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Abstract: The penetration of resin along thickness is one of the mos E&s@ctors in liquid composite molding
e

(LCM). The method of continuous loading was used to study the com

behaviors of non-crimp fabric(NCF)

and woven fabricsCWF) during the liquid molding of glass fiber d resin matrix composite respectively and a

mathematical model was established to describe this behavior. through-thickness permeability K. of the preform

O
under gravity and different injection pressures was tes @Selffmade through-thickness permeability testing de-
A R0l

vice. The influence of the preform fiber volume

Based on the preform compressive behavior model

=

the dependence of K. on injection pressure, the Kozeny-Car-

injection pressure on K. of the preform was studied.

N

man formula was modified and a through-thickness permeability prediction model was presented. The results show
that the through-thickness permeability decreases with the increase of the fiber volume fraction of the perform Vi,
which agrees with the Kozeny-Carman equation. As the fiber volume fraction varies in the region from 0. 42 to 0. 58,

injection pressure has significant influence on the permeability, and the accuracy of the prediction model presented
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here is validated experimentally.

However, when the fiber volume fraction is higher than 0. 58, the injection pres-

sure has little effect on K. and K. tends to be constant as V increases.
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(a) Non-crimp fabric (NCF) o (b) Woven fabric (WF)
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Fig. 1 Appearance and partial enlargemen@ phnon-crimp fabric (NCF) and woven fabric (WF)
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Table 1 Related parameters of-nén-erimp fabric(NCF) and woven fabric( WF) in permeability test
TaN
Name Type %M density/(gem ?) Volume density/(kgem %) Manufacturer
NCF [45°/90°/0°/45°] 0\;4’44 2 550 Saertex
WF 2/2 Twill @ 295 2 550 @ Hexcel
Silicone oil PMX-200, 0P s 960 A @0 Dow corning corporation

R

2.00 -

—e— Epoxy resin
—a— Corn syrup
—=u— Silicone oil

1.50 -

Visicosity/(Pa- s)
=
(=]
T

20 30 40 50 60 70 80
Temperture/ C
N

B2 FEMRE . 5 ORKOWE R B VR AR A sh S B i 4
Fig. 2 Dynamic viscosity curves of epoxy resin, corn syrup and

silicone oil at different temperatures

1.2 E#HLH
AN IR AW FAE R LY R R 0 B 445 2

TG, FZ TR LA IR 44T e }{\
4%

He LY L5 B YIME . Cai Ml Gutowsk"™ ¥ 274

BV A b AR e W 4, Hoh a4k 547

Y 2 18 6 AF 22 a2 Ak A 25 gl % o AR A0 2 ol 2R B e

Frats, LF4em L 254 Z B R SAE /), Bl
\4

‘70_1

T —~— )t
=
Vi

Hope AL 9 RAEET 4E S B W R V. R EhE

o= A, @)

o

ﬂE'ijtéfré’ﬁfé"ﬁl; Vo NRIH YRR K, JF H

'fE{:Vo » 0=0,
@ﬂﬁ%ﬁﬁ%ﬁz%@iﬁﬁ

fo) f:‘;% 2)
K n HELER YR ZEL o‘ X)) (1) T

gﬁﬁ%ﬁ, Wi 3
TN. LU \)
ﬁ*N&W@%\ 11 )2, WEE2HCh 16 )2, &
Fhergi gl %EF

NFE& 5 A, B e TR A R 7 i

TR, KR RS B HARE L3 mm J5 45 1R N4k,
Pressure \
plate

/ @200 (inside diameter
lexiglass tube
R : plexie )
= $200
(=
=
AN \\\\\\\\%\\ N
S Porous pressure plate
E% ;i Liquid reservoir
A

Unit: mm
B3 R4Sk

Fig.3 Compression experiment device



BHM, F . AR RA T 2L 4 219

i i e R T fE TRIN Fi 4 2K
H AR 55 A BRZ ) At 52 % 1A i i T ) ok 75 B2 2

RIEHL(RGM-4030,

YN AR AR A T B AT FE 4R . R 4 S5 56 )
L e R IR TR AL AH L DL R K far
Pi=oc., T 4000 B p 3 K, 2 M iy
AT GERB B, YIEHEEH 3 mm
B, BRI B0 620 .
1.3 SERIE

