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Fig. 1 Carbon fiber reinforced composites for aviation abroad
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Table 1  Typical high performance epoxy resin matrix composites abroad

MM AR g s 2T 2 i R 45 E (CAT)/MPa IRAEHREE/°C
3501-6 AS4 130

FLhf A 1 JEZE58 <170

= 5208 T300 ki AR 130
977-3 IM7 ,AS4 130

H—1R 170<7 JFE4i50 <250

At R6376 IM7 ,AS4 et 3 FRATSR 130
8552 M7 120

Eotay M21 M7 2501y o g e JE <315 120
977-2 M7 120
3900-2 T800 100
8551-7 IM7 80
977-1 IM7 100

f=1¢ i 4G =315

LS M21EA IM7 et HEASR L 120
M91 IM7.IM10 120
X850 M8 120
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Table 2 Typical high performance BMI matrix composites abroad
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Table 3 Application of composites for F-22 fighter aircraft
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Table 4 Common thermoplastic composites

for aviation abroad
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Thermoplastic Composites in
Commercial Aircraft
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Fig. 2 Applications of thermoplastic composites in

commercial aircraft
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Fig. 3 Trend of high toughness resin matrix

composites for aviation in China
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Fig. 4 Comparison of wet/hot SBSS between AC531/CCF800

composites and the composites made in other countries
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Table 5 Typical high toughness epoxy matrix

composites for aviation in China

Bt I i I 4 e Xa‘ﬂjlnil

5 BE/MPa A

AC531/CCF800 230 343 CCF800 M21EA

BA9918/T800 200 298 T800  3900-2
5228 A/CCF800 220 280 CCF800  M21
5228A/CCF300 220 265 CCF300  M21
9916/CCF300 200 257 CCF300  M21

5224/CCF300 220 203 CCF300 35016
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Table 6 Typical BMI resin matrix composites for

aviation in China

; -
bkt {;i’ffﬁf P
QY8911/CCFK300 164 CCF300 5250-2
5405/CCF300 171 CCF300 5250-2
QY9601/CCF300 259 CCF300 5250-4
QY9611/ZT7TH 276 ZT7TH 5260
5429/7T7H 281 ZT7TH 5260
AC631/CCF800 323 CCF800 —
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Fig. 5 Comparison of BVID between AC531 composites

and high toughness composites made in other countries
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Fig. 6 Adaptability relationship between complexity of

composites parts and laying process
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Fig. 7 Typical applications of automated tape laying and

automated fiber placement composites on military and civil aircraft
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Fig. 8 Composites stiffener manufactured by advanced

pultrusion process
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Fig. 9 Composites wing spar manufactured by Hot Drape Forming

EI10  ASFM T-ZLUHAY A350 5 & FRHILIR AT 42
Fig. 10 Composites wing front spar of A350
manufactured by ASFM
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processes of advanced composites structures abroad
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Fig. 12 Domestic bridge type ATL machine, AFP machine and

robotic AFP machine
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Fig. 13 Fuselage by AFP and wing structure by

13

ATL of large civil aircraft
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Table 7 Main epoxy resin system for liquid composites molding

A [ R/ T 2R e T2 YA AR IR/ °C bl J5 R 4E58 5/ M Pa
CYCOM890 ~85 =20 h 180°C/2 h 210 160
EP2400 ~80 =10 h 180°C/2 h 179 217
CYCOM 823 ~30 =10 h 120C/2 h 135 —
Cytec  CYCOM 977-20RTM ~80 — 180°C/2 h 218 227
PR500 ~110 2~3h 180°C/2 h 200 180
PR520 ~160 ~40 min 180°C/2 h 170 290
RTM651 110~120 6~8h 230°C/4 h 285 —
RTM6 ~80 =10 h 180°C/2 h 210 150
Hexcel RTM230 ~150 ~40 min 180°C/2 h 159 280
5250-4RTM 121 ~ 149 26 h 230°C/5 h 271 210
RS-50 ~100 — — 203 —
Tencate PETI-330 280 2~3 h 350°C/4 h 330 —
PETI-375 280 2h 370°C/3 h 375 —
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Fig. 14  Comparison of CAI of VARI composites

by automatic dry—fiber placement
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Fig. 15 Automatic dry=fiber placement preform technology

and its application in MS-21 plane

LA AT A T RS TR 725 R FAE
REDE K AR U R AR 1R &R (R 8) , IR 2 17 M 60~
350°CHYRLEE Y Rl , X SE IR S A RMA 2 ST 1 AR F
JEAC A HOARMERE , IF-0IF A 15 2% W i 1A 2% D T ) 5 2
FUBPRE, S T AR AOR AN T 2R 7225
SEEL T AN (B 16) , 7R T i £F 4525 FHORH B
FHYE o

