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ATTACHMENT 9

EMERGENCY PROCEDURES
1. INTRODUCTION

As a novel developmental aircraft, the A160 may experience in-flight emergencies due to system failures
that warrant special landing procedures. The impact of these failures can be reduced with good failure
identification tools, emergency landing procedures, emergency landing software, including autorotation
control laws, and adequate flight crew training in emergency procedures.

The timeline for an emergency landing begins with identification of the failure. A160 operators have many
tools at their disposal to quickly recognize critical problems, including extensive telemetry and special-
purpose displays. The “Emergency Identification” section more fully describes these tools.  After
identifying a failure, the pilot in command is responsible for deciding the proper course of action. If an
emergency landing is warranted, the pilot must choose the type of emergency landing, be it an expedited
return home, an off-site landing, or an autorotation. The pilot will then execute the appropriate procedures
to achieve this. The characteristics and procedures associated with each type of landing are described in the
“Emergency Procedures” section. The final section is dedicated to autorotation. It describes the energy
management problem, simulation of autorotation and current A160 autorotation control laws.

2. EMERGENCY IDENTIFICATION

A160 operating teams have many tools at their disposal to identify emergencies. They benefit from over
300 channels of telemetry, varying in update rate from 1 Hz to 1000 Hz. These channels include roughly
30 strain gauges, 40 temperature sensors, 15 accelerometers, 10 pressure sensors, 20 current and voltage
sensors, 20 engine sensors, 20 navigation sensors, 20 sensors dedicated to actuators, and various
communications health signals. All data are available to pilots and operators in real time and multiple
detailed system-monitoring displays are available at designated engineering stations. The key displays are
the pilots' head up display (HUD), several engineering displays, and analog and digital stripcharts.



Figure 1: Pilot's Head Up Display Screenshot (typical)
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Figure 1 shows a screenshot of the head up display. The most critical parameters for key subsystems are
listed at the bottom of the window. Each parameter is highlighted in color in if it is outside of pre-specified
bounds, yellow for marginal or red for serious. During normal flight, no items are highlighted, so the
appearance of out-of-bounds signals is obvious. In addition to highlighted numeric displays, the HUD
includes a text warning box in the center bottom of the screen. Text warnings are triggered for many more
criteria than are available in the HUD numeric displays. During normal flight, no text warnings are
displayed, so the appearance of such warnings is clear evidence of circumstances to monitor more precisely.
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Figure 2 shows a screenshot of the engineering station Health Monitoring Display, a comprehensive
searchable numeric display of every telemetry signal, including over 300 channels varying in update rate
from 1 Hz to 1000 Hz. These include roughly 30 strain gauges, 40 temperature sensors, 15 accelerometers,
10 pressure sensors, 20 current and voltage sensors, 20 engine sensors, 20 navigation sensors, 20 actuator
sensors, and various communications health signals. Parameter values that are outside of pre-determined
safe limits are highlighted, yellow for marginal or red for serious. Since this screen continuously displays
all telemetry data, a more comprehensive picture of overall vehicle health is available, including subsystem
details if an emergency arises, allowing assessment of potential emergency procedures. It also supports
vehicle health projections based on signal values and trends.

Figure 2: Health Monitoring Display Screenshot (typical - A160 with Subaru engine)
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The most flexible display is SigView, shown in Figure 3. SigView provides real-time-configurable time

history, cross-plot, FFT, gauge, slider, and numeric displays of any telemetry signal with configurable time
scale and data smoothing. The team configures a display appropriate to the flight’s objectives before
takeoff, allowing detailed monitoring of test-specific failure modes. The team may add displays during
flight to investigate anomalies.

Figure 3: SigView Screenshot (typical)
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Three analog stripcharts and one digital stripchart are also available in a typical flight test. The stripcharts
are used to examine the dynamic behavior of critical signals, such as speeds, loads, and temperatures.
Previous stripcharts are kept in the ground control station so that previous and current behavior can be
compared.
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Flight Crew Qualifications, Training, and Simulator Practice

Valid engineering judgments by skilled and well-trained teams play a prominent role in emergency
operations. The A160 flight-test team engineers have extensive ground testing experience and most have
been involved in the design and development of the A160 flight systems. This provides an in-depth
understanding of the entire system and facilitates the rapid identification, evaluation, and reaction to a
system anomaly and potential emergency situation.

The flight crews have been trained in several ways. Initially, the crew members have trained in flight
operations on an A160 flight simulator. Additional hours have been logged in the past with the Maverick
UAS, an unmanned modification of the Robinson R-22 aircraft. Before flying the A160, flight crew are
trained in the co-pilot seat under supervision of a qualified A160 pilot.

3. EMERGENCY PROCEDURES

Once the need for emergency landing is identified, the pilot in command must decide what type of landing
to execute. The pilot has the option of expediting a standard landing that returns to the launch site (currently
Southern California Logistics Airport in Victorville, CA), landing off-site, or if there is a drive system,
engine, or tail rotor control failure, commanding an autorotation. This section describes each landing and
the associated procedures. During flight, pilots have access to detailed checklists for each procedure.

