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[ABSTRACT] Compared with traditional thermosetting composites, high-performance thermoplastic composites possess
superior properties such as better impact damage resistance, environmental and medium resistance, easy repairability, and
recyclability. Additionally, they are compatible with efficient and large-scale production. In recent years, their application
advantages in the field of aviation manufacturing technology have become increasingly prominent. In response to China’s
transformation demands for aviation composite material technology towards high efficiency, green development, and low
cost, this paper conducts a technical decomposition of the EU’s “Clean Sky 2” program projects, focuses on reviewing the
“Multifunctional Fuselage Demonstrator” (MFFD) project under this program, and systematically analyzes the material
system selection and manufacturing process integration technology system of the project. The aim is to, by sorting out
the material and manufacturing technology practices of the MFFD project, provide theoretical references and application
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insights for material selection, process optimization, and technological innovation of high-performance thermoplastic

composites in aviation and related application fields, thereby promoting the further application of high-performance

thermoplastic composites in the field of aviation manufacturing technology.

Keywords: Thermoplastic composites; Low-melting-point polyaryletherketone (LM PAEK); Automated fiber placement

(AFP); In-situ consolidation; Welding
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Large passenger aircraft (LPA); Innovative aircraft demonstrator platform (IADP)

Platform 2
e [nnovative sical integration =
cabin-system-structure

WP L1 : /
— ‘ —1 Next generation fuselage,
CROR demo engine FTD cabin and systems integration
WP 1.2 Multifunctional
f—  Advanced engine integration Fuselage Demonstrator
driven fuselage
WP 1.3
Validation of scaled flight testing
WP 1.4
[  Hybrid laminar flow control
large scale demonstration
WP 1.5
f— Applied technologies for
enhanced aircraft performance

Plalform 1

PR

WP23
Next generation lower
centre fuselage

WP 1.6 WP "
— Demonstration of radical aircraft
configurations Non- speclﬁccmss functions

WP 0.1
=~ Technology assessment J

WP 0.2
EcoDesign
‘WP0.3
ITD-Interfaces

WP 3.1
Enhanced flight operations &
functions
WP3.2
Innovative enabling technologies

WP2.2 WP3.3
Next generation cabin & t— Next generation cockpit functions
cargo functions flight demonstration

WP3.5
Dlsrupuve cockpit demonstration
WP3.6
ADVANCE (Maintenance)

B 1 “Clean Sky 2” ¥#LIIFit+%I "

Fig.1 “Clean Sky 2” aircraft demonstrator program
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MFFD 5 H 1 3= 2R 2R 22 7 ) TC1225 H
i)y iRE U X TR R T700 ZRAREF4EFN Victrex 2
F) PO F L SR D5 Tk AR IS ( Low melting temperature
poly aryl ether ketone, LM PAEK ) 41 %, F Tl & AL B
AAMBHR, BLE ERSEH ML R ESE . Q A
KMfr, Z BUKAT . C RUMESE Sk AFP JEZAR RS 1.2
PR, I3 ) 2 ORI T A 2

AR W R IR SRS an & 2 pos ™ 2

@ UD tape @ Fabric prepreg

High performance thermoplastics

@ @ TC1000, PEI

Engineering thermoplastics

® @ TC925FST, PC

@ TC950, PMMA*

Standard thermoplastics

@ TC920, PC/ABS

@ Laminate

LM PAEK W} fIE IR TC1225 Fivk h 4 i 2 vl £
FrE A RHA R L 5 TC1200 A1 TC1320 [A] & THiias
K TEREAIBYE G G AR, i SEb L AT R AT AL
WP BE AN A ) M, Hod TC1225 JE4F% A sk T 2 0F
R R PERE IR YR TR R L

FRAE R U 200 LS ik Bk ( Poly etherether
ketone, PEEK ) R4l Poly ether ketone ketone, PEKK )
IR 5 kA ( poly aryl ether ketone, PAEK ) S5 34
[ 3 Fh 15132 KF TC1200, TC1225 il TC1320, Ho: GE 40
K3 Fin, Hib, LM PAEK HA SR A Al , L

* Laminate parts

TC1320, PEKK @

NEW TC1225, Engineered PAEK @
TC1220/TC1200, PEEK @
TC1100,PPS @ ©

0

&

TC940, PET* @
TC910%/TC912, PAG @

TC960, PP @ [ ]
TC930, HDPE @

Amorphous Semi-crystalline

2 Toray AF BEIIBIE S SHtiHES 1

Fig.2 Toray’s typical thermoplastic composite grades'

