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EHEST, ESSI and IHST 
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European Helicopter  
Safety Team  

EHEST 

  EHEST: helicopter component of ESSI and European 
branch of IHST 
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representation 
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EHEST area accounts for approx. 90% of EU registered helicopters 
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ST Technology: Tasks 

Assess the potential of technologies to mitigate safety issues  
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Sensor based obstacle and terrain 
avoidance 
(Cassidian)    

Predictive ground collision avoidance 
(Goodrich) 

TERPROM® Digital Terrain System - Rotary Wing

This document gives only a general description of the product(s)  
or services and except where expressly provided otherwise shall not  
form part of any contract. From time to time, changes may be made  
in the products or the conditions of supply.

For additional information 
Goodrich Corporation
Sensors and Integrated Systems 
250 Knotter Drive
Cheshire, CT  06410-1137
USA
Tel: 203-250-3500
Fax: 203-250-6912 
Email: gnc.usa@goodrich.com
www.goodrich.com/gnc
4234 LIT 8/11
© Atlantic Inertial Systems Inc., 2011  
Printed in the USA  
The Goodrich name, logotype and symbol are trademarks of Goodrich Corporation.

Key Features

Terrain Reference Navigation

 • Accurate drift free navigation relative to an on  
  board terrain database

 • Uses Kalman filter fusion of data from existing  
  aircraft sensors 

 • Provides precise, reliable and predictive  
  ground proximity warnings

 • Non-GPS dependent

Predictive Ground Collision Avoidance System

 • Generates both audio and visual ground  
  proximity warnings

 • Scans ahead in the terrain database and  
  predicts appropriate avoidance maneuvers

Advanced Terrain Awareness Cueing

 • Intuitive dynamic visualization of the terrain

 • Provides information both ahead and on  
  either side of the aircraft

Obstruction and Wires Warnings

 • Provides directional cues to connected  
  obstructions such as power lines or pylons plus  
  fixed obstructions

 • Enables visual identification and appropriate  
  evasive maneuver

Terrain Awareness Display

 • Visual interface displaying the terrain as a  
  series of color bands

 • Allows easy identification of potential  
  threats from terrain

Passive Ranging

 • Ranging to points on ground

 • Supports low level drops or intelligence gathering

Database Terrain Following

 • Passive terrain following capability

 • No active sensors or forward emission

Terrain and Threat Avoidance

 • Real time prediction of an optimum route  
  through the terrain to a future waypoint

 • Minimizes exposure to terrain threats

Terrain Awareness Display

Terrain Referenced Navigation  

Advanced Terrain Awareness Cueing  

Obstruction Warning and Cueing  

Predictive GCAS 

Wires Warning and CueingDeployable System for Crash–Load Attenuation 
(NASA Langley Research Center) 

 
Fig. 6. Artist’s rendition of a rotorcraft with a set of energy 

absorbers deployed. The front energy absorbers are shaped 

to allow for egress. The flexible cover that would normally 

be used to cover the outer surface of the EA is not shown. 

2.1 Energy Absorber Fabrication 
Methods similar to the ones employed in the assembly of 

conventional aluminum honeycombs are also used in the 

fabrication of the deployable honeycomb. For conventional 

honeycombs, a series of parallel strips of adhesive are 

applied to flat sheets of ductile material using an automated 

process. Several sheets of material are then placed on top of 

each other such that the adhesive strips are staggered, as 

shown in Figure 7. 

 

Adhesive Strip

Expansion
Zones (lines) of 

Plastic Deformation

 
Fig. 7. Schematic of typical fabrication method used in the 

production of conventional honeycombs. 

 

Following curing of the adhesive bonds, the flat assembly is 

expanded to a honeycomb-like cellular structure. With the 

exception of paper honeycombs and very thin aluminum 

foils, expansion is irreversible and a large amount of energy 

is needed to complete the process, since the cell-wall 

material is required to deform plastically at every cell 

junction. 

 

A similar process is used in the fabrication of the deployable 

energy absorber. The flat homogeneous sheets that form the 

cell-walls of the conventional honeycomb are replaced with 

sheets that contain hinge lines, as shown in Figure 8. 

