(2 e B 0 A IR R R R T S AT R IR & R R A
A U RAR Y FER U A R RS
BHE A f R 3 R)

o8 AEBPEAE

- PR EMH 2 A F - BERHRES B hE o R E
R R T TR w@ﬁfaﬁﬁwsaé\gwaf% &
BESEF FHE > SEFEHMEL D 257 S PARHE > T F

FThiesHlai B4 > X GAF L BIEE R e T3 E§ o
oo B A g B gk o

B H g 48 & R )T/Ln,\ﬁﬁ E - BRI ¥ e & U U =
RSB R E R - JE S AR o e A RN
kg oo B¢ - Eadga 5 A (matrix) (Aitdp) » ¥ - 48
ruv\%zmwiz&ﬁ FoAELs M (GiEamAp s a4 4p)
(reinforcement) - 2B k5 - % i HApfr kit L B 0 Rt 5
dNAF A IR B TR o RN BRI X T PR
feiiap o Lt - BHEEF SRR g A2 BT Ko T B
BPRRFLREDRET S -4 Ao Ap o

SRR SN SUC L IS TITRIE XY S S A L
Sk (AR MR IR R R B R R 2 fE2 ) 2 B v R 0 (0
SEAEHCH L MRl SR R R 2 ) 2R RER s E R S '
FAr BRI ANATE AR o T TiEDFTE R Rk

=7 IS v SRR R A e s mﬁk?*( R (Rl e IR E M94F &
HALH WL RV B DR AL 2B 3.08B) frtiiia Bian

CBAFTAPFEHMPE T EE -HEEZ2Z B RERMEIOE  wib
o0 2wt iE mﬁiﬁ*%’ﬁﬁ&*‘”‘ﬁ%’* R e dabes 2% -
A4 1T E R E LB EVRA FEBE o (B4 Aranid fibers >
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i# 4 kevlar o kevlar efrdrag 4 B0 Zxvigqpt 4 st > R L EE4r
RF A hT Az — o F F N aRE 2 Efo- LRt ) o
FRA AR R GRA - F R ARERE > B3R
TR T A 0 F R Y amER L o
- EBHEZ RSN AEEIN S H P2 30-50% 0 @ F oL
AEMRZ R F R RERT EH b g R 2 T0~80% (4o @ Bk AT
AT LML) o & w2 AT & B
Hipz gapel 4 2od 3 enfde s B 2 B R B4
Jo FAAEERRT S RREG FELITERBECE DL 2
Zhn A4 Ea Al RBEARTHE V- 35 LB alz R
AR TR LBRA T ST Ap s
SHH o FF & A e§lE
Az st
() ATt al ot nafFgtHargade gk
(=) #fimmfcidfsnitsaeo
(Z) Hatfakkpe P atfay e s o REHELT
R o R e
(2 ) FHR ML FERBREEG BRE 5 BB -
() RBFIREF2RE > REBCRAT 2 bR E XD AR
(=) RFFEF kg
#*ﬁ%ﬁ?@ﬁ%%ﬁ@ﬁﬁ\5%&@@ﬁﬂa%§%%&
& HORE o B AR £ A ﬁ%ﬁﬂﬂﬁ%éﬁﬁhrﬂﬁwéﬁ
R B e éﬁfrﬁiﬁaﬁdﬂa (unsaturated polyester)
#t75 (epoxy) ~ FAfEAt"s (phenolic) ~ FO%fatss % - 14 % 4o R
% (PP) ~ R ppipr (PEEK) -~ @2 (nylon) ~PPS % o #73) ch#t 7
Bo 23 rs- L REFAE SRR EERAG L BERARF
RERREAS R £ BHROPPIAFAITF AR Ed B

(cross-linking)

