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M
odern A

ircraft R
equirem

ents

P
rof. D
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[http://w
w

w
.acare4europe.org/docs/V

ision%
202020.pdf]

Target 2020
• -50 %

 C
O

2 * 
• -80 %

 N
O

x * 
• -50 %

 noise*
• …

Target 2050
• -75 %

 C
O

2 *
• -90 %

 N
O

x *
• -65 %

 noise*
• …

*
relative to the

capabilities of typical new
 aircraft in the year 2000 

Target 2050
• -100 %

 C
O

2 *
• …

[2011]

2001

2011
2021
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A
irfram

e R
equirem

ents for M
aterials &

 Processes

M
anufacturing C

ost: 
Low

 M
aterial C

ost, 
Zero W

aste M
anufacturing, S

hort C
ycle Tim

es

C
ost of O

w
nership: 

Very Light W
eight, Very H

igh D
am

age Tolerance, 
E

asy Inspection &
 R

epair, Very Long S
ervice Life 

E
nvironm

ent: 
Zero P

roduction W
aste, Zero P

roduction E
m

issions, 
Full R

ecycling C
apability (no dow

ncycling)
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R
&

D
 Principle I: H

olistic A
pproach

The C
om

posite Process C
hain –

Tom
orrow


Fully integrated 
and optim

ized process chain


E

ffort and cost m
inim

ization


D

igital tw
ins

C
ost &

 Tim
e

D
igital Tw

ins


P

rocess hybridization
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Tom
orrow

 –
M

ultifunctional C
om

posites


C

om
posites enable

m
ultifunctionality

at (sub) m
icro-

and m
eso-level


S

uperior product 
functionality at low

er cost

A
daptive 

C
ontrol 

S
urfaces

A
ctive

D
am

ping

Therm
al 

M
anagem

ent

Lightning
S

trike
P

rotection

E
lectrical 

C
onductivity

C
rash-

w
orthiness

Load A
lleviation

Low
Friction &

 W
ear

A
daptive 

A
ir Inlet

A
daptive 

E
quipm

ent
Fixture

S
elf-

D
e-Icing

A
nti Fatigue

A
nti E

rosion

S
tiffness

Tailoring

N
oise 

A
ttenuation

M
orphing 

S
tructures

P
rof. D

r.-Ing. U
lf P

aul B
reuer 
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R
&

D
 Principle III: Sustainability

Tom
orrow

 –
Im

proved U
tility and R

ecycling

R
ecycling

R
enew

able 
R

esources P
roduction

D
esign

U
se

E
nd of Life


H

igher lightw
eight efficiency

increases value of benefit


Life extension is possible
by better fatigue properties 


P

olym
er and

roving recycling, 
also for carbon fibers


R

aw
 m

aterials 
from

 renew
able resources

U
tility

Value of B
enefit

cone plot partly based on 
N

. P
erry (A

rts et M
étiers

P
arisTech) et al

Tim
e 

C
ycle D

uration
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The Future…
W

hat W
ill it Look Like?

S
ource: https://w

w
w

.hybridairvehicles.com
/

S
ource: A

irbus
S

ource: e.S
A

T, https://e-sat.de/de/silent-air-taxi/

S
ource: A

irbus

C
ityA

irbus
S

ilent A
ir Taxi

A
irlander

ZE
R

O
e

P
rof. D

r.-Ing. U
lf P

aul B
reuer 
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The Future…
W

hat W
ill it Look Like?

S
ource: https://w

w
w

.hybridairvehicles.com
/

S
ource: A

irbus
S

ource: e.S
A

T, https://e-sat.de/de/silent-air-taxi/

S
ource: A

irbus

C
ityA

irbus
S

ilent A
ir Taxi

A
irlander

ZE
R

O
e

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

•
noise &

 dust during take-off and landing
•

certification and airspace surveillance
•

needed pow
er/m

ass ratio 
is higher than for conventional aircraft
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The Future…
W

hat W
ill it Look Like?

S
ource: https://w

w
w

.hybridairvehicles.com
/

S
ource: A

irbus
S

ource: e.S
A

T, https://e-sat.de/de/silent-air-taxi/

S
ource: A

irbus

C
ityA

irbus
S

ilent A
ir Taxi

A
irlander

ZE
R

O
e

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

•
90 passengers, 130 km

/h (m
ax)

•
range

350km
 (fully electric)

750 km
 (hybrid-electric)

7400 km
 (em

pty)
•

liftw
ith

helium
•

no
airports

needed
•

large volum
e

and
liftavailable

forhydrogen storage
(and

fuelcell)
•

E
IS

 planned
for2026

•
initially

w
ith

com
bustion

engines,
latersubstitution

w
ith

hydrogen
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The Future…
W

hat W
ill it Look Like?

