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DLR: German Aerospace Center at a glance

Research Center + Space Agency + Project Management Agency

AERONAUTICS SPACE ENERGY TRANSPORT

SECURITY 
Research on Civil & Military Security

DIGITALISATION 
Quantum Technologies & Systems Modeling

• Europe's largest research center for aeronautics and space, i.a. covering the entire air transport system

• Close cooperation with science, business and industry

• 10,000+ employees in 55 research institutes and facilities at 30 locations and 4 offices abroad
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Institute of Lightweight Systems (SY)

▪ Administrative services for the institute

Centrale Services

▪ ISO 9001 

▪ Test Laboratories DIN ISO 17025 and Nadcap

Quality Management – certified according to:

▪ Complete process chain for the lightweight 
system construction of the future

▪ 180 employees in Braunschweig, Stade, 
Bremen, Aachen, Cochstedt

7 Scientific Departments

Director:  Prof. Dr.-Ing. Martin Wiedemann

Vice-Director: Prof. Dr.-Ing. Peter Wierach
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Introduction

▪ New Energy and New Mobility Solutions:

▪ Small Aircraft, UAM, UAV

▪ H²-powered transport

▪ H²-storage

▪ Production of hollow composite parts is

expected to grow strongly over next decades:

▪ Type V pressure vessels

▪ Air inlet ducts

▪ One-shot structural elements

▪ Hollow Struts with variable cross-section

→ High-rate production of hollow FRP parts needed
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Motivation



▪ Hand Lay-Up, Winding, Pultrusion, AFP → A rigid core/mandrel is always needed

Cores for hollow composite
part production

Remaining
Cores

Cores with
component

function

e.g. liner

Cores without
component

function

e.g. PU-foam
cores

Removable
Cores

Directly
reusable cores

e.g. rubber
cores

Indirectly
reusable cores

e.g. SMP 
cores

Lost cores

e.g. soluble 
cores
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Introduction
Production of FRP hollow profiles
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Thermoset Thermoplastic
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• Spintech Holdings Inc. 

• Everhart et al. (2005) – Cyanatesther TS

• Miadowitz (2019) – PP

• Jing et al. (2021) – PMMA/CF
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• Du et al. (2015, 2018) – Styrene-based TS

• Zhang et al. (2013) – Styrene-based TS
• Neumann, Rings (2023) – PET, PA66, PA6

State-of-the-Art
Deformable Mandrels
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1. Thorough ecological end economical 
assessment of shape variable mandrels in 
comparison with conventional tooling

2. Thermoplastic shape memory polymer 
mandrels

3. Further investigation of simulation 
capabilities for shape memory mandrels

Full SotA-review will be presented
@ SAMPE Europe Conference Oct. 23 

State-of-the-Art
Research Gaps
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▪ Decoupling of expensive tooling and 
production rate

▪ Rigid @ RT, Soft @ higher T

▪ No need for release agents

▪ Cheap & recyclable mandrel material

▪ In-House recycling of mandrel material 
possible

▪ Not suitable for 180°C – Epoxy FRP

Blow-Moulded Mandrels
Advantages / Disadvantages
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Blow-Moulding Preforming Curing Demoulding

Stretching RelaxationExtrusion

Blow-Moulded Mandrels
Production Cycle



Name des Vortragenden, Institut, Datum

Blow-Moulded Mandrels
Research Overview

Process
Development

Material 
Selection

Manufacturing Activation Demoulding Assessment

• Semi-finished

• Manufacturing 

Methods

• Process 

Parameters

• Process 

Adjustment

• Pre-

Selection

• Coupon-

Tests

• Selection 

• Process 

Development

• Tooling

• Blow-

Moulding

@IKV Aachen

• Coupon-

Tests

• Simulation

• Validation

• Coupon-Tests

• Simulation

• Manufacturing 

Trials

• Process 

assessment

• Scenario 

Comparison
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Blow-Moulded Mandrels
Research Overview
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▪ Production Cycle developed for 

GA-Epoxysystems

▪ 80% Curing + Postcuring/Activation 

step

▪ Thermoplastic Material assessment

▪ Literature

▪ DMA / DSC

▪ Coupon-Tests

→ PET-C, PPS, PA66, PA6

Process
Development

Material 
Selection



Blow-Moulded Mandrels
Research Overview
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▪ Blow-Moulding Trials

@ IKV Aachen (RWTH)

▪ Process development

▪ Test specimen production

▪ Simulation

▪ Material model development

▪ Production process sim.

▪ Activation & Shrinking process sim.

Manufacturing Activation



Conclusion & Outlook

Name des Vortragenden, Institut, Datum1 2 3 4 5

▪ Stretched Thermoplastics are suitable for 
demouldable mandrels / cores

▪ Scalable production of mould and FRP possible

▪ Established recycling processes available

▪ DLRK 2023 – Stuttgart
“Investigation of thermoplastic polymers with regard to 
their suitability as mould material in the FRP 
manufacturing process”

▪ SAMPE Europe Conference 23 – Madrid
“Variable Shape Tooling for Composite Manufacturing:
A Systematic Review”
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