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Trends in development of liquid molding technology for civil aviation composites
LUO Yunfeng', LIU Xinyu’, LIU Qiang’, ZHUO Peng’
(1. AVIC Composite Corporation Ltd., Beijing 101300, China;
2. Composite Technology Center, AVIC Manufacturing Technology Institute, Beijing 101300, China)

Abstract : Advanced composite materials, owing to their advantages such as lightweight characteristics and high performance,
have seen continuously increasing application in the aerospace sector. Liquid composite molding (LCM) technologies, as low-cost
out-of-autoclave processes, enable the manufacturing of composite structures through resin infiltration and curing of fiber preforms,
offering benefits such as reduced cost and design flexibility. Its application has expanded from secondary load-bearing structures to
primary load-bearing components. The application of processes such as controlled atmospheric pressure resin infusion, resin transfer
molding, vacuum assisted process and high fiber-volume vacuum infusionin in aircraft platforms including Boeing and Airbus was
reviewed in this paper, and technological breakthroughs achieved by Bombardier and Russian United Aircraft Corporation in prima-
ry load-bearing structures were highlighted. Technological innovations from programs such as Europe's "Wings of Tomorrow" and
NASA's HICAM were also analyzed, and recent advances in dry fiber automated placement, automated stiffener forming, intelligent
resin injection and in-situ monitoring technologies were summarized. The results indicate that LCM technologies are evolving
toward higher fiber volume fraction, improved dimensional accuracy, higher-rate manufacturing and increased intelligence. Howev-
er, challenges remain in process consistency, defect control, standardization systems and airworthiness certification. Future develop-
ments will require continued breakthroughs in material systems, process simulation, in-situ monitoring and automated equipment in
order to support efficient, low-cost and large-scale manufacturing of composite structures for civil aviation.

Keywords : composite ; aircraft manufacturing ; liquid composite molding ; automated manufacturing ; structural component

EEWH: FEZEEAVAHH(2023YFB3709804)

BIEMEE : XUHTT, LR, W52 07 10 AR 52 Sk

WeFs B HA: 2026-04-19

IR =k, X, X5k, 5 IHIES 2 A RNR A s AR K SR 3 0], TN L 2026, 54(7):234-243.
LUO Yunfeng, LIU Xinyu, LIU Qiang, et al. Trends in development of liquid molding technology for civil aviation composites[J]. Engineer-
ing Plastics Application,2026,54(7):234-243.



Bz A RIS A MORRR AR AR R a3 235

SeiE G A MRS B | E R R TR e A 4
A RAEEE PR, N T R XU U5 A
Ji& 2 MU L R AT, I Wk A A2 A% SE i A A O
febrz U, 7R RIS S, AR R RSS2 T,
RTIEE B787 .25 % A350 SEHLI ) 52 A5 A ARk 28 1) o 8 404K
EL 205 50% , HE 2 T CHLB 5 il i B PR 20 AR H B
B2 G MPRMENLE WIS TR R 0 R H R s,
TCRA S 5 H S AR I LR <2 F ., i R A A
AWM BRI U AR AR KRR b2 i A ), a4t
T 2 2 5 BBAR Y 70%. R AR i AR O 3
AR AE R RE(OOA) B R F R B i A F T #h s . HE
WA RS H AR (LOM) R A I IR L T 25338 Iy R i 5
TR S S A RHRIE ATUER1S T i R, LOM
AR S AT A LT A LA, B B st 2T 4
IR AL RIS A L AR SRR RET 2, BA AL %1
H AR 38 T RRCT 5 AR R R B T S8 A sl ik A =
W EH . AR, WEIR (L AR S A A (RTM) A% i A%
5 (RFY) B2 5 A IS HE TE (VARD) 2845 A LCM B AR P i
R SN A PPRI T B BT L IR TSR UOR 1 454 , B
ML A B ML EHELL A AR S 5 ( . A S Lok
Uk, FACR | H ok B B BRI AR AR B R R
s ASORERT RS B A W RHR A R R K TR
AR FEFHRIFLER  FEXS AR AL S R
1 RAMZEAMBIREREEREREHRTE
L1 A=A R B R AR E