RE
=
=
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INRTEAN > AR s - LREFFE - ETREG L

b FEEREOR A FHEL I ARIARIAN S FALAFTEF A

RACII§S3 2 = gl > B 5 4 MITRLT R AT B ITAAHLF
o

T g AHE B A BRI A Wl AN & HE A
EHAL ~ SEAAE &M BARAT EHAL A & MR B A A H
B2 E PR RGBS AT L BB R
VoA BRI A KR A AN B AAE SRR bl
LA AR E R~ § 4R RAF & HF > Sialon B A EH
%) o

AEMA L & LA uAp 5 AR As i gp (WsAp) AW G o
Adtta e il s 2 B F 4o AT & B opUR eIk § R S D
HEMKAS TR ERE A EHE ) LV RS REAE RS
WERRT F R R R R PR R i
EHORAEE PR S HET o B g
A e EARA 5
- AR

(- ) £# %% # 2+ #;2 (hand lay-up and spray placement

technique )

‘E Hand Lay-Up Manual Process

B 16.1 <% % o7 4 H
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B 16.2 <4 % %

EREET T FBRSNAZE (vet lay-up) - B2 E Uk g 6 fe
SHMASLL W A5 0 M E BB S (S FF ) o
Wi (e ) PR B GRS Aot F R E B - Ko MR F LR -

ot A0 R GRS B IR A6 (AR ERF) A4
Koo REIREAAT AR P o GRG0 B AT e

ALl 35 > RBBRERIAE LG A £ RN KR R
,;'Eiﬁ_pg FRAEERLd A 14 RI LD
Sy Lk Prodet
[ hicpgaing ) »
D
1) Spray-Up Process (chopping)

B 16.3 *f % i 7 2 B

221



4

(

i

B 16.4 o #i2 (pIgstia)
LR ARl e R A A F MR STIERFE 1 ¥R 5
“%‘ﬁ%ﬂﬁ"ﬂzﬁi’ﬁﬁwﬁw%ﬁ%»’»ﬁsﬁfm%ﬁ

1= /ﬁ‘“ 'E“E.°

AR E R AR R

L R EE AR 4 S A A R T
— %W 5

(z) p#itgay 2w (automatic fiber placement technique)

)

IR REF R E LA LW R A 2 R > T R
Perena 24 H B pE it RAEE E R LIRS R 5 ik
il N TR gz 1 BEAGKRE S ] > A 7 R
iﬁ%ﬁﬁ&?i&%*ﬁ%@? FRERT T 2 ne
H/R =352 (compress molding)

BB A AH - et SfE ARG RS 23] RS <
=t 3~TMPa » ot = 2 g3 — AR 9= ] 2 SN Rag i o &SRR
AT R F PP kAR e - HEF F DR ERE
M= & % (sheet molding compound, SMC) % /ER4ER = 4 1“§] (dough
molding compound, DMC) -~ pt > 22 i B A % ﬁﬁ?ﬁﬁg\'ﬂ'l A
Pec- fa o ARF e XY AST2LAE
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FOR & 33 4 & Hh ElAede T
L 8
a2 [ g Al
2. SCM = 4]

S Wil 3"‘;}]—>/7EK§—>/§/% (;}%—J—F;}#q N E’Hi) —>>I§(#§—>7f}? (LN =NF %f

=%

FL—| MO 45 7% 4o Al E @

B 16.5 1% SMC B =257 4 B
() 2% =353 ex B35 (vacuum molding and pressure bag molding )
BRI OS2 B R FE G W RPRBE - )
IR RAEF 0 B F AP A T R RORE o R xRS
KA T L R RS S R P2 WE T uE Y
VOELe L s A o

() 3E=* K =2, (pre-impregnated tape laying method)




EhHEY LT RAEUE 230 gl S sd ZHY RS
VRENE GRS SR B RFEAA o F Y R e 1 2erg
RPN R BEE - R Ak Rz B d et T p
FERFTEFIRT oI AREE T 2k > FUEIIELE e 7
PR FRERLF /AL 0 BAT RO - L