S
ource: https://w

w
w

.hybridairvehicles.com
/

S
ource: A

irbus
S

ource: e.S
A

T, https://e-sat.de/de/silent-air-taxi/

S
ource: A

irbus

C
ityA

irbus
S

ilent A
ir Taxi

A
irlander

ZE
R

O
e

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

•
4 passengers

•
300 km

/h
•

1,000 km
 range

•
low

costtransportation
(as

1st class
train

ticket)
•

very
shorttake

off and
landing

distance
•

very
low

noise
em

m
ission

•
hybrid propulsion

(e-boostfortake
off)

•
firstflight2024, E

IS
 2025

•
laterhydrogen propulsion

possible
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The Future…
W

hat W
ill it Look Like?

S
ource: https://w

w
w

.hybridairvehicles.com
/

S
ource: A

irbus
S

ource: e.S
A

T, https://e-sat.de/de/silent-air-taxi/

S
ource: A

irbus

C
ityA

irbus
S

ilent A
ir Taxi

A
irlander

ZE
R

O
e

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

•
really

zero
e?

•
configuration?

•
space requirem

ent 
for LH

2 storage
•

system
 installation w

eight
•

drag
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The Value of Low
 W

eight

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

R
range [m

]
v

velocity (True A
ir S

peed) [m
/s]

b
F

specific fuel burn [kg/N
s]

g
acceleration of earth [m

/s
2]

c
L

coefficient of lift [1]
c
D

coefficient of drag [1]
m
0

initial m
ass of the aircraft [kg]

m
t

m
ass of the fuel burnt [kg]

R
 = 

v
b

F
· g

c
L

c
D

·
·

ln 
m

0

(m
0–

m
t)

(1)Less aircraft m
ass can be directly transferred 

into m
ore range, m

ore payload and less energy consum
ption 

for lift generation and for overcom
ing drag!*

(2)The exchange rate (value of light w
eight) w

ill increase
since S

A
F (and hydrogen) are m

ore expensive than kerosene!

Louis C
harles B

reguet
1880-1955

[Im
age S

ource: W
ikipedia] 

S
A

F = S
ustainable Aviation Fuel

*U
.P. B

reuer, C
om

m
ercial A

ircraft C
om

posite Technology, S
pringer International P

ublishing 
S

w
itzerland, 2016
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A
ircraft M

ass –
W

here is the B
eef? 

O
perator 

Item
s 5%

M
W

E
 

49%

P
assengers 18%

B
aggage 4%

A
irline 

A
llow

ance 6% Fuel 18%

Typical W
eight B

reakdow
n

M
TO

W

S
tructure 55%

P
ow

er P
lant 22%

S
ystem

s 15% Furnishings 8%

M
W

E
: S

hare of S
tructure, 

S
ystem

s and Furnishings

S
tructure is the largest contributor to M

TO
W

 and M
W

E
, 

follow
ed by P

ow
er P

lant &
 S

ystem
s

A
320-type A

ircraft
[D

ata S
ource: Jane‘s

A
ll the

W
orld‘s

A
ircraft]

P
rof. D

r.-Ing. U
lf P

aul B
reuer 
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B
asic IdeaP

rof. D
r.-Ing. U

lf P
aul B

reuer C
FR

P
* Fuselage

E
S

N
** M

etal S
tructure

Load
Transfer

kg

other
functions

kg

electrical
functions

kg
LSP

***
kg

TO
TA

L
W

eight
kg

TO
TA

L
W

eight
kg

M
etal Fibres

H
ybrid Fuselage

Load
Transfer

kg

other
functions

kg

W
eight

Saving

*C
FR

P C
arbon Fibre R

einforced P
lastic

**E
S

N
  E

lectrical S
tructure N

etw
ork

***LS
P Lightning S

trike P
rotection
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C
om

bination of C
arbon-and M

etal fibres

H
ybrid M

aterial
C

FR
P

M
etal

im
proved energy

absorption under tensile
o

poor energy absorption
under tensile load

-
high tensile

energy absorption
+

good energy absorption
under com

pression
+

high energy absorption
under com

pression
+

m
od. energy absorption
under com

pression
o

high
strength

+
high

strength
+

good
strength

+

high
stiffness

+
high

stiffness
+

high
stiffness

+

optim
ized

failure
+

brittle
failure

-
ductile
failure

+

acceptable
density

+
very low
density

+
high

density
-

acceptable cost
o

high cost
-

low
 cost

+

im
proved structural

integrity in crash
+

lim
ited structural

integrity in crash
-

superior structural
integrity in crash

+

sufficient electrical 
conductivity

+
poor electrical 

conductivity
-

high electrical 
conductivity

+

P
rof. D

r.-Ing. U
lf P

aul B
reuer 
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M
etal fibres -but not m

etal sheetlayers!

