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PART ONE of the Orion flight controls was pub -
lished in Orion Digest 8. The three primary
booster-assisted flight control systems were described
in some detail in that issue, except that certain uncon-
ventional features of the elevator control system were
given only cursory attention. These unconventional
features are described in this second part of the article.

An item on the Orion that continually raises ques-
tions regarding its purpose and operation is the force
link tab. There are many reasons that this device is
so poorly understood. The linkage and other mech-
anism associated with the force link tab appears com-
plicated—due principally to the severe space restric-
tions for its installation—and to understand why it
is necessary and how it achieves its purpose requires
a basic knowledge of aerodynamics and flight control
design. Further, the two force link tabs on the air-
craft are interrelated, either mechanically or aero-
dynamically, with several other devices, including



the trim tab controls, the elevator downspring, and
the teeter-totter balance weights, which all tend to
make explanation that much more difhcult.

The purpose of this article is not only to explain
the mechanics and the interrelationship of these
devices, but also to present the larger view, that is,
the factors which necessitated the design, and its
great contribution to the excellent overall flying
qualities of the P-3 Orion.

DESIGN HISTORY. A full history and description of
the force link tab requires that we go back in time
to the early design stages of the Electra, tor the
Orion inherited this device from its commercial ante-
cedent, and the rabs perform exactly the same func-
tion on both airplanes.

One basic overall aerodynamic consideration 1n
a new airplane design concerns longitudinal changes
in the center of lift throughout the complete speed
range of the airplane. In this regard, designing flight
controls with “natural” feel characteristics to account
for all possible variables can be especially problemat-
ical on airplanes with specifications similar to that of
the Electra. With such aircraft, the situation 1s usu-
ally complicated further by a widely varying center-
of-gravity (c.g. range)-—a necessary feature of trans-
port airplanes, if they are going to be operationally
competitive.

FORCE
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Figure 1 Force Link Tab and Elevator Downspring

The relatively large c.g. range of both the Electra
and the Orion is indirectly related to the ability of
these aircraft to virtually lift their own weight 1n
fuel and payload. For aircraft of this size and pet-
formance, this is an exceptional achievement. How-
ever, in the early design stages of the Electra it
appeared that this capability would be seridusly com-
promised by possible changes in the basic design,
necessitated by the longitudinal stick-free stability
requirements. (These requirements are explained
later.)

Specifically, it seemed that there were two choices
open to the designers: Either the planned c.g. range
would have to be reduced, or the fuselage aft of the
wing would have to be lengthened,® thus increasing
the size and structural weight of the airframe. Either
of these alternatives would have resulted 1n a loss 1n
useful load. However, there was a third less obvious
choice, which had no serious disadvantages—other
than being an added complication. The elevator force
link tabs, in combination with the elevator down-
spring (see Figure 1), tailor the elevator control
forces, under all c.g. conditions within the allowable
range and throughout the entire flight spectrum, to
meet the longitudinal stick-free stability require-
Mments.
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¥The dimension from wing to stabilizer is the important
consideration here. This dimension, and the basic wing
and stabilizer configurations, ave the same for both the
Electra and the Orion. Thus, even though they may differ
in other respects, certain characteristics involving longi-
tudinal stability ave common to both aircraft,



THE LONGITUDINAL STICK-FREE STABILITY of an air-
plane in flight is apparent to the pilot through its
influence on the variation of elevator control force
(elevator hinge moment) with speed.** If an air-
plane is initially trimmed hands-off in level flight at
cruise speed, a stable airplane normally requires a
rearward motion of the control stick to achieve a
higher angle of attack and a forward motion of the
control stick to achieve a lower angle of attack. These
stick or elevator movements correspond to a lower
flight speed and a higher flight speed respectively,
and, if an airplane has stick-free stability, a p#ll force
is required to fly the airplane at a lower flight speed
and a push force is required to fly at a higher flight
speed—>both actions by the pilot being instinctive. If
the stick force is maintained the airplane should
stabilize at the new flight speed, and, further, when
the stick i1s released on a stable airplane, the stick
should return to its original position and the airplane
should return to its original trimmed speed.

The Civil and Military Air Regulations in regard
to stick-free stability have to be demonstrated in
flight tests. These tests are conducted at various
trimmed speeds throughout the complete operating
range of the airplane, and under the most adverse
conditions of configuration, c.g., and loading. The
results of two typical flight tests on the Orion (with
the force link tab and downspring installations) are
shown in Figure 2.

