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Industry leaders such as CAE have developed technology 
tools for simulator instructors to improve their ability to teach 

upset prevention and recovery training (UPRT). CAE Photo
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Some of the moSt powerful training toolS to combat 
loSS of control in-flight are being integrated into 

today’S advanced flight SimulatorS. 
by paul “bJ” ranSbury

Technology has woven its way into our lives through 
an ever-increasing array of mobile and wireless devices. 
We expect—perhaps even take for granted—similar 
advancements in our modes of transportation. Modern 
airliners are no exception and are truly technological mar-
vels. However, despite advanced engineering in aircraft 
design and in-flight protections, one particular segment 
of air safety continues to challenge technology’s ability 
to unfailingly keep us safe. In a Boeing report issued in 
August 2014, loss of control in-flight (LOC-I) continues 
to be the leading causal factor of fatalities in commercial 
aviation worldwide over the past 10 years. LOC-I is often 
a pilot-skill-centered problem, and can be defined as an 
unintended extreme manifestation of an aircraft’s devia-
tion from its intended flight path. 
It is the aviation industry’s responsibility to do something 

about LOC-I, and it is responding. Unexpectedly, some of 
the most powerful technological advancements to protect 
us from this threat in the air are being integrated into flight 
simulators that are firmly attached to the ground. These 
simulator advancements are on the leading edge of today’s 
technology tools to help flight instructors and pilots be 
more aware, skilled and capable of keeping us safe. 

Why does the aviation industry 
need help With loC-i?

Upset prevention and recovery training (UPRT) repre-
sents a broad domain of pilot training improvements 
to dramatically reduce the risk of LOC-I and includes 
awareness, prevention and recovery interventions. 
Unfortunately, some aspects of UPRT—particularly in the 
final recovery phase—exceed the skill sets of most pilots 
and instructors, including attitudes beyond required pilot 
experience as just one example.  

The red zone (Figure 1, p.92) represents all combinations 
of pitch and bank attitudes any airplane can achieve in 
flight. The green normal flight region, within which pilots 
spend the majority of their career, is bounded by industry 
defined upset parameters representing just five per cent of 
the all-attitude envelope. LOC-I prevention is critical here. 
Commercial pilot licensing training is limited to the yellow 
region, representing just 11 per cent of the total envelope. 
The remaining 89 per cent—the red zone—is where most 
fatal airplane upsets resulting in LOC-I end up at some 
point. Pilots properly trained in UPRT gain the skills to 
recover in all envelopes, including the red zone. 
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role of teChnology 
Let’s look at two technological enhancements that accelerate 

effective UPRT integration in simulators: 1) instructor operating station 
technology; and 2) standardized pilot knowledge applications.

1. instruCtor operating station (ios)  
teChnology

Advancements in simulator technology for the instructor operating sta-
tion (IOS), combined with comprehensive instructor training, give simula-
tor instructors better insight into UPRT training sessions. Figure 2 shows 
a combined plot of enhancements to the IOS of a CAE Level D flight 
simulator in Montreal, Que., embracing IOS technological enhancements 
as recommended by the International Civil Aviation Organization (ICAO) 
and the U.S. FAA’s National Simulator Program.
The instructor can view a duplication of the primary flight display 

(bottom right of Figure 2) to help correlate the evolving flight condi-
tion with the pilot’s control inputs (bottom left) and the aerodynamic 
details of the flight condition (top two instruments) in real time or 
during playback. 

a. valid simulation

For simulator training to accurately relate to the performance 
of the real airplane, the simulator must be flown within regions 
where the accuracy of the simulation has been tested. In refer-
ence to Figure 3 (p.94), the quality of the simulation can be 
measured by plotting values of angle of attack and sideslip 
angle in relation to the simulator’s sources of data, drawn from 
test flights, wind tunnel testing and mathematical extrapola-
tion. It sounds complicated. Simply put, the more the coloured 
dots in Figure 3 are inside the inner solid line (aircraft-shaped 
outline), the more accurate the simulation of the real airplane 
during the maneuver. 
Angle of attack represents the angular difference between where 
the airplane’s wing is pointing and where it’s going. The sideslip 
angle is a similar measurement between where the fuselage of 
the airplane is pointing and the direction it is going through the 

air. What does that mean? Well, Figure 3 shows a maneuver that 
is a fairly accurate representation of how the real airplane would 
likely perform in the same situation. This is important to the 
instructor to ensure the training session is valuable and accurate. 
Instructors must understand that these plots do not indicate how 
well the pilot flew the maneuver, nor do they mean the maneuver 
performed was even safe; they only indicate how accurately the 
simulator represents the real airplane.

