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Abstract

The fundamental characteristics of the coupled rotor, en-
gine, and drive train dynamics of a rotorcraft are in-
vestigated with two different analytical models. A de-
tailed finite element model of a complete vehicle includ-
ing flexible rotor blades, fuselage, engine, transmission,
tail rotor, and a feedback control system was studied
with the Second Generation Comprehensive Helicopter
Analysis System (2GCHAS). To complement and aid in
interpreting the comprehensive analysis results, a sim-
pler five degree of freedom analysis, Rotor/Engine/Drive
Train (REDT), was developed to perform rapid para-
metric analyses and illustrate system dynamic behav-
jor. Eigenanalysis results including frequencies, damp-
ing, and mode shapes are presented for the linearized
system without the effects of rotor aerodynamics. Closed
form solutions for limiting cases were found to he helpful
in understanding the modes.

Notation

C damping matrix
Cg blade lag damping
Cg engine effective damping

e distance from rotor center to blade hinge
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applied moments

engine feedback gain

V=1

engine torsional moment of inertia
fuselage torsional moment of inertia
rotor hub torsional moment of inertia
rotoreraft torsional moment of inertia
=Ip+Igr+Ir+1g

rotor torsional moment of inertia

= Nbe(% +le+e2)+ Iy
transmission torsional moment of inertia

transmission torsional moment of inertia with-
out tall rotor

tail rotor moment of inertia
stiffness matrix
blade lag spring stiffness

effective blade lag stiffness including centrifugal
effects

= Kp+ MpQ?ie

engine outpuf shaft stiffness

rotor shaft stiffness

tail rotor shaft stiffness

distance from blade hinge to blade fip
mass matrix

mass of a blade

gear ratio of engine speed:rotor speed
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