For the test depicted by the white curve the aircrafe
had a gross weight of 121,500 1b., a forward c.g. of
21.8 percent M.A.C. (Mean Aerodynamic Chord),
and was initially trimmed at 283 knots at an altitude
of 8,450 feet. The plot was obtained by measuring
the stick force required to hold the aircraft at various
speeds, both above and below 283 knots. The naval
test requirement called only for a test-range of plus
and minus 15% of the original trimmed speed, but
these two tests were carried over to about twice this

**It should be nored that the forces exerted on the control
surface hinges are transmitted to, and are felr by the pilot
through the flight station controls. In fact, for any one
particular aircraft type with manunal or boost-assisted
controls, it 15 possible to make an approximation and
state that so many foot-pounds of elevator hinge moment,
for example, are equivalent to one pound of pilot effort
at the control column. Throughout the article, we have
used whatever term (control surface hinge moment, pilot
effort, or stick force) seemed most appropriate to the
context. The reader is requested to appreciate the above
relationship.
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Figure 2 Graph Showing Results of 2 Stick
Flight Tests on the Orion

range. The stick was released slowly from each ex-
treme to determine that, within certain limits, the
aircraft returned to the original trimmed speed. The
graph shows that a steadily increasing pull force is
required to decrease the speed from the trimmed con-
dition down to about 160 knots. It also shows that a
steadily increasing push force is required from the
trim condition up to 400 knots—close to the design
limit dive speed of 405 knots.*

The grey curve on Figure 2 shows the test results
of an Orion which had a gross weight of 131,800 Ib
and an aft c.g. of 31.2 percent M.A.C. The aircraft
was initially trimmed at 272.5 knots at 8,160 feet.
These conditions, particularly the aft c.g. locarion,
are far more exacting than the forward c¢.g. test con-
ditions, and this is reflected in the two curves—the
white curve being nearly ideal, while the grey curve
tends to flatten out below 200 knots. This is satistac-
tory, in that the pull force did continue to increase,
but it is less desirable than the almost linear increase
that resulted with the forward c.g. loading. Vertical
lines on Figure 2 mark the required speed range
(plus and minus 159) for each of the two test cases,
and the portions of the curves within these limits
depict excellent results.

*Called Vv or Mo, this is the maximum speed that the atr-
plane should be flown in service, and is the speed on which
the design structural analysis 15 based.
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From the pilot’s point of view it should be appre-
ciated that stick force (elevator hinge moment) 1is
more important than stick movement (elevator de-
flection) in regard to sensing varying speeds and
aircraft attitudes from a given trimmed condition.
However, it usually follows that the stick-force re-
quirements will be met on a subsonic airplane that
has suitable elevator deflection variation with speed
~—although there are many other considerations and
the result may not necessarily be ideal. Aircraft of
the pre-war period were normally of such size and
performance that they came into the above category.
Figure 3a depicts a typical curve for a transport air-
plane with a maximum speed of about 250 knots.
The elevator deflection angle is plotted against speed
for a given center-of-gravity position, gross weight,
and so forth.

Figure 3b depicts what might be considered de-
sirable stick force characteristics which could result
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Figure 3a Graph Showing Elevator Deflection Variation
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Figure 3b Graph Showing Stick-Force Characteristics—
Typical 250-knot Transport
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from an airplane designed with the elevator deflec-
tion angle/speed characteristics shown in Figure 3a.
It should be noted that aircraft of this pre-war period
were of such size and performance that any form of
power assistance to the controls was unnecessary, and
the control surfaces were usually plain with no aero-
dynamic balancing.

Based on the Orion’s performance® it will be
noted that the elevator-deflection/airspeed curve
(Figure 4a) is only comparable with the typical pre-
war transport curve (Figure 3a) at speeds approach-
ing the stall. Above about 150 knots the curve flat-
tens out, as very little elevator movement is required,
and eventually, at speeds approaching the design
limit dive speed (Vy), the elevators are actually de-
flected in the opposite direction. It should be expected
that these characteristics would produce a stick force
curve similar to Curve #1 in Figure 4b-—assuming a
control system without benefit of the elevator down-
spring or the force link tabs.

There are two reasons for the characteristics shown
in Figure 4a. Neither of them is avoidable in an air-
plane of the Electra and Orion’s specifications. The
primary reason — and the only one causing the
flattened-out portion of the curve—is due to what is
called the “slipstream effect”’. One of the Orion’s
most desirable features is the aircraft’s almost instan-
taneous power response resulting from the unusual
characteristics of the engines, and due in large part
to the lift generated by the slipstream from four
large propellers washing over almost the entire wing.
However, this slipstream also causes a change in the
lift characteristics of the wing and the tail, which
causes a nose-down pitching moment and opposes the
more normal nose-up pitching moment associated
with increase in airspeed. One result of these two
counteracting forces is that there 1s little change 1n
elevator deflection with airspeed. Without some spe-
cial control design, there would also be little change
in elevator hinge moment with airspeed, and the
pilot would consequently experience little change 1n
stick force compatible with the change in airspeed.
This is depicted in Figures 5a and 5b.