TETA LCM AR, VARTH R H T B4 O AR
BRI S HL A 264, H BT LR B L, R R
R AAR IV AR 2 — , HRrE 7 A #8 L Ses)
N TEEEAHREAR RN A L, VARIE ARG A R KR
FE KA R BUBY, A4 & T 4 A sl Al icE R D i B
FER LIS Ve L

H AT, [ N AR E 3HE H T VARTE A B g AT T ki
Tk, EE R HERTAR  ALHE A RIER B . A SRR AR |
RIS . AR R K I FEBE IR A, #0182
FEAIG R bR 2=, WAl F AU i e mlpR 4R A
FEmMEREI S B A M RHER , N FH e 2 04 S et s i AL
ERIE , WL R Syensqo 23 7] T & B CYCOM R F FR 4
PR , T SRR B 5 TR = 100 °C, i IRLEE W] 3k 100 °C
PLE 5 55 E R G2 5T % 1 HexFlow RTM-6 B I v 5 1L
4 70~100 °C, 13 5 %5 B 80~200 mPa-s, fif FH I EF 15 133 °C,
EESMIEE B A M ERR A R 2 R —.

[ PIXHE B VART T A RIS T TR 2058 dbae
Uz il TR A 0L I BA9912 =24 Hhik I fk
ARG, HZ I B <250 mPa-s, iR M >12 h, %
FHAZAR RE ] 16 %) 26 B4 M P IR S AE —55~82 °C, BEAR BT 76
[ P2 U4 i s A A ) (PR 5K 5 Pl Tl B2 ey
TF A2 1 3228 A4 S —Fh B2y PR IR R IR 1A 2R, HLTE

SR Z IR T N 150 mPa-s, #5451 > 8 h, il A7 K
(—18 °CRTF 1 4F), B IE AL 5L AR TR > 148 °C, 1] £E 82 °CHIE
TR s 1E41 , 5284 VAR IR 255 —Fi A4 /) R IR IR R
BRI 2R, R ARIE T S 2 B T HR A SR A DL R A A7 2%
PR, HB B AR5 A0 I B KT 220 °C, AT 7E 133 °C& T K
W . FETER T VARL L RIS B 92805y i R 501k,
T 2B ARNA S SRR R S A

Bix B R TR & SRkt 22 A1, P AT VART T2
R T THIE . AR As R P=Mani &, AT
25 A PR X VART T2 A0 B o B 48 4 1 o s A 22
Ko GG VARL T2 R ARE B S B rh 5 5 B )
ZERFEUREAY, VLA AR S LA i, 3
B 8 R FEAL 55 VARL T 28360 L 42 Tl s KA T
B AR H AR (CAPRY), 1 UCRH Tl 5 B2 JE B A T
WGBS , FEUE I 11 LR e BRI 34 50 8 T B2 TR, P4
T AR A (AR AR 1 e A A T o A TR R R ) Y I A
BEAI, T T 3 o A8 AR B2 T A, Kot T o Ak ik A 7
10~20 VR I R SEAG IR, 38 40 2 4k 55 21 24 o 2 11 ) B4 el A 41
YRR SRR N R B AR R S R LS R T
SR T IR B

CAPRIF A 1y 8L 7 5 F S B787 HIAILIE 1% Bl 1 , 1l 45
RIZE AL AR . R 1l B787 15 & 3L I A% B AR , %48 14
KA. De-Havilland 2 7] 2R ] CAPRIF; R ifil i, HT 24
TR TR A A AR DL R R AT A 22 R 2 Y
TCLLAMRL, Jext 27 iRl 2 A TAE 5 O B T3 h S U
R G IR T AR S R . T EMRMAR R L T2 AL
KA T AT T Ok AR T AL G sh 3 et a1
T AR T 204 2 o, L R i o A B TR
P27t

