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Influence of Different Ply Orientations on Mechanical Properties of Composite with VARTM Technique
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Abstract : The standard samples of glass fiber(GF) reinforced unsaturated polyester, which were produced by using VARTM

technique, were used to carry out tensile, bending and shock experiments individually. Effect of different ply orientation on

mechanical properties of fiber reinforced composites was studied. The experimental results reveal that 0° oriented fiber reinforced

composite has the best mechanical properties in a single direction ; the + 6 oriented fiber reinforced composites have better

mechanical properties than € oriented. Angle of fracture section of & oriented fiber reinforced composites is the same to the angle

of ply, and fracture profile of + @ oriented fiber reinforced composites is more complicated. Therefore, the required engineering

composites can be produced by reasonable ply design.

Keywords : ply orientation ; fiber reinforced composite ; vacuum assisted resin transfer molding ; mechanical properties

LRYEng s S A AR RA T 2 & m ARSIk LT
AR, LEA AT B PSR (T ol e | RERELEY
W 45, LA R VA U LU R sy | e A
A 22 e PERE R o IS T DB PERE  7EARAN |
P SR R LA, 2T 43S 5 5 5 A R A 5]
IR, BRGNS, RZ 2 H X4
R EOS B RUE AR PERER AT TR
WH9T. LPYEME SRR E = AR 2 e 32 20K
AT, AR B SR S 25 5 5 B RS Y
Yoy oA AR S A A R R, B T E Ak
T TAERIBUEX SE P R AN R . (FRAELT 4RI
fis) AN [R] B A, FL B 06 SRR SR 52 Wi B A5
HEZ , 0 12 PERE RS T AN SR AR 7850«

Has B AR {22 (VARTM) T 200 il 4
LRGSR E A AR I T2 R s B 1
JIR o HRE R AE B U 3RS ARG, H
G S SRR IR A 152 T 394 53 AR IR BB A% K 31 G ) 352 4 2

SR AT RE S

23A%

GRS ERAR G 1, B AR A A HAT FLBR AR

RE—) <Yk DA ]
11 VARTM T ZH§ZREA
ANTm] o 7 AURB AR B & 1) A [ R PERE
MR RAGSREE ORI R 1 R R D
ST AEAE R B SR AA, AN A SR R AR S Sy BR AR R

*[EHR AREARE AW BT E (51263015,51265012), {T.PG 4 H
SRFLA LA B H (20122BAB206011)

BRR N B52E, W, A2, EENFREGUEE SRR
JARESE

Wk H#1: 2014-10-28


杨超


44 TR

2015 4F 55 43 45,55 1 31

it VARTM T 20188 1 AN [] H ) ) o5 ) 0 ) £ 4
JERZ [ A5 )ZE 2 A MERALE, i TR
i pehSEEG, WAL A F AN R L R 22 a2
AN EE , Y IEA [ BRI () £F 28 )2 07 1) % 52 A 1 k)
JIEEPERR I SENR , LU ) 28 e PR R 1 i it
1 SKIGFERS
1.1 EZR44

ANHL AR A I : TH110-350R, H A< U-PICA
YNGR

AL : KP-100, 3E[E SYRGIS 2] ;

B i) B B AT 4 A - 1600, W VTR A0 5 E RE TR
HATRAF,

SHM 2 VI60, Fifgi s R A BRA A 5

JB A5 - PP-85SWB, [ | 14k & 4 BHRHZ A FRA

BLZS AN Vacfilm 400Y, 1 RHE AT PR
Al
1.2 ZEMNEREEL

WG UREE 2% : STQ-10 &Y, JiE |14k & b4 BLRHE A
B 5

B AL X-25 Y, i Busch R34 BRA 7 5

B K J7: HSQ3020 Y, ji A JE K B AR A
BN 5

B, T REIIE AL : Reger30kN AU, I T ks /K
IS ATBR A 5

X AL . ZBC2000 B, YT =
SRS A BR 2
1.3 ZBG%

ARSI R N2 EAEZ . 21 IEAME
SR KR R R A . A R S AT AR A R
— 7 M FR A B 52 G MR, 45 R B AT 4 i 1n)
NG S EARE -y R 3 - Ea A A g )
WB T B 0 (-90° < 0 < 90°), Bk W IR E 4T 4k
B B Je sy 0 38 mHET 7 1 eSS N IE, £ 10 2
HMEERLE = 0 BUnse e =0 E Y.
LA 2anT Al 1 ~6 i m Sii 2,7~ 11 h &
l] S A

