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Abstract

In the projects SmartLED and SADE a smart
droop nose concept for a commercial
transportation aircraft is developed by the
partners EADS-IW, EADS-MAS and the DLR.
The objective is a gap and step-less high lift
device for the next generation aircraft of high
surface quality for drag reduction. The paper is
focused on the preliminary experimental testing
of a small section of a full-scale smart leading
edge structure which is about to be tested in a
ground test in the framework of the project
SmartLED. The results of the experimental
testing i.e. deformations of the structure and
strains are compared to predictions from FE
analyses of droop angles of 5°,10° and 16°.

1 Introduction

To meet the ambitious goals defined in the
VISION 2020, technologies to consequently
reduce drag and airframe noise will be
necessary. The ambitious recommendations of
the ACARE group for the reduction of
emissions per passenger kilometers are CO2 <
50%, NOx < 80% and noise < 50% until 2020.
Therefore new aircraft concepts and with it new
concepts for high Ilift devices have to be
developed. The developed systems have to
comply with the next generation aircraft
requirements like high surface quality and
lightweight design. In conventional high lift
configurations, devices on leading and trailing
edges open slots to achieve the additional lift.
However, the slots and especially slat gaps at
the leading edge have been identified as the
dominant source of airframe noise in approach.
In the DLR project LEISA different high lift

devices were investigated in an interdisciplinary
way for the assessment of high lift system
design for low noise exposing high lift devices
[1]. Although there is a chance to reduce the slat
noise by re-arranging the slat gap in
combination with an increased chord slat,
nevertheless the slots remaining in the airfoil do
not comply with requirements for high quality
surfaces for future aircraft airfoil design.
Regarding the objective of drag reduction, most
experts agree that laminarization is the only
technology which has the potential for step
changes in drag reduction within a suitable
timeframe. Current projects dealing with
laminar flow research activities like TELFONA,
show promising results for drag reduction up to
-12% for the wing [2]. Thus, it is probable that
the next generation of wings will employ high
aspect-ratios with slim profiles and high quality
surfaces like already investigated e.g. within the
project NACRE under the acronym HARLS
(High Aspect-Ratio Low Sweep) [3].

Because of the gap which forms between
the slat and the main wing when deployed, the
flow at conventional high lift devices is
disturbed and causes transition to turbulent flow
immediately after the slat gap. Additionally, the
construction space in the next generation high
aspect ratio wings is limited due to the
employment of slim profiles.

Thus, smart seamless and gapless high lift
devices especially at the wings leading edge are
a mandatory enabler for future wings of
significantly increased aerodynamic efficiency
and reduced acoustic intensity. The European
and national projects SADE (Smart High Lift
Devices for Next Generation Wings) and
SmartLED (Smart Leading Edge Device) as
well as part of the European funded Clean Sky
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Initiative SFWA (Smart Fixed Wing Aircraft)
thus aim at a major step forward in the
development and evaluation of the potential of
morphing airframe technologies.

In the project SmartLED a full-scale
demonstrator of 2m span is in preparation for a
ground test including tests of leading edge
droop and superimposed wing bending
deformation with the partners Airbus, EADS-
IW and EADS-MAS. This paper focuses on a
preliminary test of a small section of the leading
edge structure developed within the SmartLED
project. Main issue is a first-time comparison of
FE analysis results with measured deformation
and strains of the deformed leading edge
structure.

2 Description of the Smart Droop Nose
Concept

The concept of the smart leading edge device in
the SmartLED project is based on the patent DE
2907912-A1 which was invented at the Dornier
Company in the year 1979 (Fig. 1)[4].

Fig. 1. Patent DE2907912-A1, Dorni er
Company, 1979.

The Dornier concept assumes a main lever
attached to the front spar which servers as main
actuation mechanism and deforms the structure
consisting of several flexible panels. The
flexible panels are attached to the inner
mechanism in a way that the contour is
continuously closed and the inner mechanism
guides the movement of the structure to the
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desired shape with an increasing nose radius. A
variety of patents describing droop nose
concepts can be found from which the most are
focused on an inner mechanism providing the
movement and support of a not otherwise
specified skin structure. Nevertheless, the patent
DE 2907912-A1 was selected in concept phase
due to its best conformity with the challenging
industrial requirements in the project.

