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The Effect of Different Infusion Processes on Properties-of GFRP Laminate

Liu Lianxue, Lu Ping
(Zhejiang Hengshi Fiberglass Fabric Co. Ltd., Jiaxing 314500, China)

Abstract : Fiberglass reinforced plastic laminates (GFRP) were fabricated using-vacuum assisted resin transfer molding
(VARTM) process and vacuum infusion molding (VIMP) process. The performances of the laminates fabricated by the above two
processes were studied. The effect of VARTM process and-VIMP process on the glass fiber content of GFRP laminates was investi-
gated by means of combustion method. Ttis found that the glass fiber content of the laminates made by the VARTM process is uni-
form and controllable, and it has better repeatability and reproducibility. In addition, the effect of VARTM process and VIMP process
on the mechanical properties (including static-mechanical properties and dynamic fatigue properties) was studied. It is found that the
laminates produced by the VARTM process have better static properties. The laminate fabricated by VARTM process showes better
performance no matter in the main fiber direction and perpendicular to the main fiber direction. Moreover, the dynamic fatigue prop-
erties of two laminates don’ t show obvious differences. The manufacturing process does not have obvious effects on the dynamic
fatigue properties. When evaluating glass fiber performance in the laboratory, the laminate fabricated by VARTM process can show
the properties of the fabric more exactly.

Keywords : vacuum assisted resin transfer molding ; vacuum infusion molding ; GFRP laminate ; fiberglass content ; thick-

ness ; mechanical properties

SRR YIS A PR (GFRP) LR TIIIPERLEL 1 DL RO SO IREL  rb2F 43

BUAAIG (A YRR AR 2 Bt it il 25 A 7 B R
AR AR A5, 8 TR A WL A MR R
F Gy M TR TR R A R 2 e R LR
AR AT KIYER A 2 R & LA R
AR R B AR M B A TR R
ASHET A (VIMP) T-20 P, VIMP T 25 5 2 7r B

BIEE : Bl B, TR, F2 SRS [0 UL PSS £F W) KOS SR RN L fE

Yrim HHA: 2018-03-19

TR AR R, 25 1 T HEBRA s (9 A, A
REYIRG , RIS i sh IR X 41 4 J
LU, I IR BUMMMAAF T PR s ZE [H
fRl Ay B,

ja?izjc%”mﬁﬂﬂ#“’ﬁﬁ VIMP T2 A7 {02
FESL B BT YL LF 39 5 A MR ) 2F BRI 1 1

E-mail: feitianxiaozhuO@163.com

SRS Xk Bl . N RETE T X B )2 AR VERE AR [J]. TARSIRLI T, 2018 ,46(6):70-74.
Liu Lianxue, Lu Ping. The effect of diffent infusion processes on properties of GFRP laminate[J]. Engineering Plastics Application,2018,

46(6):70-74.


杨超


XA A ORIRIHEVE T 20 S0 2 e R Y 52 ) 71

AT DRIZ 2~ 8 2) LR ik iTiss8, i T
AU B BAT SRR VIMP U8 T 23R FH 3k
FLAS AR T 2R A 45 5230 % Th A VIMP !
(1) T 24 334 550 S A1 B B4 2 AR A7 A JEE R 38 5 B
LF AN TR A B, AT T BN BEVE B T A 4T 4
HAME 2 RE

S0 A R LS i B R AR AL SR 28 (VARTM)
TG A2 AR A b, AT e AR B e 1
VIMP W T2 BBl

VARTM T. 2002 — P BUIR LA (&2 A M R
RUHE RT AR , B R AR S RS HEBR G 5 &1
Y i SR, RIS IG 03 B0 9838 S B £ 4 S
LU e =T R EL e — WG / 74
LB E SRR T 2 7. T VARTM & —
AF DA 1 R TR Aok R R b LA A 1) % TR 2 AR AR
WL, LA A o S B e B P A anfar ek
2 VARTM T2l Bre 7 7 R ifsy . IR
BEE YRS DR OIALE R T B 1T 4R
T T SB35 8 % 0T AP VARTM 7l 5 Ao i 5
U VARTM T A 7E Toall il I e e i, sk
5253 VARTM T2 264 735 3402 PR M il A p it
T R,