— 4t Darcy & B ECE RN

(a) Internal structure of equipment

Regulator valve

Pressure
sensor

@@@

SEEREREESE
Infiltrating
direction

JELJE T 1) A T35 25 R ) T AL 7Y . 1431 -
Q _ K AP
"= n L (3)
LA BER K.
7 QL
K = A AP 4)
A o R TE (m/s) s Q MIARFURE (m®/s);

Aﬁ*ﬁ?’*ﬁéﬁﬁ* (m*); K ABERKE (m*); g

W ZEh B (Paes); AP A A L i 0 ak 76 44 J6E B
MR E S22 (Pa) s L AT ANVKEE (m),
JEEBE 7 ] 5 385 2R I 2 VR 2 A I PN S 4 A

Liquid outflow

(b) Saturated flow driven by gravity

, Pressure gauge

Regulator valve

PR Fiber
Liquid Infiltrating preform
reservoir direction IIIIIIIIIIIII
S8 Pressure
sensor
\\ Vacuum pump
Reservoir

Electronic scale

(c) Saturated injection at constant pressure

Data acquisition
system
'

Liquid
reservoir

“lectronic
scale

_ Reservoir
o

4 X Testing
device

(d) Diagram of the experimental process

&4 JERE 1) 35 i S IR R
Fig. 4 Through-thickness permeability testing device



+ 1432 -

EAMBENR

mE 4 R, B 4G B &R & N A, 0.7 ,
Wi 2 AU B 52 3 44 ss . ZALMALIE Iy obis A
7.5 mm. AT BRI 2 B0 R BRIEA Y o
ZHMR AR, RS A RSN 2 o)
AR 114 mm (B4 BER N 72 D=114 mm) 5 g
TR+ SR 4 TR TR0 A A 1 2 AL AR o g 04r
B SRR S SR, A RRLT RN, % B quion | G G
PR o 2 4 e

A IR S ), AR R AT RRD 02l || st L
BURECT BUS PR TT 04 A i R K ﬂ& 100 0 100 200 300 400 500 600 700
W, TSI TR X R O [ 1 O Compaction pressure/kPa
ANV B TR 7 2 R ) 4 065
T K. TR DL e R R B 1 sk T o rmammeperiment deta
SEIE ). PR SRR 0N AT O
VSR T K. W, IERIOT N 2 TR S
VB T A MKEE D AIWSH T g 07
U 9 % RUESL BIEEAHE 5 ods)
E N O@@ "R WS BAR B SR 5 o040t PR R TGt LG
W38 MPUE S 0 Pay SEANTLRERRE & ] 5 Sy
PRHTEDRT B A T a7 A G T A O v S
ST ARG i A BRI 1 % R o 0 | shetdeeTONET

WV 56 e 12 0,05 MP
0.3 MPa FHJ K., K 4(d) Ryl o 72 %, i
I EE R AR RN AR LRI RS2, B
G R £ R — B 1) B i i i i i, AR AA AR KL,

2 #ERE5iTi
2.1 SHHLAYELITA
AN R ) - Uy PRV RE AN R] . AE &%
fif 23 3 AT 4 1 HE BUIR S AR TE J5 X R[] \E
5Ca). 5(b) 4331k NCF 214 F1 WF 214 1 i 2 4
FOPRLFN QR 4 PRl 25 R S LA 45 L . 08
SREAX (O @ETWEAY G R, oTLLAEH,
NCF 2191 WF 218 53 5 76 S I 4845 2% 671 kPa
1139 kPa £F 4E (R F 7 ik 5] 62 %, FRHH WE 41
It NCF 2L 45 5 o R 4 . TR R J& WE 2L 11 e
R R T NCF 219, flife e 4 i 72 h WF 41
LSRRI BN A O R, AR/ NS INnE
fof T FRAT 2 5 B £ e AR BB

-20 0 20 40 60 80 100 120 140

Compaction pressure/kPa
"

