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Current status and applications of resin matrix composites for aero-engine
ZHAO Miao,ZHANG Daijun
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract : This paper introduces the development status of high-toughness epoxy resins, high-temperature-resistant high-
toughness bismaleimide resins, high-temperature-resistant polyimide resin matrix composites and polyaryletherketone matrix
composites. It further analyzes their application progress in typical aero-engine components such as fan blades, containment casings,
and bypass duct casings both domestically and internationally. The study analyzes existing issues in current applications and propos-
es future development requirements for resin-based composites in next-generation high-bypass ratio and high thrust-to-weight ratio
aero-engines. Key development priorities are identified, including: achieving ultra-high temperature resistance, enhanced toughness,
and cost reduction for polyimide composites; improving efficiency and diversification in fan blade design and manufacturing; as
well as pursuing integrated structures and multifunctional capabilities for aero-engine resin-based composites.

Keywords : aerospace resin matrix composite ; aero-engine ; high-temperature performance ; application status ; develop-

ment priority

WNEAE AL A PR AT ik LR AR TR 5 R fi S B R AR S BORE T2 B AL AR i B PR RS IR SR R

T AEPERERE AL TR Se B HLAN BT HL A R, SRS PR U R 52 G BORL LT et SR BT e W R 26 52 5 b1

ARSI AR 2 " BR T RHLSEAL R AR SRR S A S BIL L 4N A 0 L3

2SR N AN IR S A R 2 K SR I Lo EPERR AR IR S5 S AR 32 2 T Ry I OCIRGE LA 3)

AP SN S5 s i T4 RN A, BB S AUV It R B AL 25 TS i s 20 P 0L R 588 T I vy

KA THERER BB —. RIS AR R T R R L R sh LM LI Ok it
F1 WEEESMREMERIVPHRAT

Tab.1 Resin matrix composites applications in aero-engine'*”

Resin matrix composites Application components
High-temperature epoxy composites Nacelle cowling, blades, casings, acoustic lining structure, thrust reverser, nacelle, etc.
Bismaleimide composites Nacelle cowling, blades, casings, etc.
Polyimide matrix composites Blades, outer nacelle casing, vectoring nozzle outer cowl flaps, etc.
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Tab.2 Mechanical properties of prepreg/hot-press formed epoxy resin-based composites

Material Grade Tensile strength /MPa

Tensile elastic modulus/GPa

Compression after impact
Interlayer shear strength/MPa P P

(CAI) /MPa

G814NT/3233 670 57 59

G8O3PV/3234 756 69 68
CCF300/5228A 1589 131 103 280
CCF800H/AC531 2632 161 105 330
TG800/603B 2810 163 105 310
TG700S/G602A 2450 132 98 200
CCF800H/EC120A 2592 160 107 328
M7/M91 2980 165 110 350
T800S/3900 3006 148 97 283
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Tab.3 Basic properties of liquid molding epoxy resin-based composites

Material Grade Tensile strength /MPa

Interlayer shear strength /

Glass transition tempera- .
P Injection temperature /°C

MPa ture(7,)/°C
G827/3266RTM 1639 85 131 40~50
U-3160/3228RTM 1744 85 145 40~50
U-3160/5284 RTM 1626 94 220 60~80
U-8190/AC520 2260 107 217 60~80
U7192/QY8911-IV 1980 98 231 110~120
U-8130/EC150R 2149 113 225 80~90
T650-3K-8HS /PR520 945 161 90~100
T650-6K-5SHS/CYCOM 890 RTM 866 72 191 80
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Tab.4 Mechanical performance of prepreg/hot-press formed bismaleimide resin matrix composites””
Material Grade Tensile strength /MPa Tensile elastic modulus/GPa  Interlayer shear strength/MPa CAI/MPa
T300/QY8911-1 1548 135 114 156
ZTTH/5429 2635 145 115 285
CCF800H/AC631 2 847 171 106 331
ZM40 J/HT-280 2125 234 90
CCF800H/EC-240A 2790 167 110 240
CCF800H/EC-280A 2 690 166 113 164
CCF800H/EC-230R 2210 152 110 158
TG800/802 2600 165 102 150
MT300/803 1 800 135 108 130
IM7/F655 2730 161 130 243
IM7/5250-4 2897 169 139 214
x5 MARBLERE SMRIER RS
Tab.5 Thermal resistance properties of polyimide composites™' !
Generation Material grade T/)°C Thermal decomposition Process characteristics
temperature/°C(7,,, )
First-generation PMR-I3/AS4 30 8 Hot-press moldin;
polyimi(i composites BMP316/T300 330 490 relativell; poor formzigI;ility
KH304/T300 330 469
PMR- [ -50/AS4 370 525
PETI-375 375 530 Hot-press molding,
Second-generation ACT29RTM/CCF800 423 545 relatively good formability
polyimide composites KH370/TG800 407 534
EC350R/ CCF800 430 550 . o
RTM molding, good formability
AC721/CCF800 435 543
AFR-700B 400 535
Third-generation AFRPE-4 410 340 I'_IOt'preSS molding,. .
polyimide composites AC732/CCF800 455 556 relatively good formability
EC380A /CCF800 445 545
KH450/ TG800 450 560 Hot-press molding, average formability
Fourth-generation AC741/CCF800 >600 >600 Hot-press molding, poor formability

