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Abstract: Continuous fiber reinforced high-performance thermoplastic composites have gradually
attracted the attention of the composite industries due to their unique advantages such as light mass,
high strength, good impact resistance, short molding cycle, secondary molding and waste recycling.
The application status of continuous fiber reinforced high-performance thermoplastic composites was
introduced in this paper starting from several kinds of high-performance thermoplastic resins.
Moreover, the forming and properties of continuous fiber reinforced high-performance thermoplastic
composites were also summarized in detail. At last, the future development trend of domestic
continuous fiber reinforced high-performance thermoplastic composites was summarized from three
aspects including application demand, molding process and material properties, in order to promote
the structural design and application of continuous fiber reinforced high-performance thermoplastic
composites.
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Fig. 1 Composition of fiber reinforced thermoplastic composites
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Fig. 2 Introduction of thermoplastic resin matrix
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Fig. 3 Comparison of four high-performance thermoplastic resins™!]

(a) thermal properties; (b)notch impact performance
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Fig. 4 Comparison of properties between high-performance thermoplastic composites and thermosetting composites

(IM stands for intermediate modulus carbon fiber, SM stands for standard modulus carbon fiber)[10-1¢]

(a) comparison of compression strength of opening hole and after impact; (b)analysis of stratified area after impact
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Table 1

Application status of continuous carbon fiber reinforced high-performance thermoplastic composites in aviation field"*?"!

Resin matrix Reinforcing material Part used

PEEK Carbon fiber/glass fiber

F-22 main landing gear door; F-117A tail; F/A-18 wing panel; Rafale fuselage skin;

C-130 fuselage belly panel; V-22 front landing gear door; T-38 main landing gear door;

F-5E main landing gear door; Alpha-Jet leading edge of horizontal stabilizer; A400M

fuel tank cap; Boeing 787 condole top part

PPS Carbon fiber/glass fiber

A330 aileron rib, rudder leading edge component; A330-200 rudder leading rib; A340

aileron rib, keel beam rib, wing leading edge; A340-500/600 and A380: aileron rib,

rudder leading edge component, wing access cover, keel beam joint angle piece, keel

beam rib, engine hanger panel, wing fixed leading edge assembly and front cover plate;

A400M aileron rib, deicing panel; G650 rudder and elevator; Fokker50 rudder leading

edge rib, main landing gear wing rib and boom

PEI Carbon fiber/glass fiber

G650 rudder and elevator trailing edge and rib; G450, G650, G550 rudder rib, trailing

edge, pressure bulkhead; Dornier328 rib flap, deicing panel; Gulfstream V floor,

pressure panel, rudder rib and trailing edge; Gulfstream [V rudder rib and trailing edge;

Fokker 50/100 floor; A320 cargo compartment floor and sandwich panel; A330-340

wing fairing
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Fig.5 Examples of CF/PEEK thermoplastic composite components already in use and under development

(a)satellite bracket or skin; (b) wing leading edge; (¢)bomb bay doors; (d)engine casing and fan blades;

(e)helicopter rotor hub and landing support; (f) production pipelines

[l /1 i 25 2T Ak 38 o e M RE AR R A2 5 LR S
BT 20 HBR 5835 R ) 1 o AR 8 S 2F 4 1 5 A
BRVERE B ARHE S TT U6 L T 00 28 K 45 454> B
FI AT D0 A i 1 RE 30 I8 P 52 5 b R 45 4 e 3 A B T
VL R 22 Fp LS LA [R) L Y B >R A [
BN B R SR A L B R 2T A Y 5 v e A
BANE S5 BERHI A 77 RO BRAR AR 77 A S BRI T
SZA BRI MU I 8 J 0 T 1 A J b o [ X T
T S 2T e e P RE IR R AT S R O i A R T
5 0 i A TR A B B W PR RE A B R S AR
e B R IV i P8 B A B A TR 9 41 ph A 7 1 1 ok —
A T 36 L [ A R AR B8 A5 R s A 3
AR BUR N I 5 R BETH A 3 22 5 43 2
ELIEEMIE & JoEaN

3 ESEAKEETHREREESESMRRE
R ERER R

3.1 EHEAEUESHBRERR

T £ 2T 2 R P RE BB R A G A RHI R B R
Jedl AR R EEN R, ERENALT 3 4. —2
e P AE B SE AR i B AT e i R A AR TR
e VE RE ISR TR AN [R] T AR PR R R, R N R
A 5 114 T R R B R 2 5 = R R T
B B 1 T 20 B2 2 oF IR 52 5 Rk DAY I kB 4
AT A BRI o B O UL 1 2 2T 4 3 5 1 RE