160

Pl5 TG #4105 (NCE) Rl R4 £ F) Fs 7 4
mmnmwmgﬁuﬁmu%aﬂzf

Fig.5 Compression resp fitting curves of non-crimp
fabric(NCF) and woWF) preforms at saturation state
. O

et B4 = P e R T 8. NCF 2V T4l 2 R
[45°/90°/0°/45°], EIE A BRIPEAN~FREMZEYS
J2 Z 1142 il T8 %) £F A SR Ry A5° T ] Y AEAE T )
EEWALE IS & el A B AN o X RIS B P
R B & A, BEEIE— RS, T 72 e
1) 90°/0° SRR AS R A —EMAE, 252
Z ) £F 2 AT LA AR AR B4 fil i) 25 il 2, AE 1 ) R S
VERIT 2R 4 o 28 i i e R S, 4F et B i e
ML KRR R, Bl RIS R, 2 4E R 2 2K
Hmgg

mE 5(b) i s, 5 NCF 44 A, WF 414



AR, S WRRAE I P T2 AT A 2 ) T B T 1 RIS 07 2 1 50 A A . 1433 -

A G TEB/N R )R 13 30 5w 0 £ 4E R B K

(a) NCF

XOEH T WF U A 5 1% RN TR A & St Equation T2
5 S 4.48728E-12

e g, Y NITE L NCF 2 /MRLZ, fER BN ReducedCChi-Sqr 2.12142E-26

FUIRAS T2 ) 28 BRAg /N . S IR 2F 2 R B A0 B0 v
Bl E HE— 2 R4, IR )Z 2 B, )5 8 B R
LR
2.2 LYTREKBEEERESESE
2.2.1 HEEKBL2BEABEENY W

TR TE TR AR A4 v B I Bl 32 A A A 4 o]
S AE R N B . 7627 48 PR B0 B /Nt
ﬁﬁé@ﬁﬁ,ﬁ%%ﬁw@ﬁﬁﬁﬁﬁéﬁ L2y

m  Average experiment data
——Kozeny-Carman fitted curve
1 1

Though-thickness permeability/(10-'2m?)

°(

0 1
0.40 0.45 0.50 0.55 0.60 0.65

Fiber volume fraction V;

N, BEEFR RN K. RS R R~ so[owr
zm&¢%@ﬁﬁ»ﬂmm%%<§%ﬁﬂm@ : Erior | AT
/N, BH R, MRS Koze eman" 1A, Tl ‘:g T Reduced Chi-Sqr 1.60751E-26
JE Y A JRE JRE 5 1] B 95 KRN gzm ¢
K, = C-% @ (5) % 15+
; &n%%%%ﬁﬁﬁdﬂﬁ%%ﬁ 2 1o
# R R e A . Q%D 05k ; Average experiment data R
i~ NE IRET T K. B I 5dE, 52 @é Kozeny-Carman fitted curve |

k 0.40 0.45 0.50 0.55 0.60 0.65

B, MELS 4R Bk, K, 2T BAES Fiber volume fraction V,
ESEANE Bl 6 A FZF4E AR B NCF Al WE
Y JELJEE 7 6 B 7 B R K.

o
TEE ST
24

XT3 A4 9 92 T BH T 3 K

Xt NCF 219 f1 WE 41
{8 &% PR [R) 4T 2 AR B0 %
KT WE 81y, i 1

. and fitting curves of

1

()

%,H;T E/‘] K. Fig. 6 Through-thickness perm
é/u\%ﬁ/‘] K. {Ej@ NCF and WF preforms wit @: rent fiber volume fractions
O

