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ABSTRACT

ABSTRCT

Flax i1s abundant in China and flax fiber has higher strength and modulus-
-density ratio compared with other inorganic fibers such as glass fiber. It is easy to
cultivate and its growth period is shot. As a result flax fiber can be decomposed
naturally; it could be used as an ideal reinforcing material of environmental protection
composites. Flax fiber was used to fabricate with thermo-setting and thermo-plastic
resins in this research. Laminates with high property-cost ratio were developed and
researched; the results may be important reference for engineering applications
theoretically.

Flax reinforced thermo-plastic composites were mainly analyzed in this paper.
For comparison, first flax fiber was needle-punched to form the mats, then fabricated
with unsaturated polyester (UP) and epoxy (EP) separately. The mechanical properties

of these composites were tested and analyzed.

Polypropylene (PP), which has the lowest density among man-made fibers, was
used as the thermo-plastic matrix. Te overcome the difficulties of resin penetrating
during the composite processing because of the high viscosity, commingled yarns
were produced by PP filaments wrapping around the linen yarn. The even distribution
of flax and PP in the yarn gave a better mixture of the matrix and reinforcing material,
and the reduction 1n cost was also realized to some extend.

Commingled yams with volume fraction of 45%, 50% and 60% were processed
and woven into fabric as the pre-pregnant. Then fabric was sandwiched into laminates
by optimum hot-pressing technology that was chosen through testing the parameters
such as pressure and temperature during experiment. The laminates with different
volume fractions, layers, and woven structures were tested by the tensile and impact
instruments. Analysis revealed that fiber status in laminates was the most important
factor affecting the mechanical properties. Since the weft yams straightened better
than warp yarns in laminates with the same manufacture technology, the tensile
property in fill direction and impact behavior in warp direction were much better. As

far as the woven structures were concerned, the mechanical properties of laminates

IT1



ABSTRACT

with twill structure were better than those with plain structure.

The hber impregnation process was analyzed with the help of model and the
shaping process was numerically simulated. The reason of the void was analyzed and
the numerical value of the content was calculated as well. As for the tensile results,
the revised formula for tensile strength was conducted. Two yarn straightened
coefficients a;, a,, were quoted to the formula, which were related to the extending
ratio at break of laminates, and the expressions were defined by polynomial fit.

The tensile processes of flax reinforced thermo-setting & thermo-plastic
composites were programmed and simulated by using ANSYS, the software of Finite
Element Analysis (FEA). The mechanisms of fiber reinforcing and fracture were

discussed through examining the fracture photographs of Scanning Electronic

Microscope (SEM).

Keywords: flax fiber, PP, thermo-setting composite, thermo-plastic composite,

FEA, mechanical properties
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ARBTRAN, 20 KRS EAR, —HHAANKVNETERN. FE&E. 228
g, A ATES AL T THRSEAEREEDY, thindt B i B 7T Fid 5
WIRRIEZ; WHREF . HEFERNXENRIERFERERAOKE. FE,
ERABHREAERL AR B KT E AR L9 E A 5858 31 15
R,

BHAETANEATESERRUBRIAEFEMLS, B MR REY
AR BRI R” W BEA (PP X TFHEEREFNHLSRES
TN HFERRPRRY. XEUHBEFEA LB IINEFIAREEEHE, &
SEHELCHRRES, BHBERBELFRESBRIEARETF EH—INE KSR R
o

MERARICHL PNV AR, BN 1992 FHEEARFEREN LA —IR
HAFEHEBNES, REERAET 1999 EREFER LM B

( Environmental-conscious-materials-logy) A3, IREME B HRH EFBE A
METR P — P Fr . EiF E4ASHREAENE, eXRBTFER LT
5, REMMEBFIEEEN ARG ALIFE, ks, BRESYE. &
LIRFY. MHBREENHMENERELS IR, T KEIE, FRETE
Rkl SAEREESHEHAERT, MINREREARSXE, 544
FHF R E BARTE T ANINENR, S RERAEANB L THREHE B
EAM B, FMMTVEBD T MR RSB ETERET, G6T
FEEL U HAREAZ BRERELE.

1.2 RAGETSHRUTIDLR

1.2.1 RARALEESHBEN

A PHEHR PRSI R L R A RS, TR A B RN B4 i
FERR S —Fh 2 MR, KR4 G A H R RRG B ARG R R R . R IR
PR MBESE, BET Y. DAY, VAR TR A 5T
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£, EA RN AR T A AN SRR, AR, R AP ERES
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A TR IR MR I BUR - B SR F A 1K B BB A R A 47 S 1 Ay R T 4T 4 B AR A
HIER SR, BEZBE AL ZREN,

RREDTHWBRT . FRLTHE. MRT4E.,. HEE., EHA%E. 1T
SRR, DR, NE. TEENGLYMRRSE S, TToEm
THRB KM ENE. WA AR BRI A ELE, RNMETLES
A RS, BTUBSRAEBEERAE. BURERBA AT, RART4H
B EeMRHE NS B HES M E E hF —E AL, FEEEET AR E
E)p=g

1.2.2 BAEREETEMRER

ERMRRAES, HRAERARELGNRIEE. THEAEME. S
KA, EEH ERRARE TR R R R AR, R, BRI
A, SRR, AERFOMTA TS, LR L ZHERNER.

KEESTRE, RREZLZNESHCSNEENZFEY, BFHE 100 4
M. AL EERSEMERENERE, *ARRIETR. B K.
REKRR. BEBHMR. P2, KBS KT, BRENE R, Bk
o — 4 L A AT IR AT (ISR, TR AT
AT (SRR, RARE) U9, ReFHam B amst, S
EREEAREARFEM 0.5x10* um~5x10* um, FEE X 20~50um. CHEESME
WATRWERRRE BT, DRERTREL. REFEOARLE 1-1.
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R1-1 RTBERMLFEAR (%)

Table 1-1: Chemical components of vegetable fibers (%)

17 33 7F % 5

7O ER O JIERR O[R[N B | TH OB A M |8 R
FHEE | 65~75 | 70~80 | 57~60 | 70~76 | 76.4 66.1 63.2 65.8
FEFHEE | 14~16 | 12~15 | 14~17 19.6 12
AKFE |]08~1.5 |2.5~5 10~13 | 13~20 |93 |13~20 {5.1 9.9

g ELBT)
B 4~5 1.4~5.7 | 1~1.2 7~8 0.5 0.8
KEY | 48 3.4 13.5 1.4 1.2
SIEH 1 0.5~1.0 | 1.2~1.8 | 0.3~0.6 1.2 2.3 0.2 0.3
Kot 2~5 0.8~1.3 | 0.5~1.5 2 0.8 2.3
He SRR | FTKHE wAKE BIKE k®
0.3~0.6 | 10~11 8.8 10 10

MRRET R L A MR Y AL E SW RIS, X ARRET %2 TR
FEAEMEN. RAEAFRENLBRENLEE, E4MESHE BRI,
R 12 FUH T RRT A SR IR BE L

R12 RBRSGESHLERAAEHERLE

Table 1-2 Mecharical properties of natural fibers compared with traditional reinforcing fibers -

o

HERE WA KBFE AR Z=HK BXE 8K EK EEYF B B4
35’3 14 148 146 15 125 133 15 255 1.40 1.70
/ g.cm™
MR 12~ 1.6 1.8 20 15~ 2~3 - 3.0 3.3~ 1.4~
/ % 1.6 25 3.7 1.8
PPSEE 800~ 550~ 400~ 500 220 600~ 980 2000~ 3000~ 4000
/ MPa 1500 900 800 700 3500 3150
HERE 60~ 70 10~30 44 6 38 - 73 63~67 230~

/ GPa 80 - ) 240

PSR ER S MR RERSNHARITRITEFRBRER L. Hil 2 44E
RRAERBREARY ., BHAERNERIREBRESYEAE Y, BERR
TAbFHIBT KRR SR, SEs Rl KBEIR, SR TR EAOEME ., &
ML REDWFRARIRM . EHEHESEME, U REBIIEM R,
HAERR SR S5 B X BT TE R B k7). J vt BREF e e VR 2 i A ) i
FIRE ST D M8 TR, FR# b ki,
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B 56%. JERRET4ERH RIRTTIEMEME, 0T CUE D T BRARER 6 5 -& b kel i 3 A8 18 9
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mE.

EMAEML, ATURSHENE, Btz SRS, FRIRE, BBAT
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RSME AR R, URAEERFERIN T HEEMEFE. A& 11 9T
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IR A 2-5em. ERHA 10-25um MIREAMAR. R B RRURLTHEHET
—i2, HARAZAF—EKENES. B 2-1 A ERFEEMELER, Wk
TTRRERER 2~3mm. RAENTRARBE LR, 2ERBTE, BITELS
Y, B2 50~100um. LZLFGEMBIEHEYNREHRRT ., TEFLURMESL.

WA ERRBE D LRSS A, FRERY Tun K5, THEED
12~17um, HEFGESTHLH AN 3500 X . ERAARBERMEE LA BRI
L (LA 2-2) . REBEREAZMR, BEEFHL 0. 4un £hA. BEREY
ZEATHRIR R LUR R BRI, RETER 0.2~0.3 um, #J4-BE[E A0 K
100, WAEBSZIRTRIEAY 5° , BB FEN Z W, WEEE 74~90
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B 2-1 JEBRETLERT AT
Fig. 2-1 Micrograph of flax fiber structure

B 2-2 FERREAT NI S B E
Fig. 2-2 SEM micrograph of flax fiber fracture surface
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BUE THRATHER R AR

BTUAZEINA R B M EI & R E . AT HENEEUB TR HE WK
FEN 16.60cm; B A 10.55 cm; A B 5 FEH 36.96%.
A5 3/l Rv

SRR AF B MR 4T E R 19.6 um.
v SRATIR.

WRRET B TR RIR MR AT H, NRIHEIE THRESEER, &
B R ESHEEMAR R HRIE OB 5882-86 iR ¢ M i WHR A 44T SR 4T 4
WIRGLEMNR . FTARARENI S H Y0011 B, HEH A RFHSH IN-A-5
B, BB R LSRR L RR 2-1 g,

F2-1 WRREAHRBENASLR

Tab. 2-1 Tensile tenacity of flax fiber

WiaRAE (g/d) FHHERE FRHEE R B ()
KIERR 2.21 0. 38 20. 50
HEHRK 2.08 . 0. 29 18. 43

MK 2-1 BN, BARS RERMBNEBFHESK, {TEBANTREE.
SURCENREORTE LR, R THELHANER, AR -SHER
WFRIRE, EREARBENEEGH TR BEFSEREL, EQK/T
AERR, HHBEARNERSENOHERANE.

2.2.2 HEBE. BYBHAIR

WARTH RS AMEA 15 A3, ¥E, E&CV H505% £TFFI%
8.2%, BHFSTE 143%.
¥ AERRZPEEAR AR

SROPABIETE, FARENRMEEEE S Y331 & (EME_gi4]
HLAT 4 7). MBTRAGERKIEXSH N,

SEXIIREE: 671.36 #/m;
REFSE: 1022%.
¥ ERRZD LR BAVIE 7
£ HD—021 BUFT RebaR N4 LT S2bi8 IR, R RECH 30 K.
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WEESHETER ARG A TR, e AU EE. b
R AT LA RS MBI R 3R, SIETERIER S, Hl% AR
s, TAARERIEE MBI, B R pl R Ay RN IR A 4
thfe%.

