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� no collapse or instability within the skin
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transmission chain

preserving shape element

elastic spring / step
motor localized action

skin

clean shape

stretched zone

compressed zone

deformed shape

curvature increase

skin clock-wise rotation
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Design and modeling (1/7)Design and modeling (1/7)Finite Element Modeling (1:6 scaled)Finite Element Modeling (1:6 scaled)
FE entities 

Nodes number 283 

Elements total number 195 

Skin elements (MSC/Nastran CQUAD4) 178 

Tie rods elements (MSC/Nastran CBEAM) 16 

Spring element (MSC/Nastran CEALS2) 1 

SLE geometry 

SLE chord 112 mm on a total 
chord of 500 mm 

SLE span 20 mm 

Skin features 

Tickness 0,25 mm 

Materials: AISI 301 Stainless Steel E=210 GPa  

νννν=0,32  

σσσσu=800MPa 

Tie rods features 

Equivalent area 50,27 mm
2
 

Inertia moments I1=I2=201mm
4
 

Material 7075 T6 Aluminium Alloy E=70 GPa  

νννν=0,32  

σσσσu=472MPa 

Spring features 
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Design and modeling (2/7)Design and modeling (2/7)

OptimizationOptimization

� Target:

� achieve preliminary aerodynamic requirements: 
vertical displacement, leading edge radius 

� Constraints: 

� allowable stress not exceeded

� reasonable moving limits for rods extremes

� Design variables:

� actuator force: 1

� rods extremes position (letters from “A” to “I”): 14

� parameters total number: 15

� Target:

� achieve preliminary aerodynamic requirements: 
vertical displacement, leading edge radius 

� Constraints: 

� allowable stress not exceeded

� reasonable moving limits for rods extremes

� Design variables:

� actuator force: 1

� rods extremes position (letters from “A” to “I”): 14

� parameters total number: 15

Random config.Random config.

Final config.Final config.
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Design and modeling (3/7)Design and modeling (3/7)

Finite Element Modeling (1:6 scaled, skin thickness: 0.25mm)Finite Element Modeling (1:6 scaled, skin thickness: 0.25mm)

� max displacement, droop nose: 16 mm (14.3 % of the SLE chord, 
3.2% of the total chord); 

� max stress (within the skin): 700 MPa

� max displacement, droop nose: 16 mm (14.3 % of the SLE chord, 
3.2% of the total chord); 

� max stress (within the skin): 700 MPa
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Design and modeling (4/7)Design and modeling (4/7)

� max displacement, droop nose: 118 mm (13.2 % of the SLE chord, 
3.1% of the total chord); 

� max stress (within the skin): 700 MPa

� max displacement, droop nose: 118 mm (13.2 % of the SLE chord, 
3.1% of the total chord); 

� max stress (within the skin): 700 MPa

Finite Element Modeling (real size, skin thickness: 2.0 mm)Finite Element Modeling (real size, skin thickness: 2.0 mm)
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Design and modeling (5/7)Design and modeling (5/7)
Spring identification for ‘self adaptive’ modalitySpring identification for ‘self adaptive’ modality

1:6 scaled

1:6 scaled
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Design and modeling (6/7)Design and modeling (6/7)
Spring identification for ‘self adaptive’ modalitySpring identification for ‘self adaptive’ modality
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Design and modeling (7/7)Design and modeling (7/7)
Actuator identification for ‘aided motor’ modalityActuator identification for ‘aided motor’ modality
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Morphing performanceMorphing performance

Shape deviation (amplified)Shape deviation (amplified)

Isotropic constant thickness skin 

 

 

 

• Max vertical displacement: 2.9%  

• Stress limit: 700 MPa 

• Shape preserving under aerodyn. 
loads: 0.65% 

t = 2 mm 

Isotropic constant thickness skin 

 

 

 

• Max vertical displacement: 2.9%  

• Stress limit: 700 MPa 

• Shape preserving under aerodyn. 
loads: 0.65% 

t = 2 mm 

0.056% of the chord

3.1%

 1:6 scaled model Real sized model 

Max displacement 
16 mm  
(14.3% of LE zone, 
3.2% of total chord) 

118 mm  
(13.2 % of LE zone, 
3.1% of total chord) 

Max stress (within 
the skin) 

700 MPa 700 MPa 

LE radius increase ≈≈≈≈70% ≈≈≈≈70% 
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� A short account on traditional high lift devices, pros and cons

� The morphing approach, possible applications and expected 

advantages

� Motivation of the work : design of a morphing device for a smooth 

(laminar preserving) droop nose effect

� Description of selected architecture and definition of two working 

principles: ‘self adaptive’ and ‘motor aided’

� Design and modeling ���� FE non linear approach:

� spring identification for ‘self adaptive’ modality

� actuator identification for ‘aided motor’ modality

� Discussion on device performance: vertical displacement, LE radius 
increase, shape keeping

� A short account on traditional high lift devices, pros and cons

� The morphing approach, possible applications and expected 

advantages

� Motivation of the work : design of a morphing device for a smooth 

(laminar preserving) droop nose effect

� Description of selected architecture and definition of two working 

principles: ‘self adaptive’ and ‘motor aided’

� Design and modeling ���� FE non linear approach:

� spring identification for ‘self adaptive’ modality

� actuator identification for ‘aided motor’ modality

� Discussion on device performance: vertical displacement, LE radius 
increase, shape keeping

ConclusionsConclusions
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� 1:6 demonstrator realization and testing

� Investigation on different skin typologies:

� 1:6 demonstrator realization and testing

� Investigation on different skin typologies:

Related act. and next steps (1/2)Related act. and next steps (1/2)

t = 2 mm

t = 1 mm

t = 0.8 mm
[[15/-15]2/90]s

[15/-15/90]s

variable isotropic skinvariable isotropic skin Fiber-glass laminate with variable stack sequenceFiber-glass laminate with variable stack sequence
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� Real scale optimized demonstrator:  design, 

realization and testing

� Real scale optimized demonstrator:  design, 

realization and testing

Related act. and next steps (2/2)Related act. and next steps (2/2)

� high actuation forces required 
towards chord-wise direction; 

� better skin thickness distribution for 
stress alleviation and higher morphing 
performance

� high actuation forces required 
towards chord-wise direction; 

� better skin thickness distribution for 
stress alleviation and higher morphing 
performance

� a novel architecture modified to 
reduce actuation forces has been 
conceived and is under manufacturing; 

� a dedicated skin solution has been 
taken into account

� a novel architecture modified to 
reduce actuation forces has been 
conceived and is under manufacturing; 

� a dedicated skin solution has been 
taken into account
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