B. aeroplane envelope exceeded
The envelope of the airplane (for the purposes of this 
instructional display in the simulator) is generally defined by 
established airplane manufacturer operational boundaries. 
Those boundaries can be speed, angle of attack or g-loading. 
Although there are other limitations to consider in UPRT, 
such as structural limitations, the V-N Diagram (Figure 4, 
p.94) gives the instructor insight into the safety margins of a 
particular maneuver. V represents speed of the airplane and 
N represents the acceleration of the aircraft in units of gravity 
(G). Sitting in your chair, you are experiencing one unit of 
gravity or 1-G. By looking at the plots on the V-N Diagram, 
the instructor can help the pilot understand why managing 
angle of attack (AOA) and G loading are especially important 
to maintaining a margin of safety from the stall (the upper 
curved yellow line) in low speed airplane upsets.  

C. inappropriate control inputs
Seated aft in the simulator, the instructor often has difficulty 
seeing incorrect control column movement by the pilot in 
training. Figure 5 (p.94) displays control positions that the 
instructor can watch as the event happens or while reviewing 
the recording post-flight.
 The colours of the dots vary from green to amber to red. The 
colour indicates boundaries being approached or exceeded 
while the airplane is maneuvering. The computer records the 
changing colours, along with what they mean, for the instruc-
tor to review after the maneuver is complete.

Figure 2: Screenshot of the CAE instructor operating station enhancement meeting ICAO UPRT 
Manual Recommendations. Courtesy of CAE

LEFT: Figure 1: Training and operational flight envelopes. Source: Definition and Parameters 
for an Upset from the ICAO Manual on Aeroplane Upset Prevention and Recovery 
Training. Copyright© 2015. Aviation Performance Solutions LLC. All Rights Reserved.+90º
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2. standardized pilot knoWledge  
appliCations
Modern software applications specific to UPRT are excel-

lent tools for helping training managers ensure their pilots 
learn critical industry-vetted information needed for upset 
prevention and recovery.
Figure 6 shows an iPad app for the Airplane Upset 

Recovery Training Aid (an accepted industry reference) 
presented in a modular, self-paced format. This app pre-
pares pilots for simulator upset training. UPRT modules 
can be released all at once or periodically to align with 
established training schedules. Individual pilot perfor-
mance can be optionally tracked by the airline as well. 

the future
Air travel is exceptionally safe. However, nearly half of all 

fatalities in commercial aviation are due to loss of control 
in-flight (LOC-I). Advanced simulation technology and 

improved learning applications offer a genuine opportunity 
for the industry to significantly reduce the prevalence of this 
threat. Technology can help, as long as it is used correctly 
in a manner that reduces the risk. Otherwise, it would be 
better to do nothing at all concerning LOC-I than to imple-
ment solutions incorrectly or without sufficient regard to 
the critical importance of pilots and instructors in overcom-
ing this number one threat to public air safety.       

Paul “BJ” Ransbury is president of Aviation Performance 
Solutions (APS) and a former airline pilot and military 
fighter weapons instructor. Expanded 
versions of Skies articles by APS are 
available at apstraining.com/skies. APS 
specializes in reducing the risk of loss 
of control in-flight globally through 
integrated upset prevention and recovery 
training solutions.

Figure 5: Flight control positioning and status display. Courtesy of CAE

Figure 3: Angle of attack (Alpha) vs. sideslip angle (Beta) plot. Courtesy of CAE

Figure 6: iPad-based training app specific to airline UPRT. Courtesy of CAE

Figure 4: Speed (V) vs. load factor (N) plot. Courtesy of CAE