3.1 ERAEMBENDE
LT 4 5 B A o G AR T AT A L B SR A P PR ey — A A L
ik SR EMITARBER R, BitHURME N g2 MEREE I EE
NREE—E, RENELEERET. AR RRTY. EARETRT:
ST T R 4 A SRR 15 BRI B PO Bk HEA T R 24/ N 2 S5
BT, HHER. SRR EEXFTEN, SEF 1000ym’ A5,
SR 1A SRR —5. SHERLY 35 Riom’. F 3-1 AW RIEHE

HE¥.
£31 EREWETEBH

Tab. 3-1 Technical parameters of flax nonwoven fabrics

B 2
SR SEE (gm® HE mm)
. 1# 1202.19 5.65
BOK 24 1185.98 6.95
KRR 3# 897.18 489

3.2 AEIEHBERERNRHZEBTR

REEAIEERER, BERRESE, ERREARTE, RIERE, 2
YR B R 5 I R AR, T A L B F R BT 1 P URAELRE )
AR 196 REGHIEAAR 618 (ES1) RUSIEAMEERERS, 5 TR
AR 1965 WA IRAIAE 618 (BS1) BHSIEAMEMRIERSS, 50RRT 4
HATE A



B=E WARIGR A A

AR 196s REER RS FAWT O BMEEANS, HEHIE L08R
- T, HETRE RFMEZERARFFOTMELE. 1965 MR 0% HE
Wl . EEMAER 1965 BRRS, EMA SR SRR SR I0H R M IR .
UREE ST BiE AL SR P Z B0 (MEKP) FUIRGERRS 1R A B RIS R AR #M. =
HHE LR 3-2,
£ 3-2 THANMBEAEY (AT
Tab.3-2 Formula of UP resin (room temperature)

Ay TEfM196s TSELFZLE HRREE
EE /g 100 1.0 1.2

FEWIESRAREEREAR, EECIRPEE D> TEFWER, &
ASHEEESHE: SEMEETHEN, TETRRSESEA, £ E8E
LA EHESHEMRRE T, FESTEN IR, ERTHEE, o
KEMERMARES. BEFEANFRES], HATRINE, EXE2FE,
AT RETEMME A REE PR _TRNZ ., BARTOE 33

FiR.
#3-3 HFYRBERES
Tab. 3-3 Formula of epoxy resin

Har 14 618 (E51) PE_HE_THE a3

BR /¢ 100 10 8
#£3-4 MHERFE
Tab. 3-4 Scheme of comparable experiment
Gl . .
i ) AR B A AU A
AR R B 2 # 4
RERE RE 38 -

R 34 AFF U R R AW IEEANN AR TR, ¥BE 54
EHIHAT ERRBRRE MR EEE S HHE .
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3.3 ARMEAMEING &

3.3.1 ER/FEMBEMETSHENH&

KRBT IEEE M A (Vacuum Assisted Resin Transfer Molding,
VARTM) H#ATIERR/NMAREEHEE S MM EE. ATRPRETER
—HHFEMEREA N E AR REER, CRERESRE T HR T HH%
ERRSE, FIRARERRS. B8, LI F4EREEMERN, KESET
#ATEM, BRI T 2775,

5 Re &M ANE (Resin Transfer Molding, RTM) #HH, VARTM RE
B P, RAZENOEL, WAEERYES, ERNEE— BTN
MIEREE, FRMBETEMRE, RARATRIESHWEEMEER, MATH
BHETHR. WETRA: REEVRUEMNEFSER, BN TEREESET
HAT, EWmy hAF-NETES, EBHSOES. 7 VARTM 84,
ST AT RIS i P AR 2B B R AR(AF ) MBI R) AR WRSHEATERE
R IR XA MM P SIS BN %, FRIERHTRTR. &
FEEREARME ZR P AR RERTRN . Z0 L, WIGET e M EEES
Bz B WL, HARIBE RIS 4R P SRR AT 4 1) R0,

HABRREWT:

B ——F R —— U R, WARSH R —
=, WM E—W IR — B — R .

3.3.2 TR/HERBESHENEE

B T ER U M i L A v A, VR Y R B /BRI A 5 A M RMAR B B
H AT ERARE . X FRER, SRR ISR R ME S,
IR BETAIIELT, R T AP REE BBRBI RS, R B s
B HiEE . FIRHEE R CRIE, BEIEEREER AN ELR T
WA SBOREBE, REFRERRHHRN, LR EERA.

LR FRM T

R T R EE—HNENRIE, BEFRTE60C, 1 hour—
FHRZ 80°C, [z 5MPa, 30min——F#R % 120°C, [EJ7 SMpa, 2 hour——#k4E
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FHEE 150°C, FEJ) 5Mpa, 30min—— BERWAE0. BRRE.
3.4 REMISHBIEMNEEIR SE RS

T RRTET SR 2R, BiERE B IHIRAE, 78
FANBENE SIS ATR M M RN . 288 GB1447-83, TS
{8 AG-250KNE 7 BE M RHAT ML BT AR AT Fohr (e it el . XRE S 4 200mm X
25mm; YEEEEEE N 100mm; NEEE Y 2om/min. T 4B F AT TEES
GHRA A (GA) MEE TR EEMEM A m (). & 3-5 Ahilhfs R (F
BREFHETEIEREER 18.97%),

£ 35 UANBRARSESHERAEAIRER

Tab. 3-5 Tensile properties of thermo —setting composites reinforced with flax fiber

PSR AT Mpa FrfE R /Gpa JEBE /mm
25 LA\ AR A HE 9
RERR/AWABEE 1790 5218 245 586 3.00 320
BERR/AEAMEE 2618 61.84 3.00 6.32 3.32 413
A/ TE R 31.42 57.94 312 4.21 5.28 5.40

M35 PRLLE S, BAREBRNE MM EREF TRETFE AL
BRIEEME. AR TEEMAmR RN TRE. SMEE TZRETR
MAPRSHRTER S, EIIQRBHE, RSRAERMETREZATR
—B, SET RN, HEMRT EAMRERT ORI, AR 3-5
EWLES, ATHAEHENREET RN, NERRM T MM, RN
BEMEREZR. '
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Fig. 3-1 Lengthwise tensilc curve of load-displacement  Fig. 3-2 Breadthwise tensile curve of load-displacement
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M 3-1. B 3-2 ATRRIT ZARM i BB — B ek, AE 3-1.
B 3-2 R TERTT LB, WM ER L ZWERRNZ, XM ERaEs
BRE, EURFME. LIEARIE A RN E SRR MR R SR
BTAERESHERM. XRPERTELTHAHEUE, #—PERER,
HERMEMBERETNL, HEUSLREFEE, BT SHREEHLE,
RET EAMRRM B E Y, AT T B RS S. WETK 3 Sk
BINE Bk / A REAR A 7E R AE TR, AL BR, B ORHE W AT A
K. B3-1. B3-2 pEMEVRELBRILTFES, XHASRMHTRALN
Pt AT AR

28 GB1449-83, 7E 7 AG-250KNE J7 BEAF AT b3k AT #0645 i M By
WRe MRFERZ AT, AEEMK O 80mnX 15mm, & 5 EE K% 3-6, FEHEEL
J 60mm, MNEEE N 2om/min. SHAGRERAR, SRIEH. B RETS H
W MRERNFE 3-6.

R 36 URHEAE TSRS i RRRe R
Tab. 3-6 Bending properties of thermo —setting composites reinforced with flax fiber

%5 5% % /Mpa iR/ Gpa JERE /mm
23 R Y\ BiFE 4m RG]
SRR/ AR AR 3843 11515 195 346 3.07 315
BRE R/ AR g 52.44  97.91  3.40 3.55 3.78  3.65
AR/ EA R 83.56 132.43  3.65 4.22 5.37 5.37

M 3-6 HATLLE, ShfeEatRbimmA, 238 H 4= K TR/ HF
FHREESMRIM S s R . AR GRS M, TREAEZH
RO MR, MR 17 5 BT R4 77 10— B, SF4AE A &
ERASE. ARS8, dnSinsZUREERERTER.

B 3-3. B 3-4 ARMAEMEMBEFT—UB K. HENERPEEE
FEWMAEE, WEHRARERS. AB 33 BHA BT BET—A B
ZETLEN, EABRARARBERM A RERRR: MREEBREMR N
‘B&n




B=E TR BN AR

1
1— &0 B CRE R
= A RAR RRES

i i— B RR/H BB T
v B R AE RIS
3— RBAR/AN R

S

B (K

T 1 2 3 & 3 8 71 < H H 3 H H
BL%5 (mm} 27 (mm}
B 3-3 MHARS BRI % Bl 3-4 BWAHE RS A — B i
Fig. 3-3 Lengthwise bending curve of Load.-Dis. Fig. 3-4 Breadthwise bending curve of Load-Dis.

B 3-4 72 PSR £ R 43 1) 480 5 1 A0 R R B LA R 2 BB I B AR AR 7E 25
BRA R —— R IR E . W 3-4 7T LU 8 E R U B ASUM
21 WBAE N RE QAR RARERY (2 2) NEAT &M
£, M2 1 N ERBRMERK, EXBLMEM; ik 2 BFE, FRUBR
K. ZENERTIERNTRIFHER UM KB 5 EERN. BEREN
Bk o L RS IR B A T R e RURRA A HUCRR S SR U AR 4 &
BRBERS MIMREES.

3.5 g

FEFENET ERA GG BAEEREREE SRR H&T7E. @il tt R
TEH W RRAT 4 I 4T R B R 20 B &M R SR, 2 3 SR MAREE W Be
(UP) MAERIE (EP) #ITHESE. MEFHHWIEREUREMLSE S, RAE
THBMEIREEE (VARTM) #HTER/UP E4MEHEE: RASERET
TFERR/EP AR & B3 HFRRERESHETRM, Zibrkaai,
B AR T ERMMNE D FERETER: EHENL T ERMT. EOkk
IAERIER M RGE F R R



FINE WAHEIE PP B S &8 R0 6) & L R Rk

FOE TEIRE PP AR T SHEINE &5 e

4.1 AR PR AR AT
REEWBESHSGENSEHAMERTERE T E: — IR E
(Pre-impregnation), EREBRAUMMBPM IR TR, HRIFENTRRE,
F—RTERFRRT ENWIRER IS S B, EFERHHTEI RN,
ERRBIRT, EBh—EREMENEW e, RIH R MR FTERB B HE L
AREL. X FIRE, KRR SRR MEE R (Post-impregnation) 2%,
EEBMIGEERE, THHEANEEHNLB
OR 17l
BT ER R R A ENABENEAE U EEFENEAYIRESE—IE,
HRTARERFEESEMETT, WE 41 (2). LWIEEAN, BIREHRLH
G REFZERAYTHBRAENM AR RS . BRI LW IsER
TR SO%RIIMIRAT 4E R S MIEE e, M AREAREIE 100%. M08
PER R A AR A O AT 4, BIRSTEARR . EEBRTEERA 7um, TH S
HLHIRETE (FVF60%) TR EER 20um, XHEEERBEERM S, IT
gnmtth AR 20% A ERTHERR. B, BADLAERESRENE A RE
KEEXH A4 SRR SR,

A 4-1 Jum T R RS & Ty st

Fig. 4-1 Combination forms of reinforced fiber and resin
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FUIE WERIE G PP M S AL 15 25 S REA iR

@) JBYi1E (Heltra Process) (30]
SRR E RS 2, R B 4 MR BHM IR g2 K

“hefs, W 4-1 (b). Helra AR EEKLNMMERTKA%E LT, BFH
Gy R B IGIR T R SMIEAERA AT —ERENDL . XMHEY 2
BHEWMTRA: (1) ERagnURBAATHE; () FEEFNETRESE;
(3) FHEMPAERE SIS, RBELEMEKX, LB () BETHTHRER
JLAEAR . MBS HIR S RAHENIEFSRAEURDE R —ERE.

@ sy EiBa
BEGDEENHCES RN LIRE, FRIBETHERER THRT 4L R

Lrkgb. Wk 4-1 (d). FIRBEGRARR SR LENRIBIHENIEE T dids s
(1) S REEEH, WRAEET, MEENE: Q) HRAEPLTHEL

2

(3) HARLT HTE/NE T R RAEAZ TG, (4) FEMMASELE T &

.

EM GO RN SET, LAEESERIN T &G4 REERRR

M R MR L RRE AR EH RO BB RAE.

@ BE*
SR, BRI R MIBT BN R RBER K2 . BB ]

YN IRy . IREASE R R, wE 4-1 (o). BEYE—F

AW ER SRS B, (HXIERER N, BESHTRE. WEATEAN

Vel

L0 4 PP B WRREITR & 5%

iNg

® #EKBRHE (Powder coating)
¥ KRRV D A S PRI B 0 TRy K o« 43T JT I 41 4 22 R i AL R
MARNLZEPE], A LIHESS, &L MNER ISR H BT

s, MARRLWE 4-1 (o). BTRAMABFRER KHEANLTF N,
2 BBy AR & — B LB R M H A A8
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FIUE WK 9E PP MIBVES SRR % S 1 el i

® B_EZUE (Co-weaving) Y

RIVER KRR 22 RANE LR (50 4hied, PR IEer o 2 RiES
oM (8 B2 HATRIETREY) . BEEWISIARLE TR, DITRI—
Loy AT

@ #EABE: (Film stacking)

BER RS RRARAENYRAIBYEREHE—EESES. H T
RRtE R e RE2 E BN AT 2 [E SR A EH B R E, VRERESN TIERSD
N, SRR N T A Rk F.

4.2 ABMEBIAE PP AU

HE RIS S HRANESUR A SENEENREERS S AL —
ER S BRI HENR T S MR E— BB, s i
GRBEE, B FEENEAE, MTARE, BUEKS, FEHEES
3| —E .

S#HE RS, BB T SR AH RS HIENI A, KR,
WP tEaesr, ATEEMTEFRIE, THEBRTES%. 8 1951 4E R Bradit
BRI BB EER 2B B OISR, HOBH S A Rk
WS, WIEMOE R R BT B RN, RS NSRS K, R
21 4B K46 Tl #1130,

RABEES 091gom’, RUZAEDLERRH—F, FHFLR, T
RRE THATV BTN, FERE. BRRTSBENNEEERE, 78N
HTHERINZRER TRS, 2—HBYNA%E. LB A
PR AR, MMUGHARN S S, EEONE, WERMESHE, ThT
AEHEEESHE R RSN TEEM AR A, Bar L=, A
FH, ETFSANNER RBEREC.