A secondary reason for the high speed section of
the curve in Figure 4a is called “tuck” by the aero-

*At this point we should emphasize that a large propor-
tion of the following information is only based on the
Orion’s flight characteristics and should no: be regarded
as an accurate record of actual performance. For example,
some flight characteristics have been purposely exaggerated
on the graphs, and the speed [control-movement relation-
ships have been chosen merely to simplify the discussion.
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Figure 4a Graph Showing Elevator Deflection Variation with
Airspeed——Based on Orion Performance

Figure 4b  Graph Showing Stick-Force Characteristics When
Initially Trimmed at 305 knots—Based on Orion Performance

dynamicist and explains the control force reversal at
speeds close to 400 knots—a phenomenon, inciden-
tally, which is common to all jet transports which
have performance capabilities up to the transonic
speed range.* Figures 5c¢ and 5d depict the effect on
the pilot of further increasing speed from the initially
crimmed speed of 305 knots. At 370 knots (Figure
5c) there again would be a slight increase in elevator
hinge moment as the pilot pushed on the stick, but
if he pushed on the stick to achieve a speed of 400
knots he would sense an unnatural feel to the eleva-
tor controls; he would have to relax the push force
he is applying to the control column in order to pre-
vent the airplane’s tendency to nose over and gain

speed.
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*In this range some parts of the airplane are at, or exceed,
the speed of sound. This will usually begin to occur be-
tween Mach 0.7 and 0.9 depending on the particular
airplane under consideration. on Orion Performance
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FIGURE 6a 305 KNOTS AIRSPEED

O FOR SIMPLICITY, IT 1S ASSUMED

Z CROSS SECTION OF
WING SHOWING PRESSURE

DISTRIBUTION OF UPPCR

SURFACE

THAT THE CENTER-OF-GRAVITY
AND THE WING CENTER-OF-
LIFT ARE EQUAL AND QPPOSITE
{ABOUT 25% M.A.C.). ALSO
FOR SIMPLICITY, OTHER
FACTORS, SUCH AS THE EFFECTS
OF THRUST AMND DRAG, HAVE
BEEN IGNORED. IT WILL BE
NOTED THAT IF THE C.G. WERE
FORWARD OR AFT OF THE
POSITION SHOWN, THE
RESULTING PITCHING MOMENT
WOULD BE OFFSET BY POSITIVE
OR MNEGATIVE LIFT AT THE TAIL
PRODUCED BY AN APPROPIATE
AMOUNT OF ELEVATOR TRIM.
SEE ALSO FIGURE 5a.

. FIGURE éb 340 KNOTS AIRSPEED

CENTER-OQF-LIFT OF WING

HAS MOVED SLIGHTLY AFT,
BUT THE RESULTANT MNOSE-
DOWN PITCHING MOMENT

I5 MORE THAMN OFFSET BY THE
MOSE-UP PITCHING MOMEMT
PRODUCED BY THE HORIZOMNTAL
STABILIZER, WHICH HAS AN
INVERTED AIRFOIL SECTION.
AGAIN, OTHER FACTORS, SUCH
AS THE EFFECTS OF THRUST
AMND DRAG HAVE BEEM
IGMNORED . SEE ALSO FIGURE
Sk

FIGURE 6c 370 KNOTS AIRSPEED

CENTER=-OQF-LIFT OF WING
HAS MOWVED FARTHER AFT,
AMND THE MNEGATIVE LIFT
FROM THE HORIZONTAL
STABILIZER HAS ALSC
INCREASED., RESULTS ARE
SIMILAR AS [N FIGURE &b,
SsEE ALSO FIGURE 5e,

FIGURE 6d 400 kMNOTS AIRSPEED

COMPRESSIBILITY HAS HAD A
CONSIDERABLE EFFECT ON THE
LIET DISTRIBUTION OVER THE
WING. THE INCREASED
NEGATIVE LIFT FROM THE
HORIZONTAL STABILIZER IS
NOT SUFFICIENT TO OFFSET
THE LARGE AFT MOVEMENT

OF THE WING CENTER-OF-
LIFT. THE RESULTANT MNOSE-UP
PITCHING MOMENT 15 REDUCED
INSTEAD OF INCREASED, WHICH
IS FELT BY THE PILOT AS A
TENDENCY FOR THE AIRCRAFT'S
MOSE TO DROP.

Figure 6 How Compressibility Affects a Typical Subsonic Wing to

Cause Tuck—Based on Performance of Orion Without
Elevator Downspring and Force Link Tab Installations

In the tuck regime the airflow over the wing
reaches, or exceeds, the speed of sound (Mach 1).
The resultant compressibility effects are such that the
center-of-lift of the wing moves aft a large amount
compared to the speed increase.

