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Parameter Estimation of a Small-Scale Unmanned Helicopter by
Automated Flight Test Method
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Abstract

In this paper dynamic modeling parameters were estimated using a frequency domain estimation method. A

systematic flight test method was employed using preprogrammed multistep excitation of the swashplate control input. In
addition when one axis is excited, the autopilot is engaged in the other axis, thereby obtaining high-quality flight data. A
dynamic model was derived for a small scale unmanned helicopter (CNUHELI-020, developed by Chungnam National
University) equipped with a Bell-Hiller stabilizer bar. Six degree of freedom equations of motion were derived using the total
forces and moments acting on the small scale helicopter. The dynamics of the main rotor is simplified by the first order
tip-path plane, and the aerodynamic effects of fuselage, tail rotor, engine, and horizontal/vertical stabilizer were considered.
Trim analysis and linearized model were used as a basic model for the parameter estimation. Doublet and multistep inputs are
used to excite dynamic motions of the helicopter. The system and input matrices were estimated in the frequency domain
using the equation error method in order to match the data of flight test with those of the dynamic modeling. The dynamic
modeling and the flight test show similar time responses, which validates the consequence of analytic modeling and the

procedures of parameter estimation.
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Fig. 1. Force and moments acting on unmanned helicopter.
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Table 1. Nomenclature used in Egs.(1)~(9).

Symbol Description
U, U, W Airspeed, 3-axis
0,q,T attitude rate, 3-axis
0,6,0 attitude, 3-axis
XY, Z External Force, 3-axis
LMN External Moments, 3-axis
Ll L, Moment of Inertia
m mass of helicopter
Q. Torque generated by Engine
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Fig. 4. CNUHELI-020.
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Table 2. Configuration parameters of CNUHELI-020.

Symbol | Value Unit
m 18 kg
L, 04303 | kg-m?
L, L1115 | kegm?

L, | 08218 | kegm?
K, 54 | Nm/rad

Description

helicopter mass

rolling moment of inertia

pitching moment of inertia

yawing moment of inertia

hub torsional stiffhess

Ysb 0.6456 ND stabilizer bar Lock number
2om | 1466 | radisec nominal m.r RPM
R, 0.93 m m.r. radius

Cor 0.062 m mur. chord

. 0.062 | kgm? m.r. blade flapping inertia

R, 0.157 m t.r. radius

Cip 0.026 m t.r. chord

n,, 539 | ND
Ty 6.93 ND
Sy 0.02 m2
St 0.026 m?

gear ratio of t.r. to m.r.

gear ratio of engine shaft to m.r.

effective vertical fin area

horizontal fin area

S/ 101070 m? frontal fuselage drag arca
SJ v 03322 m? side fuselage drag area
Sfus | 03367 | e vertical fuselage drag area
Py 0.37 m m.r. hub height above c.g
L. 1.045 m t.r. hub location behind c.g.
hy, 0.16 m t.r. height above c.g.
lns 0.8 m stabilizer location behind c.g
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Fig. 5. Flight test for parameter estimation.
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Flight Data VS 1D Result
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Fig. 10. Flight test data and estimation result (hover, lateral, line:
flight data, dashed line: ID result).
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Table4. Eigenvalue of ID result (hover, lateral).

Eigenvalue Damping ratio | Frequency (rad/sec)
6.49¢-001 | -1.00e+000 6.49-001
0.00e+000 | -1.00e+000 0.00e+000
-1.60e-002 | 1.00e+000 1.60e-002

Identification | -3.76e-001 | 1.00e+000 3.76e-001
-1.25¢+000 | 1.00e+000 1.25e+000
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Fig. 11. Flight test data and estimation result (15kph, longitudinal,
line: flight data, dashed line: ID result).
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