Concerning the actuation of the smart leading
edge the idea of a main lever driven by a
rotational actuator as well as the connection of
the skin to the main lever by several small struts
is adopted. The direct connection of the upper
and lower skin is neglected in this preliminary
design to eliminate deformation constraints.
Due to the high demands on the surface quality
of such a device all connections concerning the
skin must be realized without riveting. As well
the concept of individual skin panels attached to
the inner mechanism is not feasible due to the
gaps and steps at the panel joints. Therefore an
approach for continuously integrally
manufactured skin/interface-structure IS
followed. Within this approach the concept
utilizes omega shaped stiffeners for the load
transfer from the actuation over the main lever
to the skin and for the transfer of the
aerodynamic loads into the front spar. The
omega shaped stringers have the advantage that
besides forces moments can be transmitted into
the skin. This provides an additional parameter
for the designer to achieve a desired target
shape. In the same way the large surface of the
omega-stringer foots is an advantage in the
design of the stringers connected to the upper
skin. There the aerodynamic load results in a
peel off loading of the stringer foot for which
the only solution is a suitable design of the
glued surface. In case of stability problems in
span wise direction for example in wing
bending tests the stringers can be filled with
foam to increase the bending stiffness in span
direction. In Fig. 2 the smart droop nose concept
in the national project SmartLED is outlined.
With a leading edge chord of about 600mm and
a front spar height of about 370mm the section
corresponds to a leading edge outboard section
of an A320 wing near the kink.
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The crucial point in the design of a smart
leading edge is the design of the skin stiffness
distribution for a desired aerodynamic target
shape. In order to get as close as possible to an
aerodynamic target shape the design process has
to consider all given boundary conditions for the
skin and the actuation mechanism in one
optimization loop.
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Fig. 2. Sm art Droop Nose Concept in the
national LuFo IV project SmartLED.

3 Design of the Smart Leading Edge

For the design of the smart leading edge
structure a full parametric design cycle is used.
Due to the strong coupling of structure and
kinematics regarding the target shape an overall
finite element model consisting of structure and
kinematics is mandatory for the design and
optimization of the smart leading edge structure.
As well the consideration of common boundary
conditions of both, structure and kinematics is
easier. In the design cycle all necessary design
steps for design and optimization are covered
starting from an initial skin design, the
calculation of number and position of support
stations, the detailed design of the skin
comprising for example the layup sequence and
layer orientation angle to the point of pre-design
and integration of a suitable actuation
mechanism for the gathering of first
characteristic actuation data.

HIGH LIFT DEVICE

In the first step the given aerodynamic input
shape of the airfoil during cruise flight and the
shape in approach are analyzed. From this
analysis a first skin thickness distribution t can
be obtained due to the direct relation of
linearized strain, difference in curvature and the
local skin thickness. In equation 1 a limit strain
value is used to calculate a preliminary skin
thickness  distribution  t(s) along the
circumferential length s of the nose profile as
input data for the design loop.

1
t(s) =2-&p, F(S) 1)

With the preliminary skin thickness distribution
the design cycle can be started. Within the
design cycle the number and position of support
points as well as a detailed stiffness distribution
of the skin for a given target shape is assessed
by an iterative optimization procedure. This
includes the calculation of the cruise shape and
the drooped shape with the corresponding
aerodynamic loads in every step of the iteration.
In the next phase the finite element model in the
design cycle is complemented with a pre-
designed actuation mechanism for a coupled
simulation of kinematics and the smart structure
and a second more detailed optimization loop is
used.

Test-Rig
(EADS-MAS)

Smart Leading
Edge (DLR)

Mechanism
stations

Clamping

Kinematics
(EADS-IW)

Fig. 3. FE model of the test-rig including
smart leading edge stru cture and kinematics
for system simulation, [5].



A detailed description of the design
methodology and optimization loops can be
found in [5]. In Fig. 3 an overall finite element
model including the smart leading edge
structure, actuation mechanism, and the
experimental test-rig is shown. It is created
using the design cycle in preparation of the
planned ground test for the virtual
demonstration of the complete system.

4 Experimental tests and comparison with
FE analysis results

The 25mm wide section described in Fig. 4 is
obtained as a slice of the 2m test section for the
ground test presented in Fig. 3. In advance of
the ground test of the leading edge test structure
especially the consistency of the deformation
behavior of the finite element modeling and the
manufactured structure is of interest.

Strain gauges 3
v gaug

T —
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Strain
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Bracket for force
introduction Fully clamped
at front spar

position

-

Fig. 4. Test section with position  of strain

gauges for measurements.

For a consistency check a finite element model
of the 25mm wide section is created using the
tools for parametric modeling from the process
chain for the design of the smart leading edge
structure described in the previous chapter. In
the deformation tests the denoted actuation
mechanism in Fig. 2 is replaced and for
simplification the deformation is induced by
applying a force directly to the first load
introduction stringer near strain gauge 1 on the
lower skin at a bracket. Three different forces
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for the deformation of the structure are applied
to the bracket by weights in steps of 2kg.