FHZ K VARTM T 255 A SR SE il 45 52
BRR T RRFEMR T 1258 VIMP BRL T 2 il
o EHESTHRES VIMP T4 5 VARTM T. 24031
#5122 A 1 T 8 LA R 3 1 A T L
B, IR 5T A T 2 X B A0 2 R AR T 2
REAYFE I
1 LWHES
1.1 JRH#

PEEE LT 44 . UD1200, [ 1l 5

ARG : 035C, AR 2EA PR 5

Ak 037, MR b= A PR A H
1.2 BBRXE
Webn R K5 0.01 mm, FifEEHEITE

PR XU TR 4 S.C.101—1 B, | i B35 S0 06
IESA PR F]

FEC B 512 AU, bR S IR AL A TR
NCIF

JTREM RHAIEHL : E45.105 KL, SE[E MTS A H) ;

PRI : 370.10 B, £ E MTS A+ ;

FaHENL: 7S6080 AU, I K5 H A MR A FRA
Al

VARTM #EE.: F il
1.3 ks

(1) VARTM T.Z:#il{F GFRP B FE4N)Z M .

35 cm x 35 cm 1Y UD1200 £F 4 41 4
Fiz B [0°,90° /7 90°,0°], 14 5 > & B0 #E 5, 1 B 4k
NN G LN 5o LI EARMEAREE T IR A
(23 +2)°C BN 50% + 10%, I 24 h.

HRAE H AR AR 3 $ak 5 B A it it Bk B
0 R BE R 7 K B U ST I A Y A% 51 VARTM
BEER & AR ETWES IR, BRRET
P22 LU A

T=nxp,/ (pr x FVF x 1000) (N

FVF=FWF / [FWF+(p;/ pg) x (1-FWF)] )

K n——HZHL
pa——8 W, g/ cm’ ;
pr—— IS RTE , g/ om’ ;
p—IRHE, g/ cm’ ;
FVF——HE B s 2 AR 51, % 5
FWP—— HFRB ST 4 B 050, %,

KR E IR AL LA 100 - 28 AU HLBIIR A&
B5) JF A TIRFHERR . Dh—E I8
WIRRHEEDILE . FR8U) e 2SI B4~ RTM
LS 28 B P XU T4 PN R4 T A A [ 4R, 15
| GFRP B{ESH 2 A

Fie Db AR R BRI 28 5 SR 3 i 2 i,
it i R1~R5,

(2) VIMP T2/ GFRP BEEE4N)Z BT

IR 1 B VIMP T2 R 2 /U 4T GFRP
POEWZ A TIE, 0T B KBS R
M % 22 L BRGNS A 7 [ A NS 4k, 753
GFRP B I94)2 F A

HEERE o TN

S W

j, E; S
T T & .
it el R

K1 VIMP T.AREK
FH VIMP T2 34 £ 5 Heul 8540 12 FE AR, b
J V1~V5,
1.4 miX5 &IE
(1) MEABEES B2 AR R1T AT V1 YRR
TEVE AN 2 b R1TFI VL 5T H 10 S 4,
FRUEAR R RO LR B, 25 AN ) il A A5 211



杨超


72 TRESEARER H

2018 4F 5 46 4,55 6 #i

RSN AR SRR BT

(2) M3 B 55 89 )2 FE A R1~RS Fll VI~V5 A3
L,

I3 T B B JZ AR R1~R5 1 V1~V5 (KA
NEVIHEIZ) 3 g BRI T B 27 & S, AN
()RR 7 A 2 P B R A 2 AR P B 415 R 192
PE A PR

(3) MY B A9 2 Al 24 B

52 18 1SO527-5-1997 BYZER K B35 4K )2 e i
R1, R2 F1 V1, V2 UIEIRFRERESS, 43 AT 0° L
i 90° FLAFIR , 25 ZEAS ) HIAE A5 2 1Y 355
WZFEAR AR

