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Introduction

• Horizon 2020 LPA Project: Manufacturing of a Demonstrator for a retrofit HLFC-Leading Edge for A350 HTP
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Challange of hybrid structural bonding

What are the structural challenges and how do we handle them?
1. Understanding of hybrid structures
2. Understanding  of HLFC structures
3. Identification of critical points
4. Risk mitigation by Surface Toughening
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Understanding of HLFC-Structures

Challenge: Strong deformation in structure after cooldown
• Effect is reversible and can be calculated
• Deformations induces stress to the bondline
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Understanding of HLFC-Structures

• Selective curing of bonded areas Reduction of deformations
• Stress investigation of bondline  Identification of critical points
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Identification of critical points

• Bonding analyses on 800mm Demo Level 
• Selective curing @ 130°C then cool down to RT

• Moderate shear stress to bondline but…
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Risk mitigation by Surface Toughening
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Motivation for laminar Joint

• Why is the Interface so important?

• The laminar boundary layer must extend beyond the interface to provide the benefit of drag reduction.

• What are the difficulties?
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Requirements

• Strict requirements from Aerodynamic Department 

• Forward facing step max. 0.5mm*

• Backward facing step of max. 0.12mm*

• Result:
• difficult for manufacturing!
• difficult for MRO!

*only for our cruise flight case on A350 HTP
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Coversheet

Wedge

Laminar Interface Concept

• Removable cover concept 
• From Outside accessible Joint for Horizontal Tail Plane (HTP)
• allows manufacturing tolerances
• compensates thermal deformation of structure in flight
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Compensation of manufacturing tolerances

• The coversheet compensates the manufacturing tolerances
• Coversheet = pre bent steelfoil
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Compensation of thermal deformation

• Strong „Bi metallic effect“ of CFRP structure and bonded titanium skin 
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Demonstration with an Interface Small Scale Demonstrator (ISSD)

• Simple milled 500mm AL molds 
• 8552 IM7 prepreg
• Curing in autoclave at 180°C
• Secondary bonding at 120°C
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Manufacturing Approach  - Joining CFRP

• Joining concept tested with 60mm edge part
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Manufacturing Approach – Adhesive Bonding

• Tested bonding process with an easy to manufacture Al Skin
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Manufacturing Approach – Applying the Cover sheet

• Tested bonding of Cover Sheet
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Manufacturing Approach – Step measuring

• Requirements achieved
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Interface Small Scale Demonstrator

• ISSD without Cover Sheet
• not finished right now

M.Schollerer  •  HLFC Workshop • 07.09.2022DLR.de  •  Chart 19



Interface Small Scale Demonstrator 3D measurment
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3D Measurment of steps - Trial 1
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3D Measurment of steps - Trial 2
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Improvement of Concept

• Increase the high of upper cover step to reach a more robust FFS
• The Cover Sheet does not need a high prebending
• Decrease in Waviness 
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Importance of thermal deformation compensation

• Compensation in molds was calculated for titanium!
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Conclusion and Outlook

• Challenges of the ECHO HLFC design was shown 
• Risk mitigation concept via Surface Tougehning was demonstrated
• A removable interface concept was presented for a HLFC LE 
• A successful manufacturing approach was shown for all concepts
• Compensation of “Bi-metallic effect” was successful 
• All steps agree with the requirements

To Do’s:
• Identify the stiffness of coversheet to avoid aeroelastic problems
• Reduce manufacturing effort of pre – bended Cover Sheet by design adaption
• Identify usability for NLF Joints
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Thank You!
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