At subsonic speeds, as Figures 6a, 6b, and 6¢
depict, the center-of-lift of the wing gradually moves
aft, but there is no tendency for the aircraft nose to
drop. There are several factors involved, but the
nosing-down tendency is more than offset by the
increased negative lift from the horizontal stabilizer,
which, on the Electra and the Orion, has an inverted
airfoil section.®* Thus the aircraft’s nose actually
rises with increased speed and this is counteracted
by a steadily increasing push force on the stick by
the pilot,

At transonic speeds, however, the negative lift
from the horizontal stabilizer is not sufficient to off-
set the large aft movement of the center-of-lift of the
wing and the aircraft’s nose has a tendency to drop
or tuck under (see Figure 6d).

Airplane tucking became a fairly common phe-
nomenon with fighter aircraft at the end of World
War 2 and was counteracted to some extent, or de-
layed, by the employment of thin laminar-flow wings
and then, later, swept-back wings. The Electra/Orion
wing is about as thin as practicable, while still main-
raining good landing characteristics and the necessary
fuel storage capacity. It is interesting to note that
the depth-to-chord ratio of the Electra/Orion wing
compares to that of the Lockheed P-80 Shooting
Star. The use of sweepback, while introducing unde-
sirable complications in fuel management, would
also have introduced many low-speed stability and
control problems which were considered to be un-
acceptable on an airplane designed to this specifica-
tion. However, the “tuck” problem on the Electra
and Orion is of far less concern than the “slipstream”™
problem—-particularly since the aircratt only enters
the tuck regime at speeds close to its Design Diving

Speed of 405 knots (Mach .711).

Returning now to Figure 4b, it will be noted that
one of the stick-force curves, Curve 3, is an aver-
aged” approximation of statistics obtained during the
numerous flight tests described previously in connec-
tion with Figure 2. Curve # 3, of course, includes the
effect of both the elevator downspring and the force
link tabs. Curve #2 on this diagram is a theoretical
estimate and gives some idea of the effect of the
downspring alone on the stick force characteristics.

*An airfoil which bas the maximum curvature on the
underside 5o that the lift acts downwards.



Both devices——the downspring and the force link
tab—utilize the same basic principle of the operation
of a trim tab in which, if the tab is moved up, for
example, airflow acting on it will force the elevator
down, and the control surface movement, in turn,
will force the aircraft nose down. Trim tabs of course
are used to relieve the pilot of work in maintaining
the attitude and speed of an airplane. The example
in Figures 7a, 7b, and 7c illustrates the principle
involved (somewhat exaggerated) of trimming an
airplane by means of the trim tab controls.

5

In Figure 7 and in the following discussion, it is
assumed that we are in steady flight conditions and
that the stick force experienced by the pilot is directly
proportional to the elevator hinge moment. Thus if
there 1s an upward elevator hinge moment, then the
pilot 1s having to push on the stick to force the eleva-
tors down.

As discussed earlier, we know that we want some
means of increasing the push-force the pilot is exert-
ing on the stick in Figure 7b. This is the same thing
as increasing the up-elevator hinge moment. One
way of achieving this is by adding an elevator down-
spring as shown and explained in Figures 8a and 8b.
These two illustrations may be compared with Fig-
ures 7a and 7b respectively.

Compared to the force link tabs, the downspring
is a simple device, but there are drawbacks to using
this method alone for achieving the objective. Refer-
ring back to Figure 4b: Curve gives some indica-
tion of the effect of the present downspring installa-
tion on the Orion. It will be noticed that the force
link tabs are about five times more effective than the
downspring in this instance, where the airplane was
trimmed initially at about 280 knots. An exception-
ally large downspring would be required to equal the
performance of the force link tabs and, quite apart
rom the increase in size and weight, the control
orces on the ground and during takeoff would be

rohibitive.

Figure 8 Effect of a Downspring on the Elevator Hinge Moment




On the other hand, the force link tabs cannot
entirely replace the downspring. Figure 9 shows a
similar set of curves to Figure 4b, except that the
airplane in this instance was trimmed initially at
about 180 knots. It will be noted that the down-
spring is now comparatively more effective than in
Figure 4b. Thus it is apparent that, while both devices
achieve similar results, they actually complement
each other, particularly when considering both low
and high-speed operational conditions.

THE FORCE LINK TAB. [n order to simplify the ex-
planation of the theory of operation of the force link
tab we shall consider it first of all as a unit separated
from the trim tab controls. As shown in Figure 10,
it can be represented as a tab which is spring loaded
in the up position. Its operation is similar to a device
called a springy tab, which was used to solve the
tuck problem of World War 2 fighters with per-
formances in the transonic range.