A, RBLEHREREM (Polypropylene, PP) K2 {E4MASH A, RET
BREFHERIRT R, TE PP LB TERRRO D4R 254, RPHLLUH v 4 B — 4 P54,
BEESHIE, I EEAXERNOTRR/PP SIBME AR, TF% T R4 75
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BIUE AL PP M E SRR & LRI

IR RIP YR IR SR M L R g

4.3 ER5HAE PP HOIRE

T A YER BRI R, BT, SIRNTRRAE LA, WEH
%, UL EBARE REME, BRI T HREE RSB DR R R
B9l BRI B A RITHRG D& BA R B A E BT BB gR
), REBAERE. BRABRAEEERRT AR%, BFEEERST
rilE AR IR AR RN S BRE B &SRR E S G 4,
ST RN B AR B AR B . AR R A RE (Wrapping) AT WRREP LA
PP WIRKZKIRS. BIERRBEN L, L ERSRETEOET, RN
RERE, PP REBTHU—EREASROREERYSRRE, ERELRES,
PERLRH R B, HBEERRARNRN, RRiet 5 & EaE g
] R o ‘

R REE & WRDE, 66.7tex, I, BRITHAKTHRE LKA R R
FEAFIRA, BAMKKLE, 12.5tex, hRBLLR) RE. KBTS PP AR
Er B VE:Vp 43128 45%:55%, 50%:50% A 60%:40% TEERDENL LIRS, HI8
=R AR L RTERK /PP B b5 . WRREDER. PP KL LR BB RS RBAS
BIRE 4-2 B 4-5.

Bl 42 RS EREES M43 PP KERMEA
Fig. 4-2 Surface of flax yarn Fig. 4-3  Surface of PP filament



HE WHEE PP ABME SHERHE LRI

B 44 BESREH & B 45 BESEEES
Fig. 44 Surface of wrapped yam Fig. 4-5 Section of wrapped varn (40x)

W ERE (B 42 Fim) HEH, BAME, BRAKK BRABKK
HHERELAM, BOHEDL (WHE 43 Fir), —FRETHTFHELZERET
MEa. CERREDARERSNE 4-4. NE -4 PTUEY, THROZE
HEHERRNEEE, BRARREIRE. B 45 HERLSHRERS ik
40 5. BHAFIRERY, ARXANTLRA PP, M7 T RELE, PEFERE
AL, ABRERGIEI N PP KL, AILEY, PP EFEREATURSLAR.
ZWRABLFLAHRE R 585 12/m, R GEZHERET R0 TR LR
RPER, BT SHSNEREENEENLHREY. LN mmLgL
B HRESEE—E, KARS TRETNERSINES, SR T RS
BOBROEE. XHET LR RFOBFEE, BERIRNASEEESH
B, XTREREAT RN ERRERE, FRAHEEMRE. HE%~AN

(48]

BAM=HARLHE LE 41,

#4-1 BREOAE
Tab. 4-1 Fineness of the wrapped yarns

FRABHEHERYS (Viv,) MA (Tex)

45/55 117.8
50/50 102.4
60/40 92.0

ME A1 RETLAE W, BEURA EERE BN, MaBEASRTERY
R LI PP R B/, FREBESHAKER. HTERECET L1k,



FUNE THUEIE PP AIE M & & H R AHIR L gl i

AESENAERSETF S OB,
4. 4 REILFSEFTRLIER/PP —EH A A SHERERR

4. 4.1 FRIALEEFER LT HHNE
VRGP b A SN LG & B W 2 A B . 205 E T HIHLE
PIFEN . BN LA RFNERENE. MTHEAY. LR IESEY,
MAPHR R LM B GRS ERR. ENESF. FENShTFHR Y
RIEERIXTRRIE . EREH LR B IEN T A2 RE S EWW.
HHBRTRRSE PP HIAFA 4 HIE LA L R B LR &5 2 M RE
W, MEEN/LRERY%, FARETLMAY, ERET S BTN
RRARN LRE A, A TFRESKEM, hBars b SR T
A RER, =8 R MG, AMRAFEAMBTE LIRS, FLUEE
BAMET, EH 65 SWHE. LESHh: 2% 135 #/10cm, £# 100 #/10cm.
HHEMA 4% o FUEE N 28cm. BAEFHEMNAARERAME 4-6 F

oo

p e s L R L
1 : u ot 4l o . Il- %ﬁl
et ", AT A 8.a
e Sl & A
e B . W |
(a) (b) (¢)

B a6 ARAHFEEHLTFLAEDNE (2%):

() VgV,=60:40, (b) VgV,=50:50, (c) V¢V,=45:55
Fig. 4-6 Surface of plain woven fabrics of different fiber volume fraction

M 4-6 ITELE, ERFESERERT, Ve VBX, SWHHKRRH. V.
Vp B, SEREH, SWINETERESE, SYNLBERS. MEZERR
BAEMILEERNT, HEL—ERE LR RAEARE, XNE ERELS
ERHESHMERM K 2R RANALETREY, dTeEY%EH, tEX
HEBGUE TR RS, tnsRL L. WA DEMBER L RIT SR TiIA
Bl esifE%. HREITHERLNEME, °TARTL AN E
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FUNE WK PP RIEH B S A O BIR SRR Il Bl

4. 4.2 FRAHEERLLFYRIEEN R
ST ARV EF 4 AR R LB 204, RGP RHINR T ), BT P KT E .
BEE. wriatege . IR R K 42, R 4-3 1R 44,

42 TRFEGERETAENEE. EEIEAER

Tab. 4-2 Test results for gram per m* and thickness of plain fabrics with different fiber volume fraction

HERRE vy, TFHARE (gm’) JEE (mm)
45/55 312.36 0.926
50/50 271.55 0.801
60/40 228.64 0.708

ERPP PEHLAT, R LPETREE, ERRNELE AR ERAY
W, WFE 42 TUEH, EFAHE. SEENRLT, FANSARTIKEE
DL B AR SRS A EAR R, BB 4 A L B T
N

#4-3 FHFIF AR LSRR 0 R R R AR T b R 60
RAFEBEN, SENNTEMETAGR LY, NRTEWZ MM, A%
43 SFATLLE AR BB N 50550 MTPLARMBARA. KEESHBRER
% HRRRENEHEERE. VIV, % 5050 REMBESHDE S5 N E
B, RIS B LU RSB T, BT A b
1, PP AR, SUEAEIIEE,

£ 43 FRAEERILFEARRHEENRER (2

Tab. 4-3 Test results for tensile properties in warp direction of plain fabrics with different fiber volume fraction

FRBBRE VIV, WRBLFOD FRY W) MRMKE (%) EHRHE (s
45/55 788.50 1119 25.99 31.20
50/50 803.70 7.76 20,99 25.20
60/40 597.60 4.56 15.82 19.00
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FE WAENE PP BT S MRS & L b et

# 44 FHRERIE K S0/50 PLATR A RERRE R

Tab. 4-4 Test results for tensile properties of plain fabrics with 50/50 volume fraction

MWEHF (N) BRI WD BB K (%) BRI (s)
2 803.70 7.76 20.99 25.20
2 Am| 577.70 1.46 2,75 3.30

F 4-4 AEEAEREA 5050 B, RYE. Gt aEats. THUEHE
F I FIRE J7 . Wi MRS R L R IR A R E K T A . fE AR A,
ZHRBRHEREENRTLAERENAR. £%FH 135 H/10cm X THE 100
W/10cm. EREFAMERARRTER. BTEOENELEPEHEER
K, ERAGRRAN, RABERT R EREKER, EFRRMHR MK

4.5 FEALEHTERIEHF/PP HAH B & 5N

AT RE TR S AT R L RET R LGRS, FLIRA S
HT T BN SR B T S RTAT M A& i S AR LRI 51
S, A FTAUE T L AR L U EE YTD71-45A #UEHL (Riigt
AR ) EHTRARE, HATRAREESBNE G4, FFRHE
TEHATT RRFIR, AAHERET 2.

4.5.1 BRETEZRRE

R R TR IS A LR SR HUM SR B9 TR R, AR B
ETEHA, hEERHESREN 195CH, fRERMRTADY 28cn x
23em, MR LE TR AT HUE |

MFARAEFERLIRRE, 2% T CEAFX2RMAE8E UP a8
BT, ERENR 5 BEABEIGHTHE, BENRIERRE. 4h—
. BIEREE S5 3EH SMpa, 10Mpa, 15Mpa F1 20Mpa #4784 .

HIE T E5BIW T

(1) [ESBAEH SMPa
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FINE VAR PP AEHE R SRR & L MR

BRAEFI SR AEFERN b FTRE—» TRBEAKRE soC—>

1
i R, FHR

BEELYTEHRET. FE FHRT 100°C, MEZ 5Mpa .

FHEE 160, RBARE lomin_ " ° FHAZE 195C, RERE 20min

RE O BSAHE TR . AR
(2) EABKMEA 10Mpa
BB SR B A |- TR FHREFHRT 60C—>

RE. FHR (REE. F#

BESSYTFREF . FE JHEZF 100°C, fEZ) 5Mpa \
FHAZE 160C, (REMRE 10min_ "~ FHEZ 195C, NUES] 10Mpa, (7

BARIE 0min_ | EAANEEE— BE. RABE

(3) EABXK{EN 15Mpa

RERAPGBRHETREN L. TERE ——> PHRERRZE 0C—>

RE. FHE

HESSMTERED . BE — " WFHA% 100C, MEE Mpa—o 5 5t
HE 160°C, JJuEEEIJ' 10Mpa, REFEE 10minM FHEZE 195°C, IER
(5Mpa, FIBIRIE 20min ——» ARRNESH—> W, BHER

(4) E S8 KH A 20Mpa
KRR R FREN L, TR, FHRERAE 0C—

BEASIT AT, FE —aFHAT 100C, MIEE SMpa— g 7
BE 160°C, M/LZE| 10Mpa, 1RIERE 10min@; FHEZE 195C, MER
20Mpa, {REIRIE 20min —— p HRAHEBE——> B R
BEREE T RAE 47, UBETE (D 6], BEAT 100CH,
I sMPa L, IEAE, WARSEZ RIEMIER, SEBEFA 5T 160T
o, BEPIARET4E CA BRSO, b B AR WA KA . LR IE o B 5
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SEIUE TR PP SR S AOR A 1 e i

10MPa FREFIE H) 10min, H—LIEEEELY, ABRMEM RN MTR,
RN AR HIRAITE, H B TR BEX A 42 i I MR S W B bR R R B
HiRERRER R, ik 195CH, RFEBENERRA, MM 15MPa KK,
WEBRIRERMEE T MRRAE, ROREERTE, HRUERS M.

250 r

200

~ 150
g

= {00

50

0 50 100 150
t {min)

B 47 HERERE
Fig. 4-7 Process of temperature during hot-pressing

R R WA 4-8 FrR. HETE (1), (2) EIBMEHMHTEARE, 7
L. TREEMASEINSR, LEH4-8 (2); TE (4) BREHN 20Mpa, HTFIE
O R, ERKBEEBEASRATFEH, ERFERHTLLBEMETE, K
MR MAER, BREAEERE: RNERMIEHREMIRX, #ike
HIRBE, WA 4-8 () TE (3) HBMRHEENE 4-8 (b) Fix, WS
HuEaHs, HEMARETERE, BE5BZR4E6EY, Biktgg.

(a) (b) (c)

4-8 AFE TR SR (a) Poa=5Mpa, 10Mpa; (b) Pre=15Mpa;: (¢} P,,=20Mpa
Fig. 4-8 Appearances of sheet composites by different pressure process

GE, NS BAHEHEN, 12 ) WBREHRBITZ., Wi, %
- THEY, pHEN2E.3E.TEMI0E, #ITHRLRE. £REH, 2 2.
3 RYUHAIE T RPN 9 8 K EE 53500 3Mpa~5MPa, BLRIEIL SMPa
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HIUE TR PP RBH R O AR RS SRR

i 7B 10 ZEUIRESEF MY B KR F 4510 17Mpa~20MPa B, (R
Rt

4.5.2 FRFHERETRESHRNE ESHE

KA 4.5.1 THENBREDSELE, KHRRFEEREL R LR/PP LA
A, B 10 BAMER, SHHTREEAR. M TFHBHRRTEFRS ER
AT BB R (MR BRI

(1 FENE

I th TR R A R AR FUR IR RIS BB AT, B 5P

B, HRNFE 4-5;
R45 AAHFRERSBRBEHNER. £F

Tab. 4-5 Thickness and density of laminates with different fiber volume fraction

HEFRER/S BER/m LREE/en” BREE/zn’

45 1.92 1.07 1.16

50 L5 1.08 1.18

60 .71 112 1.24
(2) FHHA

TR AR R, FTAEBATKZE. 24 E LB TEKZ
Berh, VCHEITRRAREIA B &R RA R, WROT:
Fa= p.gv (4-1)
B, FoARAERESHENRITE S, ATUARTEE#ETH:
p AT IKIER T
VAESHEVMRIER, HEAFAN (4-2) A,
p:=m/v (4-2)
He, p AMTERBHESHH/NIGER,
m AR SME NI E .

(3) HmERISUEHE
R et AR & R T3 77 5 AR 2% SOk (8718 T I FHE BT 5
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HE WARHEIE PP BT & MR E S REIL

L S i . (4-3)
=w, W p0-w)*p,w,

pm pj

Hep, p, AEEMEEMNER;

w, AR RREE 558,
P, ARIEEE,
p, HMBAGE.
w THAR U= ——— (4-4)
4L Pr
wf pm
79 /L (4-5)

pPU +p,(1-Uy)
Her, UAMERA AR

TEASIMRMEESRGEMNERLE 4-5. AR 4-5 PAILLEH, HF
TWRRETEARERBAEM, PP WS BREIK, WHEEE K, HEHH
e EREE R EARNELEEEME, XEHTRBMNESHEPEELNL
B, FERWIEERES, BT HA S RE . RN el ES R P hrE—
EMAARE, RERTMETEEEARA.

