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Lightweight solutions for metallic airframes 

• Objective
– Development of competitive metallic solutions in th e fields of

• Design
• Materials
• Manufacture

– With the target of
• Cost and
• Weight reduction
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High performance and low cost airframes 
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Laser beam welding 
technology

Welded monolithic structures

Ageforming

Integrally machined
monolithic structures

Friction stir welding
technology
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Advanced alloys

Advanced joining
and forming
techniques

Advanced Design
Concepts

Multi-disciplinary
& Collaborative

approach! 

Airframe structure performance

AND 
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Alternative routing for assembling

surface treatment

ageforming

plate
machining

7xxx plate
TAF temper

TOP wing skin

Current
fuselage

skin

surface treatment

ageforming

special features

2xxx plate
(new material)

T3 temper

ageforming

Integral machining

Laser Beam Welding

Friction stir welding

Manhole/overthickness
machining

pocketing

Damage tolerant
structures

surface treatment

ageing

re-shaping

welding

3D machining

forming
(stretch forming)

6xxx sheet
T4 temper
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AGEFORM: Forming advanced aerospace panels 
at reduced cost 

• Process principles
• Metallurgical principles and mechanical properties

• Ageform process for Aerospace applications

• Summary and outlook
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AGEFORM process

aging
temperature

room
temperature
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Metallurgical principles 

• Physical phenomenon: creep
– Stress relaxation during the artificial ageing cycl e
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Application of specific ageing treatment
Relaxation 

Constant strain tensile test:
Highest stress relaxation for 2022 
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Metallurgical principles

• Precipitation alignment in the 2022 alloy
– No impact on static properties
– No impact on anisotropy

340

350

360

370

380

390

400

0 10 20 30 40 50 60 70 80 90

Angle w ith longitudinal axis (°)

0
.2

%
 Y

ie
ld

 S
tr
e
ss

 (
M

P
a
)

2022 static 2022 dynamic



Aerodays 2006, Vienna, the 18.06. – 21.06.06, Ageform, F. Eberl 10

Metallurgical principles

• Precipitation alignment in the 2022 alloy
– No impact on damage tolerance properties

R-Curves CCT760 (L-T)
Ageforming effect
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R-Curves CCT760 (L-T)
Ageforming effect
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Roll forming

Ageforming

Sample loading

in autoclave

� no impact on R-curve

� Ageformed panels can 
be characterised in the 
flat shape
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AGEFORM: Forming advanced aerospace panels 
at reduced cost 

• Process principles
• Metallurgical principles and mechanical properties

• Ageform process for Aerospace applications

• Summary and outlook
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Ageform process for Aerospace applications

• Example of a commercial aircraft fuselage panel
– Including modern assembling features as

• Laser Beam Welded (LBW) stringers on the skin
• Longitudinal Friction Stir Welded joints
• Machining of fuselage skin: pocketing, …
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Ageform process for Aerospace applications

• Manufacturing of a commercial aircraft fuselage pan el (1/2)

Skin Trimming Pocket Mechanical/Chemical Milling

FSW Skin Panels Cleaning / Pickling Laser Beam 
Welding of 
Stringers
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Ageform process for Aerospace applications

• Manufacturing of a commercial aircraft fuselage pan el (2/2)

Dimension Checks Cleaning / Painting

NDECreep / Age Forming
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Ageform process for Aerospace applications

• Evaluation of result obtained
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Summary and outlook

• Process demonstrated
• Final properties evaluated
• Micro-structural mechanisms well understood 
• Process demonstrated on LBW and FSW containing stru ctures
• Representative bottom wing structure demonstrated
• Representative fuselage panel demonstrated

Ageform process can be applied to damage tolerant st ructures

Bottom wing skin Complex fuselage
structures

Aerospace
structures
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Summary and outlook
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Property Improvement of Al alloys:

 Fuselage skin & stringers
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Still a lot of 
improvement 
anticipated !
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Aerodays exposition: Ageform, stand nr. 51 
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