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a b s t r a c t

The aviation community relies heavily on flight simulators as a fundamental tool for research, pilot
training and development of any new aircraft design. The goal of the present paper is to provide a review
on how effective ground simulation is as an assessment tool for unmasking adverse Aircraft-and-Ro-
torcraft Pilot Couplings (APC/RPC). Although it is generally believed that simulators are not reliable in
revealing the existence of A/RPC tendencies, the paper demonstrates that a proper selection of high-gain
tasks combined with appropriate motion and visual cueing can reveal negative features of a particular
aircraft that may lead to A/RPC. The paper discusses new methods for real-time A/RPC detection that can
be used as a tool for unmasking adverse A/RPC. Although flight simulators will not achieve the level of
reality of in-flight testing, exposing A/RPC tendencies in the simulator may be the only convenient safe
place to evaluate the wide range of conditions that could produce hazardous A/RPC events.
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1. Introduction

The aviation community relies heavily on flight simulators as a
fundamental tool for research, pilot training and new aircraft
design development. In the broadest sense, a flight simulator
may be defined as a device capable of synthetically replicating
the behaviour of the simulated aircraft to as high a standard or
fidelity as its component parts will allow. Typically, flight simu-
lators are used during the development of an aircraft, to conduct
basic aeronautical vehicle or systems research or as a means to
train pilots and crew. This paper provides the most up-to-date
research on the former of these, specifically the use of flight si-
mulators to unmask a phenomenon known as adverse aircraft/
rotorcraft pilot coupling. However, to set this work in its wider
context, a very brief review of flight simulation being used for
training is also presented.

1.1. Flight simulators: ideal devices for training and research

The flight simulator, as would be recognised by modern en-
gineers, was invented in 1931 by Ed Link [1] to be used as a pilot
training device. However, as early as 1910, the need for simula-
tors was recognised to familiarise the pioneer pilots with the
control characteristics of aircraft of the day. The first recorded
flight simulator was the “Antoinette Learning Barrel”, shown in
Fig. 1. In this flight training device a pilot was required to use the
controls to keep a horizontal reference bar aligned with the
horizon as the barrels were moved by human operators to re-
present pitch, roll and yaw.

For training purposes, flight simulators can range from low-
cost procedural trainers to high fidelity, high-cost simulators.
From these early beginnings, pilots now conduct a significant
part of both their initial and recurrent training through the use of
simulated flying time. For example, Fig. 2 shows the HELISIM
facility [34] specially dedicated to helicopter pilot training at
Eurocopter (now Airbus Helicopters) in France with certified

Level D simulators1. The advantages of such training flight si-
mulators are recognised and most modern flying organisations,
both civil and military, use such devices. In 2006, the Interna-
tional Civil Aviation Organisation (ICAO) launched the Multi-crew
Pilot License (MPL) which was designed to drastically reduce the
number of real flight training hours required to reach the first-
officer seat of a fixed wing airliner compared to the more tradi-
tional Air Transport Pilot's License (ATPL). The bulk of the flying
training for this license is conducted in state-of-the art fixed
wing simulators, the intent being to reduce the cost for both the
airline and the prospective license holder. In addition, so-called
“zero flight time training (ZFTT)” [3] means that a pilot can gain a
Type Rating on an aircraft using a training syllabus on a suitably
qualified flight simulator. ZFTT may be conducted only in a flight
simulator qualified in accordance with JAR-STD Level C or D si-
mulators [3,65] and user approved for ZFTT by the Authority.

For research purposes, flight simulators can be used both, at a
basic level and at an aircraft programme level. Figs. 3 and 4 show
examples of research simulators used for research into flight
control systems, handling qualities and cockpit interfaces [5]. Fig. 3
shows the research simulators used in the European project
ARISTOTEL - Aircraft and Rotorcraft Pilot Couplings–Tools and
Techniques for Alleviation and Detection- (2010–2013) [14–33].
The results from this project form the bulk of the remainder of this

1 The full flight simulators (FFS) can be divided in four levels of fidelity: (1)
Level A - A motion system is required with at least three degrees of freedom.
Airplanes only; (2) Level B - Requires three axis motion and a higher-fidelity
aerodynamic model than does Level A. The lowest level of helicopter flight simu-
lator. (3) Level C - Requires a motion platform with all six degrees of freedom. Also
lower transport delay (latency) over levels A & B. The visual system must have an
outside-world horizontal field of view of at least 75 degrees for each pilot. (4) Level
D - The highest level of FFS qualification currently available. Requirements are for
Level C with additions. The motion platform must have all six degrees of freedom,
and the visual system must have an outside-world horizontal field of view of at
least 150 degrees, with a Collimated (distant focus) display. Realistic sounds in the
cockpit are required, as well as a number of special motion and visual effects.
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