(4) fuMtkeiiA B4 Ritie

WABH GB1447-83, 7£ Instron FFHRABAL AT ML ARl HAETE
RAMRE, JHFEAN 120mm; MEZEEA 2om/min. fLMTRDHEE. 4
LRER—, NENL. G, MRERLE 4-6.
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FIE WA R PP AR E SHH AR S rE R

& 4-6 FEAFRARS BRI SR ERERRER

Tab. 4-6 Tensile properties of laminates with different fiber volume fraction

IR A H /% F AR & /MPa DB /GPa TR I /%
15, #0m 32.31 3.88 5.60
£ 35. 77 3.97 0.56
50, £/ 52.99 5.22 3.81
25 89. 33 © 823 1.86
60, £ 36. 22 3.58 " 5.65
# 32. 16 312 0.85

W 4-6 RATLURI— & M A EATE, HRTR R EBY 60%HHH
5h, EAFHEHSARMBESNTER, EhFRERE Y 0%l
GRNERETATEN. XSNEEY 442 PEERWRINE (hTFE%
KFGH, SERMBHERTED BRHK. MTRLER, X2 HFANET
Fish, 240 MK, X AT LA ST R LE S . ZER B O
BHERAFEHR—EIA, BET R ERAOEE. ARSI %0 E
B, 2R RERAAIOBA, BRI, W R R T
G, FRBTAEN c0%MBMT, mTURIEARSBEL, FH2H
PP RBSHIRAHIR B, ZERANT, JRE TOURE, B 52 AR
R T 5.

] 4.9, B 4-10 5008 S HEHRHAESZ . SRR M EEEA SRS B
A ER . WE4-9, B 4-10 FALIFRMEL, FHEAIRES RN S0%HEM
%, BEBMER. BEREET MRS RS BOEH. X 5TE
Pt S B e B AL AR . RS BT S0%ET, Tk
RN BRI RETTS, FHSH ML, SARARSEAT
SO%ET, AT AMRIRRAT A, IR S MR IER bR T S S TR, 7
BESIAR 00 11 22 R B



FIE WA PP B E O EHHH RS RS

60 215
55
2
50 - o
’ (o)
& 1 44 )
& 45 * =
< i
] 7 1 &
b} 1/ &
iR / 435
i . e
30 -
25+
b T T T T T T T T 2
40 45 50 55 60 B85

LTERBIE /%

IR R, 2—h s E
B 49 ARTEFERTBERRMERIULED

Fig. 49 Trend of tensile properties on different fiber volume fraction in warp direction

100+ 114
112
80 ]
{108
[ 4 (&
g o 1538
gt ) 19
B g 18 &
s 1=
ﬁ 20- 1
42
1] T T T T - 0
40 45 50 55 80 85
SRS B /%
——RAPRIE, 2 —hufhgE

I 4-10 AL 4E RS B S S ks 3

Fig. 4-10 Trend of tensile properties on different fiber volume fraction in fill direction

HIE TR, BEMEER IR, WM eEprRaE, a4
SRAMRT—H. BT R B WM RS S E R S — A,
JEHETEAEARANERSN . BIELETRET, HTEHEKMES,
e EL TR T —8, FRESYPHERETRR: EHEU RSB E

S HAFELAZCAENRSE . UL LE R RS EWIRM 28 7 b B e,
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MU0E R PP BN O A EIAIHIE SRR

U ERBFESAT L EESEN—HH, BE B ENDI,
4.5.3 FRIRNE SHEINE &SRR

FAWETRR KR EBEAFERET MR BEREER. FNEER A 3
B, 5 BRI 10 B. Ll sO%H AT LS BOMR e 18, SRR B KE 457
ME#F SMPa, 15MPa 1 20MPa. XTI B & RHEH BT R ML REIINK, SR N

% 4-7.
#4-7 AERRE SR PR Ak

Tab. 4-7 ‘Tensile properties of laminates with different layers

E¥ JiF h{RIEA/Mpa P R/Gpa B /mm

I B 30.47 2.98 0.53
2 4236 4.31

5 % 69.60 7.03 0.86
# 77.05 7.68

0 £ 52.99 5.22 1.75
% 89.33 8.23

MFE 4T RS RTLIEY, HAFEENREENE SRR, $ERME
AR R ER DT AR . B 411, B 4-12 AEME . Hrhrietiee
B R ARG,

—
N

70

/ 10
60- / &
& . 1/ - 8~
& N - | =
w50 ST e L
o 2 e 18 &
& 14

1
L83

40+ /
A”
30
r y T

R

I—— i/l 22— s
Bl a-11 WML b R R R R LAY

Fig. 4-11 Trend of tensile properties on the number of layer in warp direction
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FIE TEREIR PP AR IBHE B &0 B G 9 L 1 el i

-
%3

90' /./-
] / 10

80 . =
e} 1 e - v 8 Q
% 70 P )
M '-'/ 6ﬁ
W g0 2 1°E
& #
e T " -’.
& s0- K 14

1 l/
40 12

Py
ey

d T M T T 1 T L T v T
2 3 4 5 B 7 8 g 10

REH

|—— P {REEE; 22—
Bl 4-12 Bk 4 i R Rl R R A R A e 2

Fig. 4-12 Trend of tensile properties on the number of layer in fill direction

ME 4-11 TLEY, BEHHERERIE@BER, AR5 kg2
RN, SRINERE SHEEH SRR, BRI Bt BHM
&, BHERMA, BANFHRGE: B0 TARE, ThNTHERTHA
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HYRJLEER. WNE 412 TTLEY, EEMHZRESFISHBHE, fM
W AEREER RSN ED. BREMMBEEFRAR, 5§ EERNH
FERAELL 3 AR 82%: 10 BEERMKIMIRAEN L o BRI 16%. ki
S R BANEE BRI i, ERINERNEN T RS &
W, HEREAEERESEERE, 5 BERERTEAREHMET 2,

4.6 TEE. THATH/PP WAHMEIHEESEENR

4.6.1 FEEE. FREALHAHFHLAE
AHEEHHARS BT, MEFEEE SHEFHRET EEHRTH

EHRERAEW, TRRPP QNASLH, BERE T EXLE M4

Bkt AN BB TSR . FRAEMNE SR ik

HIE.

RILBREN RS T, ENARERE A 5050, SUIMBEY s B1EN
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WEMNTESH. 44 FHTFEESEEM, HRIESTEERE BTN
#BLEM—BN, BRIWLREEN 135 #R/10cm. B TFRERERK, 7
S b, WIADR, BRI —HETRRAYATREL, THSHEN
BIRHAE A RIIEE R (B 4-6 PHLLEE). HTHEX—RR, &LEY
LA 80 SRS, ENE®HEN 167 #/10cm.

4.6.1.1 FEIGEELHRLE

EWEEENBRT, WESEFHTELANRE. ER =M 100 )
/10cm, 85 #R/10cm 1 70 4R/10cm #HATRE. HERETZSHS5 44 HR. R
BRAERAESNE 4-13 iR, AE 43 DTUERBTEERIYA, £
HRMHEBE BN H%0 100 5 (B 4-13 (2)) BHEF, MESE
Bk, R4 (B 413 (b), (c)) ZHERiREEMA, BHEREEH R,

{(a) ()] (c)
Bl 4-13 ZYRWE (2x):
(a) &% 100/10cm: (b) &F 85 #/10cm;  (c) 3 70 B/ 10cm;
Fig. 4-13  Surface of plain woven fabrics with different fill density

4.8.1.2 FELALAHGAHHEE
BT 5 TFOASHATIRE, AWIER 80 SMHE, 44 100 #/10cm, L

PRSI 3/1 (3 E1TF) 22 (2 E27F). HFALRESA, HEM%
FEOT R AT S ARK N EAEEE, Be THAERE. AR iEm
BAME 4-14 FiR.
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(a) (bl

B 4-14 BEAFERE (2x): (a) BB (b Pl 2e
Fig.4-14  Surface of twill weaves with different structure

ME 4-14 (a). (b) PALEH, WRHUBELMBH TR S RIER K,
LEMEHEEAHE T FLALS. Hhag 3 £ 1 THYSWEREITTL
2 k2 TFHA,

4.6.2 FERE. TRALHAGHELER R

4.6.2.1 EHAKRER. BEAR
SRGPMHERR P AR T, HRBHERAFLENAA#TF

HARE. BEFELSHHIRE. IRERELE 438,

R 48 BWTFAARE. FENAGR

Tab. 4-8 Test results of gram per m” and thickness of woven fabrics

Ky Pk R E gm? EE/ mm
FL1 (P=70) 262.18 0.812
FH2 (P85 284.44 0.776
FH3 (P.~100) 299.27 0758
#L1 (272 P=100) 296.31 0.869
L2 (31.2,=100) 300.53 0.910

M 4-8 FHGTIALE BTEE t, TOHLEA T H K & EREE L% BTG
#hn: EEEESERENTADN. XREEERK, 240970 58%, 44
GRS, FIRGENHRT, #OU8STRaENTHkEERLFE,
AREETHEAER. RES. SEEAR, WTFAKAP LSS5
HTPLARNE D, FLLRSWIHERER, B8 X TRAMTL A, FE, B
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EM SN EREELE, B30 R K TFRIE 22,

4.6.2. 2 RfERERIR S HR A
HT AR T EMEHNLEARERMER, P PRasEl = rR%%,
AL e MRS Wrh i ge R, DR AT HX I, WA ABES N, MRS
RERFK 49,
® 49 AEITZHAMLE mb ik aeids ]

Tab. 4-9 Tensile properties of different woven fabrics in fill direction

AT EHNA .
2 m;g — wEEn | WY | WRmKE | R
$ 4R - F (N) Wi (%) (g)
a7 ##/10cm 0 ’ £
741 20 42415 | 091 216 2.60
902 g5 52190 | 118 212 2.5
T3 100 57425 | 164 275 3.30
e
1 100 548.55 1.49 3.16 3.80
2 100 558.80 1.74 3.62 4.35

e Ag LAz E2T () MR B2 A3 BT 3 AR,

MR 49 FATLIR Y, FOMMESENEN, HRESD, MR 5
. ZRFRBRREEASSOREEE, ANMREE, LE 415, B 416 4
ARAZHIAHRIBRE S . £L. GEBYERMERT, F43 Sala1.
FHEL2 LR, PAU3 BRI RERY R T PRI SRS, AR T Y e ]
XE, HEASNSORBLRE D, WRER, BT,

Kl 4-15 ARSGEFLMBHES
Fig.4-15  Breaking strength of fabrics with different fill density
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Ty FlHEL #Hor

K 4-16 T REEHSPRAWIRE S
Fig. 4-16 Breaking strength of woven fabrics with different structure

4.6.3 FEEE. FEELABRAHEMNEESHEENR

4.6.3.1 HHH &
FRONR T ZNGUE L 1. a2, Fo3. #4801 LR 2, #EWS
EAHER, BATRE, AENEFEEET.

4.6.3. 2 f{PERERIR 5 94
SurmENAMR, M8 GB1447-83, 7 Instron FEHAWHL bitiT#HBIEE

R B R, WS R R 4-10.

F£ 4-10 AR LEB B4 A8 R 25 1

Tab. 4-10 Tensile properties of laminates made with different technology
Fr 1 38 5/ Mpa Bt /Gpa WRP K E/%

5 2 24| £ Hm | 2@ | "
L1 | S804 | 5970 | 7257 870 3.56 1.16
g2 | 5540 | 7250 | 5.54 9.18 4.55 1.29
Pers | 4630 | 8261 | 430 9,46 546 1.45
#e1 | 78.60 | 87.02 | 8.83 8.78 337 1.74
flgrz | 7624 | 9242 | 893 9.80 3.35 2.08

MFE 410 HAILLE S, AEFMERMNERT, SHTFUEUNRM, BE
SRR, SRR EEEREEEE, Frh e Eggsn, mE
4-17 iR XEBRRUMREHE ., GRS NHBHREREN. BESEM
70 f/10cm HH I INE] 100 #/em, BLPEAHDMAGIRRNA, THEMZ,
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WAL 2 T AR LR, X o AT LA BE BT R 2R (S A5 2INERA . XA
BB AT, BEF S g AW, HIS T Eak
BRI R . UL ERE (NZOHEFHE) MERT, LrdfttiE
EHEDIRERE.

Gemx TR, ELENRET, FTSISERMK IR, THESY
HMEERAENTRE, SEEXEMERE. RETUANBMMKRES, B
B & R TR = QU 2 R 1 30%. FrLAERIRE ERRIE &M T, St
WRERMADUERE. BEEENYN, ARAEEASSREMEN, 4K
FMLEERE, LS R IR A R AR B R £ B A I s n.