K1 B787 HERIFANAGEEM
Fig. 1 Stiffened panel of B787 outer aileron-flap

[l IF , CAPRIFARMLAF LN IR BRAE , T e T 7
HOR TR ) 22 B AR TR IR B R P AT IR AN
IR [R]85 B, i CAPRIH AR B ] T35 R HL T 21
1 s 4 5 RO AR R , ELARE i A v 1 1t A R S A

IEAh, 25 BN 454 VARL T2 H 0k T B2 i B
BUEEAR(VAP), il CAPRI L) S A& 58 VARTECAA R 2, E7E
FLAS AN LT e T AP 9 7 — b T 0 S F LR P e



236 AR

2026 4E, 45 54 4 55 7 W)

ZIER G ESAIABEW G, YW IRBE G, EH SRS
FLASTEIE A TT , 3 P A0 25 ORI AR AT DL SE s AL H
DR LM A 33 R 7 P LB AT, 7 4 5 B v,

25 % R ZBAR I BRI IFAE 7 T A380 #5358 ) A350
Ja EIHESSE GBI . b SR X T2 52 A
bR HEAE AT S B 28 G ks 5 52 B ) — AP R i 25
WRHA 2R R i B O S i BELR AR RIS B R L DR TE 5
BN BT K2 . B 2 BT8R A350 J5 FE HE , AH Hf% 48 RFI
T2 A5 ISR A P RE LR A ] e S T
BB, B A380 FH L5 K 1Y RFL T2 ) Bl E 2y
15%!9,

El2  A350 5 R IIAE
Fig.2 Rear pressure bulkhead of A350

A400M K ALz S LAY 5 SRR T IRV SR FH 3 2 il B 2
FR(VAP) T 2l . il 3 Fin  IZ S MK 29 7T m iy
4 mRBRET )5 R N R A BT 16 AR KA HEF Thg o, Sl T
KRGS FORGTRE TR R . SO He 4 1
HALE % T RF D T RCT AN AR, AR T
BEPCILARPE RS T W A I EEROR o

R

FE3  A400M L5960
Fig. 3 Upper cargo door of A400M
R , VAP HARAATAE—E AR AL, A B i) AL
JRAS v ) B — B EOR R A, — B THR P [ i 72
" A IR B LA TR L, K B B IUR
TEAESE VARL T 2360 1, At Tolk 32 S AP RHE AR L

TER T R £F AR TR B2 E A M AR (HF VD), iZ AR
WG ARG w5 B2 ST, WHESE VAR 25 2C
B T HER ) T AR HEAT T G, BUE T % A HERE
ST R O TR AE A T RIRIR 2
T AR T AR FH 2 A T v, DTS BRI as plAS . 5
WGBS, HE VI T 20k FH A 10 il 442 F SERS G , A2 A% Bz i f
[ A 2t i o ORISR T A B SR AR 1) 2 R SRS ol il (R A AR
SYBOT IR E] 56% L, 0 35 O R A ) M L i AL 6% 11
JEEEAZEER . AR B AER R 43 BC A 0T 55 £F 4 T h 8 A
Z A R B 2, T AL I CR IR s , il — 2042
Tl A 2% 1 BT A, AT 42 A B A 42 0T IR Ak A )2 A
MK

H A HFVI$52 AR 32200 F AR CHLUR R ) 2544 il 44 i 5
b InFE AU R IR 14544 , LA K ARI21 (Bh C909) )
NGRS o B4 0 HEVIEE AR B i) B
IR ZER {4, 5 VARL T2 AH G, oA I A = B IR A8 1
BE T DRV S A T i A A BRI, AR
TR G R A X W e, < T TR R T TR R A B
“CTRYGEAERERS ] DX, LR O 25 Y7 6% LAY, RIS
B e 118 TR

