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Hypothetical cockpit indications based on SafranHE simulation results 
concerning the potential engine behaviour in case of a gas generator rear 
bearing failure



VARTOMS – Variable Rotor Speed and Torque Matching System

• Reduces pilots work load by providing automatic torque matching

• Reduces noise and improves performance by varying rotor speed as a function of airspeed 

and air density

• Improves performance and rotor speed margin in CAT A mode 

Variable rotor speed

• The NORM mode varies the rotor RPM between 96.5 % and 103.5 % as a function of air 

density and airspeed.

• At speeds below 55 kts the rotor RPM is controlled between 101% and 103.5 %. Above 55 

kts the VARTOMS reduces the rotor RPM and controls it between 96.5 % and 102 %. The 

torque of both engines is matched automatically.
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VARTOMS adjusts the rotor speed according to the density 

altitude and airspeed as indicate in the diagram



VARTOMS – Variable Rotor Speed and Torque Matching System

Torque matching

#1 engine is the master. VARTOMS will try to match the torque of engine #2 

respectively within certain limits.

• In case the torque difference between the 2 engine exceeds 15% 

VARTOMS switches to manual mode. Torque matching and RPM 

changes now need to be done by the pilot using the 4-way beep trim 

switch on the collective lever.

• The system is designed to make changes to engines N2 values slowly. 

E.g. the time to manually trim the rotor speed from the minimum value 

to the maximum value (96.5 % to 103.5 %) is close to 20 seconds. It 

would not be able to counteract rapid erratic changes in engine torque 

and thus have no influence on the engine behavior in the scenario of a 

bearing failure.
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System Overview



Central Panel Display System CPDS 

and Warning Unit

General

The Central Panel Display System is an electronic indicating system and 

presents various parameters of the on-board systems on three screens. It 

consists of the CAD and VEMD

CAD (Caution and Advisory Display)

The CAD displays cautions, advisory messages and fuel system

indications. If the VEMD fails, the CAD can take over and display selected 

parameters from it. The display instrument of the CAD consists of a colour 

screen, integrated in the left-hand side of the centre section of the 

instrument panel.

VEMD (Vehicle and Engine Monitoring Display)

The VEMD displays engine and dynamic system parameters. In addition, it 

can present data relating to on-board systems (e.g. aircraft electrical 

system, autopilot) and to optional equipment (e.g. cargo hook).
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Note: The cockpit indications shown in this presentation were created by using a CPDS 

training tool which allows to enter exact parameter values. The aircraft was delivered with 

software version v2006 which is the same version on which the training tool is based



First Limit Indicator (FLI)
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Generic picture depicting the complete available FLI symbolics



First Limit Indicator (FLI)
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OEI 

limits are 

dashed

and in OEI ( the logic is assuming the start up of the engine which is off)

(71%-88%)



Limitations
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Overview recorded ground speeds in Sky Connect 
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114 knts

125 knts

120 knts

75 knts

75 knts

103 knts

Wind:

6 knts from northerly directions

Wind:

6 knts from northerly 

directions



FLI indication before bearing failure – AEO, 80 KNTS, 2500ft

• Operation within limits

• Limiting parameter for both engines is torque as 

indicated by the white rectangles

• No cautions of warnings present
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Note:

• All indications shown in the presentation apply to the „no 

friction“ condition of the engine which means no contact 

between the blade tips of the HP Turbine and the 

surrounding static parts.

• The FLI indications shown in the presentation are static. 

Depending on the changes in friction inside the engine 

the needles would change their position (move up and 

down) possibly having an impact on a pilot’s analysis.

• The Mast Moment indication (yellow and red circle) 

would not be shown at speeds above 55 knts in a real 

aircraft



(1/3) FLI indication after bearing failure – AEO, 80 KNTS, 2500ft 

(assuming maximum theoretical power value without friction)

• The turbine outlet temperature TOT(T45) of engine #2 exceeds the All Engines Operative 

AEO limit of 845°C (see FLM excerpt below).

• This causes the FLI needle for engine #2 to switch from torque to TOT indication. (white 

rectangle is now placed next to TOT)

• Torque value for both engines is unchanged as indicated by the numeric values

• N1 of engine #2 slightly decreases

• ENG PA DIS caution is displayed, accompanied by the master caution light

• LIMIT warning is triggered accompanied by a GONG

• VARTOMS is not making any input as the torque values are still matched. Hypothetical 

rapid erratic changes in torque on engine #2 could not be compensated by the system.
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(2/3) FLI indication after bearing failure – AEO ENG PA DIS caution
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The ENG PA DIS caution is triggered because the conditions for “TOT discrepancy” are met

 TOT eng1 – TOT eng2  > 80°C (895°C – 770°C = 125°C)

 N1 eng1 – N1 eng2 <= 4% (97.7% - 95.8% = 1.9%)

ENG PA DIS thresholds

The Master caution will illuminate with each caution message on the CAD. If

acknowledged by depressing the push button on the cyclic stick grip, labelled RESET,

the Master caution will extinguish. The Master caution will be activated again by the

next caution message on the CAD.

Acknowledged ENG PA DIS caution on CAD



(3/3) FLI indication after bearing failure – AEO LIMIT warning
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Limit Warning Light

The limit light and counter is shown in the right center part of the FLI screen. Whenever a

FLI limit is exceeded (incl. VNE and mast moment) the limit light in red a box becomes

visible in combination with an audio warning (gong). The respective parameter is

underlined in red.



FLI OEI indication after Engine #2 bearing failure and engine #1 shutdown via throttle

• After the engine was shut down by the pilot the remaining available power of the aircraft 

would have allowed to keep the altitude at 80knts IAS.

• Down to 65knts IAS the power requirement decreases, allowing level flight

• Approximately around 50knts IAS and below the available power would not have been 

sufficient for level flight.

• In a turn the power requirement would increase

• With the maximum available power, below 50knts IAS in a turn, a  high decent rate would 

have rapidly build up

• Note the recommended airspeed for autorotation in the flight manual is 75knts. 

• ENG PA DIS caution is still displayed

• In addition, because of the engine shut down GEN DISCON, FUEL PRESS, ENG OIL P, 

VAR NR, OVSP FAIL and TWIST GRIP are displayed

• In addition to the LIMIT warning the ENG FAIL warning is triggered. ENG FAIL warning 

comes on (Warning Unit and VEMD) with a warning gong, when the N1 RPM of the 

engine drops below 50%. The warning gong  accompanying these warnings can be 

suppressed by the pilot.

• The only warning tone which cannot be suppressed by the pilot is for high Nrotor (>110%)

13



Autorotation aspects
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• It is unknown whether the pilot tried to initiate an autorotation.

• He might have dropped the RPM before entering into an autorotation or the RPM was consumed during the flare. 

• It is known that the aircraft impacted without forward speed.

• According to the witness statements it is likely that the forward speed almost completely consumed before the vertical 

decent started.

• The IWI reconstruction shows that the final almost vertical decent started at about 500 ft. AGL. 

• This means initiation of an autorotation would have been possible at this point. (see red area in H-V diagram)

• With the given -very high- impact loads which were observed with the wreckage it is most likely that the RPM was not 

lost during a flare at the end of an autorotation but rather when entering into autorotation



Engine Chip Caution
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• Metallic particles were found when the chip detector of

the gas generator rear bearing of engine #2 was

examined.

• Thus it is possible that the pilot was confronted with an

ENG CHIP caution light during the final phase of the

flight. One of the 2 alternatives given in the FLM is to

perform a single engine emergency shut down.



Thank you
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