., . unde 2_attion of gravity
N ZUYIE S, NCF

(S 6] 25 Bk e R B WF 27 4 26 4 4 A7 % 52, Lol o
U A AT ) 27 2 A BRUA B 4 1 T SR IACE 25 5 1 e WP
NCF 41 i85, 08

ARl R e VR BBV x K S A P 7 k"
i, WL, 2V, T 50% 0, WE S5 K. Sof 0f
WA B 12/ T NCF 2085, 24V, KT 54 %0, 54 £ ool
(e A W SR — B, X R TR Ve (9 Bk
NCF ZUY £F 4i o 22 18] % 75 ¥ B R it 2, 2 1] 1) o 02}
ISR 18] B S/, S8 K. KR R MR, WF 21 . | | | |
WG R 7 a2 8l e BR s /N, 3 H K. ) {E 8 0.40 0.45 0.50 0.55 0.60 0.65
AN, B — 12 RN K. B IR B Fiber volume content /,
TE Ve BT, TR TR A Hh B P ] B2 ] [R] B AR W7 & IRET A A kB BO NCF il WE R 2
Tede/IN . 32 % kA 2 4 O 1 R 4 R0 T R . K RETWEEE K. LW
FK%IDETEU&/J\ i Jﬂjf)‘ﬁ% E‘JFB%H]ETE%ZIK—@I . Fig. 7 Influence of Vi on through-thickness permeability

K. of NCF and WF preforms under the action of gravity

2.2.2 HHEINAETARKBZ BRI Z N
LCM T2, B 4% 16 45 H rp 48 il 21 4 7l 724 i, TR [ ANAEEG SR AE . 7E 2 2140 Jiist, #



o 1434 -

EAMBENR

T SN0 26 26 07 1) B 5 F IR 4, R T 0l IR 4k %
FLA B, B, R ARV SRR, 2 S
T 4 500 VAR VR 7 T » 10280 A 2 24 A3 8
SR DT A G 2 S 9 5 I 7 9 5 R K g B
3. HhT I S %0 BRI 1 2T 2 B RO
T FH S 0 BT A, PR R BB SR % K
B 4 W 3 A R A

A SCil B X NCF 814, WF 2L 7E 0. 05 MPa,
0.1 MPa, 0.15 MPa, 0.3 MPa A[a 5 E 5 F
Eﬁﬁm%m@é%ﬁﬁiﬁWﬁ,%mi@§>
%,%%WQS%ROﬂm,%%E%@@%%
PN N TEE mmmwﬁ%m
429 46% 50 %KY K. 5 B OMTER 4 1By
Bk 54% . 58% . 62 % A KRR /N .

{1 2. 1 TR P S R 2 T L 27 2
Wﬂﬁﬁvﬁ@ifgg%ﬁﬁUWE%oﬁw
e/ STAEHE NGRS . i XYL 0 5

W25y, Atk WAHE T TR AV, B
Ko K.t — 45 B 5 AT, 75 55 24 46 R B4 S,
T A A DL TR X T
TR RS VRN, Rl 5 27 4 R R4 K
T K. W/NER.

& 9 kiR Sy % NCF. WF i Bk K. 1
WA, T CUTUR R V, ok 42900, BEE T
@§%ﬁ,ﬁmmﬂwm5%¢m%ﬁ,ﬁﬁWH
Dok, FLBRIER, F. NCF 419 fil WF 41
Wy K. W, (ERBEYE ST IR 1 IR0k . NCF 41
i K. i AR IR /N T WE 418, 55 NCF 414
BA BRI, FREES, 5 2. 1 oL —35,

AR K 0.05 MPa, 0.1 MPa, 0.15 MPa,
0.3 MPa 8% 1 CAHSEATIES . fEE UK
@F@ﬁ%@w=§%ahpcmwwﬁaxme
rwummigéiﬁﬁﬁﬁ%ﬁ?,ﬁ%ﬁﬁﬁ
w e g OO e R 2F A R A . TRt AR

