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ABSTRACT

The F/A-18E/F Super Hornet is a growth version of the
F/A-18 A through D model “heritage” Hornet, first fielded
in 1983. Some of the primary design goals for the Super
Hornet included increasing the range, providing greater
weapon loading flexibility, increasing carrier landing bring
back weight, and improving survivability. Improving the
survivability was addressed in various ways, including
reductions in radar cross section, expanded self-protection
systems, and enhanced maneuverability. The heritage
Hornet was the first tactical aircraft in the world to fully
exploit high Angle of Attack (AOA) maneuvering in the air
combat environment. The heritage Hornet is widely known
for its ability to attain and maintain high angles of attack,
providing the pilot with a distinct advantage in the low
airspeed, high AOA arena. Hornet pilots have achieved
great success by simply “intimidating™ threat aircrews. This
intimidation can cause threat pilots to make grave tactical
maneuvering errors in this flight regime. Despite these
capabilities, the heritage Hornet has had a history of
inadvertent departures from controlled flight, mostly in the
low speed, high AOA flight regime. Heritage Hornet pilots
must always maintain situational awareness of their aircraft
state (aircraft store loading in combination with perceived
yaw rate and sideslip, AOA and airspeed) to ensure they do
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not inadvertently cause one of these departures. One of the
primary goals for improving the Super Hornet’s
maneuverability included addressing the total systems
design and integration of the Flight Control System (FCS),
Operational Flight Program (OFP), and Mission Computers
(MC) in order to optimize the control effectors in all phases
of flight, including failure modes and battle damage. This
integration would be key to approaching, if not achieving,
an inherent ability within the Super Hornet to be
maneuvered without concern for inadvertent departures,
even with heavy and/or asymmetric store loadings, and to
remain a safe and potentially lethal weapon system even
with flight control failures or battle damage to some control
surfaces. This paper addresses this total integrated design
with the FCS, OFP, and MCs in the Super Hornet,
including discussion on how the control effectors were
integrated with feedback sensors to reduce the likelihood of
departures, how the flight envelope was expanded to
provide greater maneuverability, some surprise lessons
learned on the control of asymmetric flow characteristics
over the wing, and the positive and negative lessons learned
from this design concept by the fleet operators.

Paper presented at the RTO AVT Symposium on “Active Control Technology for
Enhanced Performance Operational Capabilities of Military Aircraft, Land Vehicles and Sea Vehicles”,
held in Braunschweig, Germany, 8-11 May 2000, and published in RTO MP-051.
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BACKGROUND

The heritage Hornet first entered service in 1983 and
quickly became one of the most successful and lethal
weapon systems ever deployed. The intent of the original
design, to provide a fighter capability even when
configured for an attack mission, was proven during the
Persian Gulf war when a F/A-18C carrying a heavy air to
ground load, engaged and shot down an Iraqi fighter
aircraft and then went on to successfully complete its
primary air to ground mission. In the fighter arena, the
heritage Hornet has always been able to attain and maintain
high angles of attack. Unfortunately, the heritage aircraft is
prone to inadvertent departures when a pilot loses track of
the state of the aircraft. A significant number of heritage
Hornet aircraft have been lost following these departures
due to Out of Control (OOC) events, most commonly, the
“falling leaf”. This problem still persists today with three
F/A-18C/D aircraft lost in the past nine months due to OOC
and during the lifetime of the heritage Hornet,
approximately 20% of all aircraft lost have been a direct
result of OOC flight. In addition to the requirement for
Hornet pilots to maintain close watch of the aircraft state,
the heritage Hornet also has little to no tactical roll
performance in the high AOA arena, inhibiting the pilot’s
ability to achieve a “quick kill” over threat aircraft. Asa
result, this area was a prime focal point during the
preliminary design process for the Super Hornet. The
heritage Hornet FCS design architecture possessed a
limited capability for expanding the high AOA utility of the
Super Hornet. A shift in thinking would be required in
order to exploit new flight control integration concepts
developed jointly by the Naval Air Systems Command,
NASA, and Virginia Polytechnic Institute and State
University (Virginia Tech) and independently by General
Dynamics (now Lockheed) and McDonnell-Douglas (now
Boeing). These new concepts deviated from the primarily
“single focus flight control surface design” used by most
aircraft up to and including the heritage Hornet, in favor of
fully integrated “control effectors” design. Significant
advancements were made in this area during the 1990’s
which matured rapidly when the US Navy and NASA
married their joint program with similar projects being
funded by the US Air Force under the “Innovative Control
Effectors” (ICE) program. The Joint Strike Fighter program
is now making extensive use of this concept. For the Super
Hornet, a redesign of some of the basic flight control
system architecture was required in order to allow full
integration of the FCS, OFP, and MCs. Additional real-
time aircraft state feedback were needed and new control
surfaces were added that could be used in a multi-axis
environment. The control system was being optimized to
provide the maximum control about each axis after
providing basic aircraft stability. The result was a dramatic
improvement in departure resistance and near ability to
maneuver with “reckless abandon”. However, as will be
discussed within this paper, it was realized that a significant
increase in inherent FCS derived departure resistance could
result in a loss of tactical utility by the fleet pilot if not
implemented properly.