In Figure 10 the operation of the force link tab
is compared to the operation of a trim tab under
similar conditions. The resultant elevator hinge mo-
ments of the trim tab and force link tab at various
speeds may be compared with the similar results
shown on Curves #1 and®3 respectively of Figure 4b,
although the initial trimmed speed (240 knots) is
lower and Curve #3 also includes the effect of the
downspring. As previously stated, the angles of tab

L S

Figure 9 Graph Showing Stick-Force Characteristics When Initially
Trimmed at 180 knots—RBased on Orion Performance
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movement and speeds are not necessarily factual and
only serve to further the discussion.

Referring to the Trim Tab column in Figure 10:
at 240 knots the aircraft is trimmed and the up-
elevator hinge moment is opposed by an equal down-
elevator hinge moment produced by five degrees of
trim tab. The resultant hinge moment is therefore
zero and no effort is required by the pilot. At 280
knots and 360 knots the resultant up-elevator hinge
moment has steadily increased (portrayed by size of
arrows), but not enough to be representative of the
conditions. At 400 knots the resultant up-elevator
hinge moment has actually decreased slightly as the
aircraft enters the tuck regime, and the pilot has had
to relax the push-force on the stick.

It will be noted that throughout this sequence
the five degrees of up trim tab gives a down-elevator
hinge moment which increases with increase in air-
speed. Comparing each illustration in the "Trim
Tab” column with its counterpart in the “Force Link
Tab” column, it will be noted that at 240 knots the
conditions are the same with both tabs set at five
degrees up. With increase in speed, however, the
down-elevator hinge moment from the force link
tab remains the same, as the tab deflection is re-
duced by the increase in airloads. The resultant ele-
vator hinge moment is therefore increased in an
upwards direction with increase in airspeed and the
pilot therefore experiences an increasing push force
on the stick throughout the whole speed range, which
is more representative of the conditions.

Although Figure 10 draws a comparison, the force
link tab does not of course replace the trim tab or
vice versa, both are required since they have differ-
ent functions. A further complication exists; employ-
ing these two tab systems as separate entities would
be sufficient for an airplane, such as a fighter, with a
relatively stable center-of-gravity. An aircraft of the
Electra and Orion’s specifications though has a c.g.
which varies widely according to the loading of the
airplane, and it follows that the effect of the force
link tab should vary to suit this variation in ¢.g. Since
the position of the trim tab is also a function of the
aircraft’s c.g., we can simplify the whole arrangement
by linking these two tabs to the same control link-
age. It should also be pointed out at this stage that
the force link tab has this additional advantage over
an elevator downspring—that it can be easily varied
to suit the airplane’s c.g. position.
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The interconnection of the elevator tab controls
on the Orion 1s illustrated in Figure 11. The angular
movements shown are for the static condition and

it also has another function. The trim tab/force tab
interconnecting linkage is designed so that as the
trim tab moves from the full-up towards the fully

do not take air loads into account.

As previously mentioned, the force link tab was
designed primarily to improve the stick-free longi-
rudinal stability throughout the speed range, but

down position (nose up), the force tab spring com-
pression is reduced. Basic airplane stability increases
with forward c.g. travel and the effectiveness of the
force link tab is therefore progressively lessened
with forward c.g. movement. Further movement of
the trim tab down relaxes the force tab spring com-
pression until the cartridge is bottomed. The tab
moves past the faired position, and it then functions
as another rigid trim tab (see Figure 11). This addi-
tional trim effectiveness is particularly useful during
approach and landing maneuvers when the force link

- SPRING CARTRIDGE
(FULLY EXTENDEEH

-~ FINED STOFS

HOR | ZONTAL e Ef EVATOR
STABHLLZER

g+ - L

et tab will ordinarily vary between zero and 6 degrees
—— —— N ; .*"l down and the trim tab will vary between 21 and 25
TAB CoNTRaLS B / degrees down.
FIGURE 11 b4 In conclusion, Figures 12a, b, and ¢ demonstrate
SPRING. CARTRIDGE BOTIOHED. S schematically the interaction of the trim tab and

force link tab under flight conditions in the upper
speed range. Aerodynamically, the force tab position,
for any one trim tab position, is mainly a function
of the airspeed and is slightly affected by the elevator
position. For simplicity, however, the following ex-
ample assumes that the elevator position stays con-
stant and the spring input to the force tab also re-
mains constant. Again it should be noted that the
angles and loads given are hypothetical and not nec-
essarily factual.

FIGURE 11b

ALTHOUGH NOT APPARENT FROM
THIS TLLUSTRATION, THE FORCE
LINK TABE ACTUALLY FLOPS OVER
FROM ONE STOF TO THE OTHER
AT ABOUT THE 20-DEGREES -
DOWN TRIM TAR POSITION,

FIGURE 1lc

FORCE LINK TAB FULLY
UP AGAINST STOP,
5PRING CARTRIDGE
SLIGHTLY COMPRESSED.

Figure 12a shows the relative positions of the
elevator tabs with the airplane initially trimmed

(hands off) at 300 knots.