Y Q /. ~ ST
T [@ncr o, a2 o Vi B2 I X Kozeny-Carman 22 AT
S BT VE SR AN R B T 10 B R
:\a:» 4L OH . M ¥E Kozeny-Carman 242 (5) Al A1, Y73 5§ E
e ﬂ@ J1 P=0 MPa it} . 230 C O, 7E M ) 2%
E 3T #T,%Eﬁﬁﬁﬁﬁwﬁﬁﬁw%§ %% e 5
i, ﬁﬁ¢om%E&%Eﬁ%%qﬁ§xﬁﬂw%§
) N — - A
g _ A - SR 10 R, T ; 7 B 2 FLAL I JE )
[ “v‘ Yo SN
9 Ir g 2 o  WHRIETS P il 2. A\ BOR I ) 1 A7 g o]
= N "M, KN o 544 BV R Gutowski By
O 1 1 1 1 1 1
005 010 015 020 025 030 225 1k 2 QU AT LAy JRE JEE 7 [6] 3B i R 1Y
Pressure/MPa AR /NS AR R ) PLOSF dE AR B A BV
Kozefivz an AR AW R B R A, Wik,
o 2.0 F(b) WF o
£ —a—42% I.
T8l x
(=)
= 16L o 1.0 —=— NCF
i —e— WF
E 14t L 09¢
s E
E 12} o 08
o =
z L0f S 07}
3 08p : 0.6 |
Z 06} z
on -
2 04t 03
ﬁ 02 1 1 | | |;-: 04 -
005 010 015 020 025 030 05 . . . . )
Pressure/MPa ' 0.05 0.10 0.15 0.20 0.25 0.30
Kl 8 NCF #l WF Tl it 78 R JEE B2 J 1] 6 W8 i R K. Injection pressure/MPa
i 7 55 1 g 1 78 A B9 FEHESR NCF # WE BUSAIR K. 1520 (Vi=42%)

Fig. 8 Change of through-thickness permeability K. of

NCF and WF preforms with injection pressure

Fig. 9 Influence of injection pressure on K. of NCF and

WF preforms (Vi=42%)



AR, S WRRAE I P T T A 2 T B T v AR IB 07 2 1 50 A A

« 1435 -

RS 40 . WA J7 8 B K. A8 46 AT L DL
RUTEAR

. 1—V)?
K. = C(P, V) - %
Hrp 2ECP, VO RS RAMKE T S84k
BRI A D R E Ve O SR AR AR B TR R
TR F TR R4 7 22 FLAR 9 46 A0 i AR T 7
D5 T AR 1 CLIEL 10>, Rk, AT RIS C (P,

VORMFERKEM, fTEMNES P 5 K. z%ﬁ"

(6)

K, B, CP, VOR DL PR RO R FROR

I T o
CP. V) = b @ (7
ﬁ%,ﬁﬁﬁ%ﬁéﬁﬁﬁﬁﬁ§§§kﬁm@ﬁ

L UKD 51 S B 2
X 1 T A {}
_ 1 0?
K. = aai(Vf) T ? (8)
P () 5 EE AT ILE LR 1), A8
E%ﬁ»v§%%?5wwtK;ﬁWﬁﬂ%%@

T TIINECRY St B 2 4 A BN Bk T 58 % H

BN
Ko T, P00 A A il 2 Hh B0 58 Ok i 22 50

] R

Perforated
plate

Preform
Injection fluid

10 27 i T B (AT 2% B v B 52 ) O3

Fig. 10  Force analysis of fiber preform in the device

5.0 | (a)NCF

= 0.05MPa
45F e 0.10 MPa
4.0 F ¢ 0.15MPa

* 0.30 MPa
351

3.0
25+
2.0
1.5+
1.0 |-
0.5

0.40

Through-thickness permeability/(10-'2 m?)

0.50 0.55

Fiber volume content V',

0.45

U8k BN M. R, TR Y BE A% v R T
NCF 2%, WF 219 V., /NF 58% W) K. {5, X F
Vi KT 58%, K. aTIEE, ZERMNRE-,

3 & i

BIFSE T B T 4 430 5 480 i i 2 5 R i 10 28
I B v 2 il e TG 2L (NCF) . B 55 25 2 R 0L
§§@wmmgimmﬁ%,ﬁﬁﬁ%aT\§@

I R IREE S SR, R A SR T
JEE £ J5 1695 15 R T A

(1) 2T 43 50 1 52 A b 991 780 A 75 5 40 2%
T B 7 2 S AR B VIR G . WE 2L 4
QU S T WA . 70K 09 TR 45 46 R T 4R
%ﬁ%%ﬁ%%%%ﬁ@ﬁJﬁMf%mmﬁ%