FLIGHT CONTROL SYSTEM DESIGN

The F/A-18E/F is a growth version of the F/A-18C/D but
with additional control effectors (leading edge extension
(LEX) spoilers) and increased multi-axis integration of the
existing flight control surfaces as well as a fully integrated
speedbrake function (making it possible to delete the
heritage Hornet “dedicated” speedbrake control surface).
The F/A-18E/F Super Hornet is shown in figure 1.

US NAVY PHOTO
Figure 1
F/A-18E/F Super Hornet

The Super Hornet FCS is a digital, quad redundant, fly by
wire, full authority Control Augmentation System (CAS).
Improved integration of the FCS has provided a significant
increase in flight safety following FCS failures and/or
battle damage to flight control surfaces. This has allowed
for the elimination of the heavy and redundant mechanical
backup system found in the heritage Hornet. All control
law computations are performed by four digital computers
that work in parallel. Redundancy in the control system
allows multiple like failures to occur before the pilot notes
any degradation in stability or controllability. Unlike the
heritage Hornet which can revert to an alternate mechanical
system without a CAS function, the Super Hornet CAS
function always provides closed loop control with available
control effectors even after failures and always attempts to
provide acceptable flying qualities.

There are 12 primary flight control effectors on the F/A-
18E/F. An example of the use of fully integrated controls in
a multi-axis environment can be seen in the longitudinal
axis where control is provided through a combination of
stabilators, leading and trailing edge flaps, ailerons, LEX
spoilers, and rudder toe-in. The FCS is a fully integrated
system with cross dialogue/use of the hydraulic/electrical
systems, cockpit controls and displays, MC, Stores
Management Set (SMS), Air Data System (ADS), Inertial
Navigation Set (INS), Data Link Receiver (DLR), landing
gear control unit, Signal Data Computer (SDC), radar
altimeter, AOA sensors, and pitot-static system. The
aircraft is a “load factor (g)” command system above



corner speed and an AOA command system below corner
speed. The SMS provides rate-limiting functionality when
air-to-ground or external fuel stores are carried on wing
stations. Sideslip and sideslip rates are fed back to the FCS
to reduce sideslip buildup during dynamic maneuvers and
to improve overall stability. To date, the Super Hornet FCS
has met or exceeded all design expectations.

There are two flight phases configured in the control laws:
Auto Flap UP (UA) for up and away flight and Power
Approach (PA) for takeoff and landing. UA is activated if
the cockpit FLAP switch is in the AUTO position or if the
FLAP switch is in any position and the calibrated airspeed
is greater than about 240 knots. The PA phase is activated
if the cockpit FLAP switch is in the HALF or FULL
position and the calibrated airspeed is less than about 240
knots. FULL flaps are used for ship based approach and for
catapult takeoff. HALF flaps are used for field takeoffs.