||

4 RJUHFVIEORBH Y RS R 25
Fig. 4 Typical structural part of civil aircraft flap developed by HFVI

technology
1.2 ISR M R LR E
RTM £ A I8 T 20 fiE240 40 440K, R LCM R &
B RHEAZ —, HFRTM MHABEIE T2, B R~
KB T E A M T3 R A (T 25 T R 4%\ Z-Pin
A Ke = AR ARSI R FREE A S5 5 o
XFFRTM T2 5 M AR 19 T 25 2R A 5 VARI
T3, Hai O i S b R g T2 e 367 AR Re i
JERTM DL VARI T2 753K, FRILE AN PR T 22 AR 1
0 PSR A T4 X 4. (HRTM T. 20l T ILRRRR M, 4
BT VARL T 2R, FW He e il IS 98 . A as
SR BRI SER IR LA, BT Sk Pl e i 2R 1 IV e g g . 7
RTM AR HS2) TR H . EAME LA RTM B AR RS- BRAE
VARI T 2 425 i — 2L LAk 847 MY720 . LSU940 . PR %
TN ERE R NG , DL K XU292X , 5250-4-RTM 25 3 Th 35 1ok i 4



Bz A RIS A MORRR AR AR R a3 237

Ji o e rb, 00T e Tt e A I A9 5 T A Je A 3 B2 2 T Gk )
250 °C LA b, A 2 & T RTM il £ 7 it 25 449 11 90 3 Y
S,

AT, RTM AR RIS i F B E AR5 T 2800 H
TS A320 T 5 A RS R 22 JR BT R A 4

M, 3 LI TR FH B F Ak TR T A 5 2 il . (H B
# EH R 0 Bl 1 E AL TR E RS R, A320 R T
SRABKEZ B0, AR T 1S B FE T TR R
B E sk i i dl 2. Spirit AeroSystems 23 /] T
2021 4F 8 A 10) 28 B A FIASAT T 43—l RIM £ AR ZE 7 11
A0 LA, QAT S B 7R o HER IR Tedjin $2 it Bk 2T
2 AE 25 i 21 ) (NCF) 1 Hexcel 1Y 3% 55 £F 4 - Sr 2L 9 il 45 751
AR 2R FH Hexcel RTM6 FRLAH 43 PR IR e, S8 A i) 1
AIAEZ) S h N S8 CE S AL AL . 1545 T T2 WAL
b, il A AL G T. 2 AR 30% LA L, [RIB SE B0 T 5 /=i 9
A TR RN A B

€5  A32040MR
Fig. 5 Spoiler of A320

2R EEMBHEAR LR T A 4R A RTM £ R
WEHI T A350 S A AR B E . R ET 4R AR F T 21 4
A Shaliae R AR b & (U2 1 B 22 5 | Rl AR R il RS B 4
T 27 4k ) 22 5 | SRR AR , SCEL ) P R 4B ) LR AR
b, INTHRAL S B AT RS R A R R B S I A o 1%
ARAE AR AT Ko 52 4 i T A 2 % 10 S 28 ) s v EL A ) A
B A7 T2 54 BRI, Al I T R R A 1 4 B AR

B 3 ] Alpex 2 7] 2K FHl Hexcel RTM6-2 X2 43 B il 14
Z , R E RTM(HP-RTM) AR T A350 14E , i ad [
SbAE = R G A AL 200 4 b, B RARBEAR 30%,
HEPERCRIAE] 500~1 000 /4F o B LR SRR {4 5h ,RTM T
AN T A5 % A380 ML R HL BE L) KL B i A S5 2 R 1
RIS , DI TE T % T AN E B A A RRER S T i
TG R

PLANA  RTM &5 & = AEHLLY S 8L B A A A [ P 2127
HIWFIE R 22— IR EOR T S B B H Ak, T AP
UE T A T — SO = AR T A R TR, A
TR BRI IERAA . Cytec 23 HIF K 1 PR520 LI Kk G2