It will be noted that the trim tab is five degrees
down, which is the same setting shown 1n Figure 11c.
The force link tab, however, is not hard up against

FIGURE 114

TRIM TAE NEUTRAL.
SPRING CARTRIDGE
MORE COMPRESSED.

BUD mms AI&SPEED

RESULTANT ELEVATOR HIHGE
CUMOMENT 1S ZERO, AND.
';-':_:;;:;.'-s‘rlcx FORCE | 15 zsm

CELEVATOR ‘HiM: DUE
IO TRIMTAR

';_Ms"”"m HT. _ FORcE Lquk;':":"

FIGURE 1la

BOTH TABS FULLY

UP., MAXIMUM COMPRESSION
0F SPRING CARTRIDGE.

2

FIGURES 1la THROUGH 1le SHOW MOVEMENT OF TRIM TAB

CONTROL FROM FULLY DOWN (NOSE UP} 10 FULLY UP (NOSE DOWND. j;?f_f‘l‘c:u FC:nREE LIHIf; Tﬁﬂ o

Figure 12a Interaction of the Trim Tab and Force Link Tab in
Flight—Aircraft Trimmed at 300 knots

Figure 11 Basic Arrangement of Trim Tab and Force Link Tab
Interconnecting Linkage
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the stop (as shown in the static condition in Figure
I1c); it has assumed an intermediate position of six
degrees up between the two stops, where the spring
load counterbalances the aerodynamic load at 300
knots. Pilot stick force is a function of the elevator
hinge moment and, since the aircraft is trimmed, the
elevator hinge moment in Figure 12a is zero, and
therefore the stick force is zero. It will also be noted
that, ignoring other factors, the zero elevator hinge
moment is the resultant of the hinge moments of the
trim tab and the force link tab, which, we have
assumed counterbalance one another at these par-
ticular angular settings.

With the airplane still trimmed at 300 knots, the
pilot should, in order to reduce speed, p#ll on the
stick to lift up the nose of the airplane. Figure 12b
shows schematically how, at a lower speed of 250
knots, the down angle of the trim tab is still five
degrees, but the up angle of the force link tab has
increased to eight degrees due to a lowering of the
aerodynamic force. The clockwise elevator hinge
moment due to the force link tab is now greater than
the reduced counter-clockwise hinge moment gener-
ated by the trim tab. The resultant elevator hinge

250 KHGTE AIRSPEED L e R
;_RESULTA NT «ELE"IIAT D‘R HIHGE
S MOMENT IS MOSE DOWN .o b i e
CUAND PILOT MUST: PULL ON 75 o 5 i s L S e e
_'_':'.:'..STIEK T'-':I' KEEF THE HGSE UFﬂZ:_'-.:.'_'.:'ZZ_:

Figure 12b Airspeed Decreased to 250 knots

moment from these two forces is therefore clock-
wise, torcing the elevator down, and the aircraft’s
nose down. The pilot must therefore pull on the

stick to keep the nose up and maintain the lower
speed of 250 knots.

Conversely, in Figure 12¢, at a higher speed of
350 knots, the angle of the force link tab has de-
creased to four degrees due to the greater aero-
dynamic force. The clockwise elevator hinge moment
due to the force link tab is now less than the increased
counter-clockwise trim tab hinge moment. The re-

sultant elevator hinge moment is now counter-
clockwise, forcing the elevator up, and the aircraft’s
nose up. The pilot must therefore push on the stick
to maintain the higher speed.

'.-;_1-5':5?-13‘50 mms ARSPEED
- RESULTANT. ELEVATOR | HIHGE_.;
CUMOMENT IS NOSE UP AND
L PILOT -MUST PUSH :ON- srlc:l-:_:;:;
'_-{:-'s.f;;n::r KEEP ?HE NOSE DGWH ;.-i;

Figure 12¢ Airspeed Increased to 350 knots

The above effect can be summarized by saying
that the force link tab produces essentially constant
elevator hinge moment with airspeed (actually it
varies slightly with force tab position due to mechan-
ical linkage), while the hinge moment produced by
the trim tab varies directly with the aerodynamic
force. The difference in the two hinge moments gives
the pilot positive stick feel.
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Figure 13 :
View of Elevator Showing Force Link Tab Control Mechanism

THE FORCE LINK TAB LINKAGE and its interconnection
with the trim tab is shown in Figures 13, 14, 15,
and 16. Although operated by movement of the trim
tab, the force tab linkage is almost independent of the

trim tab control system, its only connection being

with the trim tab itself by means of a single push-pull
rod. As a fail-safe provision against flutter occurring
from a disconnected tab, dual push-pull rods connect
the force link tab to the teeter-totter balance and
the trim tab to its actuator. In these instances either
of the dual push-pull rods is capable of carrying
the load.