(=) Z5&RS &7 (a toclave based method)
RS RN 2 REE Y o LR B A R
Lo B4 FRMAIRY RYEI B B H G T R EB
ﬁkﬁ’iﬁﬁﬂﬁ%i%%%ﬁ&&mﬂwiéo

B16.7 B4 5% 2 BRI W

(=) #¥%~7] (filament winding)
BEAET - BApg o EM o AR RPE R AR/ REF
St e 2P o FOLEMEDN AR A PO AL 2 A5k 0 4P
R A 2 @ o

bl

=i
= 5
™ GiE

R

?
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Filament Winding Process /. n
@mx =,

Resin

B 16.9 H¥E= 7R

225



B A AR

D=1
\ L4
¥
e
04
o

\ 4
ik
=
N

A 4
Ky
i
Sy
8]

\ 4
TS
&

©D

() B3
nb A PR £

TS
dy:1d
o

® 16. 10

(Pultrusion)

e NI I PN

B MER 2 AR AR )

S R R R =R [EC

[ERED) s

THEERG 2 B e
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Hoklz 8 (extrusion) #f 5 #g i » 2 & X W] A3 L2 B0 plif iF
Bob Achdadh o m R AR A A thEpde 1 IR o

- Mat Creels

Cut-off
Zaw
Guide IE‘
,!f ;
Resin Forming and 1
Impregnation Curing Die Full
Blocks

Foving Creels

Bl 16.11 £ =257 & B
(4 ) #1235 (resin transfer molding, RTM)

PCRLAR B R F 2 S S AR R AN RPHCE L
bk 2 B AT RUR o R R R A2 & T n R L 2 A & H
FLo FPRERHEC L hA R 0 S ME LA B AR R > 2 T
SRR 0 T FFR R B ARR o

B 16.12 AfFaidii=2)7 R
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(+) F B #7a42 225 (reinforced reaction injection molding,

RRIM)

(b}

B 16.13 & Best 47 a il = )7 & W
a s RBREFFE b RSB EAIFE
FRFHEP G HEI 255 M R g2 2 ik 1 A
FRa A2 g F s A I AR F 4 F AR L ROR
A AF ARG A S ERNE RES S BN e R YT 2
# ;% (hand lay-up and spray placement technique) > p # it &

T

A% *%# (automatic fiber placement technique) ¥k $8= 35
(filament winding) ; & BF s\ 4B & 252 (compress molding) -
B2 aA5% e B35 (vacuum molding and pressure bag
molding) » ###= 35 (extrusion) ° #Pq &3 = 3 (resin transfer
molding, RTM) - » & :;“#Pq# 1 =3, (reinforced reaction
injection molding, RRIM) % -

S A EMHEAERS 2 PG

(- ) %4&> » %7 2(fiber misalignment)

- ) gy A et 3 2 (poor bonding)

(=2) AHEE (matrix rich region)

(2 ) %3 (voids)

(I ) 24 1n (fiber defects)

(=) 4F# P 387 i § 4 K5 (discontinuities)

(=) FHMIAFRF (residual or lock-in stresses)
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= AR B R AR

BEMEBAE RS AHIEG - B~ Fo ik Blad s jay
HEda > § "B agd SAR . [ Fr § L EAM B L A4t
E'J}if)@' %‘ﬁ?’ﬁj%‘/&jé ,?/r‘ﬁiﬂ,/ﬁ;» 7 ——.EI‘ |§ m&f%"{ykiﬁ,,p FT‘J' /;ﬁ, ;'—3(

q- %4&§ﬁmﬁ* Ea

ARIEREBHEB IR DE RS £ & H M5 B
W%ﬂ{ﬂﬁ—ﬂﬁﬁééi’E%94%ﬁ€ﬁﬂd@ﬂﬁﬁiﬁﬁg
SRt S e AT R ARG oo FR A AR e 4
S AT XA BEIREE A RHESEI R R ;xzﬁ?%ﬁf’{
FE b A S - AR F]E S AR RAN 4 R - 0 Fpt i
%ﬁ*&ﬁ—ﬁ@%i’%&ﬁ{ﬁw%—ﬁﬂﬁﬁé&%%ﬂkﬁﬁﬁ