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

A
lum

inium
 layer

G
lass fibre/adhesive layer

Im
age: B

y W
ard S

noeck
-O

w
n w

ork, C
C

 B
Y

-S
A

 4.0, 
https://com

m
ons.w

ikim
edia.org/w

/index.php?curid=79499190
A

irbus
Im

age: Zoltek

D
ifficult autom

ated m
anufacturing!

Fully autom
ated m

anufacturing 
and utilization of anisiotropy!

G
lare®



©
 Leibniz-Institut für V

erbundw
erkstoffe G

m
bH

25

Penetration R
esistance Tests

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

CFRP + Cu

0°

90°

0°

90°

m
 = 19.965 kgv = 4.4 m

/s

d = 40 m
m

d = 20 m
m

SCFRP 20a

0°

90°

0°

90°

CFRP

Exit side
Entry side

0°

90°

0°

90°

CFRP thick

0°

90°

0°

90°

SCFRP 20i

0°

90°

0°

90°

Force / kN

74 62

D
isplacem

ent / m
m

0
4

8
12

16
20

0 1 3 5

6
10

14
18

2

Force / kN

74 62

D
isplacem

ent / m
m

0
4

8
12

16
20

0 1 3 5

6
10

14
18

2

Force / kN

74 62

D
isplacem

ent / m
m

0
4

8
12

16
20

0 1 3 5

6
10

14
18

2

Force / kN

74 62

D
isplacem

ent / m
m

0
4

8
12

16
20

0 1 3 5

6
10

14
18

2 v = 4.4 m
/s, m

 = 19.965 kg, E
 = 193 J

S
ubstitution 

of carbon fibre layers 
by steel fibre layers 
leads to significant 

im
provem

ent 
of penetration 

properties!

im
pactor diam

eter
= 20 m

m

free diam
eter 

of clam
ped sam

ple
= 40 m

m
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H
ybrid Ice Protection on A

dvanced N
atural Lam

inar Slat

•
LuFo

6-3

•
8/23-10/26

•
D

evelopm
ent of hybrid steel-and carbon fibre reinforced 

therm
oplastic

polym
er (P

E
E

K
) slat structures

•
A

dvanced energy absorption
during bird im

pact

•
Tape laying and stam

p form
ing m

anufacturing technology

•
Induction w

elding joining technology 

P
rof. D

r.-Ing. U
lf P

aul B
reuer 
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R
apid Therm

oplastic Tape Laying

P
rof. D

r.-Ing. U
lf P

aul B
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ASH
 Autom

ation F2-C
om

positor®

•
A

rea 3500 m
m

 x 1500 m
m

 

•
C

F/ P
PS

, P
E

E
K

, P
E

K
K

 etc.

•
Tape W

idth  ¼
'' to 2''

•
Tape Thickness 0,05 to 0,5 m

m

•
S

peed up to 4 m
/s (240 m

/m
in)

•
U

ltra high precision 
placem

ent &
 cutting 

•
S

traight and curved placem
ent



©
 Leibniz-Institut für V

erbundw
erkstoffe G

m
bH

29

Stam
p-(Press-) Form

ing &
 O

verm
oulding

P
rof. D

r.-Ing. U
lf P

aul B
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LangzaunerPerfect Press

•
25.000 kN

Force

•
3 x 2 m

2Tool size

•
800 m

m
/s C

losing speed

•
P

ressure in < 1 s

•
up to 450 °C

 Infrared oven 

•
C

om
bined injection m

oulding
possible
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C
onclusionP

rof. D
r.-Ing. U

lf P
aul B
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•
W

hatever new
 aircraft w

ill look like –
C

FR
P w

ill enable low
 m

ass, m
ax payload and range at low

 fuel consum
ption

•
The exchange rate (value of light w

eight design) w
ill increase

since S
A

F (and / or hydrogen) are m
ore expensive than kerosene

•
The „beef“ of the m

ass of the aircraft is w
ithin the load carrying structure

•
N

ew
 airfram

e m
aterials &

 processes m
ust enable a long service life design, superior dam

age tolerance, 
easy repair and econom

ic recycling solutions

•
Therm

oplastic com
posites enable short cycle tim

e m
anufacturing and w

elding

•
Function integration can im

prove w
eight savings on aircraft level
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W
hite Paper

P
rof. D

r.-Ing. U
lf P

aul B
reuer 

https://w
w

w.dglr.de/fileadm
in/daten-

dglr/vernetzen/fachbereiche/q1/W
hite_P

aper_O
ekoeffizie

nte_M
aterial_und_P

rozesstechnologien.pdf

A
rbeitsgruppe aus Industriebetrieben 

entlang der W
ertschöpfungskette

und Forschungseinrichtungen

•
H

erausforderungen
•

N
otw

endige B
efähigungen und S

chlüsseltechnologien
•

H
andlungsem

pfehlungen
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C
om

posite A
neurysm

 C
lip

Photo: Thorsten Becker & Sylvain Fotouk Fotso
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