1L
804
o m 200 ¢ B o]
% ol . élSO - '/I———’*l
'_—“—‘—%___‘_\ ~ pelcl
% 5 e B0 B 100 |
& g A——
H e H osof
A TTE m n W % we 0 ' '
%/ 8/10cm FH3 O fHan sime

B 4-17 PRARREHBE —SERIED Bl 4-18 R BB LA R E— AR LT
Fig. 4-17 Trend of tensile intension-fill density ~ Fig. 4-18 Trend of tensile intension-structure
of laminates made of plain woven fabrics of laminates made of different structure fabrics

Bl 4-18 AN FALRM BB E Rk, NE 4-18 hATLLEE, 7E2.
BEEMARERT, FA3. A4 58402 05, SERNETSEEE
ARIFRI. XREANFHELARE, 5. SONTHSESTIRAR, 3
1 FHEUBAT SR ERRELT 2 | 2 TAKAR, Lhae 31 A58
M AR WEERA. NE 417, B 418 ETLES, X TH S, 4
AR MEREERTAI . SRR RN, SORMESDb, BB
AR R B M RS 5 6 ) L PR L6 2 5 S,
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4.7 ARILZEA P ELEN RS SR

4.7.1 MEfERERLR

S K R A 4 258 0 WS 0 o 2 A5 L8 L B e 0
17T SRS, AR A AR AR AR RE, X
FHTHEE. RTE-HAH, NEhEEEREE. RRESL THs
SR SFBIEMAS, BEMS ARRE RS ENY. SRALEATTH, o
R RT RE, SE MBI LB R,

STA MR R T AR B4 A 20 Y, BORUTILE AR 5 278
Fhe, BMERRE, HHORRIEA bR et b B A (M F R 5
& FiEAT. RBHKF ASTMD3763 £i#E, 7E Instron 2 E4EFH) Dynatup 9250HV
AR ERRALL, 8 4-19 FoR, AR ZMTER/PP ST T 5
FIR. R 90890 mn, AR EITFEILATRIEL F. MR N
22x3 mm MK, MkSRFEEES, mammEREERE 5. 8127k, b
ERBAE A, RHEA R Y 2. 50/s.

i
- S
— e
. apy FEfiRR, —
:1| o5 Lﬂ;']1|. {d T Ciram )
ML, FiRAIEFFLE
- T E AR

B 4-19 mriidie kg
Fig. 4-19 Diagram of the impact test
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4.7.2 REMEMRERS SH

hTrRBRARKGTEF T, AHURESHEEERMNE. GnER, £
Mk I 9 HIFAT T LR M FBHAT PR . AR 0% A 4
2, AAEENLEE S EHREMNRSR AR 4-11.

® 411 FEERETEA SORRM AR R

Tab. 4-11 Impact results of laminates with 50% fiber volume fraction

IR {E BT E L AT EE A EE
W / kN / mm /]

Bl | W | BH 4R | &m | &A

L 70 0. 5447 0.5264 | 2.8738 [3.4203 | 0.9845 | 1.2134
T4 85 0. 5264 0. 4700 2.5595 |2.5541 | 0.8487 | 0.8078
SEEL 100 0. 5538 0.5170 2.8963 |2.8997 | 0.9836 | 0.9645
#g 2/ 0. 6957 0. 6392 3.7881 |3.1147 | 1.6421 | 1.2036
#ar3/1 0. 6765 0.7423 | 2.9221 |3.8412 | 1.1577 | 1.7300

i ZREHPLFRIGTT TRNESER: SEANLNKGTTTFRSSDER.

ME A1 ALEL, HRALEEMME, SRt ESEERERER
WE. WF=MFLAR, #EEL. FANBAFEEA T, SRBERAT
. SREMEH, GOERSHKACETT, KBGRANAENEETHLK
UG RSE. SRR, SONMERRRTEY, FUSHHTAR
REAMB TR BEXNFTRAERE, BTFEMEMRFARZAMATEE L
BHFEERRECY, BT A AR A — A MR AR . K 4-11 37
CLE H, PFRSCR SR rh AT A B T P4 R KRR AT by
P Ll R pe B39 — EIRAE RIS In . X 15 B I SUA UM B A R,
MR
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B 4-20 SRAERFT—U8hLE
Fig. 4-20 Curve of impact load-deflection in warp direction
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Fig. 4-21 Curve of impact load-deflection in fill direction

B 4-20. & 4-21 254 ER/PP HINESREL .
R, T o AR R b JF SR T A,

S AR R —
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ERMAERET, BAREPMEEER. WE 4-20 LUEE 4-21 PTRLEH,
EIEFI R KEHT B R EMEER D, R TRETRA U, hE2s



HIIE WAKIE PP AR M B A& SRR

PESE I, L) T RIRERESE . thERIA T BOAEAT 2 /5 BB T B R AL A TR e AL
V&, BEEREESR, FHEL. 2EAHRE. S THHEE (K411 5
FiSIE B AR E) HREALE], BRFAMEIESE. T, WRMHES
KApeE. HEARKHBMEAHBENEERER DA R EMB ZEWIE, Fiff
WA ABREER . /A 4-20 ZRMPEME P, HEARERAT REOR -
e, SRS BB, B TR EEET G RB R Ry R,

4.7.3 A ESENERER

1. WEEEE

PR B S MR O RHE B — e e, EM R ARk e g
M THE AR IRE N EETARAA, SHEmREBREN, &
FREVR TR B & H R R R B R IR D

2. R

BRAEREME SR PR N EEHE. Erhh R THIaM
WHIEHER, s/, FEFMNER, HeMHNASRKRERTIERSE
W R EAR AR R R B, AEMERTERRERRIRIN, MAS
EMBHAEEER; EhditBRAN, FEWHMSMERES SR —5
R EMNETERE, AENE-EHEREREEENEDEHEER. £ 4-12
RARSGEGHEBYTEESRMGRMEARER. NE 412 RESEH,
B (B A 4 (AR S B S I in, 76 B KB AT AW B B 4t B 1
i e e TR SR R R & SE A BBt T 2 B R B AR

£ 412 ARFRGERE RO PHRRS R

Tab. 4-12 Impact results of laminates with different fiber volume fraction

HESRSE (e B ELNY | RAERELARRE
/% / kN / mm /]
45 0.5997 2.0502 1. 1173
50 0. 6937 2.9931 1. 5602
60 0. 7889 3. 4848 1.6149
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FNE TG PP A E SFOEHHIE L PR

3. B

PR B BATLUE I, AW MR b B 0 B R 2231,
SIS I S AR o TR B s B L 5K 2 e
USRS, SEME R, AN,

4. HE¥

BERIRI, B MR SRR . i R BT RS
BN, BRI, B AR 887 4 R R, 7 rh e AR B
BEGE, BRERMG S5 SR RNR R, B E R,
% 4-12 52 411 KT LURIL, X THEHRE RN 50N TS, % 4-12
REREY 10 BAH MR R R RS TE 4-11 Y 5 BIHM.

5 MordE

F MRS R S A RS, AR ERE T, L
HRARF M, XEEATENNEERN, hEEERE, TN
WA, WREARA, FRBENEE RS, BB s
T, KB EEERE (2-8ws) KIEETERN, HERERE RS 60%,
I TEARRN 10 BEAHM, BEHSER, 4 2MTRE, SRNLE 413,
I 413 FATCUB L, BEEVR IO, Bk DR AR
Ham.

% 413 FREERHPHRRGR

Tab. 4-13 Impact results of laminates at different impact velocity

i S BT BEGELLE | RS ELARE
/ms' / kN / mm /]
L3 0. 5807 2.3345 1. 0655
2.5 0. 7889 3. 4848 1.6149
3.0 0, 8991 2.7713 1. 6693
6. A

R REWE MBI EEENEERE, BN ESME MU EAE
RERW. EREHVREAREEN b, USRI T EWRRER, 7THRE
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=

DU, B REERAMR, R IRG T SRR
Gk, BRET AP ER, TEUAT EAES,
MBI RHRTORLS, B APARTRREN.

4.7. 4 HERGESE

T HrR M BB, AR TR AT, AR BKkhERG
E B T B ERR, R AZ .t E R MW 3 T R A sk AR S e
ERFLIR, FEFLIRALE AT BB, RE 4-22. bk H TR,
B EREMN AR, mEIFESLERAER, hHETSRNAER, 26
MREAL AR, W 4-23,

Bl 4-22 wpiAR T ER R
- Fig. 4-22 Fracture photograph of impact in face side
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B 4-23 s S A

Fig. 4-23 Fracture photograph of impact in back side

RGN, RIREEREMEN; WIRRRERN RS, SRS
THIEEHAIET R BESEORKSTEXBOMAHE: FEMEEMH
EREBEK, Mo RRUUMER, AREEEEPRE: YEE4MRNTRER
LRI R AR PR, FELBINR. 2F. FHIE. FENMEREFE
WHRREERK, sFEMPGHRERMEMENTRE. AR ®n, &
MR ERLEZ M, & 4-24 (8. (b). (c) BIEHEESFIH 1. 30/s,
2.5m/s M 3m/s BPRESR AR K A

(a) v=13ms
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Fig. 4-24 Photographs of fracture area at different impact velocity

4.7.5 Wi EKREERE

B 2B BAHER R, R SRR T, B AE
AL B A BRI, 18 bt SRR T M 5 M2, 40 4-25
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K 4-25 BAMPTE I ER KRB R TIEA R X R
Fig. 4-25 Relation between residual strength and impact velocity after bullet impact

KT iR IRES Husman. Whitney F0 Nuismer F&5&AF 243, Husman
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WA SRR SR KRR,
Wi IAE A SR L)t
BeAth) o, B W, FDBAL BB 0B A B S K (5 RAER o BB

HxK.
Whitney 1 Nuismer #R1EE 4-25 WRIIZIAK, HFHBMNE)RSTR
B BEEZ ZE ML

c =K (W-W) (4-7)
i IR E RN RICE R A——REEH XSG
V— R EE EREEEE: W——RRIREE LRTR R GEEE.
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X oy BH 2 KERIM LR RN T

o,— LR IR AR 75

£ c/ (ctay), a BN FEEHRIRHERE.
kixoy =0, K—-—-—-, M= (4-8) F#HE
a,
: =2KW -W,)+1] 2 (4-9)

BT RE AT UESHKAOWE, Eikda (-9 THEIEEMEEER
EAFHETEEE T HERBE. |

4.8 N

FENAT AR LTZERM/PP REHE G HE &R R, &
A EFRTE: 45% S50%H 60%HATIERK. PP KZKES, AL PP BF
BRI 2Pk G54, BT EE T EH& T WAR/PP VR 1E A E &M R AT
t, XKABRENGTEHEBEHHEERM . BIRZTED. BEF, RETHRE
TZ: X FHBRESHERM, FARAFHERTE. FRHMESH. URAR
HR ., ARFERFEGT, HTR gLl Rt RE IR, HxHllss Bt
1TT i fnitie. B WAL R, F47ES AR EPR AN FHE B fi
& FENRWIER . FOERM T R EREFTEL, BT LS F 5 i bk
2 RE (GO AFENA SR B8 EPRgEAT T4
HERESRE, FAUIERMBRM. et T o,
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FE KR AT AR E AR A MR LM SRR . AR RE T RR
B TREERRS, EEEBETRREL, HR%ENSERED, i
HERBTERMAER, BT AR 4353558 L E A X, BEEGREEm A, X
4T 40 TR BA 44 (A P SR IR A AL R K

5.2 #EENEENY

REFEHAME S AETZEXRPP EEMEERETRER, AT
HEZ BRAE. BUE. BE. EHVTEERLMELER. AHEITEHE
= mKRE, —BERRETET E LG RNREI S, TREREER,
ERWEFEERE, BRNDDF. RELSENE, THEDEOEN.
MUEWHE, FHTHERELIERE, FROESHESHTRMELER,
fEr=dhfE 1% WESHEMRERR.
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TR, SRMBRIFEAE, BEIXE 100°CHEMES .

51 BEHLAEREE

Fig.5-1 Schematic of consolidating system

B b1 ROV B AT SR A A U TE B RIEL R, EL R R B
FHE A BRI L R R R R AR SN AT IR B RS . B AR
FIEGESERE, ER b HRMM R .

EMBAEAT, MEEGREBCRNFEHNE, BLERATARELR
ZIE R RE AR BB R, XYE T BLERNORE S, B
52 Mm ARG B ER.

B 52 BARAFKR
Fig. 5-2 Axial system for laminates

MTAE 52, REWERPE-BOTHITREFEHIT, TURHWTER
2
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X ay ay oz oz
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K FHRRE, & ACHRAFETAMSHEL L AEETERTHAFHE
B, H ABERMERHGESRE, ¢ ARE . x APT T8 A4 m B8R, v
AT TLAFUENBIR, 2 HEE TR E 85 . ’AERE AR
¥, HEEEDNRARE, XRX (6-1 BHA:

pcﬂ= E(]{zg-)+pﬂ (5-2)
o o0z oz
K H=(da/dt)H, (5-3)

Ho AEA BRI R AR, (dwd) WEMLRREESE, o BEWE, O
ER RE RS R B T AR S BB, W N R AR S H, 2 1,
OHPENER, EEAEEhEE AR ERE, o

da/dt=f (T, a) (5-4)
a= (& (5-5)
ar
R ZREVIER RN, WHEMNSEREEMEERE, 8.
u=g (T,a) (5-6)

MR 4, (5200 T, BEHLERAZRIELS P, MR, HERHEED
fERIRERE, HREENROHIEE, TEEEFENRAER, 4RI
B RABIES A

B 5-2 FinKBEER (RWBERY S,y=S..) LR, HEE S S22
SHEGRTEVER, BV (2D WIRT, WA, SRR
H=ATERATHHT, BAUXTRIERREN 2 AHEAXRRmT:

S O°F + S, OB + L I_Vf)
v, viext v, vyt v v,

AP POARERES . M TREY EMES S &M AER KR, B
WHRE LT ARROSENRR. SHZENRIEEDER T HELF Rk
3. ESSLRERN, FROBRSEERAYEDTRNRBAFER, WA 53
i

) oP a
—(VSp—L)=1 — (5-7)
o VS ) ar(
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Fig. 5-3 Resin flow under the pressure
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o428 WEEEARNEDS FHREES P, BLREENR, BRKRTAS

(Fm,ﬂﬁﬁﬁWﬁEﬁﬁE@é(%O-EW%%Q%,Wﬁﬁﬁmmg
FEFHRILS Poo BFE, RFBEFRE MG FAEFULR &5,

49



BRE BRESRENA UL F R

7. =T

i 1<j<n, 0<z<h, t<0
a,=a,

vV, =V 1<t

for P 0<z<h
P=P =1,

bR 1 e

Il
<

T,,=Tv(t)} 50 {GF’,/Gx:O x o

T, =T,0) P=P  x=b

TR bR = bo+ [Par
R, h AEEHEERNER, T8 434058 | EREENELE, | b
ES¥, n AHERE TATHRARRN ERE (2=h) MTERE (2=0) &
FHERE, T.(0) AHRENI#IREEIRE, BREEE, a WEELE (K
X0 T AVIREE ().