RoGGERBET Ve B AHAR >k > 42 GRETH o HITR LG
PB AR AT AM > TR EFHFORESAF U - LR ELEE
Re B RIURR R €A S e At - KA A S AR b
PEE G AT 2 AH P o R AR F R PR S AT R
ERITPEI A P HH SR FRBETIEE T gL F
BB RE i w2 £ o3 SR A A3 258 03] sk % o
F-20 o BAciiHEd A K RIRE K ZFFIRAE D ALK
B o) kI % oo
o~ AR A PR i

AR AT BARER Y 2 REBREAE SR 0 2 D e L AT H
AR PRED PR RGNS LR PEY o B 5 H
ARSI R RS AT AMNE ERAFEHE c KFEHE S G ¢

\-\

FHE AR TR E B3 HF 0 5 o b E R Sl AF & TR
'?”W“ﬁ%ﬂﬁmﬁm’ﬁ%%l&$ﬁiﬁ$méﬁ‘ﬁﬁ‘iw

PAFR CRIFHFIFOPEPAAFEHP UG LR FEE R
PEE FLIKRIRY
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3ok 4R IOSHF 12 @27 TE 2 AT Fwl R ¥

HEUEERTERY - LR (THRBR - FH1E) %
SRR L AL FAN S L E R R R e
B0 B EARRREZ < TR RARR S L F R

W BT F &0 ﬁ’gﬁﬁwﬁ\h@,ggl’ D¢ H iE 4
Sip g G MBREF LR ARES R (5L PHE)

R PGk

‘m4fiﬂﬁﬁi

NN
L1 Agg it gan
A HAMPEFF | P wdpd
ﬁ%c%’z
fitq F8AE
Epoxy resins %% ¥ £y Skin, lungs, Contact and allergic
eyes dermatitis, conjunctivitis
Polyurethane resins <4 ® | Lungs, skin, Respiratory sensitization,
fé T fig ftg eyes contact dermatitis,
conjunctivitis
Phenol formaldehyde ¥ @ ® g | Skin, lungs, As above (potential
eyes carcinogen)
Bismaleimides (BMI) &5 % | Skin, lungs, As above (potential
P 17 ¥ eyes carcinogen)

230



Polyamides % fiz’=

Skin,
eyes

lungs,

As above (potential
carcinogen)

Reinforcing materials

Aramid fibers * it % 4

Skin (lungs)

Skin and respiratory
irritation, contact
dermatitis (chronic
interstitial lung disease)

Carbon/graphite fibers % &
o

Skin (lungs)

As noted for aramid fibers

Glass fibers (continuous
filament)s 33 %

Skin (lungs)

As noted above

Hardeners and curing agents

Diaminodiphenylsulfone = #
& F A

No known effects with
workplace exposure

Methylenedianiline4. 4" -
;J:i*ﬁe_ el

Liver, skin

Hepatotoxicity, suspect
human carcinogen

Other aromatic amines

Meta-phenylenediamine

Liver, skin

Hepatitis, contact
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(MPDA) R -% = »&= (kidney, dermatitis (kidney and
bladder) bladder cancer)
Aliphatic Eyes, skin Severe irritation, contact
andcyclo-aliphatic amines dermatitis
Polyaminoamide & %%k fig % Eyes, skin Irritation (sensitization)
Anhydride # -k #, i+ Eyes, lungs, Severe eye and skin
skin irritation, respiratory
sensitization, contact
dermatitis
1205 1 BT 5 5 1 W G EP R L S 2 s g e § 2
giEAT - BHEFTLAIWRED DN APE o
1.3 At BecnAd 4 A B34 hrhp) ~ Bk~ HAFZ BT B Aehp
ToFT PR LR E s B ERTETRAART B HE
250 “Co
1.4 3 3% 5 3R E w42 """’ff??'Fi’f' WA K ~ PRpdg = g 3
g R - LB SRS E TP TR RS



