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DLR — German Aerospace Center
Center for Lightweight-Production-Technology (ZLP®) in Research Center ,CFK Nord*
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Trend No. 1 in the manufacturing of Composite Aerospace Components
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Digital twins as enabler for efficient composite processing
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Trend No. 2 in the manufacturing of Composite Aerospace Components
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Example for application of netshape composite production:
Competitive Composite Rib - LOCOMACHS

Global Wing Box Design Modification

Former Box Design

Stringer Integrated
Upper Cover

Separated
Rib Posts

Rib Integrated
Rib Feet

Stringer and Rib Cap
Integrated Upper Cover

Rib Integrated
Rib Post

LOCOMACHS Box Design

The research leading to these results has received funding from the European Union's Seventh Framework Programme (FP7/2007-2013) under grant agreement n°314003.




DLR.de * Chart 16 > Trends in the manufacturing of Composite Aerospace Components and resulting demands for Machining Technologies > Jan Stive > 28th of November 2019

Example for application of netshape composite production:
Competitive Composite Rib - LOCOMACHS

Detailed Rib Design Modification

Tolerance compensation
option at joint to upper
cover

Composite adapted web
reinforcement

Stringer with local grow

Reduced complexity at outs (Duck Feet) required

joint to lower cover

Integration of rib post
on one side
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Example for application of netshape composite production:
Competitive Composite Rib - LOCOMACHS

Geometrical Accuracy and Weight

Flange Angle /

Nominal |Measured| Delta Welght SaVing Of

Angle 1 90,00 89,95 -0,05 more than 40%
Angle 2 90,00 90,08 0,08

Angle 3 90,00 90,07 0,07
Angle 4 90,00 90,08 0,08
Angle 5 88,88 88,99 0,11
Angle 6 88,86 88,92 0,06
Angle 7 88,81 88,90 0,09
Angle 8 88,72 88,72 0,00
Angle9 | 8866 | 8867 | 0,01 Deformation in mm
Angle 10 88,55 88,58 0,03 -

Angle 11 88,53 88,56 0,03
Angle 12 88,52 88,59 0,07

Geometrical accuracy
requirements of flanges met

80m

Global geometrical accuracy requirements met

The research leading to these results has received funding from the European Union's Seventh Framework Programme (FP7/2007-2013) under grant agreement n°314003.
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Example for application of netshape composite production:
Competitive Composite Rib - LOCOMACHS

Production Cost Estimation

Eco Efficiency
Assessment Model

Assessment

8 Produced Prototypes
1280 €/kg

RMS 13%

1.200€

7 ™

1.000€

| Estimation
2 | Typ. Aerospace Series
e 340 €/kg

- RMS 43%

Outlook

High Rate Production
190 €/kg

RMS 66%

(net shape+ isotherm)
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Example for application of netshape composite production:
Competitive Composite Rib - LOCOMACHS

Production Cost Estimation 5.000 €

4.500€
4.000€
3.500€
[ Pers. Cost
3.000€ -
[ Plant cost, NRC share (e.g. Tooling)
2:000¢€ M Raw Material
2.000€
1.500€
1.000€ -
0€ - . . .
Aluminum Autoclave Autoclave RTM
5 Axle Machining Injection Injection Isothermal,
Typ. Aerospace Series Typ. Aerospace Series 8 Prototypes Netshape
Reference Estimation Assessment Outlook
6,8 kg 3,5 kg (60%FVC) 3,5 kg (60%FVC) 3,5kg (60%FVC)
1.195€/rib 1.191€/rib A A77€/rib 672€/rib
The research leading to these results has received funding from the European Union's Seventh Framework Programme (FP7/2007-2013) under grant agreement n°314003.
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Trend No. 3 in the manufacturing of Composite Aerospace Components

U

.l

ANy

) . 4 1‘;‘. .
o

s assembly

T'ﬁ:" ITEY = g . -
s el -l- =
. " -

i DLR



DLR.de * Chart21 > Trends in the manufacturing of Composite Aerospace Components and resulting demands for Machining Technologies > Jan Stive > 28th of November 2019

Carbon Fiber Reinforced Thermoplastic (CFRT) material for aerospace
components

Faster processing of components and weldability for assembly without riveting

Automated Fibr Placement of
CFRT using HUMM3-Flashlamp
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Use Carbon Fiber Reinforced Thermoplastic (CFRT) material for aerospace
components

Current product developments: Rear pressure bulkhead made of CFRT in automated production

Wissen flr Morgen

Knowledge for Tomorrow

Realized by DLR Center for
Lightweight-Production-Technology
Augsburg and Premium Aerotec
GmbH, Augsburg
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Conclusion

Automation in composite proﬁ‘f’én

is needed to enable _ ’: i g D|g|t|;at|dﬂ enables smart processing and
rate and constancy of quality =" " the Creation of digital Life-Data-Sheets

Netshépe b?bductiqn av ids post T%rmoﬂlastlc composnes_
cessing and reduces waste enable joining without riveting
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