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X-56A MUTT Aeroelastic Demonstrator @

Credit: NASA / Jim Ross
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Instrumentation for System Identification
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Signals for Bare-Airframe ldentification @
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Excitation Design: Multisines [1,2] FTA506 @5
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Measured Input-Output Data
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One Approach: Frequency Response Estimation @
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Linear Aeroelastic Model Postulation [5-7]
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* A and B derivatives subsume aerodynamic forces, accelerometer
position offset terms, and aeroelastic contributions at the sensor
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System ldentification using Frequency Responses @

Determine the stability and control derivatives (e.g., Z,, @) that best
match the model frequency responses to the frequency response data in a
maximum-likelihood sense [1,3,4,8]

J(8,S.,) :sz jwi) P Sot v(jwr) + Nn[S,,|
k=1

where

v(jwi) = vec [G(jwk) - C‘:(jwk)}
Svw = NE [v(jw) v (jwr)]

Primarily fitting gyroscope, accelerometer, and strain gauge data

Using the FEM for modal masses, modal frequencies, modal damping
ratios, and mode shapes at the sensor locations

Including effects of sampling, data processing, anti-aliasing filters, etc.
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Representative Fits to Modeling Data @/
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Some Parameter Estimates and Uncertainties @

Parameter Estimate Standard error  Relative error, %

Xuw +3.847 x 1071 4.165 x 1073 1.1
X5, —9.284x 1071 5.019 x 1072 5.4
Zy —3.374 x 10T 1.076 x 1072 0.3
Zns +2.795 x 101 6.760 x 1072 2.4
Zy, —1.847 x 107 3.582x 1073 1.9
Z5urae  —1.566 x 1071 1.284 x 107! 0.8
M, —1.385 x 1071 8.848 x 1074 0.6
M, —9.152 x 1071 1.153 x 1072 1.3
M,). +1.495 x 101 9.135 x 1073 0.6
M, —2.144 x 1072 4.670 x 1074 2.2
Ms,.,.  —9.968 x 10M°  1.401 x 102 0.1
Q7. —2.752 x 101 1.064 x 1071 0.4
Qr, +1.263 x 1072 8.769 x 107! 0.7
Qr,. +2.289 x 107" 1.519 x 107! 0.7
Tar —1.801 x 10 5.716 x 1073 0.3

75 —2.769 x 1072 5.016 x 107! 0.2

w fds
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Comparison of Nondimensional Parameters
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Prediction using a Validation Maneuver
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Continuing Work @

Include modes 9 (first wing torsion, SW1T) and 10 (symmetric wing
fore-aft, SFA) into the identification

Include additional measurements into the identification

® Repeat the identification using output error parameter estimation
with Fourier transform data

Go through the flight envelope
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Mode Shapes from the FEM

Mode 10 — Symmetric wing fore-aft

Mode 7 — Symmetric wing 1lst

bending (SW1B)

i

(SFA)
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Mode 9 — Symmetric wing 1st
torsion (SWI1T)

Mode 14 — Symmetric winglet
lateral (SWL)
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