FH RS JBiE ML R 221 W5 4% 750 9% 57 A 4%, AR 4 1SO
13003-2003 i35 B 40 J2 He bl R3 il V3 Y9 55 14
figo
2 FERE5IHR
2.1 B TEXHIBNE RGBSR

24 J [ A 5 e Mo B 38 B F A 22 TR A, [ 2
S VIMP L) B2 VARTM il 15 () 3% B 80 2 R dflee. 78
R1 A V1 BB 38 40 2 e ple E 20 310 AN, ]
Wem s RO B R B 91 3R 1.

[

—l

=

(b)
a—VIMP ; b—VARTM
& 2 VIMP Fl VARTM {15 A B 350 2 AR
F1 AEEITIZHEBNEERNEE

o) AR A R1 BEIANZ AR V1
JEJEE /mm JEEE /mm
1 3.45 3.51
2 3.45 3.51
3 3.46 3.51
4 3.45 3.43
5 3.45 3.45
6 3.45 3.48
7 3.46 3.50
8 3.45 3.43
9 3.45 3.58
10 3.44 3.43
AR FECV /% 0.016 1.40

H12& 1 A& 2 T UL, H] VARTM T 20 15 2
B N2 SR BE R 2R L VIMP T 205 B9 3

TN AR
X2 EE ARG A H—,
THRSLF ALV B T 75 S B2 DA sh 2R 4R 2
i ABIE T AR DL A GBTE B TV X Bl
mEy Y o T AR, RIS AR T N4 A A
JEREE XIS . K IS se T E A4k K
U B BRI AT B 5 T, (HX LAY
FRAHTA ™ L ZZEn, Wi TS = R
A, AR OURF 2 )24 )2, IR ANt 8 2,
XD REE FE A R JIT , O E 48U AR B [ &
B s A R s RIS AR, SE IR B/ N
AR E S S TEBE 2 AR R T
M A NGB s, AR R B X 22 7 X T
VARTM il 5 i 35 B840 )22 TR Al , ANAEAE DAL
PRI Sk PSR BEAS - A5 00 an 3 33, AR G- b fie ke 1 38
TEN 2 AR D
2.2 iE LA HOEAN BRI AT TR

FT & LG
PR B R1-R5 Fl V1-V5 B8 255 5
REE AN 2 R,
%2 ARABTTIEHEAEERESSE
. L BELFEY , L BARRS
JZ RN G5 5 /% JZ RN G5 5 /%
R1 71.98 V1 71.54
R2 71.86 V2 72.09
R3 71.92 V3 73.38
R4 71.95 V4 71.52
R5 72.01 V5 71.03
T HRA
¥ /% 0.08 ¥ /% 1.25

H 2 AP0, R ARABELT B /80N 71.98%.
Wt (1), 20 (2) AlA, HPLET BE O 71.98%
I, B 2N 3.46 mm, X 53 1 PR 13
BEANZE Hp R JEERE — B, X Ui ik H AR £F
PR TR T TR DA TS I A RV R B ) 3 3 A
2 AR SE 4 W4T, VARTM AL 1 VF 3% 385 4
JZ RO B B4R 2 AR A B 4T 5 s T 4

AN, 1176 2 AT, VARTM T 25145 1 3 58 49
J2 AR LR B BRa e s i VIMP T 2015 1Y 3 55
B2 BRI T &N 71%~74% A T30, e LU
TEAN [ [i) 35 A [ AN D il A5 A 38 35 4 2 Al
P i — B IR A EAR 2 .