FIJF & 1 RTM230ST 38 = PERERS B A 2 g A 2, 1428
SRAE(160+5)°C T FET, 75 2R HI RTM BB & il 5
AL AT RS . Horb PR520 B R A =4 m 21/
ML AR 22 EL 32 1 FH T R FH A2 & shiLesisek , St H
e L 26 8] GE 23 6 4R 77 14 GEnx & S ML , R T
T =R AU B R A AT RTM R AR B 2 B A b
BHLZEHLR AR T 4 B A58 , 26 RSPl 18 E 2 160 kg
HLELE F/RTM A 22 17 - LS A4 52 451 R CF M [ Bt
N FIA PR LEAP-X & shALXUS i B XU AL 25 HILIE, Gl
6 T/, Hobp RHA 2 54 IM7/PR520, H T 5383 737max 25
% A320neo 45 HIE A F ALK = CAHLCI19 I SEBLBEHLAN
BE . RAZE AR LEAP KL S R4 R T EH
CFMS56 & B HLAR LL , 76 4E 45 o] 5 P R al b, BT it Bl 1
453.6 kg(1 0001b) A L=, KR IHAL R 5 16% , NO, HER P
60% , M5 K REAR 10~15 dB, 7EZE K T8 R I 2s & Sl
AU LA LR BE G Sy,

#16 LEAP-X & #Hl
Fig. 6 LEAP-X engine

1.3 MERBS SR ARALE

RFIH AT 20 H40 40 SR MACRO 5, T A AKAL
KIE A MBBUEHEA , E N MF TN RETFE AT T
KAEAFFT . REL T 20 0 RR a2 8 A Rt 5 & A T o K T 5
A BEAEOE B R RGN, WIRTETHR S AR TP s E 4T 4,
558 AR Z T2 AL, JTH AN AR 5 A B
P, RS A SR A ESR . ERIRT A =R A T AR
JIE LA A T B 8% DR — s B 1] R (IR 2 B RS (B X
[ FNTT AL b R SE B VIARDG) . BEAh, B A R 25 ke
W, 76 BT BT 4R AT 427 4k SN 0 2 i, 21 4 S50

S HA KA AL R

& 0T RELLZ R It 24 P AR , e d& AN i
WERE FRER A SUTh SR B B 4 o 26T 2S Gk RFLFR 4
5 I 0 R Sk e i 1o FH d5e R 732 o A LAY RFT AR
JIE 54 HexPly*M36 ., HexPly*M18 ., Cytec-5250 4 , Hirjr
HexPly"M36 . HexPly"M18 AR5 2 31 At g , FL 3% 381k 5%
AR BE 4 200 °CAE AT o N B A FR M RFL & I B
“h 5228RFI Lk B2 QY9512 #4 hy v fiit Tlb &2 4 vt AT 4
5228RFIMAE Ry A E M 1A 2 | LIRS 180 °C, HETE7E



238 AR

2026 4E, 45 54 4 55 7 W)

LR LSS AR EIEGIE . QY 9S12 W AR FEMACH I
SRR A T A AT | ELA BT Y OB PE , PEREAR

FE RFLE A BN H 7 10, 526 R0 A3 B A 285 4 2 4%
FEHLAI N B Z g IE . 28 B 1 TR R (NASA)
DL SR — A s F UL B L S 42 5], 8 S0 T
Seit B A M BHERACT) IR . ACTIHRITT R T 484
AR INIE A MR RTS8 K BN B AR 2540 v, 4%
A /RF 4 AR 2 25 46 nT AT HBUA S 4 1) BOE 7 20 KA
ACT TR 9 e BE4E & 1 2%, I A Al sk F T AH B
ARWFH TR F R 13.5 mx2.7 m @R JEHLE BN, th F7E
JE T ) ARG YRR I HAT Ui e 145 B R4 e
i JE R 46 0 B (CADFE W45 LA L, T #8022 ) Iy 24 497) 4
(G, )& w1045, T B2 B W 248 (G )3/ 25%. BLAh,
R FIZ T Bl & ML A 38 TAE e & A 45 F U T %
20%, I E 25% LA E .