*8  EAMZS E AR AR A BEHA R

Table 8 LCM composites system for aviation in China

BE MR MR T)°C  HFHEE/C
3266RTM/CCF300 131 40~50
YE A e
(R 3228RTM/CCF300 145 40~50
5284RTM/CCF300 220 60~80
= =] \/:‘ e
Rl AC520/CCF800 210 60~80
6421RTM/CCF300 279 110~120
WL g
QY8911-1V/ZT7H 256 110~120
BB NERE  AC729RTM/CCF300 432 275~285

Fl16 v AR s A R AL S A SR

Fig. 16 Typical aviation applications of LCM composites in China
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ik SV 2 4 i e 8 35 350 () [] 0T 43>8 PMIR 4 PETT A LA
N S v 1 SR B e 45 (2 9) .

K9 [ESNRBENL SRR AR REAERE
Table 9 Polyimide resin matrix and its basic

properties abroad

REEWHHE  T/C KM IR C WA T

PMR-15 348 315

PMR-11-50 370 350~371

AFR-700B 400 371

RP-46 410 371 A58 P Bl A

HFPE-50 382 350~371

AFRPE-4 445 400

P*SI900HT 489 450
PETI330 378 330 e
PETI375 405 375 R
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PMR-15 /& 3¢ [5 [ % it 25 L K J7 (National Aero-
nautics and Space Administration, NASA ) & f 55—~
I TS & S ALY e AR B L 2 B R )iz
1) SR B ST e %) i, LA FH IR 288~316°C . PMR-15
RIS A PRI AE F-119 25 & ShpL i 1>,

J T HE 254 R PMR PR SR e 5 5 b A T A
P, & E AT BT & T R A5 9 55 (315~370°C)
(455 — A PMR % 5 5 WV i A% i (4 PMR-IL, V-CAP Al
AFR-700 %) | ifit i 370~426°C 1 55 =X 58 1k 37 Jrie f g
(AFRPE-4,RP-46,DMBZ-15 %5 ) ¢ ifif i 426~500°C 1Y
5 PUAR SR IE W A Bl (P2SI900HT )™,

R T AR R I B 52 A MR A o AR v i

K10 [E AL RN GRS R A 2R
Table 10 Polyimide resin matrix composites for aviation in

China and its basic properties

V= Pae S ya H 25 [ 4
BEFE . PR e R
. Pk e e
Rk WEEC IREEIC
P BMP316/T300 330 490
1L 280~315
LP-15/T300 316 501
. BMP350/T300 399 506 350
- AC721/CCF300 435 543 350
P HT400/CCF300 455 556 400
o BMP420/CCF300 464 543 420
St HT500/CCF800 =600 =600 500

4 MERALSEMHERRIARKELREE

BEEN

WS ik £T e 55 MR ) HERE AL R AS AL (451
Uige—fb B ReAL ANl 1E T2 A s A2 =S i 4F 4
A MRE S R B U] 3 UL, (R AR R S Bk 4T 4
SERIE A APRE, RO BT AT T
41 IFHEMEERER, IREMEE G BN ARE

Bl ik 2T AEBOR W HE20 oi AR Y Bl £ 4 11 )
2P BB b = R TR 2T A A M R v, L e R 4
T 65% AT P L = T 30% 25 47, HEZ AR
P A BE AR i T 65% A A AR LB B A AR
o B AU 1300 MPa$ =5 2] 1450 MPa Z2 47 (U4 1
10% 7647 ) o T300 b £F 4 5 A bRk B R 4 52 5 5 7
W B 1 A (L L ) 24 0.8, 1T T800 LBk 4T 4k 58 4 44
BRI 0.5 247, =it hA R 2T 4 52 6 A BH TR 45
5eR FEE I AR 5 B 7™ EOAN P, R 4 A DG 1Y g e MR (f

PMR 54 W 0 i 52 5 A RE RS BT o o 1k B 25 A i
NASA fF 7% T #4) I 1% 15 455 7Y 1§ 5 (Resin Transfer Mold-
ing, RTM) T 22 i 8L 1) 28 2, B R IF (4-PEPA ) 5 it 2R ik
IV B L 44 (PETI-298 . PETI-330. PETI-375) , H: T.
MRS, HAT R AR R A1 1 2R R

] T e Y 2R T S e g R LA A b R
120 1208 90 4FAR, | ML Bicfiie 25 &2 A MR AR
IR E A — AR SRR S A M RHMA R S I
PERBE LR BE AR B AR O 2 5Em (£ 10) . HHET
C A 245 R BETE E 7 & shHLEs t F1 RAILS5 14 |
FEIRI BT, I 55— SR W e i i 52 5 b1 ek
O 28 S/ B 1 FH sl i o (1 17)

