/%e¢ tab gear ratio

CI'T/65

o)
T elevator effectiveness factor (: /6
ap

FLIGHT TESTS

A cockplt control over the tab gear ratlo was used
during flight tests of an experimental all-movable horl-
zontal tall on a fighter sirplane. With the all-movuble
tail the tabs were used as geared unbalancing tabs, und
ratios of tab deflection to elevatnr deflection bt/ée

of 0.6 to 1.0 were available. At the center-of-gravity
locatlon tested, the corresponding stick force per g in
turning flight varied approximately from 6 to 10 pounds
at an altitude of 5000 feet.

The control was found to be satisfactory for adjusting
the stick force per g to the pilot's preference. The
pllots preferred a force of about B8 pounds per g in the
present flights, which did not involve high accelerations.
The pllots reacted favorably to the control and did not
think 1t confusing in any way. It 1s belleved that, after
elementary education in the function of the control,
pllots would use it as instinctively as they use the
trimming controls.
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TYPICAL APPLICATION AND DISCUSSION

In the flight tests of the all-movable tall with
varlable-ratio geared tabs, the control characterlistics
could not be determined over a large center-of-gravity
range. In order to 1llustrate the increased range for
which satisfactory stick forces 1n turns can be obtailned,
therefore, calculatlions have been made for a typlcal
fighter alrplane wlith conventlional elevators. The char-
acteristics of this alrplane are given in table I. The
varlation of stick force per g with center-of-gravity
posltion was calculated from the egquation

Stick force per g = 0.01C Wﬁbeaéz
Percent change in c. g. position "UVhe o (CLa)mSTLT

In this equation the hinge moments of the tad are neg-
lected.

Calculatlons were made for two sets of values of the
elevator hinge-moment coefficients Cnp, and Chg. For

the first example 1t was assumed that Chy = 0 and
Chg = -0.002. The value of Chg = 0 may be obtained in

practice by a sultable choice of the elsvator contours.
For the second example 1t was assumed that Cnhy = -0.001

and Ch5 = -0.0035; these values are typlcal of those

obtalned on elevators of s=evseral current fighter alr-
planes. For both examples the elevator hinge-moment coef-
ficient due to tab deflection was assumed to be -0.0C35;
values close to -0.0035 have been obtalned in practilce
with tabs the same slze as those of the alrplane con-
sldered for the calculations.

The curves showlng the wvarlation of stick force

per g with center-of-gravity vosltion for the two examples
are presented 1n figure 1. The range of satisfactory
stick forces is indicated 1n figure 1 in accordance with
the requirements of reference 1. The locations of the
stick-fixed neutral point and the stick-fixed maneuver
polnts were estimated from flight-test duta on an air-
plane of this type. The stick-fixed neutral polnt is the
center-of-gravity position at which the verlatlon of ele-
vator angle wlth airplane 1ift coefficlent 1s zero in
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. atralght flight. The stick-fixed maneuver point 1s the

center-of-gravity position at which the varlation of ele-
vator angle with alrplane 1lift coefficient 1s zero in
turning flight.

Figure 1 shows that a greatly increased center-of-
gravity range for satlisfactory stick forces in turning
flight 1s possible with a varlable~ratlio geared tab con-
trol. In additlon the control permlts the pllot to adjust
the force to his own preference at any intermedlate center-
of-gravity position. The center-of-gravity range can be
extended forward any arbltrary amount 1f sufficient tab
power and elevator balance are provided. The most forward
center-of-gravity position then willl be cdetermined not by
limits on stick forces in turning flight but by other con-
siderations, such as the elevator deflectlion avallable to
meet landing requirements. Figure 1 also shows that the
most rearward center-of-gravlity position for which the
variable-ratio tab control can be used to obtain satis-
factory stick forces in turning f£light is somewhat forward
of the stick-fixed maneuver pocint. This limit will be at
least as far rearward as the limlit set by the stick-free
or stick-fixed neutral points. With a control over the
gear ratio of geared elevator tabs, therefore, satlisfactory
stlck forces 1n turning flizht could be provided for any
center-of-gravity position at which the elevator control
would meet other requirements.