During the measurements the structure is fully
clamped at the position where normally the
structure would be attached to the front spar at a
length of 80mm. For the measurements strain
gauges are positioned at three locations of the
profile. The strain gauges one and two are
located at position of the maximum change of
curvature between the cruise and the drooped
shape. The critical strains in circumferential
direction are therefore intended to be measured
at these positions. Especially the strain at the
position of strain gauge one is predicted as the
most critical for the structure. Strain gauge three
is located on the upper skin in a region where
more moderate strains are assumed. The strain
gauges at all positions are used in half-bridge
configuration for the measurement of pure
bending strains.

For the measurement of the deformed shape of
the structure a picture is taken from the
undeformed and deformed structure every load
step with a camera. Then the shape is extracted
with an imaging toolbox by a digitizer and
transformed into the coordinate system of the
finite element model by translation and rotation.

Fig. 5. Test section in undeformed position

For the shape comparison the undeformed
structure is taken as reference and the
transformation rule for translation and rotation
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is determined and used for all following
transformations.
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Fig. 6. Comparison of shapes in drooped
position with 5° droop angle.

In the first load step a weight of 2kg is applied
to the structure. The resulting deformation of
the structure represents a droop angle of the
nose section of 5° with a maximum deformation
in loading z-direction of 45mm. The shape
comparison of the FE analysis and the
measurements is shown in Fig. 6. The shapes
are in good agreement over the complete
circumferential length of the nose profile.

For the applied deformation the strains in
circumferential direction are predicted with a
maximum strain of 0.31% in the outer layer just
after the stringer foot at the edge of the section
as shown in Fig. 7.

HIGH LIFT DEVICE

Fig. 7. Strain at 5° dr oop angle and position
of strain gauge one; Max. strain 0.31% in
circumferential direction of the outer layer.

The maximum strain at this location results
from a large change of the bending stiffness due
to the ending of the layers which form the
stringer foot of the load introduction stringer
and the load for the deformation which is
transferred at this point to the structure.

For the next load steps of 4kg and 6kg the
comparison of the shapes at 10° and 16° droop
angle shows a good agreement of the predicted
and measured shape of the smart droop nose
structure for larger droop angles too (Fig. 8 and
Fig. 9).
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Fig. 8. Comparison of shapes in drooped
position with 10° droop angle.
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Fig. 9. Comparison of shapes in drooped
position with 16° droop angle.



Concerning the comparison of strains for these
load steps a large difference of the measured
and predicted circumferential strain at the
position of strain gauge one can be noticed. In
Fig. 10 and Fig. 11 the distribution of the strain
in circumferential direction of the outer layer is
shown for the corresponding load respectively.
For both loadings the predicted maximum strain
at the specified location exceeds the measured
strain.

Fig. 10. Strain at 10° droop angle and
position of strain gauge one; Max. strain of
0.6% in circumferential direction of the outer
layer.

A summary of the measured strains at the three
locations of the strain gauges is given in Fig. 12.

002328

» T42E-03

. 844F-03

.00243
.004016
.005602

.007188

= . 009

Fig. 11. Strain at 15° droop angle and
position of strain gauge one; Max. strain of
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0.9% in circumferential direction of the outer
layer.

The reason for the mismatch of the strain values
at position one is presumably a deviation of the
skin thickness in the finite element model due to
the discretization. Fig. 13 shows a crosscheck of
the expected strains by analytical calculated
strains.
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For reference the strains in this plot are
calculated with eq. 1 analytically from the
difference in curvature between the shapes and
the measured and interpolated skin thickness
along the profiles circumference. In the strain
plot of Fig. 13 the maximum strains are around
+0.5% which is in good agreement with the
maximum measured strains at the position of
strain gauge one of £0.42%.

Curvature in 1/m
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strain in %

circumferential length 's’

Fig. 13. Analytical calculated strain and
curvature along the circumferential length s.

6 Conclusions

In the national project SmartLED a smart droop
nose concept for commercial transportation
aircrafts is developed by the DLR, EADS-IW
and EADS-MAS. The presented paper focuses
on the experimental testing of a small section of
a 2m span section of a smart droop nose
structure which is about to be tested in a ground
test at EADS-MAS including tests under wing
bending. From the experimental testing of the
structure the deformed shape and the strains are
compared to the shapes under loading and the
predicted strains. It was found that the
parametric modeling with the underlying
process chain for the design of the smart droop
nose device is well suited to predict the
deformation  behavior even at large
deformations. The evaluation of the calculated
and measured strains showed significant
differences in the maximum strain in the nose
tip. In a crosscheck the strains are calculated
from the curvature difference of the shapes and
the measured skin thickness. Thereby it could
be shown that the strains in the FE analysis are
over estimated due to the used discretization and
inconsistency of the skin thickness.
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