PEREALRE AR RIE/ C

whili J5 AR5 E/MPa 315

3
TF L4583/ MPa

0/90 45 i/GPa 7.0

740

0/90 H: 455 )& /MPa

15]

—=— TC1200 PEEK
—e— TC1225 LM PAEK
170 —A— TC1320 PEKK

YERLELRE C

160

156 TP 55 V)58 & /MPa

5.5
T BY I /G Pa

3 TC1200, TC1225 1 TC1320 #1#Hisae
Fig.3 Properties of TC1200, TC1320 and TC1225 prepregs'”
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WPERES PEKK 1 PEEK FEAAH Y ; ZEBEBE AL L ARIRL B |
TR PN B V)9 4o J3E 25 i i A OC B REFR B I
LM PAEK 4 PEKK , PEEK 253 ANk, REUETH I K ZH00
FH SRR B MR ZESK . {H LM PAEK H{IR A%
FELE , 26 FH T2 a5 R il iy, AT DATE PRUESS FA 5 B
FEEEMERY RIS, AN T RE RN AR 7 T A 34

RN vl 7 R M A bR R A 3R 45 Hh
A7, AELTEIRIB 1 57 B b Ak ik — B 2 A A7 7 B i AR
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b 2 SRS R T 41 Ry R R 5 % 7 B A
2 T R 5, 2018 4F 7 A AR A 5l 58 B T X TenCate
Advanced Composites ( TCAC ) I, TCAC N 45l
IS aEIE N A, J5 225 44 4 Toray Advanced Composites
(TAC). BbJ5, #rekrERegdin tukbdT 1 558, i TAC
H i " %, TC1225 LM PAEK ., TC1200 PEEK Al
TC1320 PEKK 3 Fr Rl nps 5 B9 He 4 58 5 430l 35 2
310 MPa.303 MPa Fil 303 MPa, =M A b PERE

TE T 2 )51, TC1225 LM PAEK . TC1200 PEEK
A1 TC1320 PEKK"™ "3 Fiktokl, PR R4 i i) ASE 1
BEZE 5, 7R N TOE N M ROR e T 2R 2 B B X
A, BARITR

(1) TR 56

TC1225 LM PAEK A4 it i B2 e IR ( 305 °C ), #H L
TC1200 PEEK (##FEIEIE 350 °C )fl TC1320 PEKK (4%
FlTRLEE 340 °C ), HGh i £ i v P LSRG, e R #E
DA BT RN T A b A BERE LA BT, TC1200
PEEK Fll TC1320 PEKK R J il v & 4 i, o T 1o 75 0
e IR A X R T AP BB SR B A%, 1T BB Y
TN &AL G AGEY A

(2) RIS T,

TC1225 LM PAEK gl 20 T 5 SR midh bkl
FE AFP H IS, nT St el Sy [ 4 5 il
Pk 200 mm/s i AFP 3 FE R, Tof7 Ik 45 EI AT 35
F] 5 TC1320 PEKK Lk AFP FIALAR [ 45 W5 4% T2
AHT] ) 1285 o, FLZRITCFLBR, KRR T T A= 850%
TC1320 PEKK 7E 4t i# AFP (41 600 mmy/s ) I, JZ 8] 5
IR RS I AN A2 7= A FLBR, 75 4 0k — WL [ 45 T B dske
R B PR 1504 ( 200 mm/s ), 4T3 TGk e G FL B )
T, WhATAR S o B2 [ 25 A5 R R T T2 24 E M
A FE R, TC1200 PEEK Y R [ 2575 LAAR AR /Y AFP
SREE AT, 75 DU AR I 1 2485 5t , S B g FH v B ARt
TWRIEILE T N TR AR B

(3) SR T,

TC1225 LM PAEK A9 I il ek F 0 R -3t sl e fel
HIEH T 2RSS T2, HPR R — 2ot & (2 B
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(4) T 2354k,
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Fh T2, ELTE A [5145 v R 30 P v A8 o JE i Ay e
A PR A ERAR e, G HE AR AR PR LR A T A
W R A5HER #3E . TC1320 PEKK & 7] Ji| T AFP #i1
I R H RS R LS T2, BE A N B RE
R EHE PR R R A 1375 TC1200 PEEK 8 T. 253 &
PE5 PEKK 2500, 5 DN T35 B8 5 5, A6 3820 i U i
% LR HAZ R