When Cny 1s negative, a condition of stick-free

Instablillity in turns would be obtained if the control over
the tab gear ratlio were used 1n the position to glve light
stlck forces at a rearward center-of-gravity position; for
example, 1f a tab gear ratio of -0.5 (fig. 1(b)) were used
at 32 percent mean aerodynamic chord. This condition
would be dangerous in take-off and, although an item could
be 1lncluded in the check-off llst for take-off to have the
control in position to give heavy stlick forces, the possl-
bllity of this condition should be avolded by the use of
an elevator with Chq = O.

A second advantage is galned 1f an elevator with
Chq = O 1s used. When Ch, 1is negative, larger negative

values of Ch6 are required to obtailn sufficlently heavy

stick forces at rearward center-of-gravity positions and
larger tab gear ratlos or larger tabs are requlred to
provide a given increase 1ln center-of-gravity range.
(Compare figs. 1l(a) and (b).)
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It has recently been found that zero 1s the approxl-
mate limlit to which Ch, can be changed in the positive

directlon when Chg 1s small unless some auxiliary device

i1s used to ellminate the uncdesirable control feel 1n rapid
maneuvers. Elevators with Cn,; = 0 have been found sat-

isfactory when Cng was sufficlent to give 5 to 8 pounds
per g. An elevator with Chy, = O and with Cng large

enough to give only 2 or 3 pounds per g would probably
glve uncomfortably light stick forces.

When the tab ratlio is changed, the stick-free sta-
bility in stralight flight (varlation of stick force with
ailrspeed) wlll change as well as the stlick force per g in
turning flight. If the variable-ratio tab control is used
to malntaln an essentlally constant value of stick force
per g through the center-of-gravity range, more nearly
constant stick-free stabillity in stralght flight through
the center-of-gravity range will result than 1s obtained
with conventlional elevators.

In addlition to improving stick-force characteristics
in turning flight, a variable-ratio geared tab control
may be useful 1ln compensating for varlations in Chn,

and Chg due to manufacturing tolerances and other

factors that prevent accurate predliction of hinge-moment
characterlstics.

DESIGN CONSIDERATIONS

Tab power greater than ls normally provided for
triming may be necessary 1f the elsvator tabs are
employed both as geared tabs and ss trim tabs. If a
reasonable smount of elevator bulance 1s provided,
howsever, the necessary tab gear ratlios wlll be small and
the added demand for tab power wlll not be dlfflcult to
meet. The required tab ratios may be reduced by pro-
viding sufficlent elsvator balance to allow the tabs to
be used as unbalancing tabs for rearward center-of-gravity
nositions and as balancing tabs for forward center-of-
gravity posltlions. Tab power additional to that normaliy provided
may also be necessary to trim the stick force 1n the landing
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approach 1f the center-of-gravity range 1s extended for-
ward. The amount of addltlonal tab power for this purnose
‘wlll of course depend on the amount of elevator unbalance
and the slze of the tabs, but estimates from flight-test
data indicate that a tab deflection of approximately 1°
per percent center-of-gravity movement would be needed for
the elevators assumed in the first example.

In order to avold large deviations from linearity 1in
the curves of elevator hinge moment with elevator deflec-
tion at large elevator deflections, the maximum tab deflec~
tions should be limited to reasonable values, probably not
greater than 20°. A small-chord tab of large span is, in
general, preferable to a large-chord tab of small span.

The job of providing a cockpit control cver the tab
gear ratio is structurally and mechanically simllar to
that of providing trim-tad control. A dlagraemmatic sketch
of an lnstallation that would provide variable tab gear
ratios and tab movement for trirming 1s shown as figure 2.
Definite stops should be provided to limit the adjJustment
of the tab gear ratio to the amount needed to give satis-
factory stick forces over the center-of-gravity range that
1s to be used. If stops are not provided, a conditlon
of zero or positive Chg might be obtalned. This condl-
tion, of course, must bé avoided.

CONCIUDING REMARKS

In flight tests & cockpit control over the gear ratio
of a geared elsvator tab was found to be satisfactory for
adjusting the stick force per g in turning flight according
to the pilot's preference. This type of control appears
to have aoplication for increasing the center-of-gravity
range for satlsfactory stick forces in turning flight.
Ssmple calculations made for a flghter alrplane indlcate
that satlsfactory stick forces in turning flight can be
obtained for any center-of-gravity position at which the
elevator control meeta other requirements.
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