Integration of several sheets of material is accomplished 

either by bonding (as with the panel in Figure 8), or by 

stitching (as with the stitched junction shown in Figure 2). 

 

 
Fig. 8. Typical panel used in the fabrication of a deployable 

honeycomb structure showing the integrated hinge lines.  

2.2 Deployment Systems 
A variety of deployment mechanisms can be utilized 

depending on factors such as required deployment speed, EA 

system mass, cost and mode of deployment. It is thought that 

mechanical energy storage mechanisms, such as torsion 

springs and elastic hinges at the axis of rotation can offer the 

simplest and most cost effective deployment method. Using 

preloaded springs (one or two for radial and linear 

deployment, respectively) the energy absorber(s) can be 

packed and held in place under a cowling. Deployment can 

be enabled when the cowling is pyrotechnically separated 

from the vehicle. 

 

In general, the deployment system consists of: 

 

(a) Sliding hinge (or multiple hinges) to help secure the 

energy absorber edge to the platform while 

enabling rotation of the packed energy absorber 

prior to expansion. 

(b) A latch or a release mechanism that would free the 

energy absorber from its stowed configuration. 

(c) Actuator(s) to lift the energy absorber and pull it 

open. 

(d) A series of tie downs to secure the energy absorber 

to the platform and ensure global stability. These 

could be rails, straps, or a combination of the two. 

 

While the expanded energy absorber is inherently rigid in 

shear due to its cellular nature, global shear stability can be 

Coated rotor blades to prevent erosion 
(Kaman a.o.) 

Seat Dynamics for Aircrew Vibration Mitigation 
(National Research Council Canada) 

vibrations at the corresponding frequency regime. Based
on this observation, two stacked piezoelectric actuators
were installed as active struts to support the seat bucket
as shown in Figure 7. The two struts were connected to
each side of the L-shaped seat bucket through two care-
fully designed attachment mechanisms. Shear pins could
be integrated into the attachment mechanisms to allow
for free seat movement downwards in case of a crash to
meet the crashworthy criteria for helicopter seats.

To evaluate the effectiveness of the active struts to
modify the dynamic properties of the Bell-412 co-pilot
seat in passive mode, an experimental modal test was
conducted on the retrofitted seat equipped with the
mannequin. The identified major vibration modes are
shown in Figure 8. With the appended supporting
struts, the first seat bending mode at 5.6Hz was shifted
beyond 50Hz. Such an increase in this bending mode
would help to avoid the low frequency vibration ampli-
fication that was induced by the dynamic coupling
with the 1/rev rotor load. The second bending vibration
mode that was originally located at 43.2Hz was also
not observed. However, the vibration modes at 9.7,
10.8, 16.6, and 19.7Hz were virtually unchanged.

Mode 1: 9.7Hz Mode 2: 10.8Hz

Solid line: deformed shape
Dotted line: undeformed shape

Mode 3: 16.6Hz Mode 4: 19.7Hz

Figure 8. Bell-412 seat/mannequin vibration modes with active struts installed.

Helmet accelerometers

Body accelerometer

Piezo actuators

Seat frame

Mannequin

Shaker table

Shaker accelerometer

Figure 7. Adaptive seat mount configuration.
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Preliminary results 

Technology category:  
Set of SPS 

• Data monitoring: 
•  accident prevention  
•  part/system failure 
•  ... 

• Situational awareness:  
•  mission risk 
•  pilot judgement and actions 
•  ... 

• Aircraft design: 
•  part system failure 
•  skill based errors 
•  ... 

Specific technology: Specific 
SPS 

• 5 technologies highly 
promising for 3 or more 
SPS 

SPS lacking technologies  

• Too preliminary 

• Other mitigations 
possible 
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14 Highly promising 

33 Moderately  
promising 

14 Not / Slightly 
promising 



Potential uses 
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  Operators 
  Airframe manufacturers 
  OEMs 
  Special interest groups 
  Regulators 
  Research institutions 
  … 

  Best single risk mitigation? 
  Best ‘all risk’ mitigation? 
  Best ‘bang for buck’? 
  Low TRL? 
  Technology gaps? 
  Low applicability? 
  … 



Contribute? 

 
ehest@easa.europa.eu 
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