
Accepted Manuscript

Understanding pilot biodynamical feedthrough coupling in helicopter adverse roll axis
instability via lateral cyclic feedback control

Georges Tod, Marilena D. Pavel, François Malburet, Julien Gomand, Pierre-Jean Barre

PII: S1270-9638(16)30801-X
DOI: http://dx.doi.org/10.1016/j.ast.2016.10.003
Reference: AESCTE 3789

To appear in: Aerospace Science and Technology

Received date: 7 December 2015
Revised date: 11 June 2016
Accepted date: 3 October 2016

Please cite this article in press as: G. Tod et al., Understanding pilot biodynamical feedthrough coupling in helicopter adverse roll axis
instability via lateral cyclic feedback control, Aerosp. Sci. Technol. (2016), http://dx.doi.org/10.1016/j.ast.2016.10.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ast.2016.10.003


1 
 

Understanding Pilot Biodynamical Feedthrough Coupling in 
Helicopter Adverse Roll Axis Instability via Lateral Cyclic 

Feedback Control 
 

Georges Tod1a, Marilena D. Pavelb, François Malbureta, Julien Gomanda and Pierre-Jean Barrea 
aArts et Métiers ParisTech, CNRS LSIS, 13617 Aix-en-Provence, France 

bDelft University of Technology, 2629HS Delft, The Netherlands 

The paper reassesses the mechanism of biodynamical feedthrough coupling to helicopter 
body motion in lateral-roll helicopter tasks. An analytical bio-aeroelastic pilot-vehicle model 
is first developed and tested for various pilot’s neuromuscular adaptions in the lateral/roll 
axis helicopter tasks. The results demonstrate that pilot can destabilize the low-frequency 
regressing lead-lag rotor mode; however he/she is destabilizing also the high-frequency 
advancing lag rotor mode. The mechanism of pilot destabilization involves three vicious 
energy circles, i.e. lateral - roll, flap - roll and flap – lag motions, in a very similar manner as 
in the air resonance phenomenon. For both modes, the destabilization is very sensitive to an 
increase of the steady state rotor coning angle that increases the energy transfers from flap 
to lag motion through Coriolis forces. The analytical linear time-invariant model developed 
in this paper can be also used to investigate designs proneness to lateral/roll aeroelastic 
rotorcraft-pilot couplings. 

Nomenclature 
 

x    =  airframe lateral translation (m) 
xa    =  airframe lateral acceleration (m/s²) 

z    =  airframe vertical translation (m) 
yα    =  airframe roll angle (rad) 
, ,i i iβ δ θ   =  individual blade flap, lag and pitch angles (rad) 

0 1 1, ,c sβ β β   =  collective and cyclic blades flap angles (rad) 

0 1 1, ,c sδ δ δ   =  collective and cyclic blades lag angles (rad) 

0 1 1, ,c sθ θ θ   =  collective and cyclic blades pitch angles (rad) 
b    =  main rotor number of blades 
R    =  rotor radius (m) 
e    =  blade root eccentricity (m) 
γ    =  lock number 
Ω    =  main rotor angular velocity (rad/s) 

0 ssβ    =  steady-state coning angle (rad) 

sm    =  individual blade static moment at blade root (m.kg) 

blI    =  individual blade inertia at blade root (m².kg) 

blM    =  individual blade mass (kg) 
kδ    =  individual blade equivalent angular lag damper stiffness (N.m/rad) 
cδ    =  individual blade equivalent angular lag damper damping (N.m.s/rad) 

fM    =  helicopter mass (kg) 

yyI    =  airframe roll inertia around its center of mass (m².kg) 
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