(5)MTHEM,

TC1225 LM PAEK I EA B 5/ A T A% 1, BE
BEAE R T2 TR YE R N AR T 0 T4 iR 24 A
RHOHUPERE . X AN Tad BEER A T 0 i R TGk B
BT TMERE Uk T DR 4 AN 24 S B0 7 T
[, FESEBRAE = ORI A& A T2 T R4 S 80m
TR AR — R R B, B TE RN B 1 AT DA 4 s
IO TR B, PR = i o AR T

2z b, Al I, TC1225 LM PAEK 7 T. 251k F EA B
A, AR RERE | 5 I sh M R s R 1 25 e v i 4 T
T T % 1 TC1320 PEKK 1 TC1200 PEEK 1.2
2 R T 5 ROR AR A

FEPIRYESG A PR R, FE v AR AR S i b e
PRGN £ 22—, TC1225 LM PAEK . TC1200 PEEK
1 TC1320 PEKK™" '3 Fli A Rl 78 B AR 2 1 5 B8 BA i
(22 SARERAE , BRI R .

i E G KR, TC1225 LM PAEK 7EAS | HA
T R RAE AT B, — 7 TR T AR )
FARRIRE (305 °C) A R AN T &35 ——7F AFP 0f &
RIS T2 v SRR AR T T s RE TR AR, ELBE
X2 O A A, BRI A P R b A B AR 5 55—
J7 1, L R P Sl SR v N T R AE At AR
FE AT P T A B (R 7 AR, AT e B
fits PR 1) X AR

TC1200 PEEK fE & MLy s PEREIAYE . B4 KL,
SRR UL 5, (H LA AL & 3k 350 G, in T
I R O R A T TR | RE VR A B ER T R, — e R
I TN T RRAS 1 R AR A T A R it
N, HEZE A AL T TC1320 PEKK, 7EXF 1 RHA: fig
7 A e R AR SR 3 P 3 s b LA SR

TC1320 PEKK 4 A HH X f5 5, 3% 5 H AL R R PE
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FIUHI TxE B2 55 UIAH G, HAB R EE S 340 °C, I TR
X Ji] 330~360 °C, F M PEEK, (HYEH 3 AFP 425
S )2 1) LB, i 7 R 45 T2 (LA B o
AS[ELE), BN TP K: T A 7= R0, tadin
T BEEAN T A, LAk, PEKK B4 i5 A B 1 &
T AR AR RA AR X 5 B, i — 2D
T TC1320 PEKK FEEARRIAS

CEAT T3 PR A HE P R B : TC1320
PEKK>TC1200 PEEK>TC1225 LM PAEK, XFfiA 2
5§15 TC1225 LM PAEK 78RN H A SR04 7= Y
A2 PR U S Tlb W R s ELg T o PR, AR R
54 MBI, LM PAEK 5 PEKK 1 PEEK A ¥, 7
ZRAVERE T ZAMERE R Ty T R D L,
FEMUZS IR A T 55 28k )3z b AR L TF
F132 e T A= AR A R AR A

2 IZ2&ER

MFFD i H Hi 78 & G5 S H AR Airbus research &
technology, ART ) F= 3, H A #L & T #ii i AFP . H:[#]

o5 IR T2, LS FERRF AFP JR o7 [5145
RGBSR AR AT, P A LB Bk
TG IR IG5 0 i SR A e 5E L 2% . S
bR, ART 7£ 2017—2019 4E301[6], &4 T 134> “Clean
Sky 2" $REHEEE, ¥ K TAE T8 55 OB NI E A
SIEAEHL T AR RO 2 DBl T K T HL
Z U BE MR I AT 2% BDETINA Ty 2 S A IR AR 9\
L, B a8k | CFRTP ML B E %5, G
AT ok SEHE SN T R N, T AR 22 B R T AR
(159, XS T EA 40 25 A N2 213 A 52 i,
T 2288 EPRr) S Ve, X3 T MFFD 5
HAEHE R R P 2 0 BMERYE L, DLGE 54507
T i RAE B 23 SR AT AT R A S 1 B
MFFD HL & F#T 2022 4 )i$ 18 i STUNNING i
H 58 E & A 7 A ML 5 B KT AE LRI A B R
AR 2540 55, H H AR 2 4ESh A sh b3 B T2 A8 1 il
TR SRR ) B P T, Tl 5 PR AL,
Ho 52 e R FSOE I g AFP T2 58 1 151 R 28 4 il
1, A ARRE T2 M4 KA AE MR S5 55 K