polyimide composites

INFRASE A 7= 2, b T i 25 MORHIIE 58 BE TF JRe 1 ok 2 4 3 5
PEEK #I ML A MBI TAE , 52 ILAR 4T 4 155 PEEK
PIBVE S SRR 3 SR P R AE S TG ML AL i (HAR
e A A TR AL K A AR T EH AN RS, BHAS T 38—
A TTARRARR IS . SEAEE , IR N AE DG TR e T P Bk
IRVESRL AIIPESE S AT RL B S 2 B R Ge AR AR
TR ARG ST AR ST TAEY L 3RE T A shii .
HGE AR R 1 ORI ) e 45 S FRAEAIL
IR T A G P RE AN B S ARG 14, B T MBI
PR R B FET0R A 28 B AR A 28 AR BL R SR A F AR
BB B WP AR — R 25 . AR EF i R 3R
FF TR S A AT LR R DL 6,
2 HEEE SMREME &l F RIS F
2.1 MEEDIAMA R BT A

20 142 90 4E AR, Bifi 5 1 1) 1k A 4R 02 A A Rk 2 HG o s
R K, LIRS 2 B LR s &k 8h
BLE A AR R I B BRI A5 2 T e 38 L SUGE)Y A
FIHFUR T BARSE 5 & AR I R Bl . 1995 4F GE A
AW T GE90-94B i FHAWAIA LU fiitas & sh L XU i

I E 2R JE 2 R T GE90-115B R FH KR TE LL il
2 R EIHLE AR T R 0P 1R .

BT iz RSB bR i B
Fig. 1

PR 7 R I L2 & ShAILAO 7 R, SR 3D AL
ZURNRZ B8 (RTM) T 2 AT E T2, T8 T #
NEHRE AR R 51 A B FHBE A ST, i 28 s )
P RTM AR PR A R 3D HLE S M il 5 He R I &2 A 44
AREE B RTM a5 8 AR ) 48 45 R S5 S B R, RN T
NG 3L A bRk KU % 70 R, IE 2B CI-1000A 1 FHR
RS HAES & Sl B R

Composite fan blades for aero-engines"!



AR, 55 LS R AU AR REE S MRE R R IR 5 1 T 201

R6  WRIFUEIDRR S EENA L ETUR B A

Tab. 6 Performance of carbon fiber reinforced polyaryletherketone thermoplastic prepreg

Mechanical performance SYTS5C/EC-PAEK TC1225 LM PAEK . A.PC-Z PEEK AC8201/CCF800
standard modulus carbon intermediate modulus carbon

Resin mass fraction/% 36 34 34 36

Tensile strength 0°/MPa 2636 2410 2900 2334
Tensile modulus 0°/GPa 156 135 172 152
Tensile Strength 90°/MPa 74.2 86 60 62.1
Tensile modulus 90°/GPa 8.75 10 10 8.33

Compression strength 0°/MPa 1053 1300 1310 1149
Compression modulus 0°/GPa 139 124 152 133
Interlaminar shear strength/MPa 110 96 110
In-plane shear strength/MPa 160 152 179 156
In-plane shear modulus/GPa 4.40 43 5.5 4.71
Compression after impact strength 375 110 166 113

6.67 J/mm impact energy/MPa
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Fig.2 Composite material outer casings of engines'* !
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Tab.7 Characteristics and applications of engine fan containment casings

Fan containment casing Engine models

Features

High-strength structural

CFM56-5B, Trent500, CF6-6
steel

Aluminum alloy/titanium
alloy structure

CFMS56-7B(Al), Trent1000(Ti),
Trent900(Ti), TrentX WB(Ti)

Trent700, Trent800, CF6-80C2,
GP7200, GE90, PW2000,
PW4000, PW4084

Filament-wound rein-
forced composite structure

All-composite structure Leap-X,GEnx

Good containment effect, widely used in early engines, with the disadvantages of
high density and large mass
Compared with high-strength structural steel containment casings, it has lighter mass
and compact structure, but the processing difficulty of large-size aluminum (titanium)
alloy containment casings is high

Compared with metal containment casings, it has lower cost, lighter mass, and better
containment effect

Formed by two-dimensional three-directional braided fabric winding or three-dimen-
sional braiding, with lighter mass, it is the development direction of future engine
containment casings
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