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sunthg;tes DLR Introduction

FML structures

« combine the advantages of metals and reinforced plastics in a
laminate structure
« Until now was used only at the Airbus A380 so slow processing

time was not an issue

Challenge for FML structures
« Enhance significantly productivity for high volume production

Targets of the specific project

« Ensure product quality in FML curing/bonding stage

« Reduce curing cycle time 2
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Resin arrival,
temperature
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= 4 temperature and resin arrival sensors
m Resistance-based measurements and RTD temperature
= Continuous connection checking
= One relay output for process automation
In-mould Gate Flexible FloWire
Durable sensor disposable sensors
A i .
| A ﬁ Curved
4 - A Durable
r
* flat areas e ideal for vacuum e Curved surfaces
* possible mark infusion in oven/ ¢ In the laminate for development
autoclave (gates, e Over the peel-ply
pipelines, pots etc.) e Suitable for very long parts

* no extra protection for Carbon

Fibre Preforms
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Cure, viscosity,
resin quality check
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Real-time measuring of

* Resin’s electrical resistance (from 0.1 MOhm up to 50 TOhm)
* temperature (pt100 sensor with 0.1°C accuracy)

Input of external signals e.g. pressure sensors

process monitoring sensor = electrical resistance + RTD sensors -
opfimo =

PROCESS MONITORING SYSTE

Durable Flexible

Inline sensor Pot sensor

CF In-mould
Durable

\ Vacuum Bag
| “G‘N Sensor
High Temp RTM VIand RT cure e Avoid pipe cleaning e Mixing ratio
e Resin arrival e Resin arrival « Adjust cycle e Resin Quality
* Viscosity rise * Viscosity rise * Mixing ratio check * Resin aging
e Gelation ¢ Gelation e Adjust cycle

¢ End-of-cure ¢ End-of-cure




a A typical RTM6 cure cycle
s as measured with Optimold
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== On-line Resin State

sunthesites (ORS software)

From Resistance and Temperature to Real-time viscosity and Tg estimation
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More than 25 resins have been modeled in the
whole range of composites manufacturing



Process control

sunthesites using the ORS
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Autoclave application
== PP

synthesites (Bombardier Belfast)
ECOMISE R&D project

Py
; ——————————-

Outside of the autoclave Inside of the autoclave



Demonstration
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synthesites @ WPU Bombardier Belfast

ECOMISE R&D project
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Real-time Tg prediction and demoulding decision based on targeted Tqg.



== # Kinetic model
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. vs. ORS
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Correlation of Tg estimation between ORS and kinetic model
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sunthg;tes DLR Online Kinetics vs. ORS

Challenges when using kinetic models online

« Kinetic models depend only on (measuring) temperature

* They are focused mainly at the end of cure

* Questionable accuracy for non-isothermal cases

* Questionable accuracy even for well established aerospace resins

* Questionable accuracy for the useful processing range

« Calculate only the degree of cure from which the calculation of the Glass
Transition temperature may add significant errors

« Significant resources and knowledge to develop new kinetic models

11



== Experimental Set-up
sunthesites @ BALU, DLR, Stade

Sensorlocation per plate

| and connected Optimold
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Recommended cure
cycle: 60’ @ 125°C

Online Tg estimation
helps to reduce
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== Online viscosity,

sunthesites Tg and Degree of cure
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Example of the ORS with a snap-curing resin
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synthesites Emn Conclusions

* Online quality control for FML curing/bonding stage was
successfully applied and verified at autoclave conditions

* Reduction of curing cycle time by 50% was achieved In
small scale trials

« And this performance was proven at larger scale trials
where variability and need for process insight is paramount

« Similar performance has been demonstrated in many other
applications in aerospace, automotive and wind energy.

15



== #7
synthesites DLR

We thank our project partners

%y AIRBUS 7 @=23T=C % Fraunhofer

IFAM

\

and the Federal Ministry of Economics and Technology (BMWi) for the
funding of the project ProfiRumpf.

% Federal Ministry
for Economic Affairs

and Energy

i DLR



https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjdhLrc7Y3eAhXQzKQKHXw0BvMQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Datei:Logo_Premium_Aerotec.svg&psig=AOvVaw2M07yZSz-zvzeiiWt5ERvx&ust=1539878801073050
https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjP_6bw7Y3eAhVpJcAKHdqXCl4QjRx6BAgBEAU&url=https://www.riblet4wind.eu/?q%3Dconsortium/fraunhofer-ifam&psig=AOvVaw2YU_u73StHsf_O5qTe1qeO&ust=1539878846719484
https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiriO72xZ7eAhUEElAKHWsVB-sQjRx6BAgBEAU&url=https://www.cornet.online/partners/programme-owner-3/&psig=AOvVaw2SZ9glP151RRm5AmnIsri2&ust=1540452237551163