FIALRRAR (5-2) - (5-0) MXTRE. BUENVGHEFSHRE
TERTLAVE S B & RO IR B FOIR B S BRI 2k, KRR (5-4) - (5-6)
EARNZTEAE a. RNEE da/dt FIHBEEEARIE . 4 2,1,
f0<z<h RN, FAXER (5-8) - (5-11) HEBHEANTEERLH
B it () B R LD -4 2 P B I 0 53 A B OB (] R S TR

MR RN AR SR P AR EL, ERASHENEENER S B
HEWT:

1(j)= Valo/V: () (5-12)

h=>1(j) (5-13)
J=l

XA, jAHESHE, n AEWMEBE, 1 () hE | SHENEE, LAE—
WEAGEE, Ve () A% BHENAERRSH. STVHEWNE 2 HF%
KR (ag) LUE, ERFERRFZIME, WISHHMERTRETELE.

5.3 aF3YRASH
EREARE, BE—RTA/PP BA LR PR o IR LT B R W

50



FRE ARGHERNSTURILESMEIHE

SERY, BHRES o P B 554 Hx b (R 4T M AT IR BT BRI B 2. [RIm
TEEEME LR AERESRRANGTER, BNMILTRRE AR
W4, BAEEFERETT LUET SR RIS FRRRC, fEebeek iy
LLFIE 5-4 FR.

VEM 2 3K PP K#

54 YER/PP LR HHBTTERE
Fig. 5-4 Schematic cross-section of commingled yarn of flax/PP
ERGWE MBI T8 B b A RN RARE.
BYERAEE R RARGE, EAREERSE, FILEARD RS TR, b
RURDNNERBE, EEMETEFNERTEFESRENRT BN —
s, ml.

X — (5-14>

A, dP/AX AIEHBEEE, WAHRRRAEEE, TEORIBTNIRE, RS
HIBH, w=RT), K RAFEESHNBERE.
HAR (5-14), MEEUHEEEERRAERGZENEZS.
dX K dP

———y (5-15)
dt u dX

d’  (-v,)y
Sl j) (5-16)
16K, v,

Fdy VeAER, AR (5-14) BOHIEFR (5-16) LN, BREHP,
ERT, BEEERRER X HENE R

7740 GRS
LS .S (517)
dj'Pn (I_V/)

S1



HAE AAT R T R AL R R

st (17, WV L L A SR

s

B ReS E . AT S AR AR BT AR B A R T ], (B R AU
HRERWESMEMIER. Bk, X TREMKHOOEE, £RRFEEE
AR BN ARG T, AT LA B T RRED 2 B A B B3, S m B 5 4 I
HiEERm AR, RE 215 BT RN FE R SR AT e P o BB AR BER, WL
5-5. AlbFF R % SEAARYARE. T 4ERREERENRFER.

|
WEAE XX

T

B 5-5 R o Bl A E
Fig. 5-3 Matrices distributed by reinforcing fibers

BREERREAR/PP AREWT, UHRTESHIBMRBESEANS. B 56
(a)s (b) 2R A EME)E R PP RITIEBRET 4 ) MU T AR AR K] SEM FE Ao

(a) Hp M (b) fREEEE
B 5-6 PP IR ERELT4E SEM S TESR
Fig. 5-6 SEM micrographs of permeability of PP to flax: (a) axial surface, (b) diametric section

WA 5-6 (a). (b) ATLLEH, 1ERUER PP 4 I 47 WARET E R E AN
AETRREPEA . R, T BT RS R T R e ) R B,



FRE AR PRI E RO

e HEE ) PP S 0 AT TE AT 4 2 ) R —FE MERE,  fETR I - o F M iRl
MLBRFAE.

5. 4 #AJEIIETLBRETE B

PGB E R TR A MG, 28 KBNS ELDENT
IWE SR . R TSR, ERIEREETRS, Bham
B 7LER, AR, TURES BOMNME ISR E & M fHU
PRI B B, B8 A TLBR R (0 8 SRR S L R R A
R BTFEIN T AR s B TLRR A B0 — N B i 727,

EWETES, R REORIERE: —FREETAERY il
PR RIS 5 — MR T AR P SRR A, S 5.7 B
o B57(b) FPPEL. THRMEBERENERT, BEAEFAERERE
HHTORA, TRRLY SRS A4 K BT I3 AP R BR83E . KRS SR
WM ISRANEE, R ASETIEES, SOKEHEB. WK
BitAE, TR R MR R NBEE, BANRARE, W
5-7 (f) PR,

53



BEE AT 8y LR LB R S iH

A
Friffetcit e e
N\ 3. LLLLLLLLLLL L
Ngo i

e B a a -] ks '\ “1

e - :‘ ﬂ-{ o : : | o

g, TSN = o® ! i o

WLl L % v ok Nt

o e o2y (L S

TNPS e%e L o88Y ioias |

:.__ﬂ‘.—. .L . ‘.'u:c. ® f E?':"- '

1 ' ' iy W " TR N
ATTETTTTTTR TN

») BRRE TSR b) BRESREEHESL Tk

B R L AN
e et

ILLLRRRRRRRRR ALY

o ) EHRB B RIE ISR 4) BREAEAERaE T
ki)
RESLEH

5ot a8

LLLLLIILLLL 220717

i @
A kA
e

o) EGREIIN AR £) EHERRARNILR ERED

W57 WERRTEHE
Fig. 5-7 Schematic description of impregnation of PP
AWBEHNAENRIX R, FEEESABFERN, NF0EREEST
RERENREL HA N, BERALY . WTEWEHES IS,
BILE AL, BRMNFLERACTHRR. SERMETHN A BIE LM

54



HAE ARSI RABERETH

kb2 0 g B B HEE, K 5-8 (a).

) ; AR, 0 B

wmEr

(a) (b)
Bl s-8 SILFERALE

Fig. 5-8 Assumed entrapment mechanism

KM A, B AL TFARBBHFENXER. HPRY A TS840 mEs
Ko REBATHERZENTHEAEE. EXBELERN, BE0EREA
ARENMERELW ERARTDES. RE A MENAFEEAHIBRA LS TR
B B WE. WIRERATX AN F L ARRN, EESEMHE. BTE
KA A 5HKE B KA EIHNE AR, FARETHEEER 58 (2
FUREHE A 5 B Z .

B 5-8 (b) HRRRBARERIGEPHSERELEENARES. X
—RBHFEXEERER. RIENEEUR A TSR SE RN TR, —
BWIEBATHREALR, ESMAREREED, BEARETRNESTERE
Py, [, —#4FEEH. BANSSAXTRIE THRARIE AR gAY
M B BREE . EARMM A SRR . e R RS P ER
SARBIAETT 1D Henry's Law BEATREREUY), Hep 2 S MM BIRE 515 BUF
bbo T IEF AR RGBT ERA LSRN, FUETELESNEAUE
- BEEWAFTESANILE, BEEETSMERIENEZETHIE.

5.5 FLBREMITH
Bt R NS E—RENESNEENS B E MBS 8 T

55



FRE BRI b U R IL RS 3

HEMAGE. BEEEMEE oM, B MUAS TSR, S8R
AV FER m MEEHERE, K E i MU S S8 ERRRE SN v,
Ao, EAFPIBEEEA V. WE

v=v,+ 37, (5-18)
m=Ym (5-19)
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Tab. 5-1 Value of void in the laminates

WA HFREE /% TLBEREK/ %
45 7.58
50 8.86
60 9.68
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AK= (n+-2) 5 (5-25)
XH P.= (ptp,) i2= (1.46+091) /2=1.185 (5-26)
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GFHELSE: V= (J+tdebela =1 (1+t) ab (6-18)
BEMEBITTOA: V. = 2a(la)’= 21%° (6-19)
A EMEIPEREEN.
V, _I{l+tyab _ (1+1)b
V 21%a’ 21a°

c

(6-20)

TRER:

Ib 1V !
S, = = L = U 6-21
212 1+tV, 14t (6-21)

tb t VvV t
S = = f = U 6_22
T2l 1+tV, 1+t (6-22)

HECA I, SRRGHAEEESHEFRISERIBSEYRGLEL.
G BB TE T HRIEL. IR S #4255
hfREURWEEEET BT,

Uclzﬂl'?UfU + 0 (I—T_%—Uf) (6-23)
o, =T—|:[-_tan +0o (I—I—EEU) (6—24)
E, = IitEU +E (l—%-Uf) (6-25)
E, = —ﬂL---t-I:“fUIr +E_({1 —-i-+—t-Uf) (6-26)

I (6-23) 2 (6-26) ARRBEEEHNERFTE SR HEBE S
R R E

6.2.2 HERFRHETREEIEETH

LIARRBH T AE, #3 (6-23) B (6-26) EHE &M E A HRE,
HeEE RO MRE. SRESE dRESE 2] PH AT

d = 0.3568'1{%%- (6-27)
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AL (6-27) &, HR|d =0.076 mm,
BRI ARIE LR EE, RS A
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Fig. 6-4 Fitted curve of fiber straightened parameter in warp direction
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FHEJUR T BEMYE T ERES AR B GHEK, MT#ESHBThESE
BE, XEARTENEETTIRZ —,

3 RS AS

YiaEsiE, BREWRESWAN—RuFER 5 — M om. BEXNT
ScPRHIESYE, WRMNATHAKAREES A — TP M. Frbl, XME
HESLANf ERRE S AR IBREF HBFESFZOBI T LE, w2
REMHT R R B R EERER T LR,

3. BT

A 1 T3P 3 R A R R B SN R ECRIE WETEER X,
e R AR B IR TT 2

Kq=f (7-1)

AT, KEEBFGHHRIERERE: q 2R8I f 2EATIE.

4. KEBRIT KA

BERTAHE (7-1) BHAE, X8, 0 LURIE T4 8B 45 8 ki
SERTETE.
1.2 RN BRTEH

EREBTTHNMN R FE N UG RE SMEER, W TFRMEER N,
o i) B AT DA A 1™, BIZE AT R E TR D A8 SR XY
EEA, TEZ8ENAE) RFTE>ITR G,
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CELE AR AT BT AL

7.2.1 FEMDETSH
EBENBEAE AN, WE 7-1 s, By easlsn, Weigy
BFEFERASA 1. 24 3. 4. AR ), (Xa,y2)s (x3,y3), (X4,¥4)0

P

A VExY)
4 (X4,¥4) 3 (X3,y3)
o —»
u(x,y)
1 (K[,}']) 2 (KE,YQ)

i) 7-1 DU AR

Fig. 7-1 Four-note rectangle element

BT EH u. vANMBLE, Bk, NWVRERRETEENAAEHE;

A
e 52 T
{6} = 15 (" b, v, u, v, u, v, u, v} (7-2)
94
X B S} KRR LA AN

AITBVHE, BIRBEBIER (xy) THTEAERZRAYRBERER (&,7)
HHIMMIES R, EHEARBRIETETARNEEETSH.
BRI

u=a) +a)X + azy + asxy

vV =as + agX + azy + agxy (7-3)

AR (7-3) FIRMSRAM N BEREN T 7 EREE R R
REOKSEHE. X (7-3) PRRMa, -, 2 THRIBARENA (1234 Lk
BET&AMBRY, BEERBEXTRTAN FOABHEAR.

v="3 Ny, - (7-4)
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itl:':]: }E‘glﬁ Ni %j:
= i(1+§,-§)(1+r7,-n) (7.5)

MR (xy) BBIFER (&n) MXERN:

[ 4
X = ZN (& m)x,
i (7-6)

4
y=Y NJ(&En)y,
L i=]

K (7-4) AL HRE e} =|Blo} B

ou
o
av e e
{e} =+ > -=[Bls} =[B, B, B, B85 (7-7)
Ou OV
+
O Oy
N 0 N
Hap]={0  N,| Ny=% n,-
NN Oox oy
Ly IX

MEE SRR FENY, F:

Ni X Nf x
{ |§}=[ 15 y‘;}{ | } C7-8)
Ni,f? x!’? yr:? Nf,}'
04

RBFS AyERR: Ap= 5

%EﬁE[J]é[x"f Y6 BT HAERE, RUER (7-6) K.