#1 MFFD BH TEQRAEREE ™

Table 1 MFFD projects, sub-projects and partners

[26]

TAEE FEAEAT R FEATTEANL AT
STUNNING HLE T AR5 B GKN Fokker Diehl, NLR, SAM XL, TU Delft
ECO-CLIP R FPIBYE R G PHRH AR S R Y R4 . S GKN Fokker Aimen, Altiip
EMOTION 5% Rz [ 45 T2 NLR Alpex, Ostseestaal, TU Munich
MECATESTERS SRS | R IE T ZVERERAT GKN Fokker KVE, Rescoll
MISSION T EHLERBEST: . Ak AR GE GKN Fokker Aeromechs, HSLU
TCTool WERIES . SR . MRS GKN Fokker | AAToient Branel (et Lo FAPA-
I LR GKN Fokker KVE, Rescoll, UPAT
TORNADO K CCM #ilid ) Q T KAT S B b AR 42 Xelis
o Wb Ak ] Aernnova CETMA, Techni-Modul
HLE b EB5E R DLR ZLP Augsburg Premium Aerotec
Uppe;’hf;slelage PR R 7 BIRAT Aernnova CETMA, Techni - Modul
ML C BURRAE . ZAR 1R 454 . YIRS T. 1.2, | Premium Aerotec
MultiFAL BEA Rl RERCEECFEZE . RN B B TR S Fraunhofer Aimen, FFT, CT Engineering Group
BUSTI ZEMYA LB S A Airbus A;f;gi;z}?:;‘ih?IT(I}(S:{,SZCIESI’V};FST’
WELDER e NEDIRE gD S i) Airbus Aimen, FFT
MAYA PIBHEE AR A AR Diehl Aviation Alpex, CT-IPC, Leitai, Univ. de Girona
INTELLICONT RIS AR RS 1 Airbus Acciona, Avionics Greece, Prisma

Electronics, NTUA, Univ. Manchester, UPAT
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Y 7% 4% K HH % 5 45 4% ( Conduction welding ) FllHE 75 457
#%( Ultrasonic welding ) %54 R, STUNNING Hit H 51F
75 A0 45 4 5628 7 ( Guest, Keen & Nettlefolds Fokker
Technologies Group B.V. ( GKN Fokker ), 37311 57 F
SLLH%E 5 R G 4E AL ). Diehl Aviation (5% NFRZE
WG T R G0 MR 4 K 27 %) FEE S ik
>( Deutsches zentrum fiir luft-und raumfahrt e.V. ( DLR ),
FRHLEFE R SRR ) 1 TU Delft (HrBhgize) 45,
WO FE AR 7 06 A shAb 41 2%e A P A ek il s 5 08
B ERbR T

MFFED #L & -3 3 T 2020 4E %) IF 4R, 52 K2 %
Jeit AFP JE A [ 45 R T 75, Kt MESE R 558 e 4R
R FH i 22 68 75 AR R H B 422 ( Resistance welding ) 45
AR, F 202347 A5 M. HLE L#2 57045 DLR
(115752 B Al 2 AR R I & )| Premium aerotec (1153
Tl FngEAg e FESIE ) FT Aernnova (17 B HTHHIRE )4,

MFFD 3 H o HLE b &R 2 5 w15 A 4%
3k,2018 4F 9 J B RCH B AR GE N ik, D R
PRSP R, AR5 W 2B St R e P 4 2
Mgk AL &£ 7E BUSTI 3 H H A& , R H] Fraunhofer
IWS ¥ % [1)303% £23% % ( Continuous join, CONTIjoin )
120, ik CFRTP XHE 5 X0 5 52 fz it 2 L [ 2
TCTG R 3 X BRI T PAL B 5 A 2N T AL B 423k SR FH 5
#7573, th FFT Al Aimen i 7:f WELDER i H {fi FH 4 7
LRI ST R, TN Er A E B Ao rE B R P HE S 2%
T B e ot MultiFAL 101 H T %, A 55015 R
FE BV 10 MMESTIPLES A RS, T i T
MLEE

2024 AR H S5 A A 5E A T I E B AR, $
PG A ARG T2 AR A (& SU) (i A5 AL 5 o g
JEABEE T 10%5" 247 . i 6 R B Y
TFZE R R 3R R 1 RS s ) 2 ARSIE T F
BEUKEL ) e e B Rl e AR B AR T
P T — B0 o I ERE AR DGR AR B A B i e 3 S 21