TR S B AR SR B A AT DA — 5 3 A 2 A [ 4
APPSR T M 4 Ja AR I TR AR . Y
SR o d 7 1 e skt T 2R T o IR o8 e Y T
BRHEAT BRY QAR R i 30135 45 A g K D) A ol 7R
i e P R IR A W A £ A SRR 2 1) iR
T R, — A U Y I (] 5 L TS AR A2 0% . LAY
14 1% 25 2 4E 38 9 P I8V S A M ORER BRIk 2
R

®2 HABMNESAGEETERABESEMRHEERA
Table 2 Typical fabrication techniques of continuous fiber

reinforced high-performance thermoplastic composites

Forming method Fabrication technique

Matched-mold

Pressure molding technique; stamping
forming forming technique;roll forming technique;

pultrusion technique

Flexible forming Hot pressing tank forming technique;
vacuum forming technique;diaphragm
forming technique; hydraulic-rubber
molding technique

Imsitu consolidation ~ Tape laying technique;filament winding

forming technique
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Fig. 6 Pressure distribution and material variation in molding high-performance thermoplastic composites-'?]
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Fig. 7 Schematic diagram of preparation of high-performance thermoplastic composites by stamping forming process2!]
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Table 3

%®3 CF/PEEK REMEESHEEREESR

Properties and characteristics of CF/PEEK thermoplastic composites

Property

Characteristic

Shock and damage resistance

High and low temperature performance

Fatigue resistance performance

Moisture-absorbability

Corrosion resistance performance

Flame retardant performance

Wear-resisting and self-lubricating

performance

Heat aging resistance performance

Irradiation resistance performance

Biocompatibility

CF/PEEK: the compressive strength after impact is about 300-350 MPa; the interlayer fracture
toughness is approximately 1. 7-2, 0 kJ/m?.
CF/epoxy: the compressive strength after impact is about 200-280 MPa; the interlayer fracture

toughness is approximately 0. 3-0. 7 kJ/m?.

CF/PEEK: the operating temperature range can reach —55-260 ‘C, the retention rate of high and
low temperature performance is 5%-20% higher than that of CF/epoxy.

The fatigue life of CF/PEEK is similar to that of CF/ epoxy composites, but the stiffness remains
higher before fatigue degradation; compared with metal, the fatigue stress limit is 4-50 times higher

and the fatigue life is 4-10 orders of magnitude higher.

The moisture absorption rate of CF/PEEK is about 0. 3%-0. 6% , and the moisture absorption rate
of CF/epoxy is about 1.5%-2.5%.

CF/PEEK is resistant to strong acid and strong base corrosion except sulfuric acid and nitric acid;
CF/epoxy is not resistant to acid and alkali corrosion.

CF/PEEK can reach V0 without modification; CF/epoxy require complex modification to meet the

flame-retardant requirements.

The abrasion of CF/epoxy is often dozens of times higher than that of CF/PEEK, and it is easy to

produce a lot of abrasive chips.

CF/PEEK appears significant aging above 5000 h at 250 'C, which is 5-10 times longer than that of
CF/epoxy.

CF/PEEK can resist the irradiation of a, g and y rays, such as y rays of 1. 1 X10 Gy; CF/epoxy is
not resistant to radiation.

PEEK has good biocompatibility, can promote bone cell protein synthesis, prevent prosthesis from

loosening, and has no obvious cytotoxicity.

M 1100 MPa %] 1400 MPa ANZE2200 0 uf A3 4 F H
CF/PEEK #IH M & & LA 7] 1 2 09 R 4 5

% 4 CF/PEEK #3814 8 & #1480 5 45 38 B2
Table 4 Compression strength of CF/PEEK

thermoplastic composites'?* 2]

Laminate Compression strength/MPa
0° unidirectional layering 1100+100

90° unidirectional layering 220440

[0/90] orthogonal layering 670+50

[45/90/—45/0] quasi 630450

isotropic layering

CE/PEEK #APE & 5 b1 R0 B ) 23 4 A 46 5
J3E L A5 Sk 1 PR R i SR IR BR300 25 . Leeser il
Leach"™ 5 H H 45 5% B 1K 32 2 02 el AR 60K 170 59 D) 455 i
FER M AR PR B 25 A i R 5 B S B0 . R N L 7
T X AN R A>T A B R R S T
S B B MR R R R ST

ZHI PR R S 2 RE AR AR b TR T (23 ©),
AR R SRS MORE R T B 2 T

BB o AR L Vi 1B P9 R P o R 25 e 114
BB BEAE — 50 CH| 80 C 3 Ty 42 ML H: 3% 1 i S
WIS Rk 170 C s e A1 Xk T SR 1487 1 JHG SR i ek dit 2
25 E R AT =ik 250 C, MPBHBA T RB AL Tk K
ARZET A0 et o TRl Pt 00 8 A P i O 1 ) AL
BOA 2 S RIBVE SRR —50 CFI 250 CRYT
FVERE P 250 CHlH A o Jg PEEK 4l iis (9 f
90 S AR AR L