EF R VIMP T2 A E iR a5 T
b7 TR DR VARS8 T A NN = R T S b NV N 3 )
BRI E JHSEE AL E A AR ER T


杨超


XA A ORIRIHEVE T 20 S0 2 e R Y 52 ) 73

5 X R B AT & AR B, {H VARTM il
R AR R B A TR I 11 A RN B0
GHICE R, TR T BB L i A
VARTM # | JZ B, R U E 1 i v B3 4 [
JELEE R, DO 75 3 1 4 2 s A 1 B 2F 5 o s
2.3 BEIZMNESMIAFHEAEG TR

5 EE A2 TR R1 A VLAY 0° 57 4 M fig A gk
AN Z AR R2 V2 1Y 90° R PEREUNZE 3 s .
MFE 3 A UL, S VARTM T 2075 31 19 3% 385 40 2 e
M, ANTE S 0° 05 ] B PR RE , 18 2% 90° Jy ] Y14 RE 1Y
T VIMP T 15 21 1 % 3409 )2 A

3 REMETEHERNEERI SN e

TiH Y35 )2 AR
R1 \ R2 V2
FrAHGR % / MPa 1222 1114 50.1 43.7
hr PR / GPa 42.1 41.4 13.4 13.1

VIMP T2 iR A B 35 4N 2 He Ml 3R TR AN 38
5,0 ZRWIRRI A, B ARMIES S 8E G R
TP RERE G, XA I & A X0 TR~ B 38 402 R
MRBE R 5, e 0k o Y 559 110 DX 3, A A0 X DX 3
BHWEIR. M VARTM T2 iU 4 35 B 4002 R A
B 152 i = N R 16 3 fom M E e =ty 2 o
BEANLFLEr R R R AP A g gl oA — A e 1hi o
TR, NEAESZ TS5 X

P LI E AR R3 F VB HEZI B 25 RE 55 )
G3AE 4 ASASE R S S8 T 64798 55 I, 75 2]
ANFE R PEIR AL, FF AR IR o, ) B X BRI PRk 5
N BXTEGHA TR 521 3 I 2B HhZR,
P TE W7 BEFIAH D R AN 4 PIivs . A3 4 A
30 LUK, AN & H VARTM T 2536 /& VIMP T
A RN B I 2 A, L 1go~gN 2R 10 RHR K
FRMEAR AT , RO 55 VR REAHUL , %5 5207 57 Wi 4 sk b
J 5 R IIE 57 BRAE W B — 3, JLARAE Y IR R
Bl 4 BRI 57 T F AR 25 DU T
HR RIS BRE 4%, VIMP T 545 3 (13 35 40 )2 R AR
FA AT AR BERE S A P R gl s 2 R R X
WS PERE S AN A2 . H VIMP 1.2 fil VARTM
T YR —E R IIF R B e sl Sk Ak
9 A R 25 B0 R RS (B AR 8L v, FR B £F PO R
F0 5315 375 [ S5 459 2 B B AN 2 HepR , DRI i EE A 45
FARIE . YR TH 22 R AE RIS B BRI L ok A
ANTR] S T 25 (A9 o5 RR At R B AT T ARRL % 57 Pk

ab
Heo

2.65
2.60
2.55
¢ 250 1
L0245 -
2.40 +
235+

2'30 L L L L L L L .
2530 35 40 45 50 55 6.0 65
gV
o—VARTM; e— VIMP
P 3 R T2 B B2 AR S5 R A
%4 FEEETEHEHAEERONS BHHTEMEERY

iH R3 V3
WA e 1go,=—0.099 81gN+2.935 7 1go,=—0.097 4lgN+2.923 1
M {8 10.02 10.27
HHE 862 838
AHOC R B —0.994

—0.996

a )
a—VIMP T.Z;; b—VARTM T.Z
P4 ANTRIREE: T X B B2 H A 7 A

3 Hig

MBS VIMP BT 2 A5 09 B 55 9 2 s
WAAEIR A SRS, YA S RATRE .
FH VARTM T 25 il 45 1) 3 56 9 )25 s A J52 32 14 5
U BT S R A B AN JE F AR o i A IR IS
S1 17 VERE M PTEA 2 35, ] VARTM T 2545
1) 3 35 0 2 AR A PR RS VIMP T 2515 1) B 55
A AR G, T A A T 2 A ) B 2 A Y

I8 o5 PERESEACAH Y .
5 £ 3 ik
[1] BEEAR . Jeilb 5 AAPRE RN T (3], fiizs il R , 2002(10):22—
27.