#1 RRARR R ©
A1 2 3 4 5 6 7 8 9 10 11
WL
il
1.4 Mgl
Fr M 1k BE $i B GB /T 14462005 K GB/ T

0 15 30 45 60 90 0/90 =15 +£30 =45 60

1447-2005 FEA7IMHER., 2 i PEREILZ IR GB /T 1446
2005 & GB /T 1449-2005 HEATM, 7 4 Fn 25 i
RITEH T T REIRIEHL F kAT,

s AR B GB /T 1451-2005 #E47hn T3
Ve e I WL AT ik , i iy
WS E Ao g B
2 #R51HE
2.1 LBt A E A AL A8 R e

T FFAS ) 21 24 B [17) 526 % A R e i 8 iz
AR, 25 S L 2 FIE 3 T

400 .

350 +
300 +
250 -
200 -
150 -

100 |-
50 -

FUHSREE / MPa

0
01 2345678 9101112

205
[ PR N G B =R vy 2 E AL I 9173
25 ¢

PR / GPa

0
0123456 789101112

213
K3 AR SRR AR AR

F & 2 FEL 3 AP TR 2T s A
oAk ol s A i i e SRR A e i o il 2 A
205 5% (B Y 3 R S BB R N B 1~ 6 B 4
w00 BRL[a) 2 A B AR A el e R L A e
2 AR BN 0 21 300 ARfR R B b o fe i B AT B
PR T Rt ARBE , 30° 28 90° I Bt 25400 2 £ 5 184
K, Ao B A A i TR TS, T~ 11 2
T ZH 1,00/ 90° Y7 i i TR fuft i A 4SS o 0 42t e
KAH, Y52 A0 B4 P A il A e, P fifvsis A
For A SRS e R AT B A — 3, R AR Z A
M 00/ 90° HE R F + 15° pyasd A, F A BN He
BOVPGE  hAdm FE 25 (AN, TPz i A D)
R, 76 +30° F] + 60° 4 J2 f 1 4 X 3 K i
FRrh, Z 2 b i BE AT RL s R R A
BN 3 I B ) 2 BR 22 1) 2H B LE AT s
b, BR T 0° A BRI h A o FE RN A e


杨超


%, 55 VARTM T ZGHJZ I % 25 MR 2 PERERY 2 45

B LE 00/ 90° 22 [m] &5 WHBHhr A 5 B Fn 4 fifr
PR = LAA, H e 2 SHE AR [ 9 2 2 5 R R
o7 AV 5 38 R v S8 A (R EU AR N 1) 2 1) B
MRHAMEZAR, e A0 25 (8 2B Him /M ka3
T 22 W 5 SRS M A ek B R T Y TR, A R 48
XHE A B s b, 150 Bpe) 24 B4 i
PR+ 15° Z a5 A AR 25 (R, 60° 1Y
B[] A 22 () A R B R b A e ) 22 (B e/
DRG] A5 S 2 BT £ B R O B4 BT A B R U AR
)+ 0 IEAS AL a] 52 A Rk s B R (s
BB, B AR BEAEL A B4 0, TR 4 X A B 119 2L )
55 210 52 A PR B R A S AR e ) 2 (B
Het/N

TERAR R BEIRIE b, 35 2 DY BT 4 4 s A
T B 2T 2R, 3K T Bt fin S R A Ek fer s AR
AR B BE, 2 R b i, (H G ) — s R A
fr KA AR TN e, X B R AE R, $37 1 77
i SR AL B B BT 4 T IR e DAY, SRk
JEA LT AEWTZL . 212 B n) £ 3 A R ) 2 2 fof
FELT A RSEARIE 1 A3 AR S L, REsZma 1) [l 7y
BHZ A AR RN T 2 A AR A e . B4
AT RN Z [ 202 A MR R R4 . g
B4 LKREE, 1 ~6 Himdi, bR T 0° fLm & 541
BEAE, LT EE ) B ) 52 A AR R R T T E A
5 MW, DO AR AW M BRI S A
WAL £ Y SR SRR A AR KO [R] SR A4 1)
Bhals Jy A AL i S L BARAE B N ) s 2 A
BRI AR B 20 TP B AT 4R RS 2 A
JE S, TR AR, ) A AR 2 e 2
SEM SR AZ 7, FERER AR SR 2, i 11
BRI 00 By A2 A MRHRLAP T R A MK
Z A, IRy SO EF LRI, It AT B AR A