Fuselage skin -
C-PEKK material

TP interior
lining
Welded

stringers
Length 8 meter

Radius 1.98 meter

Power
network

(a) Rk

7. Stringer
to skin

6. Frame to
fuselage skin

5. Local reinforcement
in beams

AT 40 T S EER AR SE R T IR SR R H i EE T
BEMEMERET T B T A8 e IR R AR E 2T
17 (¢ 20%0), M F AR itk — A5 il Ak B B85 T SE A
MFFD 3 H @R 1 IR G M RHE A 2 6 1 b m v
3, 3R A G TR, 15 CFRTP 24544
BHL A HEE IR BN EE H 100 AP, A7 B TR A= 4
JEIHEL , 774 “Clean Sky 2”7 11X H#5. MFFD i H
PRI X S AR v 50 7 R ] Rk AT H AR DIk, o1
3K 2025 4F JEC & A MR 2 A 28 fil K——F 147
FMHEIG, X IZ I H F ARG AT HESIE A =
FEINAT
2.1 HLETEHNE
211 MLF TR A

faf 22 fii 25 i K 0> ( Netherlands aerospace centre,
NLR ) f#i F Coriolis composites i) C1 HL#s A\ AFP %%,
TEEIR T 52T A 90° HILEF T 52 K Aty , L
TE I Z i T 8 5 D597 ( Lightning strike protection,
LSP )R 2, Bk o o i kb it 5 2o A3k
fii ) EMOTION -3l H AR 7 FURE AT 4%, I F A il
P L [ 25 Y . AFP 15 25 HAT W e B TORS B2
RERSHE At 42 ) Uk ) B OO B R A7 B, PR UE T AR I
FAEEWERR O, HA R EZ M RAr, XARA
T2 RS T 58 K 48 o Mg A 21 i i — 3K
PECRAE, /0 TR ER R BN B 5. 7ER
8 [ 238 3k A v R BRE P R 035 Sl i R4 A K
SPE AR N TSN VE R B S AR A5
TRER L R R — 30, A8 52 e AR X S R T
4, H HREP 2 SRR AT el 2 AR AERE N
TEA RS BB RS TTHE T, BRORIESE B ZETHRE IR
T AR A SR ZE AR /DN AT A 1 AL BRI IR
SRR BT, AR AR E AT A . (R
VERRBIRFE J1 4540 G5 M S 4, il RN L8 e BRK ™ Ak
R ERE IR S B B AR
g5 AL R PR EERE 2 R A B A RS, T A

1. Floor beam
to frame

2. Floor beam
to stanchion
3. Cargo floor beam
to frame

4. Cargo floor beam

to support

(b) fEGEH w1k

4 MFFD T &EkigitesE

Fig.4 MFFD design changed from a bias joint design to a more conventional longitudinal joins
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DIEHL SAMIXL

Aerosystems

G
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&D fupe

O ety ot Tchiens

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt

German Aerospace Center

Multifunctional Fuselage Demonstrator (MFFD)

(3 Cleats (shear ties) to stringers, frames

Resistance welding

CF element, cobot-on-robot welder

(2) Frames to skin
Resistance welding
CF element, curved welding bridge

(D Z-stringers to skin
Continuous

ultrasonic welding
PAEK energy director

(D Omega and L-stringers to skin

Conduction welding )

@ Clips to skin,
clips to frames
Ultrasonic spot welding

@) Floor grid to frames

Conduction welding

E 5 MFFD &£/EETE ™

Fig.5 Multiple welding technologies demonstrated'

%2 MFFD HB#liETE ™

Table 2 MFFD program manufacturing processes
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i
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S
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PLE TSR . HLE Bpse
B, HoRORBEL X

FEARZ AR
BBy b AR5 B
PLE T s Sk |
HEF AL

Q BKAHr, Z BIKA

YHEREARZ A (AT 4 2 H
Aernnova il ) | R TEXE
P2 R (IGCV il )

Q AIRMTSGHLE T b5 %
. SHESHE / R R

PR SRMT /T 5B
Z BT EHLE Eise
HH . A PLE G
BRSO
HLE T C RIHE 552 i i
e, il (PUSiERME) 5
KA /A
ZEMBLEY G x4k
HLE BTN A x4
SCHE. BRE. C BUAE

BB 5% S otk B E

14]

FEREAE IS T B T BT FE R K L SRR IR,
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