BT [ N BRET Al SR I A2 B A 2 23 A ) L 78 7
Fig. 17 Typical application of Polyimide resin

matrix composites for aviation
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Fig. 18 Development trends of next generation carbon

fiber composites
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ff T — AR AT 4 525 MR R A ) R Y =22
HARBR, — B NIRRT 4 AT, AR ol 32 m e T
Yo B AV AL (1 BE AT L PR 2R 4k B, TR e T
Yt [ B PTR G RE T R SR W RS S T 454 1k
TH5 G A b2 T BRI i Ji 44 490 DK oo v 25 i 3
2 R B IR SR AR R R
42 REMAEMEEE GHHMNm MR, T KHE

N FSE R

H I, 15 2 AU i 5L 2 Rk 0L f 1 WF g
WARHL A A M B 28 i, Hf IR B AR 35 T
230°C LA WL S [, AR 2 O 8 2 S G
S HTER . 230~600°C3E Fl Y, 315°C LR L SR ik
WM IR R E AR RN EIRE SRR E &
FEA A, 315~400°C 1) #5124 WAL IE A T J o7 FH 56
WESGH AR 255 R A AR Bl A BT
BUALZE S50 1) T2 e Mg e o5, W58 I & it 500°C , £E
F 600°CHE MG RS G AR, LI S5 805 S AR fifi
FHIREESG L, 3 KRR I A ARG N FE L, i — 25
WAL S A T A B,

4.3 REMR/EEAGTT—ERKE, ERMEESH
BESMLHETEZEAR

H A, E M 2s m R E A MR A S Akl s T
T RIKE] T 50%~60% , $1) 2020 45 1] 1A £ 70%
DL b E P E LS A AR A s Al AR AL T
A B B, IEAE T B K i TRE R FH G E , (A b &
PR T TR, A TZE AR 2HE Ak
AT 2209 5%

b, P EAFSE SIS B AR TR R, 454
R ES FI T/ i T2 F Ak e 45 B 1 5 SR 1 25
B AR R AR s — AR K R R
G AEHA S i T 2R 1 S as &6 R il
TR ANGE R 1) T — B . A AR R R A 52
KB A ik T Z BRI, JCHARRE Z 0% 152,
FTBE A 25 4 gl 22 T R RER 2 T AR AR A
TR A sh Al 3 ARBEIE , 40 B 2 & M RHR AR L
RIT 20 A S AR il R WAL 2 & AR F )
T ZEHAR A MRS e A Sh bR P AR il
B4 S AASI AR5
44 BEMZESHMBEEHERAE, SHEEHR

BAS A2 R EER
R A AR AR B AS fb 2 A AR SR ) 1

IR F Rz — | BEAR A 5 PR B 32 BUAS 3228 D b
BEEA R A T A AT HEEAME A
2 AR FL 4 5 4w BUAS 1) — 3B 40, i 28 & A w4 kk
L TFA AL GBI & AR 3 AR B B AR
il A HEP A8 AR | RSO AR 4, H v il s AR
FEALFE AR A T RA B AR | [ 7 AR
A EHRNAE (E19) . W4 E SN TIERESR G4
R ARSI HT , KA 7= 4 100~300 12410 5 S ARl 45 1 45
& A 25 2000 2 Jt/kg (1.3 J7 ~1.4 J7 50 N R 1T/
kg) , T AF 7= 5 2 R 51 1000 74 DAL, B2 A 4L 2540 A 45
A il AR H A 2] 1000 35 96/kg (0.65 J7~0.7 J1 I8 A
R Ti/kg)™,

Production Volume = 200 Production Volume = 1000

10 | 13

Production Volume = 50,000

20

K19 itzs ARt il i A Bl i AR A G
Fig. 19 Relationship between the comprehensive
manufacturing cost of aeronautical composites

and the production volume
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Current status and trends of aeronautical resin matrix composites
reinforced by carbon fiber

BAO Jianwen'?, JIANG Shicai', ZHANG Daijun'?

1. Advanced Composites Center, Aviation Industry Corporation of China, Beijing 100103, China
2. National Key Laboratory of Advanced Composites, Beijing 100095, China

Abstract The current state of materials, manufacturing and application of the high toughness resin matrix composites, the LCM resin
matrix composites and the polyimide resin matrix composites for aviation in China and in other countries are reviewed. Based on the current
state of the aviation resin matrix composites in China and in the world, the future development trends of aviation carbon fiber reinforced
resin matrix composites are analyzed.

Keywords carbon fiber reinforced resin matrix composites; high toughness resin matrix composites; liquid composites molding (LCM);

polyimide matrix composites
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