0606 </S

AIAA 2006-7820

Application of Penduium Method to UAV Momental Ellipsoid

Estimation

ABSTRACT

This paper demonstrates the use of a pendulum
method for the estimation of inertia properties of a
UAV. The pendulum method presented here is simple
and cheap to use. It is demonstrated a UAV named
ECat, which incorporates an autopilot designed in the
Autonomous Vehicle Systems (AVS) Laboratory at
Kansas State University. This method uses a
compound pendulum technique for the estimation of

moments of inertia of an aircraft about the X-X and Y-Y -

axes. A bifilar pendulum technique is used for the
estimation of moment of inertia about the Z-Z axis. The
pendulum method discussed here is simple and 'very
quick to implement. it has the advantages of avoiding
time consuming geometrical calculations for. the
estimation of inertia properties and is an accurate
method. It is very appropriate for small aircraft.

NOMENCLATURE

ACRONYMS:

AVS - Autonomous Vehicle Systems

DOF — Degree of Freedom

GPS - Global Positioning System

INS — Inertial Navigation System ~
RC — Radio Controlled

UAV — Unmanned Aerial Vehicle

CFD - Computational Fluid Dynamics

PWM - Pulse Width Modulation
SHM - Simple Harmonic Motion

INTRODUCTION

Most modern flight control systems are designed using model-
based gain calculations. In order to develop an accurate model
these design techniques require detailed knowledge of the
aircraft’s mass properties, inertia properties,” aerodynamics,
actuators, and sensors. Aerodynamic coefficients and forces must
be found with extensive wind tunnel testing and/or by using
sophisticated CFD software. The model is a mathematical
representation of an actual aircraft and its interaction with the
atmosphere. It is comprised of various state equations to
represent the exact behavior of the aircraft at the specific trim
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conditions. An accurate dynamic model of an aircraft is also
useful in simulation for performance predictions.

Analytical modeling of an aircraft involves the study of aircraft
dynamics and its motion. Study of motion and dynamics of
aircrafis in rotational flight in turn involves the consideration of
dynamic forces and couples. In order to determine these forces
and couples for the aircraft in a specific flight condition, the
knowledge of moments of inertia or momental ellipsoid is
required. It consists of determining moments of inertia of the
aircraft about X-X, Y-Y and Z-Z axes. The main objective of this
paper is to present a simple and easy method to quickly estimate
the momental ellipsoid for a small UAV.

The method used to determine the moments of inertia is simple.
It involves treating the aircraft as a pendulum, either compound
or bifilar, and swinging it about the specific axis of rotation. The
apparatus and the set-up used, attempt to maximize the accuracy
by eliminating the errors due to secondary oscillations. The
method uses a compound pendulum for the X-X and Y-Y plane
moments of inertia and a bifilar torsion type for the Z-Z plane
moment of inertia. For each type of pendulum, the moments of
inertia calculations involve the weight, period and geometrical
dimensions which depend on the type of the pendulum set-up -
being used. For the compound pendulum set-up, as given in
Figure 5 and
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Figure 6, the geometri¢ dimension required is the length from the

-axis of ‘oscillation to the center of gravity of the compound

pendulum. Whereas, the geometric dimensions required for the
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