OoORFHEPFFHE oGP IR LER I ZIPHELIPRALLE o
W enpk 85 A7 acetone (DMK) 5 @ ~ methyl ethyl ketone (MEK)
7 Ak ~ methyl isobutyl ketone (MIBK) PART AR BERPE 3
+ 4 R m;%;im’@iﬁfi FHCY o VoA h R 5 methanol
(methyl alcohol) ? f& - ethanol (ethyl alcohol) ¢ pg -
isopropanol (isopropyl alcohol) £/ g - o 2 F i< > 7 £33
> g~ L AT~ FeEeig 2 3 ¥ o ¥ 5 chlorinated hydrocarbon
compounds (4r % # & i* £ ¥ )found in the composites workplace :
methylene chloride (dichloromethane = # ? ‘=) -~

1,1, 1-trichloroethane (methyl chloroforml.1.1 = # 2 %) -

trichloroethylene = # ¢ % -

TR AL AR R T L R R R B
PR R T TR G AR R - AR g b
AgadpE o His ¥ * 93 F toluene ¥ ~xylene = 7 ¥ -

tetrahydrofuran (THF) = ? ¥ & r%ws ~ dimethylsulfoxide (DMSO)
= 7 A~ dimethylformamide (DMF) = ¥ & @ fgoie -
gamma-butyrolactone (BLO) 7 -7 p&p fs ~ n-methyl pyrrolidone
(NMP) N ® A » & v+¢% At ~n-butyl acetate ¢ fa it 7 fig ~glycol ethers
2 - fBe fo
A DEFARBEESF FTLE2FRLETTANERETI I -
2. %ﬁi;é 3"1;‘.117? :
IAFH] AR AR AIERY R EETE TERERASR - F
BB )2 Rty K0e o v F chddre iR & e B @
L PR S I
2.2 ﬁﬁz‘?‘,;: FREESIEEY IR AR AR FIEE MR E
BHFLZ 2 A RTVR 2R Z TENARR K # 2T IF*%%T‘-%' Ce
FA1BAPEE TR RE S FF SV IR GRE R
MR A B AREY BT 1 EGEd R RIFREE; L E g f ﬁﬁ;
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LIEKARELER - TVHBRBTERFIRINR S 13 5B
PR o
23F 1 BAPELAILFR 2P ERE PERLETF R o
TEMEES RARAPES G FRETAD 2 TR BADES
BEh - BpER A feHoana o - 4k ;ﬁﬂaa F % A 2 'i’”ff'lé x50
HOPEEEFLUAE > RS TREAR 2V A R RIpES
Fowrm oA T hAf e TR - T ’WHWi%wﬁzﬁﬁﬁUﬁ
A ERER AT R Aok G LAILITEEREF R R o
3. 4vag it ?;r‘;%ﬁ#sﬁiﬂ-’_ DOTESTR Y X E R AR FRR] 0 et Y
EEPRALES
AR EREEES AT ETE o
2 SFHERHR L -
.3¥lﬁﬁﬁfiﬁ(mm)?ﬁo
SRR o WL AA RS R G P - A KR
LR SR FB AR
OFBRRCFEREFTRELIR ) DAy pRAE -
L6 B R kR T i dF R (LEBELING) - (BB g £ 8 2g
157 )
T T sl AR £ 4L fw%%i'% 77 ,T.%lf% L R LK
3.8 RFMAF P N WA VB ROREE R F AU RIE - (B LA
B - i E N ﬁ@é&‘&&z‘ﬁﬁé&‘zﬁajtaﬁn%‘&«» ERAFEA A E 2 Y
BHAR YR FEFTUELF A B BB RS

C.OC.OC.OC.O

o

:Ev

[GV]

C,O
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