X TSR PO R IRE R — A E
XK, WSEPR R R e AR ek
AR BE N L BT G e A R AR 30 CRTL X E
PEEK S5t . 1 B it il B R /e 100 CAEfs .
SR i T PEEK J& — Fift 2 45 5 PEA i - R 0t 7 50/
AT A IR W] T B AL A AL IR . PEEK B
e —80 C | 240 C i Jy 24 P RE — EL1E WA 5
A R I 5L T 52 i PRI R AR B0 B A B A i
BEBTHRT R G AR O T HORR T R Y L R R
JIA R AR MERS Sy 5 e b 4 I S L RE L 40 TR
IR AL ST A A IR AR ME e B AR
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5 25 il T B O 24 RT L A VR AR T BB
SE—E R W RE T 75

% 5 LR CF/PEEK ML ST & A BHE A [F]
B MM EE (LA 23 CTR RIS 2 )
EO5 o HA R T 907 HiL W AF A 2 %
Hartness ™" 7 % 0 B 2F 2 14 B 43 B2 5200, SR i
Leach &7 iy gk URE £ 4 (AR 20 B0 6106, R IL AT 4

JIT S B4 AR i X DI ) i R R L R A AR Y
2255 PEEK B 5 75 3% 55 1k 5% 728 5 B2 B 3 43+ 6547
R &, BT RA R L, 120 CF CF/PEEK
PRIAVE S G b RE BRI B HE 45 1) )2 5 BRI R EE 24 45 R
5% :7E 180 C % . CF/PEEK M ¥ & & bk
MIEE 20 FRE10% ~15% 5 7E 240 'C 4444 F , CF/PEEK
PAREE A AR R B T2 202,

%5 CF/PEEK #2415 & #8001 R A B BER R T 4270

Table 5

Relative stiffness of CF/PEEK thermoplastic composites varies with temperature"

27,29-31]

Temperature/ C

Fiber direction Data source

— 268 23 80 120 180 240
[27.29] Lo Lo 0.95 0.9 0.8
0° unidirectional layering [30]* 1.0 0.9 0.9
[31] 1.0 1.0 0.4 0.3
[27.29] 1o 1o 0.9 0.2
90° unidirectional layering [30]* 1.0 0.5
[31] 1.0 1.0
[0/90] orthogonal layering [27,29] 1.0 1.0
[£45] orthogonal layering [30]* 1.0 0.7 0.2
Quasi isotropic layering [30]* 1.0 0. 95 0. 85

Note: The fiber volume fraction of * is 52%, and the fiber volume fraction of others is 61%. 120 C < T,<180 C.

% 6 L CF/PEEK B 4 b1 BHE A TH]
HEE T RYSRBECLL 23 CTRMEREE NS Y. —LEih
S i R SE B RE N - OO A R R BT 1) L TG PN B U A 0°
Fe 2 VERE » 15 Bk T 27 2 25 1 A9 VERE AR EL » 8 % BE IR
Th s B AT B O BA Ak, 0 HLR v T Bl Al B AL R

R A P BB A A AN A g L e — A kA ™ A
F S A U S L R BT 4 0 T R I AT 4
B 124 M RE W . R B nT DL L b 5, #E — 268 ~
120 CYEFE W, £F 4 R B4 B0l 61201 CF/PEEK #4
MR AR R EE DA =EETH 70%,

% 6 CF/PEEK # ¥4 8 &+ A8 E KB EH T

Table 6

Relative strength of CF/PEEK thermoplastic composites varies with temperature-

27,29-32]

Fiber direction Pata Temperature/ C
source —268 —50 23 80 120 180 240
0° tensile strength [27,29] 1.0 0. 85 0.5
[30]* 1.0 0.8 0.8
[31] 1.6 1.0
[32] 1.0 1.0 0.85
0° compressive strength [30]* 1.0 0.7 0.45
0° short beam shear strength [27,29] 1.0 0.9 0. 85 0.7 0.65
[32] 1.2 1.0 0.8 0.7 0.45
90° tensile strength [27,29] 1.0 0.9 0.8 0. 45
[30]" 1.0 0. 55 0.4
[31] 0. 95 1.0
445° tensile strength [30]" 1.0 0.75 0. 65
[32] 0. 85 1o 0.7
Quasi-isotropic tensile strength [30]* 1.0 0.95 0. 85

Note:120 C<<T,<180 C.

UL BRI PERE 73 AT T LAt i S 2 4 34 56 = 1
REAIBYESE 5 4K, B &2 CF/PEEK B PE S 5 bF
B IRAFAE— LA 25 ZAL R BRI . TR I SO A 28
i B AR RE 5 AL B 20 BE AL BB A2 A bR Y IR 1

Fitk— B RPHADT T T 2T . AT B
O 1 e 8 5 A A 1) 2 8 i o ok — AP SR AL A B A
BHZEEVERE . A0 5 B & MR RE 10 23R & W SRR B TR
PILRE L S SRR R AW K A T AR
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