-

(b)

a— 3L b—Z 4L

4 SR AL B bPRHRCT 1 5
WAEEIE 4 W] LI 1,7 ~ 11 Z [0 4P 07 11 5
B A AR S HAT RN R F R AR, T A

A E T LR 7 ) BRSSO N TEZ A,
2T 4 5 IR L A A S B — Ty ), 1 T A% ik
BRI/ A ABJE ) A IE AR 22 5, A5
Wir 11 550 5 BRI 1R
2.2 HYIE AT AR AT AL ) %k
AN [) 27 A B ) 254 52 6 b Rk 25 i
JEE TS i B L A, 2 SR R S RNE 6 TR .
AT EL S RN 6 AT, Rl RL AR RE AR L, 1 ~ 6 HLTH)
2 25 i i P RS i P AR ek i 2 2 ) A R A
JIT ARl S AR AR )N , P2 A BE A 0° 3] 45° 25 4k
ab R, A R R R A i SRR R R RRARBE 2 A
JETE 45° 3] 90° A5 ki A2 v, 257 fih i 5 AN 2 il 5ok
B FREFZR. 7 ~ 11 WU 2L AR RS i i B A
5 PR A I T A I R A S R
LR REAIG, 00/ 900 11425 il ik 5 8 25° py 3 ek i e K
T J2 AR B N+ 15° 31+ 300 [ AR b ot AR v, 25 i
JE T BRAR B i il PR T B AN LT 22,
JEfEE 300 3] + 60° 32 Wi K FE b, 25 il
B ph g Y T R e T B TR
[ia] FRL i) 2% EE AT 0, B T 0° B &2 AR kL 00/
90° 1E A2 1 X [) 52 G M4 Rk 1 251 i 14 8 v LA A1, B )
FAE R 0 B A AR RL Y + 6 IESS A XLA]
EAARRNA S I PERE R 22 . BEE BZ ML E R
B0, H ) 5 2 ) B2 A bRk R A i A
ORI, SRR R M R S
MRS BRI A 7 Bis .

1200 -
1000 -
800 -
600 -

SR / MPa
s

5]
o 8

01 23456789101112

v

Bs  ORIEIZUN S B PRI 5
40 -
35|
30|
25|
20t
15}
10}
5k
0

LR / GPa

01234567 89101112
51
Bl 6 ANRIZUNE AR 2 S A e


杨超


46 TR

2015 4%, 55 43 35 45 11

@ (b)
a—HLf 2 ; b—Z2 Il
P 7 S L2 [ AL A bR I T 5

SHTE 7 A4S PRIk B KB AT T, A MR
b TSRS P 5 B R A A BN, BRI 4
Jer R IR 5 4 3 ey 1k B e KA , A A B B £F
HEIT LRI, A MR RIS BT B R T
ARETEIRI . BeJr , DEBE LT AE Wi 4, AR T2
AR 2 PIVERIR . WS Ta AT LA I, T ~ 6 B
] 2 P i A SR IR — Ty ), B 1) S AF
YA B AT, WLEEIE Tb,7 ~ 11 Z () 21 25 il 2
SUEP “RF” SHPRAS X2 R Z 1 £F 42l
TEF LR A BE AN TR], T B o3 A A —2k, i L,
R RA Ok I A RV R 0 WS Qo N B B
LA 2.
2.3 HFHIG A A AMA B AR E LA Fa

W45 45 20 52 A A RLGI it ) w2 IS RE N e
SR, S AN E 8 AT 9 i .

