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Modified frequency identification method and its application to
helicopter modeling

LIU Peng, WU Zhe
(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: A frequency identification method for a six-DoF state-space model of helicopter is presented. The over-
all concept is to extract a complete set of non-parametric input-to-output frequency responses that fully characterizes the
coupled helicopter dynamics. This set of frequency responses is the basis for the model simplification, and for conduct-
ing a nonlinear search based on K-means clustering algorithm for a six-DoF linear state-space model that matches the
frequency-response data set. A new method for combining the results of multi-input frequency-response analyses obtained
from a range of spectral windows into a single optimized response is presented. This method significantly improves the
dynamic range and the accuracy of the identified frequency-response relative to single-window methods. The accuracy of
the identified model is validated by comparing the model-predicted responses with the responses collected during flight
experiments.
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2 HFPLRZE =5 8] £ & & 7. (Development
of the state-space model of helicopter)
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quency sweep test)
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Fig. 1 Instrumented helicopter in experiment

X, +V 0 —gcos O 0
Y, —Up gcos O 0 0
Zy 0 0 —gsin O,
L, 0 0 0
M, 0 0 0 ,
N, 0 0 0
cos Pptan O 0 0 0
—sin &g 0 0 0
cos Ppsec O 0 0 0 ]

s T3 R A N TR S LR BILIE ] A A
F— & 0.3~30rad/s!O, Wiy s B T 140G
FEl 4 0.1~5 Hz. 45> L 804 5504 N 1R 3 2 16 [
80~120s.

) 3 0 AT 0 B2 R, B T DU
B, A 1] F I N O FH R R A 3 S i HHp AT AR
[0k, X RGP TR U5 AT iR

5]al / %
[=]

S,/ %
o

80 100 120 140 160 180 200 220 240

o =g ;
\—d 0 L -
F

_10 1 1 1 1 1 1

1
80 100 120 140 160 180 200 220 240

5 T T T T T T T

P B VP I

75 1 1 1
80 100 120 140 160

3.l %

1 1 1
180 200 220 240



12

KM E%: TSt (R B R i e FEAE LT A LA ) N2 1749

200 T T T T T T T

o el Al -
,200 1 1 L L L 1 L
80 100 120 140 160 180 200 220 240

t/'s

2 A0 HA U 3 N PO 1) ST A A A

Fig. 2 Lateral frequency sweep and roll rate response
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4 HF+HLA IR #¥ i} (Frequency identification
for helicopter)
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Fig. 3 Coherence of lateral channel using different windows
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Fig. 4 Coherence of lateral channel using composite window
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Fig. 6 Comparison between the frequency response computed from the flight data(solid) and those derived from

the identified model(dashed)
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Fig. 7 Comparison between the frequency response computed from the flight data(solid) and those derived from

the identified model(dashed)
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