(2) fEEDH
%%éﬁé}iﬁl%ijﬁﬂﬁ?}ﬁjﬁdn LR
Ko Carman AR WY & . HE AR5,
¥ AYBEREERT WE ZYMBER,
(3) TE— BTG EII AT I M KT T3 s 28 44
JEL B Ty 1w A R 4 AR Fﬁﬁ‘i}iﬁiﬁﬁgﬁ
D7 W5 5 R AR . 2 T A 1A 2T SR BRI
RSP i 2 2 (A B o0 B0 K R K BT X R
JEJ7 0135835 2 AR e Y NAE AL

21 4 1R R
5L 4

0.05 MPa
0.10 MPa
0.15 MPa
0.30 MPa

N
T
* & o nm

Through-thickness permeability/(10-'2m?)
>

02
0.40

1 1
0.50 0.55
Fiber volume content V/;

0.45

11 NCF il WF Bl 8 i K. SEg 8ol 524 () 5 45
Fig. 11 Experimental and fitted results by formula (8) of K. for NCF and WF preforms



+ 1436 -

47T

TR ) T 25 R SR AN R W) . T2 2R 4R o
KT 580, JREEEDT 5 B AR A E , ZEA
ANiEH .

S k-

TRBHGE, ¥ vr A, FIEN]. St B IR 5 52 A bR 3 H R 3E
JE[T]. Zam k. 2013, 30(2): 1-9.
XING Liying, JIANG Shicai, ZHOU Zhenggang. Progress in

[10]

(1]

@

manufacturing technology of advanced resin matrix compif

ites[J]. Journal of Composites, 2013, 30 (2): 1-9 (i

O
6 perimental

nese).

VERNET N, RUIZ E, ADVANI S, et al

determination of the permeability
Benchmark II[ J]. Composites

Manufacturing, 2014, 61( [12]

[3] IMBERT M, COMA ABISSET-CHA-

imental investigation of intra-tow

VANNE E, et
fluid storageom hanisms in dual-scale fiber reinforcements

i}&2 Part A; Applied Science & Manufacturing,
7-82.

%N K. SIRISHA M, INANI A, Permeability character-

ization of polymer matrix composites by RTM/VAR% \

[4]

Progress in Aerospace Sciences, 2014, 65(5): 22-4
YUN M, CARELLA T, SIMACEK P,

chastic

modeling of through the thickness permea & variation in a [14]
O

fabric and its effect on void form. c@
resin transfer molding[J]. &9 -&t R

XIAO X, ENDRUWEIT A, ZENG X, et al. Through-thick-

0g vacuum assisted

cience & Technolo-

gy, 2017, 149: 100-107.

ness permeability study of orthogonal and angle-interlock
woven fabrics[J]. Journal of Materials Science. 2015, 50
(3): 1257-1266. %
AR, KR, G2, S o MRS RTM T AR KA 3 3h oo
RIEAT RO EamEEd, 2013, 3006): 82-89.

LI Weidong. LIU Gang, AN Xuefeng, et al. Flow impragn?
tion behavior of resin in Z direction for RTM[]]. Journal of
Composites, 2013, 30(6): 82-89 (in Chinese).

S, WA, XK, K & HHL R B AT 4 2R
Y iE )], ZAaMEH 2013, 30(4): 245-249.
ZHANG Na, ZHAO Ziwei, LIU Chuntai, et al. Permeabili-

[17]

ty of glass fabric for wind turbine blades[J]. Journal of Com-
posites, 2013, 30 (4): 245-249 (in Chinese). [18]
XHC, F4kFE, mER, % LCM T2 s bk 10 5 5

R EBFFELT]. ROUE T R34, 2006, 28(1): 15-17.

DENG Yuwen, WANG Jihui, GAO Guogiang, et al. Trans-

L9]

=

verse permeability measurement of reinforcement in LCM
process[ J]. Journal of Wuhan University of Technolog.
2006, 28(1): 15-17 (in Chinese).