Yo Vo

RO B SR R 18

[ =f]—l[_y; fo (7-9)
MM (7-8). (7-9) ATRARHE Niv Niyo
EFEN R THITN, FEHITEFRELR AN FENHBREE x-y F
EHz (N AAE, 7z @ EFENT, Fra8FESERE x-y FEN. RIEE

X, MR- AIRERER:
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(g, [ VVE, ~-v,/E 0 ][o]

s&8, p=9-v,/E, 1/E, 0 Mo, (7-10)
Y2 L0 0 1/ Gy,

B (7-10) REEFFERMNMRIFEFHMED]. BTN RRA:
o} = [DRet=1D1BJs} (7-11)
I B TO I B R PR BT R R A

[k} = [[8] [DIBLv = [[IB] [D]Bkaxdy = [{IB] [DIB] }acdn (7-12)
Hp, t ARITTEE,

B RAIE BB, E4MNERA T T AP AN, LR ENTR Rl
HHERSUNE R RT, ShHTER AL B b 15 I Tha T3 0k iR B ) 76 )8 75 1 1

MTh. W EERRSRTANNR), FERMBN G, WA HTERE

B LRz s T (RY . BILAR AR R [T {olay |

HEMNBIRER.
(16" )T {RY = I{E'}T{J}W (7-13)

B (7-7). (7-11) A, 1515,
{R}*= [[[BY [D]B1 Yasanis} =[x {5} (7-14)
X (7-14) PERMERTHTH ENESTEMNBZ HXRARH T,

7.2.2 HEMEE I

AR A TRIBHERELUS, & TR EHETANAHTE, EEEE &/ 5T
AR, WESHETNRATR, FIHBATERE. FEHREY TEAR
BRI Z FIX R,

BRGMETHE NE MR, n M S, 8T, KRBT NEA
BRI (7-14) (7752, H THE A TR BRI AT R £, %% HL
FRERITY %, X, FA BITATH SRR R F R

[k].?anM {ﬁ}guxi = {‘R};nxl ( 7- 1 5 )




FLFE B B4 R T

-khl """ Rﬁd fcslﬂ
0 :
Do &t = {RE . (7-16)
S ) 8,
- 0 0—|2nx2n uO y
A (7-16) A (7-15) MERERER. ML (7-16) ENTLUEH, T

-1 RONIERERT BERE, BYRNNAIUTRIIMITEANAE, HRT
RIAF. Hilt, TTHEBRABIIERET REMRITAZIIE. X RE K&
NRIUFE TR, WAF:

NE NE

> lehst=> {Rf (7-17)

cx] e=l

FRFK]= Y [k} Rt B R ERE SR, B SRR

e=1

BANIRERETRS - 4 THERY AR TRIES KE 2nx2n 25, EF
—{ B TR A

BAENBEMERE T REE, REIAURAREMZE, A -IEEEE.
NI RIU TR, HERRBE R B R AT REtE .

vhel BiAF U HEER, —InlEleE, H—mAnizHE (208 7-3. & 7-10),
AT BLIA 5 7E [ 52 il AR A

u, =0

u, =0

TEINB w7

uy =0 |

I FRITERE, EAERAES I BET R B R BT EAN A
R, FAEEYL] A ERKE.

1.3 fRTRETT N

7.3.1 ANSYS HIRITHHTRE

AR ANSYS BTk, TR HE R Lo, &
PN RREEH A SMAE K. ANSYS BIR TV RARNE 7-2 Fi .
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Fig. 72 Flow chart of analysis

WAL LFRE, RRE . BB R R A (IR R AL
fEE), M ERTH ENRE, BRI MTERHE.

7.3.2 #AEMES A R

BHER R AR MG, RIEREE, BRSNS S, T
B W), BURKHE R, BRI M, T R, X
KT R/ BT A B A PR M R T B D 40 2 — B ST ANSYS R T8 EY,
R 7-3 B ACPRE S x #IFJTH, A SMMPRAN; BEALY y
SHIE A7, AREDAF 4R P
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BAE R IR BT

K73 BRI
Fip. 7-3 Model of specimen

AR FER AP, 2 LR E A Solid-Quad 4node 42; #HEL 4 4
W R, AR . REREFLME 1.

XTSRRI RIS TR Smart sizing #ETRME RIS, 3t 64 M5, 48 4
B, MRS HE 7-4 i,

T FATLY TR AT

[

PP 3R @2 L 6 2y 27 26 20 XM 2B 22 17
at A8 40 2 oM K ] ] At 1Y 56 1] 50 14 (3] a1

87 A 4L &3 $8 47 gy Bl SX 3% ET  S9 g1 £2
L 2 ] # $ 2 2 E 12 21 2 P 14 1t 18 2

B 74 SRR
Fig. 74 Meshing of the model

TR EREBRATARMNE. BTS2z —FF, EERFERES
FUHMARSY: ENERENTEZE x FRMAKR, ERI15ATASHyH
[ AR . BRTIZERA A MU 4 L, Ik x EA W, BAEE Y 1800N.
YIR BB 7-5 B

. ¥V ¥V ¥V ¥ V

b=
i:-_
E

7-5 S0 Rk
Fig. 7-5 Constraints and Load

X 7-5 FUREEIMA RIS AR, TRV E, BANERERL
B REAHNMGSHITRENIN X FEEE T WAL x FAMER T
HE R x. y HRNAZE: WEEHERERURBEEEREL.
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L BT BT PR TT R

NODE
|
3

o -1 W

13
15
17
19
21
23
25
27
29
K3
33
35
37
39
4]
43
45
47
49
51
53

S1
928.49
576.00
576.00
576.01
575.85
574.97
573.48
784.12
414.86
576.00
562.57
576.16
576.32
576.04
576.00
576.00
576.00
576.00
576.00
576.00
376.00
376.00
576.00
576.00
576.01
576.08

£ 70 WEIMNANE
#xxxx POST] NODAL STRESS LISTING *##+#+
51 NODE
576.00 2
576.00 4
576.00 6
576.01 8
575.98 10
575.47 12
575.82 14
604.61 16
867.11 18
429.66 20
715.38 22
566.87 24
576.56 26
576.14 28
576.00 30
576.00 32
576.00 34
576.00 36
576.00 38
576.00 40
576.00 42
576.00 44
576.00 46
576.00 48
57598 50
57593 52
575.89 54
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FLE B IRL AT R AR

55 575.89 56 576.35

57 575.83 58 576.18

59 58341 60  574.48

61  578.31 62 56639

63 490.36 64 49328
MINIMUM VALUES MAXIMUM VALUES
NODE 18 NODE 2
VALUE  414.86 VALUE 92849

RIVATEENATIR. AE 71 TUEL, BASE/NENSIHHN
BRI E S 2 2 A% A 18 b SRR x- v 7 9 BN ) 2 B
7-6. B 77,

Bl 76 Wsix TR HEH

Fig. 7-6 Contour plot of nodal stress in x direction

77
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WOGAL SOLUTICH
{
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i
—

W71 WEyHTRNAZE

Fig. 7-7 Contour plot of nodal stress in y direction

ME 7-6 BB 7-7 ATLLE W, WAE x. y ARBNAREKR, BMIHHHR
EREARIBEZAKEAR. dlt, EmdBRt, AEPRERAMES, FiE
HZhaaw. NE 7-7 ELED, b TRERZH x Frmaai e,
Ty HFNIMERAD, HBANAENY x 770 BN NER 1/17. y RET
BN E M OB EERFRSMERENER: RERBIEEENRKER.

RSB MRAERN, AP RS, O dATRER AR A,
H e ERIEI T A, Ll 7-8 Ir WA AEREE. R, HTHA
M ERL, AERXAE—ENZRAZENG. WE 79 FrrndElh T rE.
Bl 7-9 FBLR AR 7 A& BTN ARG R, SR AR RALRMNERN
THAE. 5B 7-8 PR BmEENN, B 79 PanTALBRA.

> 5 =
> > > -

- i e A e A e o o, B
- P =i e i PRl PR PR SRR WS . V.
Z—.X—d—a:——d’..-d——d—-i—-ﬂ:—-aﬂ‘—gﬁm_:
A

78 WeTdEAEE
Fig. 7-8  Vector plot of nodal DOF

78



LT KT R TR

B 79 HMERA
Fig. 7-9 Deformed shape after tensile test

1.3.3 RWTEEASET YL
FIFERIFXRRYE, ITERE/PP #EH B AR RE (LA 7-10) T
HZ—ERARXE LB 7-10, BUEE, WEWEm N x xR, 405
2y $77 B) ATRLERE LURMOR B R S IV AR, FEER
FHUN LW R LR BAERR WM % 2.
il 7-10 FRIBHEIRHE
Fig. 710 The whole thermoplastic specimen

Pl 7-11 GCHE A FR b B

Fig. 7-11  Semmetrical disposal of the specimen
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FLE BN LR AT R TR

M P43 F 27 3 2® 20 2L E-2t 35 e £0

Ja0t 07 4 38 s o 2
@ﬁ‘ 7 3 3 o EJ It Ao3s ae .

)3 s 2
L.X A i3 16 17 18 1% k+

K 7-12 ERRERIS
Fig. 7-12  Meshing of the model

{EFE RE P R 4 T A -Smart sizing TR B R RIS, WA 7-12 FiR. 3
R4 R 29 MATS, 48 NMH R W TS ERSEETARMNE. Nar —F
HELRA: SBAMUATY SFE x FRANAR; LN 15 M2y R
FIAR. BFMERBAMNANNSE, Fakx EFE. ARETHHE, &
WAE SHEREREAER, % 1800N. AREMELE 7-13.

M 713 AREmEk
Fig. 7-13 Constrainis and load to model

Bk EE, WEEx FRMENAENLE 7-2. AR 72 TUEY,
BRENAHREREREERLNRSESL, MEE 7-12TUEH A S B xH
MR DER. ENARMIARRGNTE 21 &, MAKHKSSHE RS
EEX, ATEEFTRAAEERENRMRER TRERRE, FUEK 72
BRI BN DS A TR 7-1 P AR RN N H .

#72 VR ENHE
*¥%3% POST1 NODAL STRESS LISTING ***+*

NODE S1 NODE S1
1 1440.7 2 14395
3 14399 4 143938

5 14653 6 14395
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BALE WA DT BB o

7 14399 8 14404

9 14387 10 1446.0

11 677.13 12 13050

13 1000.2 14 12275

15 64510 16 713.96

17 754.50 18 822.10

19 11122 20 1139.8

21 433.19 22 493.77

23 14393 24 14413

25 14430 26 14184

27 13439 28 12433

2% 1030.9 30 95235

31 886.31 32 B07.84

33 739.17 34 717.22

35 712.94 36 85834

37 14393 38 14449

39  703.18 40  552.31

4]  1439.8 42 1440.1

43 14413 44 72047

45 12107 46 62291

47 12714 48 13821

MINIMUM VALUES MAXIMUM VALUES
NODE 21 . NODE ]
VALUE 433.19 VALUE 1465.3

KR AZE x SR y TR AT A 714, B 7-15. WE 7-14 T
FH, x HAF AR A EZRIML AR AR, ISR
RIS ME 7-15 FTLLE M, AT y 7 EMR MRS, B AN
EILZE 01 58 9 ok P B L R A B AT Ab o 3T RS AR B R ST, A

81



B LE B i ig A BT R

W77 RPN EP A E SRR R E -3, A 7-16 (2. (b).

B 714 W x FENIEE

Fig. 7-14 Contour plot of nodal stress in x direction

W 715 WEyHRNhEH

Fig. 7-15 Contour plot of nodal stress in y direction
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(a) FHHTTHLL ' (b) SERRALH
B 7-16 WEERMEBIREE Y TR R

Fig. 7-16 Comparison of tensile fractured specimens in simulation and test

B 7-17. B 7-18 A AY R B RERUSHEERER. MR 717 1
DL 515 5 B e BERIC /AT (8], AAGRE SR ()38 4 BB, 9 A0 18 R
wam, JrmEA ST A8 WE 7-18 TTLLE MR T AR5,
BRI A ERTT RFHAE, KERSHBTY ST RMEHERA
B, BREYRIFNE, FFEEy BRGNS, BEE)N; EREFHEED
BB

CT ]
!
!
!
V|
v,

B 717 VRO sEKEE
Fig. 7-17  Vector plot of nodal DOF
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FUE AR A PR T

718 fERE
Fig, 7-18 Deformed shape after tensile test

7.4

AENATHERAHENERULBERY, HFEHERIINKNE
ANSYS 73 BUXHE B SEAE b . SR B2 B S FTR R b R T S0
GiFE, BB R, HEEBERTEWSE x. y FANNAME, BRT
R H 7 B R R, R IR RS R R, B
HEENEE T, R B R AT, B R s v B A M
MR E & T HE R
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FUE AR A PR T

718 fERE
Fig, 7-18 Deformed shape after tensile test

7.4

AENATHERAHENERULBERY, HFEHERIINKNE
ANSYS 73 BUXHE B SEAE b . SR B2 B S FTR R b R T S0
GiFE, BB R, HEEBERTEWSE x. y FANNAME, BRT
R H 7 B R R, R IR RS R R, B
HEENEE T, R B R AT, B R s v B A M
MR E & T HE R
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FAE WAKEHE S B D SEM (RAHE 5 T