There is one trailing edge flap, one aileron, and two leading
edge flaps per wing, which can be deflected symmetrically
or differentially. For longitudinal control the leading and
trailing edge flaps, drooped ailerons, and toed-in rudders
are scheduled to optimize lift, drag, pitching moment, and
lateral-directional departure resistance. Laterally, roll
damping is provided by the aileron, differential leading and
trailing edge flaps, and differential stabilator.

There are two rudders, one per vertical tail, that can be
toed-in or flared for additional control. In UA, the rudders
are toed-in at high g’s in the supersonic region to reduce
hinge moments and are flared out at high AOA to improve
nose-down pitch acceleration. In PA, the rudders are toed-
in for takeoff and to smooth pitching moment variations
with AOA. Rudders are only flared for nose-down pitch
acceleration at higher AOAs. Above 25 degrees AOA the
rudder signal is sent to the lateral axis and indirectly
commands the rudder through the Rolling Surface to
Rudder Interconnect (RSRI). The RSRI coordinates roll
maneuvers by removing the yaw generated by the lateral
surfaces using rudder commands. There is one LEX spoiler
per side of the aircraft. In UA the LEX spoilers perform a
speed brake function and augment nose down control
power. The LEX spoilers are always retracted in PA.

The longitudinal stick commands load factor in UA and
AOA in PA, through symmetric stabilator movement. In
UA, AOA feedback is added to the control integrator above
22 degrees AOA. The primary feedbacks are load factor,
pitch rate, and AOA. The AOA command system used in
PA gives more precise airspeed control. The primary
feedbacks for PA are AOA and pitch rate. Laterally, the
stick position commands stability axis roll rate. Lateral-
directional control uses deflection of differential stabilators,
ailerons, differential leading and trailing edge flaps, and
symmetric rudder deflection. Directional control is
accomplished with a directional CAS that commands yaw
rate via the rudders.

The control system contains an Automatic Spin Recovery
Mode (ASRM) that provides the pilot with full control
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authority in order to recover from a spin. Spin mode will
automatically engage when a spin is detected. All of the
following conditions must be met to automatically engage
the spin mode: lagged yaw rate greater than 15 deg/sec, the
product of lagged yaw rate and actual yaw rate greater than
225 deg?/sec?, and the indicated dynamic pressure must be
less than 50 pounds per square foot (approximately 120
knots). The spin mode logic will automatically disengage
when the spin is arrested. Any of the following three
conditions will disengage the spin mode: lagged yaw rate
less than 15 deg/sec, the product of lagged yaw rate and
actual yaw rate less than 225 deg/sec?, or indicated
dynamic pressure greater than 200 pounds per square foot
(approximately 250 knots).

There are specific features of the F/A-18E/F control laws
that are designed for high AOA flight with enhanced
departure resistance and roll performance. Sideslip rate
feedback to the ailerons and the differential tail provides
additional roll coordination and increased roll rates. Above
22 degrees AOA, a stall warning is implemented by adding
angle of attack feedback to the integrator error signal. A
steady state AOA command system is created above 34
degrees by increasing the integral AOA gain. Nose-down
pitch acceleration from high AOA is augmented by the use
of LEX spoilers, rudders flare, and a “pitch bucking”
modification. The LEX spoilers are deflected if the aircraft
is above 22 degrees AOA and the pilot is making a large
nose-down stick command. Symmetrically deflected rudder
flare is also used during high AOA and large nose-down
stick commands. Immediate pitch response is obtained by a
modification to the forward loop integrator that is intended
to eliminate “pitch bucking” at maximum trim AOA. This
control law modification unloads excess (the difference
between the unlimited stabilator command and the actual
surface command) nose-up command from the pitch
integrator. As such, the response to nose-down control
inputs is immediate since the pitch integrator does not have
to unwind from an over commanded state.

DESIGN PHIL.OSOPHY

The basic design philosophy for the F/A-18E/F can best be

summarized as follows:

1. Reduce or eliminate all operational maneuverability
issues that were inherent in the heritage Hornet, such
as, falling leaf mode, low AOA (near zero degrees)
departure susceptibility, maneuvering limitations with
large lateral weight asymmetries, reduce/eliminate
potential to enter OOC flight, increase high AOA roll
performance, eliminate two seat high subsonic Mach
maneuvering restrictions, eliminate center of gravity
maneuvering limitations and decrease roll coupling
departure tendencies with forward longitudinal control
stick inputs.