Zhao Qusen. Advanced composite and its application[J].
Aeronautical Manufacturing Technology, 2002(10):22-27.

(2] By BT XU S i AR B KA B R XU e v E Y
N [J]. SF 4 A AR, 2006(3):48-54.
Zhong Fangguo, Zhao Honghan. Development status of wind
power—generation and application of composites in wind power—
generation[J]. Fiber Composites, 2006(3):48-54.

[3] 2%k, SRR TS . J0As HEE R T A R A KT AL 7 v 8
HC] /5 TN 2 B / Z A MR AR 2R3k . 8
1 o[ tHRRE AR 1,2006:254-256.
Li Chuansheng, Zhang Jinnan. Vacuum infusion technology and

application in large wind turbine blades[C] // Proceedings of the


杨超


74 TR

2018 4F 55 46 4,55 6 #i

16th national annual conference on glass fiber reinforced plastics /
composite. Huangshan:[s.n.],2006:254-256.

[4] GBI, BB FASHTBIRR (VARD LR ). 4R 5
FHEE,2002(1):42-46.

Zhao Qusen, Zhao Panfeng. A Study of VAIR[J]. Fiber Composites,
2002(1):42-46.

[5] Correia N C, Robitaille F, Long A C, et al. Analysis of the
vacuum infusion moulding process:I.Analytical formulation[J].
Composites:Part A,2005:1 645—1 656.

[6] Modi D, Correia N C, Johnson M, et al. Active control of
the vacuum infusion process[J]. Composites:Part A,2007,
38(5):1271-1287.

[7] Z%=, ik, VFEAR, 5 . VARTM T 2000 2F 4k 2 i 1 RE T oY
[9]. 4241 KE,2011,44(6):28-31.

Qin Zeyun, Zhang Yang, Xu Guodong, et al. Wettability of
reinforcing fiber in VARTM process[J]. Insulating Materials, 2011,
44(6):28-31.

[8] ZEHHE . AR RTM WL A I B T 5 2544 2 06 43477 (D).
W IR « IR Tl R, 2017.

Cai Jingya. Defects prediction and structure impact analysis of
composites resin transfer molding during filling[D]. Harbin:Harbin
Institute of Technology,2017.

[9] WA, JEF . IR A b B B 1 o By BB sl S AR A [0]. s
FiAR Ml ,2015(6):77-79.

Yang Jie, Xi Ping. Defect control and process optimization of
resin transfer molding products[J]. Aeronautical Manufacturing

Technology, 2015(6):77-79.

[10]  EHT5HA, WREINE A SCHR , 25 . WA 1L 08— 5 BRL LAY 7
T2 U] MRk 5 TR, 2000, 18(4):92-97.

Ma Qingsong, Chen Chaohui, Zheng Wenwei, et al. Resin transfer
molding:A novel shaping process for composite materials[J].
Materials Science & Engineering, 2000, 18(4):92-97.

(1] L, SRE T X - ZAME RTM #7228 se
[J]. CRESRLN T, 2009 ,37(4):42-44.

Kong Jinfeng, Zhang Yanfei, Liu Yaqing. Research in
composite RTM molding process parameters[J]. Engineering
Plastics Application,2009,37(4):42-44.

[12] Saad A, Echchelh A, Hattabi M, et al. Optimization of the cycle
time in resin transfer molding process by numerical simulation
[J]. Journal of Reinforced Plastics and Composites,2012,
31(20):1388-1399.

