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The aerial application using an unmanned helicopter has been already utilized and an attitude controller would be
developed to enhance the operational convenience and safety of the operator.

For a preliminary study of designing flight controller, a state space model for an RC helicopter would be identified.
Frequency sweep flight tests were performed and time history data were acquired in the previous study.

In this study, frequency response of the flight test data of a small unmanned helicopter was analyzed by using the CIFER
software. The time history flight data consisted of three replications each for collective pitch, aileron, elevator and rudder
sweep inputs. A total of 36 frequency responses were obtained for the four control stick inputs and nine outputs including
linear velocities and accelerations and angular velocities in 3-axis. The results showed coherence values higher than 0.6
for every primary control inputs and corresponding on-axis outputs for the frequency range from 0.07 to 4 Hz. Also the
analysis of conditioned frequency response showed its effectiveness in evaluating cross coupling effects. Based on the
results, the dynamic characteristics of the model helicopter can further be analyzed in terms of transfer functions and the

undamped natural frequency and damping ratio of each critical mode.

Keywords : Unmanned helicopter, Frequency response, Flight dynamics, CIFER, Identification modelling
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Table 1 Sweep sequence time for each replication
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Coiﬁ;nd Astitude - Sweep tes; 2rephca‘uon — Mean
Elevator Pitch 183.9 112.74 105.12 1339
Aileron Roll 129.88 101.88 113.14 115.0
Collective pitch Heave 96.88 80.1 78.44 85.1
Rudder Yaw 91.66 72.28 72.66 78.9
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Table 2 Window sizes selected for each sweep test

Window size, 7, (s)
Test
A B C D E
Pitch sweep (elevator) 50 40 30 20 10
Roll sweep (aileron) 50 40 30 20 10
Collective pitch sweep 38 30 20 15 10
Yaw sweep (rudder) 35 30 20 15 10
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()

: coherence function

where, ﬁ,y( f)

|G, (f)| : input autospectrum

>

,(f)] : output autospectrum

@zy(f)| :

Cross spectrum
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* denotes complex conjugate
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Table 3 Effective frequency ranges for the primary control inputs (unit: Hz)
oupat Primary input . 5., 5

u 0.07~2 none none

v none 0.06~1.5 none none

w none 0.035~1.8 none

D 2~95)* 0.06~5 none none

q 0.06~5 (0.09~0.2)* none none

r none (0.09~0.2)* none 0.03~4.5

a, 0.07~5 none none

a, 2~5)* 0.06~4 none (1.6~4.5)*

a, none 0.04~4.5 none

*The ranges in parentheses indicate the secondary outputs affected by the primary inputs.
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