2. Focus on the “Total Control Power” required to
conduct the mission and implement a “Multi-Axis
Control Effector” FCS design integration scheme vice
a “Single Axis-Single Control Surface” control system
design.
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3. Actively solicit feedback from the end user, the fleet,
on what the priorities should be for improving the
Super Hornet.

The “how” for the implementation of this philosophy was
drawn from on-going Joint Service/Agency efforts that
were underway during the A-12 development. In the early
planning days of the Advanced Tactical Aircraft (ATA),
which became the A-12 (which was subsequently
canceled), the US Navy, NASA, Virginia Tech (under a
research grant) McDonnell-Douglas (now Boeing) and
General Dynamics (now Lockheed/Fort Worth) worked
closely to determine what the next generation fighter/attack
aircraft should be. What is the principle design philosophy
that should be the focus of these efforts? A quick look at
the F-14A, F-16A and F/A-18A design progressions made
it clear. It was no longer acceptable to hand an aircraft
designer the Military Specification for Piloted Aircraft
(MIL-F-8785C) and expect an aircraft that met the
operational requirements would be delivered three years
later. Rapid expansion in high AOA capability (due in part
to advances in flight control system integration required for
use with relaxed static or statically unstable longitudinal
designs and in part to improved aerodynamic design) was
first exploited by the F-14A Tomcat and exceeded the
design areas covered by MIL-F-8785C. When this
specification was first introduced, high AOA was
considered to be about 16 degrees. The F-14 expanded that
to over 50 degrees, although the Tomcat did not have the
control power to exploit this region. The fact was that no
clear design criteria were in place to govern this new
generation of aircraft. In addition, the advances in flight
control technology allowed the designer significant
“wiggle” room in what design guidelines existed. In other
words, the designer could “point design” the aircraft to
meet vague design guidelines, sacrificing maneuvering
about one axis that had no clear design goal in order to
meet a requirement about another axis that did. This
resulted in an aircraft with decidedly non-uniform
maneuvering capability in the high AOA region. The F-
14A can safely be maneuvered to 50 degrees AOA, but
then requires the pilot to execute a “controlled departure”
to maneuver tactically because it has very little excess
roll/yaw control power above that needed for stability
purposes in this area. The F-16A has an AOA limiter
(incorporated because of an inherent deep stall problem in
this design) which precludes maneuvering above
approximately 27.5 degrees limiting its tactical
maneuvering options when the pilot is flying on this
limiter. The heritage Hornet has no AOA limiter, but does
have aft center of gravity (cg) limitations to preclude AOA
hang-up (defined by weak nose down control power with
full forward control stick, which delays recovery to lower
AOAs and results in severe altitude loss) and has very little
roll capability in the high AOA region.

Clearly, design guidelines to preclude longitudinal
problems (deep stall and AOA hang-up) and to define
lateral-directional requirements for stability and control
were needed for higher AOAs (AOAs not addressed in any
existing specification). This need resulted in joint US

Navy-NASA programs to address longitudinal (the
“HANG,” High AOA Nosedown Guidelines program) and
lateral-directional (the “HAIRRY,” High AOA
Investigation of Requirements for Roll and Yaw program)
problems in cooperation with the US Air Force and sharing
of information from the ICE program. These efforts
included extensive piloted simulation. The resulting
guidelines were verified by flight experiments conducted
on US Navy F/A-18C aircraft at Patuxent River and on the
F-18 HARYV at NASA Dryden Flight Research Center.
Additional information and data were derived from the X-
31, F-15 S/MTD and F-16 MATYV projects, all flown at
Edwards Air Force Base.