The two extreme positions of the force tab link-
age are shown schematically on Figures 16a and 16g
and these diagrams may be compared with Figures
11a and 11e respectively. It will be noted that con-
tact of the aft counterweight of the teeter-totter bal-
ance with the upper and lower surfaces of the elevator
imits the full-down and full-up travel of the force
tab itself, and corresponds to the “stops” shown in

14

Figure 14
Schematic Showing

Trim Tab/Force Link Tab
Control Linkage

Figure 11.

There are actually two spring cartridges in the
linkage of each force tab. The program spring car-
tridge on Figures 14 and 16 is the main one, and
corresponds essentially to the spring on Figure 11.
The other spring is called the roll-off spring car-
tridge and it remains in a slightly varying pre-loaded
condition during trim control operation, and opposes
the effect of the program spring only slightly, due
to the low leverage angle on the inboard bellcrank.
It has least effect in the tab up position when the
roll-off spring cable contacts the cable stop.

The roll-off spring cartridge improves the force
tab characteristics in high-speed flight and reduces
the pilot forces required to move the flight station
tab control wheels. It also eliminates a great deal of
the backlash in the linkages, particularly when the
program spring cartridge is bottomed and the force
ink tab is in process of transition from its role as
a springy tab to that of a trim tab.



THE TEETER-TOTTER BALANCE WEIGHT 1is one item
which has not been fully discussed. Its connection
to the force link tab can best be seen in Figure 15.
An engineer specializing in flutter analysis would
say that this seesaw arrangement of mass balance
provides the force link tab with 75 percent static
balance and 125 percent dynamic balance. It is
worth a digression to explain this rather enigmatic
statement more fully.

Flutter, and similar vibrations of an airplane in
flight, can be induced by many outside agencies such
as acceleration forces, changes in air flow with in-
creased speed, air gusts, maneuvering loads, wing
and stabilizer deflections, and so forth. Particular
attention must be paid to the design of certain parts
of the aircraft structure to prevent the occurrence of
flutter, and this is especially true of the control sur-
faces. On these components, prevention of flutter is
usually obtained by attaching weights to the surface
itself, forward of the hinge line, so as to achieve a
desired condition of balance or unbalance about the
hinge axis. Flutter prevention is the primary consid-
eration in the selection of the desired amount of
weights, but it should perhaps be mentioned that
other considerations are: the reduction of the surface
hinge moment, the attainment of certain control
characteristics (change of hinge moment under ac-
celeration loads, for example), and of course the
actual increase in the structural weight of the
airplane.

In the case of primary control surfaces, we are
usually only concerned with flutter of the surface
relative to motion of the airplane as a whole. With
some types of control surface zzbs however the prob-
lem is more complex, and we also have to consider
flutter of the tab while the primary control surface,
to which it is attached, is moving. A fluttering eleva-
tor, for example, is considered as oscillating about its
hinge line, which is fixed in relation to the aircraft
structure. On the other hand, if we consider a free
tab attached to the elevator (a tab connected by hinge

Figure 15 Section Through Elevator and Force Link Tab Showing
Teeter-Totter Balance Weight

only): when the tab is fluttering, the tab hinge could
be fixed in relation to the airplane or it could be
moving 1n an ar¢, depending upon whether the
elevator is stationary or moving.

The adding of weights to the tab surface for the
prevention of flutter in either of these instances is
called static balancing for the stationary elevator
case and dynamic balancing for the moving elevator
case. The optimum amount of weight required in
either instance is written as a percentage of the
amount required to exactly balance the tab—either
statically or dynamically.

Most types of control surface tabs do not require
the addition of mass balance to prevent flutter, be-
cause of their control system design. For example,
trim tabs commonly have irreversible control units
located close to the tabs, and other tab systems often
incorporate connecting linkage which is stiff and free
trom backlash. Because of their particular applica-
tion, however, spring tabs cannot derive similar
benefits from a stiff or rigid control system, and must
be balanced to avoid flutter problems.

Considering a sudden movement of an Orion ele-
vator about its hinge line, will give some idea of
other factors involved in the balancing of spring
tabs: the force link tab would initially have a ten-
dency to lag (the associated spring would not op-
pose this tendency) and then, when the elevator
movement was stopped, the force link tab would
tend to overshoot and carry on moving. It should
be noted that this relative movement of the force
link tab about its hinge line would alternately assist
and oppose the movement of the elevator, so that
the elevator and tab also have to be considered in
combination when determining flutter characteristics.