T, ME, A, & VIMP T2k Z ms
BYESIHTLCL/ /B A MR R ZE R 25, 2014,
ZHANG Sheng, ZU Lei. WANG Jihui. et al. Z-direction
permeability of fiber reinforcement in VIMP process[ C]//
3RP/Composite Academic Exchanges, 2014 (in Chinese).
ZEok . AR, TR L SRR LCM T2 AR AR
SRR mLT]. A AR, 2016, 33(11): 2688-2697.
LI Yongjing, YAN Shilin, YAN Fei, et al. Influence of in-
jection conditions on the unsaturated flow characteristics of
LCM process[ J]. Journal of Composites, 2016, 33 (11);
2688-2697 (in Chinese).

T e @géﬁﬂwm&:ﬁmﬂzznﬁﬁ
ﬁEiﬂW‘?ﬁiﬁ%—@o THMT. % &R 2E4R, 2007, 24

AHN S H, LEE W I, SPRINGER G S. Measurement of the
three-dimensional permeability of fiber preforms @embedf
a

terials,

ded fiber optic sensors[J]. Journal of Composi
Q E)O

1995, 29(6): 714-733. 6
@

as a result of fluid injecti Feling and validation in the

KLUNKER F, DANZI M, ERM Fiber deformation

case of saturated pe ity measurements in through

thickness direc 7 Journal of Composite Materials,

0%1-1105.

Science & Technology, 2014, 67(3): 638-645.
ENDRUWEIT A, LUTHY T, ERMANNI P. Investigation
of the influence of textile compression on the out-of-plane
permeability of a bidirectional glass fiber fabric[J]. Polymer
Composites, 2002, 23(4): 538-554.

XIAO X, ENDRUWEIT A, ZENG X, et al. Through-thick-
ness permeability study of orthogonal and angle-interlock
woven fabrics[J]. Journal of Materials Science, 2015, 50
(3): 1257-1266.

LIM, GU Y, ZHANG Z, et al. A simple method for the
measurement of compaction and corresponding transverse
permeability of composite prepregs[J]. Polymer Composites,

2007, 28(1): 61-70.



AR, A AT IS BB T A Ak S R T D 1) M S 3 S (Y T A5 Y - 1437 -
[19] OUAGNE P, BREARD J. Continuous transverse permeabili- ZHONG Yong, XIAO Jiayu. YIN Dulin, et al. Effect of
ty of fibrous media[ J]. Composites Part A: Applied Science structural corner on permeability of fiber preform in VIMP
& Manufacturing, 2010, 41(1); 22-28. [JJ. Journal of Composites, 2015, 32 (1): 217-226 (in Chi-
[20] ALHUSSEIN H, UMER R, SWERY E. et al. In-plane and nese).
through thickness permeability characterization of 3D woven [23] &KHE, SRR, Bk, % DS E S ERH R ZE
reinforcementsendruweit[ C]//The 20th Internation Conference AT MWL), EEMEEER . 2015, 32(3): 840-847.
on Composite Materials. Copenhogen, Elinor Swery, 2015. JIN Tianguo, WEI Yajun, YANG Bo, et al. Prediction of
[21] XA, S, 220K, 55, 5P R RTM & 4 5k @permeability of preform and its effect on compression deform-
WS SR B B R LT ]. &M EAER, 2015, 32(2): @o@ ation[J]. Journal of Composites, 2015, 32 (3): 840-847 (in
593. é Chinese).
LIU Gang, ZHANG Peng, L1 Weidong, et al. Perm [24] CAIZ, GUTOWSKI T, ALLEN S. Winding and consolida-
characteristics of RTM composites preform fth spructural tion analysis for cylindrical composite structures[J]. Journal
toughening[ J ]. Journal of Composite W@ <, 2015, 32 of Composite Materials, 1992, 26(9) . 1374-1399.
(2): 586-593 (in Chinese). @ [25] SCHOLZ S, JR ] W G, HEIDER D. Measurement of trans-
[22] Hh5E, Hing, FEK, % VI 45 ) 353 0 K 2T A 0 8

kBB

O

R 2R, 2015, 32(1):

verse permeability u '@%eous and liquid flow[ J]. Compos-
ites : Ap g%cience & Manufacturing, 2007, 38