[13] Saad A, Echchelh A, Hattabi M, et al. A fast computational model
to the simulation of non-isothermal mold filling process in resin
transfer molding[J]. Polymer Composites,2011,32(6):857-868.

[14] Fraeme, XER , SRHH . RTM FEBA TS0 (3], TR
BN, 2006,34(12):72-75.

Qi Yanyan, Liu Yaqing, Zhang Yanjun. The research development
of major defects in.RTM process[J]. Engineering Plastics
Application, 2006,34(12):72-75.

[15] X810 . GFRP 24 UM VIMP il T. 255 J1 P RE R 54
JEBESE [D]. Kb - ERRFEH AR, 2010.

Liu Zhuofeng. Study on the VIMP preparation process and size
effect of mechanical properties of GFRP thick laminate[D].
Changsha:National University of Defense Technology,2010.

FHE2E RPN ARILEFEREE
R Gk b AR A

TR PVE IR — A G A BESS, A 2R o0 A 21 25 > 2
P, 28— AR PR AT QS F e — 2 BRSO RIS
PR, T 255 2% o N, i & s AL 2s [l ik ok ik
AN, R BN 7 R R 5y, & SATLAILAE DA A Uk e ke
150 o R LX) 225 g v AR 2 A P T P 2 ot AR ik 21 5 1
G B R GE P A B URIBOS TSR RHA R A N BRI

BIHA L P 7 ZE AR 0 a7 Wi 2 A R AT B 5T 5
K B AEZAE A ERE LR G D 2 F 2 m]
I BLAT VR Z W B, REASARIR & 1 BT oK, AT
TS Akulon” BEEENE (PA)66, EcoPaXX"PA410, Xytron ™
RAHAE (PPS) Al ForTii® HA8H — H BEAE (PPA) 16 PN A A%
Z ARG HER b A5 R A S AR T R AL ik
BRRMPEE R G TSI “—uh =" B84k,

R TR IS BRI K ZECRL RS HLAR) 48 Ah e i
PEAS 75 i Xytron ™ PPS & — > REAE T B AR 20T ZI Mk
REZIsR B, LA TR LB w5 3K 240 °C, LM i 7K
fif e Ak 28 LRSS M (IS ) AR SR BEA A, (i 45
“EELDX X Xytron ™R SE AR “ERE X, EAb,

Xytron ™A 2 — 3K I sl ARGl AL AR G A4 L, 52 42T
DIl I IR 1AL T R BT R TR G i T AR 5K
K SHLK AT IR AR E U ForTii® PPA 1y & 5N
Gk, X EERY I PPA BUR T & Je 4, — 7 1 B A —
UM T REAR AR , 5 — 5 it ] ASCBUR E . ForTii® PPA
{95000 h 3 FH IR Rk 180°C, I HAE W il R H 4
KL G i B2 At ok . SR 1SO 527 #RifEXT ForTii® PPA
T, 4592 ForTil® PPA AJTR A2 < 8% B s T A=, AT
REARFEE PR BE . 7N T 5 I, ForTii® PPA 42{11R
B 0 RN T O, R A B, (A A % B SR T L
Ve E, R, ForTil® PPA nlK 3R A
P U ] 458 25%~40%., ForTii® 77 i G hid A & To i
REIRZR T 7K AR A, Tl S AN TR T 4 e 75 oK
WA TIF R T FREMNE RGN EY L TR
$HK} EcoPaXX® PA410, X Bl 70% J5F ] FA 4R PA410
BRI FHTE K RGK L . EcoPaXX” HA i
KAk PA” MG AL R PR RO R A9 Ak 2% 24
PE, ERYR S TE I LR PA iR, B3k 250°C, I .45
AR, AL, EcoPaXX"® (Y3 s Mk ik o, I e T %
PR RIS (BRAEHM)


杨超




