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Aircraft Dynamic Modeling from Flight Data
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Modeling results can be used to analyze, predict, and control

[Accurate dynamic modeling results require informative multi-axis dataJ

How can this data be acquired efficiently in piloted flight testing?
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Excitation Inputs

Single-input (sequential): Multiple-input (parallel):
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Advantages of Multiple Inputs Applied Simultaneously:
* Improved flight test efficiency

* More informative multi-axis aircraft dynamic response

* Control interaction effects can be modeled
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Control Interaction Effects

Frequency Sweeps Multi-axis uncorrelated mputs
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Critical when many controls are close to each other or to propulsion
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What Makes Flight Test Maneuvers Good?

» Low correlations among explanatory variables
» High signal-to-noise for the responses

» Wideband frequency content for the controls
» Regulated nominal flight condition

» Multi-axis excitation:

* Flight test efficiency
 Enhanced dynamic information
e Control interaction effects

Test pilots can achieve all of these characteristics using Uncorrelated
Pilot Inputs (UPI, aka “the spastic monkey”) with little or no training
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Stick-to-Surface Control
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Uncorrelated Pilot Inputs (UPI)

Impala

A test pilot can implement uncorrelated
multi-axis inputs when the aircraft has
no feedback control
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Global Multi-Axis Maneuver
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Global Multi-Axis Maneuver

02/06/14 10:18:41

Morelli / NASA LaRC 9



B model_gui

Data

View

ilE

mof

Identify All

Save

'

cz

Cm

cYy

Cc1

Cn

data
model

Identify

Revert

Identify

I RTYYIN

HAAP
vv

\J e

20

25
time (sec)

35 40

45

Revert

Identify

Revert

Identify

Revert

Identify

Revert

Identify

Revert

TR b e

Model:

Target:

Ratio:

Model:
Target:

Ratio:

Model:
Target:

Ratio:

Model:

Target:

Ratio:

Model:
Target:

Ratio:

Model:
Target:

Ratio:

R2
80.83
9727

29
99.83

93.36
97.87

NMAT
96.09

97.69
99.09

93.65
96.83

SNR
58
65

0389

248
241

103

085

49
51

096

108
105

5.4
57

0.95

.

PE
0.15657
018188

0.025394
0.052176

0.014982
0.01973

0.0094324
0.030201

0.0017184
0.0030238

0.0017511
0.0029887

2298
2682

456
937

2597
33.94

2817
90.19

16.18
26.7

252
43.01

Morelli / NASA LaRC

10



Active Feedback Control
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With this approach, informative flight data will be obtained
regardless of what the pilot or feedback control are doing
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Impala Flight Test Results

» Global aerodynamic and propulsion models identified and validated in flight
for 3 configurations in a 1-hour flight test:

* Up and away, flaps up, gear up
* Approach, flaps half, gear down
* Landing, flaps full, gear down

» Demonstrated UPI during steady flight conditions, slow approach to stall,
and during maneuvers with significant changes in Mach and load factor

» Test pilots were only briefed verbally pre-flight, no simulator training

» Maneuver efficiency and effectiveness validated with prediction cases
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Conclusions

* Pilots can use their flying skills to achieve the flight test goal:
Efficiently collect informative multi-axis data for dynamic modeling

* No preflight input design or pilot training to implement input forms
* Benefits of multi-axis inputs can be achieved by a pilot
* Approach can be applied at any flight condition

 Demonstrated with stick-to-surface control, but also applicable to
flight testing with active feedback control

e Can be used in conjunction with real-time modeling for efficient
flight testing and test pilot training
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Flight Test Team
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