Initially, the longitudinal requirement seemed obvious,
ensure the high AOA hang-up problem was eliminated.
This would enhance safety of flight and eliminate center of
gravity restrictions. What was not clear was how much
additional nose down control was required/desired to
enhance tactical utility. Likewise, a look at all current and
projected roll performance capabilities of next generation
aircraft would provide the baseline roll performance
capability desired for the Super Hornet. Again, it was not
clear how much roll/yaw capability was required just for
safety versus an increase in tactical utility. Since no
previously fielded aircraft has had these capabilities, the
operational community has not reported on how these
increased capabilities truly factor into the multi-aircraft
threat engagement arena with off boresight, all aspect
weapons employed. The typical response from the
operators when asked these questions is “we’ll take as
much as you can give us!” A viable concept, but one that
can have significant impact on cost and aircraft weight (and
require much soul searching to determine the need for
additional control effectors such as thrust vectoring).
Consequently, a Program Manager must consider the cost
to benefit ratio of exploiting a portion of the flight envelope
that may have an exposure time of only about two minutes
during a two-hour tactical mission.

Data from the HAIRRY program was reviewed with the
following question in mind, “what is the tactical utility of
increasing roll performance with increasing AOA?” since a
roll about the stability axis (the inherent design for rolling
these generation of aircraft) really becomes more of a yaw
maneuver rather than a roll. Combine this question with
that of “how much nose down control power is required to
be tactically useful versus providing safety of flight?” and
you get a complex tradeoff in design that still has no clear
answer. These questions were much easier to answer for
50/60’s generation aircraft that were very statically stable.
In these cases, the horizontal tail was the longitudinal
control and was typically sized by nose wheel lift-off
requirements. The aileron was sized typically by low
airspeed (landing) requirements and the vertical tail/rudder
by stability and turn coordination requirements (and in the
case of multi-engine aircraft, minimum control airspeeds).
HANG, HAIRRY and ICE provided a more in-depth look
at the “control effector” problem. Prior to these efforts,
control allocation issues were discussed behind closed
doors for very specific designs. The results of these designs



may have flown, but they were never reported publicly.
The answers that eventually came forward were significant.
The primary focus for all future designs would be on total
mission control power requirements. The challenge is to
identify early in the design process the control power
requirement for each axis, regardless of flight phase. If the
challenge is met, the resulting design will have sufficient
control power to do all mission tasks. Boeing and Virginia
Tech have been leaders in the development of methods for
assessing control power requirements and have developed
“Control Allocation” routines independently but with
similar results. These methods help to ensure an optimum
FCS, using the maximum amount of control power
available about each axis for stability and controllability.
Results from these efforts have now been coordinated and
compiled in the Joint Service Specification Guide (JSSG)
currently under development by the US Navy and US Air
Force, with drafts already released to industry. The F/A-
18E/F unique specification requirements were the
forerunner for many of the new additions in the JSSG.

This new design guidance fit ideally with the initial
development plan given by the Super Hornet’s Program
Manager. The program design goals for the F/A-18E/F was
simple, provide significant improvement to the following
critical areas over the heritage Hornet: range, weapon
loading flexibility, carrier landing bring back weight, and
survivability. All other areas should be equivalent or better
than the baseline (F/A-18C/D). Improving the maneuvering
aspect of survivability would require a clear understanding
of what the user (the fleet pilot, hereafter referred to as “the
fleet”) wanted. What would really improve survivability
from the maneuvering vantage point? The initial answer
was clear: increase lateral, directional, and longitudinal
control power at all AOAs.

As noted above, the design philosophy was not to ensure
that you could fly the F/A-18E/F with reckless abandon or
with “carefree” maneuvering as some would think. Since
the Super Hornet was a growth version of an existing
design, it was obvious that carefree maneuverability could
only be a “goal” since a “derivative” aircraft has additional
limitations in its design space over a totally new design.
The primary goal was to improve the safety of flight issues
first and then work on expanding operational utility to the
maximum extent possible within the design constraints this
aircraft derivative brought forward from the heritage
design. The falling leaf was a significant safety of flight
design concern, having claimed many heritage Hornet
aircraft in OOC flight. This mode is a sustained in-phase
roll and yaw event which produces a nose-up inertial
coupling moment in excess of the generally weak
(depending on cg location) nose down moment generating
capability of the aircraft. The character of the motion is
highly oscillatory in both AOA and sideslip and even
though the AOA frequently oscillates down to low AOA (a
typically “flyable” AOA) the accompanying sideslip
(usually well beyond 10 degrees) helps to reinforce the
falling leaf motion. Elimination of this problem was a
primary design goal for the Super Hornet. The design goals
were:
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1.  Enhanced departure resistance and post departure
(should it still occur) elimination of “falling leaf” or
unrecoverable spin modes.