ENE THREBEFSVEEMETD SEM BATES

8.1 ESHMHgFYE

TR Z B AR E N E & MR 5 RN ER G ABTE R SR
. HENTHEE AR, AR BUABERBAR, Bl Mo
AR EET A B3R EERRET R R, HIORE LR 5T
R AR 2 BIREE & 1E 0, AT LAS A (AR SEM B DI FE4R, AT HRACAD
SrhTe

FEE R SRR SREE A (UBGR THAET eI R 1 4 53 1SR L, SR IK
RTEMNCEIMEERE. XRIERRTERBRNE . JPRWEFTEARZ &
BRYRENSR. BHERR, M LE, ZHESHEASE0REE N,
HBREWMRTE, EhEMIFELEHRMER. iERTERTEME, &
ERBATHE. MEENZE. BE, WEEMFTEEREN. MERERRN
251, HERAHREMIR TR E A S HREL A & 2 IR R B R .
FHMHH SRR, ERRARNESSERT, REREABENAR.
HEER 2 LB RERSRENONAE A4, RERRESRENTENR. &
FREL ARG, RIS, B TRERA. BAENAERTT
PR, WK AR R L, AR E R,
8.2 EAMREENEIBEX

REE AR R AT 4 U R BRI M R M RE R A W T LA
1. YA EREE

MY RNRES L FREA XS, AEmusEESEE s, ik

EOR, REERERE, BASHESUEEN TR ZIINBLE,

—ROCR, MABEER SRR, FEESRAE: REENGRER

Hi WETHES ST e R A N TP R BRI R AR, T4

MipR . BEAAERSETERTRA 70~80%, RIREL 4

Befi—. SREERRENAETORIEREN, Sm. S5 REE

eEsRd, AARERRE. URRTEEI ., RBURSREES, et

SRR, SBWEREE. FERE R AR R R 10 T RRED 2 L
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HNE WK O B FHY (R L SEM A HLEE 50 B

RAER, HMERE, KRR TORNSEN, FHESEEHPHE
REHRRK2 BT, B ERRIPER. Mol D 8ERERE, J 8-
() PERRAT SR IO RIR BN, LEHRTZE, SRMREYEFA
AT, T 8-1 (b) PULRRARRETEME LR ST, B LA Sl M b
MR AR, RSB WRRATHE R —Z 5.

(ay WERK/UP (b) FERR/PP

B 8-1 il 0 S
Fig. 8-1 SEM micrograph of the tensile fracture surface. Scale bar indicates Imm.

2. AR
o FIHAIFE

BRI 1968 MENREWE, BTARENE. BARKEKREERS
BRI FMENRELZEESYRANLER Y TILEY, 1T
B ERERBEBAOAMONNE, WEXSFHARSHERENBZED,

h 9 Q9
HO—PC—R—C-O— '—-O—C—R“-C—O~R'—O~J—H

n

ERA RN, SRR B LSRRI R, RN REES
FHEENOINE, F2iEh, ATAEMNTHRESEE RAEbERSN. A,
8k EROBER A LUR A KR RN, BRERR T LA SR R . 3 5 F Z AR BT
J& o MTT EACR B K R SRR 2L . FERBHE A JP, KRR WTIE R, F5E 2R,
FEL, RERAEMIEREE S M0, TERME RS, T BR T SRR R
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SN FRRIE S oM BHy iR 0 SEM A LR oA

A T, AKARA AR, B CUR BRI S 22 . BRI 16 S5 B AHA % 4
1.2~1.3, RACE 0.1~1.0%, HMREES 40Mpa L4, HllisRE R 49~98Mpa,
BB RO R RIE A 26.7)/m’.

PR £ B AL R b e AU, (A R RN A 2 [l 725 55 P A S A ) B
W 82, XFPRIBRIRAL T b2 A M EAE R RRARAANERL. R
FUEATHE TR, AR R AT K, WRRBELKTE, ARMATLIEZ
N SRR E, HEERKS. MRRANEREWIE 55 RTEmER .
FET A, EEMEBRENEK. TH. 22, BETE, #EKEERERE.

B 8-2 UP L5 Y7 HREF 4 2 [)7 A [ BX
Fig. 8-2 The gap between UP resin and flax fiber

o HEME

BB FF RIS 618 WIEE T A RS, —HMEREIEEER
7y, HEAEIENR A 0.48~0.54 2 E/100 7, HEARFEN 051, HFEHm
T,

THs THJ
CHZCHCHz%O—Q—C—Q'OCHZCHCHZ}O—QC—Q—OCHICHCHZ
Y | | | g
OH n 0
CH, CH;

MERF ST LARL, W A BAEMIER AT rEHRETL T
?IE:
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HNE WAREE & M EL T O SEM $UHLRE 7

D KT HIP R SR 7 TR B S A

@ NTEFELHHERRE (—0), E-MRIBRESE,

@ n HEKHWIED 7HE LA MG, MR SR,
LB RS R

@ ki LA RKEFR. KPHEMRAZ.

AR A B AR IR & SR B T T AR LU F LhRE : SRR R T Y R
FREME, (AR ALY RA RRA AR D FIREH 7. BRI RRIE RN, &
Bh TR BRI PEANRG MY 7. FRUR BT & BT 44T R T K098 PE RDRS Bt 44150,
HELE S WRRBR A R AT AN, A AR IR RBNRNY, 8 -84
SROVERE, HHECHBEETERL S BBED (CR<2%). FLEREMK. B
B 8-3. 5 83 PRIRUE FREEEURAEAE, TOHMTHRE. XX
BRAANEFRERES T RANERE, BEMEARRNTEE, #8F8H
FREARERNEN, M2 MENRRERHREER, EIEAREMESFi548
SBEFF R ™A TR 5 o i 1 L3 SR 5 I AR 48 3% T 00 TR 8 J 182 G A 2
#, SRERNSGH. RN C—CREXSFTFARRRNA¥ER, £5
RTESYURAYSE (ERRANREHL.

W 8-3 %V HK/EP B it O
Fig. 8-3 SEM micrograph of the tensile fracture surface of bleached flax fiber/EP composite

e RNERIE
RPTM B LLA IR 2 IR 3R b7 A SR &2 DI AR 2R & e by ST
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HANE RS S AR i T O SEM #EEEHLIE S0 1

Wy

H }
CH3 CH3 n

TR (—CHy) WERRMEHETIFR, FUESM. BT
SRR MRS, RRFANEASETSMEN, WASTFLE
PSR HERY 76 i S BEATM AR T — M. RS TTR, HFHE MR
&Y, FEREEWOHTBMLEN, TRBET ITBEERE, HEgi—F
K5 FRIVERN, B05 75 BEPT0E 45 B SRR FEIR 5, 5% — 7 T SU0E 50 Fi
Bt TR, B /AR PR AR FE T . 5 B0 N R TR B 5 R 206
B# S0CHS. PRMBHETEFRABRS TEETSHIARET, /RE
FRSBAEMER, BURASHRELREREREZSEE, i, ARG
HEHNEA T ESHBERNERS, XN KNS RESEE TR, ALENEY
P IRSE N 30~35Mpa, B REOhHIEE R 19-270m’.

W FRAMERIGIEER, R, PR FRBARNRR. HERA
R RS, B EREE SRR ML (RIEBRRSEOER, M1 b, &
FEK, hEaeot, BERBRAT, KEX, B TEERENASE, S
RSMIRAZ FIGEhE, %RBETEE M SE ML KHEFSE,
STEN, FH MRS, HERBRET, RERD, BTFEBE588
WETHE, BEASHBAZNERINES S, HPAERNER, BEREER
HFH B,

Rl 720 % H/PP B RR, REBHBAR I EAE L MNNES, S)
EENES, TULHIE 8-4 FrRITINE, RISEH T8 TR % 578
BB SRIRA S TER, L RIERY. FH828E.
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HNE B S AR O SEM SUAHLE 434

- B84 THRL PP A
Fig. 8-4 Flax fiber broke away from PP resin

3. HHEEE
EYATERESMBE4RERERELY, SEMGEIEE,

(1) #WEREFRNES

URAELRRTER, FAEE, ARENRREAR. FRERDTFH
BERFF—MEREH 3 MR, SWESTHNEEERZ B AT
FAREME. WA Y 5A%RN LAHEREERERNEEE, FMis
HAEARG &, RIS SRREAT A LUT U R RBOR A 24 i by 0 B 447 43
Hr .

(a) #LX 250 1% (b) LA 1000 £
KI8-5 BEFKK/UP hr il O
Fig. 8-5 TFracture surface of bleached flax/UP

Pl 8-5 B R AR RBER AR R N O 88T, AB 8-S () ATLIEH,
BRI i, SRR S, TR R TR BRLR AR R B, X R
fir BT TR T B R R TR, P 8-5 (b) PTLLIS MM 1 & 4146 T o5
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FNE TR ST & bR I L SEM SAHLER 9 47

ErRiaT, Limihly, WOROFF. RNl UE ) T4 R RS B 4T 4k £
SABEEN, FHERBEERE LY THLR.

K 8-6 EFA/EP E&AEHEH Bl O & 8-7 TWRE/PP Hr il O
Fig. 8-6 Fracture surface of bleached flax/EP Fig. 8-7 Fracture surface of flax/PP

B 8-6 i AR/ EUR AR S R A R OB S RS iR
ot B A REASHREHNEEY THAEZ, X HAR IS B &5,
FEBIRE ST IR . 5 8-5 (b) Mk, SiEALHER TS, HFm
B, H—LEBRTRE FAEROSHESSBTEAER. B87 4
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fisie: 7 PR o v FALFRT:

Misk: BRTITHNERF

1. ABEEERF

/F1LNAME, THERMOSETTING ! Jobname to use for all subsequent files
/TITLE, STATIC ANALYSIS OF THE THERMOSETTING SPECIMEN

/UNIT, ST ! Reminder that the SI system of units is used
/PREPT ! Define parameters and set the model
/PMETH, OFF

KEY¥, PR_STRUC, 1 ! Filter the preference to structure

ET, 1, 42 ! Difine 4-node solid element

MP, EX, 1, 5EB Define Young’ s modulus of material
MP, EY, 1, 3E6
RECTNG, 0, 100, 0, 12. 5
AMESH, ALL

FINISH

Rectangle set by dimention

Mesh all the area

/SOLU

D, 1,U0X,0
D, 36, UX, 0
D, 35, UX, 0
D, 20,UX, 0
D, 34,UY,0
D, 33, UY, 0
D, 32,UY, 0
b, 31, TY, 0
D, 30, UY, O
b, 29,UY,0
D, 28, UY, 0
D,27,UY,0
D, 26, UY, {
D, 25, UY, O
D, 24, UY, 0
D, 23,UY,0
D, 22,UY,0
B, 21, UY,0
D, 17, UY,0
F, 17, FX, 1800 I Apply force on four nodes
F, 19, FX, 1800

F, 18, FX, 1800

F, 2, FX, 1800

w ——

Apply displacement on the series nodes

16}
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SOLVE
FINISH

/POST]
SET, 1, 1

PRNSOL I List of the stress on each node
PRDISP I List of the DOF of each node
PLIDYLSP, 1 ' Plot of the deformed & undeformed shape

FINISH

/FILNAME, THERMOPLASTIC I' Jobname to use for all subsequent files
/TITLE, STATIC ANALYSIS OF THE THERMOPLASTIC SPECIMEN
/UNITS, S1 ! Reminder that the SI system of units is used

/PREP7 I Define
/PMETH, OFF

KEYW, PR_STRUC, 1 ' Filter
ET, 1, 42 I Define
MP, EX, 1, 8Eb ! Define
MP, EY, 1, 4E6

K, ,0,5,, 1 Create
K, ,27.5,5,,

K, ,54.4258,0,,
K, ,90,0,,
K, ,90,10,,
K, .0, 10,,
K, .27.5,0,,
LSTR, 6 ! Create
LSTR, §
LSTR, 5,
LSTR, 1
LSTR, 1
LARC, 2,3, 7,75 ! Create
FLST, 2,6, 4 ' Create
FITEM, 2, 1

FITEM, 2,5

FITEM, 2, 6

FTTEM, 2, 4

FITEM, 2, 3

FITEM, 2, 2

b L2 W 1 —
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parameters and set the model
the preference to structure
4-node solid element

Young’ s modulus of material

series keypoints in Active CS

straight lines between keypoints

an arc with the radius of 75
area by several lines
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AL, P51X
MSHAPE, 0, 2D
MSHKEY, O

%
CM, Y, AREA
ASEL, , , , i
CM, Y1, AREA
CHKMSH, " AREA’
CMSEL, S, _ Y
bk

AMESH, Y1

k.

CMDEL, _Y
CMDEL, Y1
CMDEL, _Y2

Ik

/UI, MESH, OFF
FINISH

/SOLU

FLST, 2, 4, 1, ORDE, 2
FITEM, 2, 1
FITEM, 2, -4

D, Po1X, , , , , ,UX
FLST, 2, 15, 1, ORDE, 3
FITEM, 2, 20
FITEM, 2, 23
FITEM, 2, -36

b, Polx, , ., , ,UY
FLST, 2, 4, 1, ORDE, 3
FITEM, 2, 14
FITEM, 2, 20
FITEM, 2, -22

F, P51X, FX, 1800,
/STAT, SOLU

SOLVE

FINISH

/POSTI
SET, 1, 1
PRNSOL
PRDISP
PLDISP, 1
FINISH

! Mesh all areas automatically

! Apply displacement on nodes in UX

! Apply displacement on nodes in UY
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