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Aeroelastic Structures
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Introduction

Trend towards flexible configurations:

Adaptive Compliant Trailing Edge Variable camber continuous trailing edge flap flap

(source: NASA) (source: NASA)
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Applications: slender flexible (morphing) aircraft

Cellular morphing wing

(source: NASA/MIT)

HALE solar power aircraft

%_o_i_Jrce: NASA) (source: Facebook)
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SmartX : SmartX-Alpha
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Goal: the Smart Morphing Wing

How can we use multidisciplinary integration of novel control laws, sensing
methods, and actuation mechanism for real-time, in-flight, multi-objective
optimisation of actively morphing wing?

Objectives
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Drag minimisation

g Load Alleviation
Aeroelastic control

Shape control
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Smart-X: multidisciplinary collaboration

Nakash Tigran Vincent
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Autonomous Smart Morphing Wing




Smart-X rationale

Real-time multi-objective performance optimisation

A - sizing B - num. studies
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Real-time multi-objective performance optimisation

Optimal lift dist.
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Drag minimisation

Load Alleviation

Aeroelastic control

Preferred lift dist.
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Atmospheric turbulence / gust
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Morphing Design
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FSI FRAMEWORK

FEM Model

!

CFD Model
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Laminate design with ply dropping

BASELINE
WING GE-
OMETRY

PRESSURE
LOADS

DEFORMED
WING SHAPE

GLOBAL
BOUNDARY
CONDITIONS
NASTRAN
SIMULATION
XFOIL

BEND UP +30mm

BEND DOWN -20mm




Manufacturing process
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Manufacturing process
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Piezoelectric Stall Sensor and
Actuator
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Piezoelectric Flow Sensors

Sensors directly measure oscillations

In the boundary layer

T
.~ Direction

Cross section view

Cross seclﬂ'on plane [
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Piezoelectric bimorph |

3
TUDelft

Ozcakmak [0
0 MO ooomo
gooo

__—Vane /\




Locating Transition (not-morphing)

Laminar

= Piezoelectric sensors (Section 5)
® Piezoelectric sensors (Section 2)
Xfoil
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Locating Transition (morphing?)

How will morphing affect the location of transition?
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Piezoelectric Actuators

- Little space required
- Fast response (capped at 25 Hz)
- Small deflections (couple of mm)

Delfection-force play area
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Operating
0,25 range

Deflection (one way) [mm]

0 0,1 0,2 0,3 0,4
Force (per bimorph) [N] 21

3
TUDelft



]
TUDelft

Fibre optics
Shape sensing
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Methodology

Bragg grating (FBG)

/\B = Qneff/l

C ((::lj:Jeding +‘ A ‘k r Optical fibre
* ‘ ‘ A: Periodic spacing

0 mz AB: Grating wavelength

. ---- neff: Core refractive index
Grating sensor

A 1 AN

Input Reflected Output
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Fabry-Pérot (FP)
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Setup

Lower-surface

[

Fibre hub

Upper-surface
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Bonded fibre

.

Fibre hub

14 sensing fibres
2 fibres per morphing section
2 fibres in spanwise direction

Wing section
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Deflection estimation

Measured vs estimated values in mm for bend up, bend down and twist configuration *

Bend up

Bend down Twist - right tip Twist - left tip
Measured | Estimated Measured Estimated Measured | Estimated Measured Estimated
2 2,1 S 3,16 2 0.66 2 1.25
6 1,93 10 11,58 4 518 4 4.65
9 8,48 15 13,31 6 5,98 6 5.97

» Average error of 1.3 mm for bend up & down with a maximum error of -4 mm

» Average error of -0.05 mm for twist with a maximum error of -1.34 mm

q NN
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* ‘Multi-modal fibre optic shape sensing for the SmartX morphing wing demonstr\ator"/2
- Nakash Nazeer, ASME 2020 SMASIS
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Morphing Control and
Real-time Visual Tracking
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Visual tracking for control feedback

. Novel tracking methods (KCF-AEKF)
. Unsupervised clustering methods

gust/turbulence

m i 0.55%353

. Losksd node(s) [ 0,1,2,3,4.5 seres
input output

astic states)

feedback [1088x600]
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Visual tracking for control feedback
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Control Methods

Linear quadratic Gaussian (LQG) control

e (lassical Model-based control

* Requires Kaman filter for state observation

Incremental control

* Novel sensor-based control
* Replaces a part of model information by sensq
* Enhanced robustness against model uncertai

p disturbances
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Gust Load Alleviation
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Figure 1. 2D von Kérmaén vertical turbulence field with Ly, = 762m,0 = 3m/s.
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Figure 2. 2D “l-cos” vertical gust field.



Maneuver Load Alleviation

Use distributed morphing modules to redistribute the lift in spanwise direction

Alleviate the loads during maneuvers

5
TUDelft

32



5
TUDelft

Conclusions

Active morphing design with multidisciplinary state-of-the art
technology development

Morphing design is challenging in terms of design and
manufacturing

Piezo electric materials are suitable for novel sensor and actuator
designs

Fiber optic sensing methods for novel morphing structures
Control and real-time feedback of morphing deflections is needed
for morphing control

33
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Future Work
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Smart-X adaptive morphing control

O
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THANK YOU

<)



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Visual tracking for control feedback

	Visual tracking for control feedback

	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36