14
12}
- 10}

it mliRg /
o N B o ®

01234567829101112
bl

K8 R SRR rhit g

500

400 -

300

200

i IREE / (k) - mT)

100 -

0
01 2345678 9101112

415
K9 RIR LA A RPR A i B

i & 8 FTIEL 9 A 21,1 ~ 6 B[] 41 v bifi %5 4F 4
) £ BE A BN, 52 G M AL 2 G 1 s IR A B Dk
I, il i P A, IR RO A A, T ~ 11 £

L 11 ook I AR | oo T B A 2 SR S N
e, 1~ 6 B4, 0° £ 4 B ) 5 A AR I
() s BE AR, ok iR i L lZE AR A 0° A8 Ak
2 15° 1R v, ety W AT B R ot R T A A 2 )
FI, 2 G BEEFZ M 15° 8K F)] 90° i # b, whidy
WS REBR op b i R A LR SR 7~ 11 Z g,
b CRE R A2 A £ 150 B i
K, HR )2 00/ 900, 5 J2 M FE N + 15° 784k
2|+ 60° B, BfFE AR R L XHE BB, b Wi RE IR
R Yl N R N G SR E 5 (IR iU
25 22 [ 406 F A BT nl AT : BR T 0° S A 4 Ak
) p il R RE L pal R LE 00/ 90° 105 AT RHE)
P WSCRE bk R s USSR A 2 X
AT 8 B ) 525 A RH 0 oo WG SR | o i E (B
FUARR ) 2 ) B G M RHIR, BB AT 12288 W8
S A2 B el R A 10 BToR . YRR
R = A e R e — A RS AR Y R T
2T YEEL ) F BE BN TR, 2 B [R] A e R 2, AT
S AR PERE . B B A AR SRR
TERIFF 2R, Z 1058 A A EHR L 4EdR IR i
HEEF 5 A g R U X T AR A IR
(22 ) S A RRE , 62 2T 2 B ) £ B 3K, 21 4k
0T A BE S /0, BIVAT R Y R ek D b
RERFAR 1, IR 10a FTLAFE HY, B 2 A ks o7 1
TEA LR, 3 S R A IR 1 5 28 XU LA A
NETTZL, B PEREIR . 18] 10b o 22 [ 20 1Y vl Do
FOESERIAR R, 2B e vp B i ER R,
LT AR R R 2 g M RS R B BE I FE
B, Wz T RS YT R R BE A T FE T S A B
J5 , T 43180 T 48084 1 e v, Bim) A A
AN AR B Y E Jr AR —2L, e & R A
10b 7R T RS0

(@) (b)
a—f a2 ; b—Z 4]
10 F A2 20 S5 RRLY vhi T DR 55
3 &g

(1) = 0 B i £F HEHG 55 52 5 FOBHERLAR 25 A


杨超


%, 55 VARTM T ZGHJZ I X 25 FORH 2 PERERY 2 47

it BT AE PR, W ) B4 36 NS0 9 e D7 T
ARG R , 55 0 B - e85 52 5 MR
FUEL, + 0 B 2 4ER 5 52 5 MR 41 g2 b
=8

(2) i A FORHEEE B A EE 0 2 %H{H A0
IR 2 A R S IR B RN Z R A
PRI B2k T R

(3) FLra) Bl = S A AR E SN B A A R S R
BUEUR , LT CVRBEUR B4 7 2 5 Bl = A B — B, TR 22 1)
HRE SRR OB 2%, 5 Pl IRy
TRREH .

(4) ZF 2 U] 2352 e 2T 3G 5 55 B RHI 2 8]
PARZ NI T8 0 A1, B A 28 AR, TE & i
b2 S, AT LA TE 3 A [ A i A e 4 2= 0 ik 0 4%
] AR PERE , KRBT 2 T 2 ERER S48

& £ ik
(1] IRVGUR, EIefh, ERpG  CTAARNRZ S AR % kRg ] i

PG4T (9], URAR [E] 5 308K, 2007(4):63-67.

Wo Xiyuan, Xia Yingwei, Wang Qijie .The designability analysis

of fiber-reinforced composites mechanical properties[J]. Spacecraft

Recovery & Remote Sensing,2007(4):63-67.

[2] FRIELH, ORI ) BT AL s M I 7 S O AR 5 1],

SRR, 2004(6):39-46.

Cheng Jiwei, Wang Tianmin. Stress corrosion cracking of oriented

glass fibre reinforced plastics[J]. Acta Materiae Compositae Sinica,

2004(6):39-46.
[3] HEmeld, A matk, (] 3R . 2R X =2 i S A AR

EEEGHRRSIERERIEEI [J]. FPRLTAR, 2013(7):16-23.