2. Requiring the aircraft to meet all flying quality
requirements with a centerline fuel tank since this is a
common operational configuration in all services,
foreign and domestic.

3. Elimination of high AOA hang up and the
accompanying AOA/cg restrictions,

4.  The aircraft must be able to land on an aircraft carrier
following most flight control failures.

5. Improved roll performance at elevated AOAs in the
gear up/flaps Auto configuration.

6. Expanded tactical utility with large lateral store weight
asymmetries (since high value stores are frequently
deployed one at a time and can result in significant
lateral weight asymmetries and aircraft maneuvering
limitations after release of one store).

7. Reduction of likelihood of encountering pilot induced
oscillation/aircraft-pilot coupling tendencies.

8. Adequate control following a dynamic and/or static
loss of one engine (which sized the F/A-18E/F vertical
tail).

9. No reduction in flight envelope for the two seat F-
model over the single seat E-model, since both aircraft
would be mission capable aircraft.

ACHIEVEMENT OF DESIGN GOALS

How was it possible to achieve the design philosophy and
associated goals? By changing the approach to integrating
the systems on the aircraft. The goals could only be
achieved if the team focused on the end result desired vice
the “typical” method for achieving it in the past.
Historically, ailerons were considered the primary, if not
only, roll control surface. New generation aircraft,
including the Super Hornet, have adopted the “control
effector” philosophy. Adoption of this philosophy provides
new freedoms to the designer. As noted earlier, the F/A-
18E/F uses virtually all of its control surfaces, “effectors,”
to provide longitudinal control. This is the same for all
three axes. In the roll axis, the team focused on what was
needed to attain increased roll performance as a function of
AOA as opposed to assuming that when you ran out of
aileron control power you were basically finished. In fact,
the F/A-18E/F does not even use ailerons for roll control in
some portions of the flight envelope. Pitch, roll, and yaw
generating capabilities were “book kept” for all control
effectors and then blended as needed to achieve desired rate
and/or angular change in the airplane. Certainly, this is not
a new concept and definitely not invented here, but the
Super Hornet has become the first operational aircraft in
production to exploit this capability to an unlimited angle
of attack range.

In order to achieve these goals, the team decided not to
“photographically” enlarge the aircraft, as is often done in
larger derivative aircraft. Instead, each part of the aircraft
was looked at separately and enlarged, as needed, to meet
the new design goals. In this way, better control of



32-6

unnecessary weight growth was maintained by not “over-
designing” the aircraft. Figure 2 depicts the physical
differences between the Super Hornet and the heritage
Hornet.

Physical Characteristics

F/A-18E F/A-18C

Empty Weight 30564 Ibs
internai Fuel 14460 ibs

Empty Weight (Lot XV) 24395 ibs
Internat Fuet 10860 bs

JVERAS ENGTH

OVERALL LENGTH
F/A-18E 802 ft FIA-1BC 6.0t

LEX LEX
Aea 755 sqft Area  56.0sqlt

WING WING
Referenice Area 500 sqft Reterence Area 400 sqft
Span a1t Spar 3754
VERTICAL TAIL VERTICAL TA
Arca 120 st Area 104 st
Height totin Height 95in
HOBIZONTAL TAIL

Area 120 sqft
Span 1641

Figure 2
Planform Comparison - E/F to Earlier Models

As noted earlier, the vertical tail was sized by single engine
minimum control airspeed in the approach/landing
configuration. The vertical tail was grown 15% over the
heritage aircraft, although initially, it was to remain the
same size as the F/A-18C/D. The growth was added after
stability and control assessments proved the baseline was
inadequate. The wing was grown 25% to meet performance
requirements. The horizontal tail was enlarged 36% to meet
the demands of high AOA flight and eliminate AOA hang
up and falling leaf. This nose down control is augmented
by the addition of new LEX spoilers, which also function
as part of a fully integrated speed brake. This was all part
of the new systems approach to the aircraft design.