However, when considering spring tabs, a flutter
analysis is undertaken to determine the optimum
values for both static balancing and dynamic balanc-
ing. On some aircraft installations, similar to the
force link tab installation, it is then possible
achieve a compromise and attach a suitable amount
of mass balance directly to the tab so that both the
static balance and the dynamic balance requirements
are within acceptable limits. In other instances, par-
ticularly where the springy tab is large in relation to
the elevator, such a compromise is difficult to achieve
by this method. And where the percentage dynamic
balance exceeds the percentage static balance—as in
the case of the Orion—it is actually impossible. The
Orion’s apparently impossible optimum requirements
of 75 percent static and 125 percent dynamic balance
can, however, be met by the use of a device such as
the teeter-totter balance.

15



Figure 16 Force Link Tab Rigging Summary, and Control Linkage Schematics showing Full-up (16a) and Full-Down (16g) Configurations
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Figure 17a shows the action of the teeter-totter
balance when the aircraft is subjected to a vertical
acceleration force. In this event the stabilizer, eleva-
tor, and the force link tab would all be moving in

Figure 17a Action of Teeter-Totter Balance in Achieving Static
Balance for the Force Link Tab

the same direction. Assuming the elevator remains
stationary about its hinge line, the force link tab,
subject to a downward acceleration force, has a ten-
dency to rotate clockwise about its hinge line against
the action of the spring. Both weights of the teeter-
totter would also be subjected to the downward
acceleration force, and since the rear weight (right
on the diagram) is the heavier of the two, there would
be a resultant clockwise hinge moment about the
teeter-totter hinge axis, This would be felt as a coun-
terclockwise moment about the force tab hinge,
opposing the hinge moment due to the force link tab.

R B B

........

Figure 17b Action of Teeter-Totter Balance in Achieving Dynamic

Balance for the Force Link Tab

Figure 17b shows the action of the teeter-totter
balance when the elevator controls are moved so as
to move the elevator up about its hinge axis. Any
resultant movement up or down of the force link
tab will be counteracted by the hinge moments of
both weights of the teeter-totter balance as this device
tends to rotate about its axis.

i8

It should be noted in Figure 17b that the move-
ment of the elevator would also result in a general
movement of the stabilizer, elevator, and tab in a
downward direction. However the resultant tab hinge
moment from this cause would be counteracted in a
similar way to the example in Figure 17a. In effect,
movement of the primary control surface results in a
combination of the above counter forces, but essen-
tially the action of the teeter-totter balance can be
summarized as follows: The 75 percent static balance
is provided by the difference of the moments of the
two balance weights, and the 125 percent dynamic
balance is provided by the s#m of the moments of the
two balance weights.

It is also of interest to note that the force link
tabs, being only 75 percent statically balanced, are
slightly deflected by g forces on the airplane and the
resulting aerodynamic moment on the elevators acts
like a small increase in the static balance of the
elevators, which is felt as less than V5 lb per g at
the stick.

FORCE LINK TAB RIGGING. Having discussed the
force link tab at some length, this is perhaps an op-
portune time to emphasize the importance of cor-
rectly rigging this device. Reports in the past indi-
cated that there have been several instances where
vibration or buffeting in the elevator controls has
been eliminated by re-rigging of the force link tab
control linkages. The correct rigging procedure is
summarized in Figure 16 for information purposes
only. When actually rigging these devices, reference
should of course be made to the pertinent section of

the Maintenance Manual (NAVWEPS 01-75PAA-
2-2).

This is also a convenient point in this discussion to
re-emphasize the importance of adhering to the rec-
ommended operating procedures contained in the
NATOPS Flight Manual. Specifically, we would like
to point out the setting of the elevator trim tabs
prior to take-off, and the operation of the hydraulic
pumps (all three should be operable and ON for

take-oft).

Deviations from these procedures can lead to
elevator control difficulty being experienced during
gear retraction after take-off. For example, flight
tests have determined that, with only one hydraulic
pump operating, and with an initial trim tab setting
varying by as little as ten degrees from the take-oft
setting it is possible for stick forces to increase from
40 pounds prior to gear retraction to over 100
pounds during gear retraction. Perhaps this is an
exceptional example, but it serves to emphasize the
importance of the “cockpit check”. Such a build-up
of elevator control forces during take-off could be
disconcerting to say the least. A A



ERRATA

It has come to our attention that Pg. 19 of Orion
Service Digest Issue 9 contained an error under the
heading “"CLEARING ARTIFICIALLY INDUCED
ASYMMETRY TRIPS.” The eighth line of type
under that heading, “close (push in) L & R BK FLAP
circuit breaker,” should be moved to the 14th line
(which begins “outer shaft. ") and the para-
graph should conclude:

outer shatt. Close I. & R BK FLAP circuit breaker.
I (It the brakes trip again at this point in the procedure, :
| there is a malfunction in the flap drive or the asym-
| metry system. Reset the system as outlined under i
I “Clearing Fault Induced Asymmetry Trips.”)

Those readers who maintain a file of Digests are
urged to paste the above clipping over the latter part
of this paragraph in their copy of Issue 9, and to
obliterate the 8th line.
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