3.1 Expedited Landing

A160 emergency procedures recommend that the operator expedite a standard landing when it is not prudent
to continue flight, but when losing the aircraft is not imminent. Examples of this situation are slowly rising
system temperatures that trend towards exceeding limits or the loss of a non-flight critical sensor like a
torque sensor or exhaust gas temperature sensor. In such a case, the pilot begins executing the standard
landing procedure immediately, while initiating focused attention on the anomaly. Standard landings
approach the Warrior Ramp, the normal take off and landing site at Southern California Logistics Airport
(SCLA), from the northeast (assuming normal winds) at 40 kts and 200 ft/min. Below is the checklist for
standard landings:

MANUAL LANDING

Q Call to Tower: Inbound to Land............cccccvvvvvvervennnnne. COMPLETE
a Call Ground Crew: Inbound to Land COMPLETE
Q RPM SET FOR APPROACH
Q Map Landing Location SET
Q “Takeoff Preset” horsepower (250 hp) SET
a Altimeter RESET
a Wind Compensation OFF
Q Wind Speed and Direction CHECK
Q Payload Mode (if landing by EO/IR) FIXED
a Altitude DESCEND TO 3205 MSL (350 AGL)
Q Airspeed 40 KTS
Q Landing Gear DOWN
Q Landing Switch LANDING
Q FLIGHT PHASE: LANDING CONFIRM
a Approach Path SET
Q At 6000’ range 3205 MSL (350 AGL)
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Q Descent Rate 200 FPM
Q Landing Gear CONFIRM DOWN
Q Landing Area CLEAR
a Weight on Wheels Warning CHECK
Q Cross Landing Threshold 50 FEET
Q FLIGHT PHASE: TAXI CONFIRM ON GROUND CONTACT
Q Squat Switch ACTIVATE IF NO TAXI
Q Landing Switch DISENGAGE

3.2 Off-site Landing

If there is an immediate risk of losing control of the aircraft, A160 emergency procedures recommend that
the pilot execute an off-site landing. Examples of this situation are unexpected increases in vibrations or
loss of generators requiring running on batteries for a lengthy period. In an off-site landing, the pilot brings
the A160 to a hover over a safe landing spot at an altitude high enough to maintain the telemetry link. The
pilot then engages the “abort” autonomous flight plan which executes a 200 ft/min hover descent and
touchdown, even if the datalink is lost. If link is still lost, the A160 after touchdown automatically shuts
down the engine, fuel pumps, and cooling fans.

A team of flight test engineers explored the Victorville desert that the A160 flies over to determine safe
landing locations. They generated the map in Figure 4, which is posted in the ground control station. SCLA
is located at the bottom of the map. The A160 flies in the triangular section north of the airport that is
outlined in light purple, but avoids flying over red “avoid” areas. A160 operations avoid these areas
because of inhabited structures or significant terrain variations. These areas must also be avoided in an off-
site landing. Except where marked, the desert is quite open and flat, allowing landings in many locations.

Below is the checklist for off-site landing descent:
OFF SITE LANDING

O AIISPEEA ... 40 KTS
O DeSCeNt RAE ......ccueviiiiiiieiieeeeee e 200 FPM
O RPM . SET FOR APPROACH
A Wind Compensation..........cccccoveevueeieereeieenie e OFF
Q “Takeoff Preset” horsepower (300 hp) .......ccovevvvrreennen. SET
A Landing Gear ........ccocevievieeieiie e DOWN
O Landing SWItCh ........coooviiiiiiiccee LANDING
Q FLIGHT PHASE: LANDING..........cccovevveienene. CONFIRM
Q Approach Path and Landing Site .........ccccccevvvevvevieenene, SET
QO At~200 feet AGL ...coevvvvececicecieenn, SLOW TO HOVER
O ADOIM SWILCH ..o ENGAGE
a Call to Tower: "Landing off site” .................. COMPLETE
Q Call to Ground Crew: "Landing off site"........ COMPLETE

Likely loss of datalink descending below 2850 MSL
“Abort” automation will shut off aircraft after touchdown

O AIrcraft LOCatioN.......ueeeeeee e RECORD
O Locate AIrCraft.....ccoooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee COMPLETE
O Safe and Shutdown Aircraft..........cccceeeevveeeennn. COMPLETE



3 April 2009
Figure 4: A160 Operating Area and Landing Zones (Green areas are optimal emergency landing sites)

3.3 Autorotation

In the case of engine or other drive system failure, the A160 must execute an autorotation. By virtue of the
A160 RPM control architecture, the A160 automatically enters and maintains autorotation upon loss of
drive torque. The pilot must then enable the touchdown logic using a panel switch, identify a safe landing
location, and guide the aircraft to that location. The autorotation timeline below provides a summary of
autorotation events. .

= Loss of power
= A160 automatically enters and maintains autorotative descent
= QOperator enables autorotation switch.
= A160 autonomously controls RPM to 280
= Disallows lost link flight plan
= Operator maintains control of speed and heading
= Commands efficient airspeed ~60 kts
= Navigates toward safe landing spot
=  At~200 ftAGL
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= A160 autonomously begins increasing rotor RPM to 405 to store maximum energy
= A160 autonomously starts cyclic flare
= At ~100 ftAGL, A160 autonomously zeros heading rate and sideslip
= At ~30 ftAGL, A160 autonomously starts collective flare
= Just after touchdown, A160 autonomously shuts down engine, fuel pumps and cooling fans.

Below is the checklist for autorotation:

AUTOROTATION

Q Forward Speed to 60 kts (if advisable) .............cccceeee. SET
Q Autorotation SWItCh..........ccevveiviieiieceee e, ENGAGE
O Landing SIte....cceoveiieierie e PICK

e Steering is still operator controlled
e Forward speed can be adjusted down to change glide path

After touchdown:
Q Call to Tower: Offsite landing............coc........ COMPLETE
a Call Ground Crew: Off site landing................. COMPLETE

The brevity of the checklist is meant to allow completion in the limited time available before the A160
reaches the ground. To this end, the touchdown logic enabled by the autorotation switch automates several
tasks, such as lowering the landing gear.



