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£¥ Rotorcraft Model Development

Different approaches
* Wind tunnel testing.

* Nonlinear generic models.

Uses 1%t principles to build up models of the helicopter using knowledge and
assumptions of the physical characteristics of each component aspect of the

helicopter.

» Derivative models from the flight test data using system identification

techniques.
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Simulation vs system identification.




Modeling & Identification ]

QUAD-M Process
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Input u(t)==——

x(1) = f [x(0), u(), B] e Signal light mechanics
y() = glx(¥), u(z), Bl conditioning e Control theory
() = y(te) + Gv(r)

To determine the unknown parameters f such that Interdisciplinary task which needs domain expertise.
model response Y matches measured response Z.
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Steps in Rotorcraft System Identification | //

Model Validation

Filtering ,Manuever extraction, Kinematic consistency
checks.

Frequency domain analysis using phase , magnitude and
coherence.

Model order at different frequency range.

Model structure with sufficient degrees of freedom for
the application to be developed.

Using time domain identification techniques such as
Output Error, Extended Kalman Filter for State Space
Modeling.

Transfer function modeling.

Apply frequency domain and time domain
critertia,statistical measures.



Tools used @ each stage
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W3y Preprocessing & Sensor Characteriz

4\Data Acceptance: Coherence of input — output 2
2
4\ Signal Filtering : accelerations 37 3 °WW
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x(1) = Ax(¢) + Bu(?)
y(t) = Cx(t) + Du(r)
z(tx) = y(t) + Gu(zg)
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FREQUENCY (RAD/SEC)

10"

* Input-output relationship of the vehicle
dynamics is analyzed from the gathered
data using frequency responses and
coherence.

* Provides an excellent in sight to
selecting the order of the model in the
frequency range of interest

e Can be used to analyze the handling
quality and stability margin of the
vehicle



Helicopter State Variable Model

X =Ax +Bu
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B An appropriate mathematical model
which affects both the complexity and the
utility of the identified mode

B Models of different order may be used

B Measurements available

E Frequency range of application

B Degree of coupling between the
longitudinal and lateral directional
motions

State Rate
X

Dr = = O T S < -

B Nearly 60 unknown derivatives

Advanced Models for Rotorcraft Dynamics
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B 6DOF model found to be inadequate at higher frequencies
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Time Domain Parameter Estimation

Stabilized Output Error Method and Extended Kalman Filter are used for estimation

Ok =0k + K(Yis1 — Y1)

Measure:;?:et Measured
Input + response /
=>»  Dynamic system - >
z
Mathematical EKF i R
L Mathematical model model 9
L] Integration of state equations ><¥> / SFror
— Observation equations 4
Sensitivities Response u(t)
error y(t) "
Parameter update i (z-y) _
by optimization of » Dynamic System
likelihood function  [€
Fig. 4.1 Block schematic of output error method. Block diagram of Extended kalman filter
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