IR, P 8 B787 M 23 | W3 BR3P AR LA B RS
43 b Al A 2 A At R FH RFLA R, i ] HexFlow RTM6
W B RN = ZEHLE R - L S0, P BE 3T R R AR RE T2
il PN A380 ML & 5 I HESR F RFI T 253 o %A 14
JSF208 6.2 mx5.5 mx1.6 m, J& T KAV S L IRAR LG, L 50
PEFETF T2 T EAAE G SCRAL TR By )8

Sk, R T SAERTEX WUl ] NCF U4l 12 , I F 38 F 3%
TR IV JH 9 A S 7 W AR 00 455 T2 e AR T g A i/ 7
FHAR IR F CYCOM 977-2 #4155 it i 35t 5 [ 4k, SE 8 T
KIAVG 2 52 A b RHE TR T3 HE () — PR A il 185, 2 A ] i 1
ARRENR 50%. AW ST 45 R FRW] i I NCF Wi iR A T2
A4 ] i CATELARAS T~ Wi 2 6 R &y, i S 4 0 A B2
IR

YT RELEARAE R R T BN 25 M AR Y 77 T ) 55
WL FZBFFEHUE [ 20 TH42 90 4R X RETH AR I T 1
8o LT A D BRI R T RELE R RS, 7l 1 T
T, ST 250 RELZEAZS 8548 10 G AR 3T
T RFL T2 IR sh B RL, BEAK T T 26 AR ZH 1 ik
W, O T B ARG IES BRI, A 4R T RFIL
AR SR TV RO T T A B 2R A TR R BE X 3 i
EA AR, SCPL T REWIE & i 0 280 kb .
1.4 HARHKFEZLE

LCM T2 A RE A e 5532 I FH T 25 1 12 454k,
H AR ARARWIH BT, JE AL T VARI (CAPRI, VAP \HFVI),
RTM DA R RFLAE TR R o 3% 1A DL R FAL 28 R 0 45
PRI BB LCM T 20050 T X,

®1 RAMERANENDEEAMHLCM TZX L

Tab.1 Comparison of LCM processes for composite structures of civil aviation secondary load-bearing component:
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Item CAPRI VAP

HFVI RTM/HP-RTM RFI

Resin injection/  Controlled vacuum- ~ Vacuum-assisted resin

High-fiber-volume

Resin injected into closed

Resin film i t
mould under vacuum/pres- esin film impregnated

pressure assisted infusion infiltration vacuum infusion sure under vacuum and heat
0.2—1 MPa (HP-RTM:
Pressure level Vacuum Vacuum Vacuum a( Vacuum+autoclave pressure
6—10 MPa)
Typical resin . .
. . 15-250 15-250 Low viscosity 100-500 ~100—1 000
viscosity/(mPa-s)
Typical fiber
volume frac- 55-58 53-56 =56 55-65 260
tion/%
Typical Fairings, skins, stiff- Complex hollow Primary aircraft structures, Aircraft skins, panels,
L Large aerostructures . .
applications ened panels structures frames, ribs stiffeners
. . A400M rear cargo door, . . .
Representative ~ B787 movable trail- Wing ribs, sealed A320 spoilers, A350 door  A380 rear pressure bulkhead,
. B787 rear pressure bulk- .. . .
components ing edge head cavities frames/ribs B787 fuselage stiffeners
Advantages Good fiber distribu- Low porosity, good High fiber volume,  High dimensional accuracy, Excellent mechanical

tion, stable quality surface finish

Complex process

Limitations
control

Long cycle time

fewer defects

viscosity

suitable for large composites properties

Sensitive to resin

High tooling cost High manufacturing cost
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Fig. 7 The outer wing box section formed by RI technology
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(b) Dry fiber placement of wing spar

(c) VARI liquid molding process of wing spar
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Fig. 8 Wing of MC-21 aircraft and forming process of wing spar
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