Nose down control power, a major deficiency in the
heritage Hornet (resulting in complex c¢g/AOA restrictions
as a function of store loading) was addressed by blending
three control effectors, the horizontal stabilators, the new
LEX spoilers and flared rudders.

The control effector allocation scheme was significantly
improved at elevated AOAs over the heritage aircraft,
which suffers from limited turn coordination and control
blending flexibility as well as the lack of feedbacks for
sideslip or sideslip rate. The heritage Hornet uses ailerons
and differential stabilator working together to roll the
aircraft, approximating a stability axis roll (since no
sideslip feedback is available to help control sideslip
buildup during the roll). Unfortunately, this differential
stabilator produces significant adverse yaw which cannot
be countered by the rudders, requiring reduced roll gains
and hence, performance, in the heritage Hornet. The Super
Hornet, in contrast, uses the ailerons and rudders to roll and

coordinates the roll with differential stabilator (a very
strong yaw generating effector). Sideslip and sideslip rate
feedback were added to the ailerons and differential tails.
These feedbacks are used to improve the Dutch Roll mode
damping and essentially has eliminated the falling leaf.
This would not have been possible without the targeted
horizontal tail size increase noted earlier providing the
necessary control power to accomplish the task.

The control stick and rudder pedal blending was also
improved in the Super Hornet. Above 25 degrees AOA, a
lateral stick and/or rudder pedal input should provide the
same output to the control effectors in the heritage Hornet.
No matter which combination (rudder pedal and lateral
stick) or single input (rudder pedal or lateral stick) the pilot
elected to use to roll the aircraft, theoretically, the same
control effector deflection would occur. Unfortunately, this
was not the case in reality for the heritage Hornet. It was
discovered that this design could be defeated by clever
pilots phasing rudder pedal and lateral stick in such a way
as to induce a larger control effector deflection than the
designers thought possible (because of the way the SAS
and CAS interpret these inputs and act to provide stability
and control). These larger inputs produced larger aircraft
rates that were not accounted for in the SAS and could (and
periodically do) result in unintentional departures from
controlled flight. In the Super Hornet, cross-controlled
inputs are canceled and combined inputs are limited to that
which could be commanded by a full lateral stick. The
desire here is for the pilot to always roll with lateral stick,
letting the control blending functions within the FCS decide
which control effectors to use to achieve the desired output.
This significantly reduces pilot workload and improves
safety compared to F-4 Phantom vintage aircraft which
rolled with ailerons at low AOAs, but were only rolled with
rudders at high AOA (unless you wanted to depart from
controlled flight) because the ailerons generated significant
adverse yaw with increasing AOA that would easily lead to
OO0C flight. An F/A-18E/F pilot can fly “feet on the floor.”
Lastly, roll/pitch limiting was added to the Super Hornet to
preclude inertial coupling into the yaw axis when large roll
and pitch commands are present. This feature significantly
reduces departure susceptibility.

Departure resistance was a primary focal point throughout
the design. Many aircraft since the F/A-18A/B was
introduced in 1983 have attempted, with varying degrees of
success, to implement Departure Resistance (DepRes)
systems either implicitly (through Aileron-Rudder
Interconnects and/or Rolling Surface to Rudder
Interconnects) or explicitly (through the addition of a so-
called DepRes system, Automatic Spin Recovery Mode or
other FCS design concept) into their designs. No matter
what they are called, they all attempt to do the same thing,
control sideslip buildup and eliminate or reduce inertial and
kinematic coupling. In order to be truly successful, DepRes
type systems must have feedback paths for sideslip, sideslip
rate, pitch rate, roll rate and yaw rate. These feedbacks are
then integrated into a FCS to produce stability axis rolls (to
eliminate kinematic coupling), to limit combined rate build-
ups (to eliminate inertial coupling) and to control the Dutch