Pei Xiaoyuan, Li Jialu, He Yuqgiang. Effects of fiber orientation on

modal experimental analysis of three-dimension and four-direction

braided composites and laminated composites[J]. Journal of

Materials Engineering,2013(7):16-23.

[4] 2R3, X0 RS TOHLLF R S M RO PERERITSE 1] IR T 25

BEE,2012(5):47-51.

Li Ying, Liu kui. Research on the performance of domestic

inorganic fiber composite materials[J]. Automobile Technology and

Material, 2012(5):47-51.

[5] #ERKBE . FEMBIEANEEZ 7 20 A2 IR IR A 4 5B A R AR I
REARZIR [J]. SF4ES2 G MRE, 2003(3):30-33.

Cai Changgeng .Effect of matrix toughness and stack sequences
on tensile property of angle-ply hybrid fiber composites[J]. Fiber
Composites, 2003(3):30-33.

[6] FRBIE, NG ZRUE, 45 | RIERESES ST BRI IR 2 25 1
FYEREDTS SHERIEE [J]. S & MRER , 2006(6):29-36.
Zheng Xitao, Sun Qin, Li Ye, et al. Mechanical behavior and
damage tolerance tests of composites through-thickness stitched
foam sandwich panels[J]. Acta Materiae Compositae Sinica,
2006(6):29-36.

[7] S ZEE e, SR, A5 . R 2 R AT A AT A R
724500 (] B B, 2013(3):74-80.

Zeng Zhi, Li Yulong, Guo Yazhou, et al. Two kinds of typical
laminated glass fiber composite tensile mechanical behavior[J].
Jounal of Aeronautical Materials, 2013(3):74-80.

[8] HEIRIR . ZFHETT O A BLLT M 5tk 52 A BERHANUL ) 2247 A B R
5% [D]. dbat - hE I R2=,2012.

Gui Lele. Effects of orientation angles of fibers on mesomehcanics
of glass fiber-reinforced polymer (GFRP)composites[D].Beijing:
China University of Mining and Technology,2012.

[9] BEAIHE . LT AR HOADTE RN A BORHERE RS20 [D). dbxt - b

sUlEHAARE, 2010.
Lu Liping. The influence of the cross-section shape of fibers on the
properties of the composites[D]. Beijing:Beijing Institute of Fashion
Technology,2010.

[10] A5 . B Eze s S S AR RE R IERENTSY (D). 41
K LR R, 2012,

Shi Bao. Study on the energy-absorption properties of glass-fiber
warp-knitted fabric reinforced composites[D]. Shijiazhuang: Hebei
University of Science and Technology,2012.

[11] Vaidya U K, Abraham A, Bhide S. Affordable processing
of thick section and integral multi-functional composites[J].
Composites Part A: Applied Science and Manufacturing,2001,
32(8):1133-1 142.

[12] Sreekumar P A, Joseph K, Unnikrishnan G, et al. A comparative
study on mechanical properties of sisal leaf fibre reinforced
polyester composites prepared by resin transfer and compression
moulding techniques[J]. Composites Science and Technology,

2007,67(3):453-461.

HL A M AN R K R FLER A = H 3t

g IEAR WA J8 H W VLI Vi 2R A2 W0 AT BR A R4 5
J7 ¢ REFLIRA N K] it TAREI0H O F AR S N IR 22 5™
AR IXIEATT Tt e, #028, %IH S 4% 58 9.5 4278, 15
Mot AR 313 B, AU 18 AN H, 8™ i Al AR 2 4
16.5 4270, A FIBE 4 ACTT, F5 BCA I e K B SR FLRRAE 7™
Fed o HEFR, FERORDER b IIECATIE TR A A

RGBS RA PR T AR BE, P14 14 il
RRWLH] . FHT, EEIER R FLRRAE [ Pr b5 EU R A4
AL Z5 R TS PR R I 5 T ¢ RELRRITH M F T, H
A IE AR WIRTRL AR 5 N FLIEVE b, 332 1 1R 4 P A W)
BE2GSE A4 RE R A My bR — > L AR MR AR A
PR Rl SEZ AT R IE A WU R A IR A Rl B YA
TFT AL B3R . (ZARBAM)


杨超




