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dZA, EXsEo2E, vd d2H, HE
9 g4} #AE VA= e AH 23
LR ERAEE 2 Y FHAM €43 ¢F
S HQg o} Autoclave AH ALde @
< FAY HEE ¥Fo F£A FF(Resin
Flow) & &ol3tA 39, £A9 38 ugg &
ANA F#AE A (Cure)NFe 4TS 33,
d 2 #99 £AE ™ (Bleeder)d F5A
A AEY FAE 2EFH FA9 71EE A
BN 948e @ £ F¥ A =
AEL A¥se 98 o gax g4
o A4 43S AdMe 93 489 sEAe
Axs A& Ao] A L HojoF o
&, BN EY A gad &x9 4L A
v #2 ved RAE A3 Ao Z(Cure
cycle)olZt 39, ol EFAE HF AEY
24 A4HA 9488 22 $£A9 FF
AES €T wWE AsAlo|EY AYL df¢
83t dwixog Asapelge v dE
A, 49, N3 Fo gEsd FAFHIL 9
o 71EY AEFQ wyeE AAE Ao
g8 A4 AF Az 33L& AZ A3 &
$0] W3, 34 HAH3s} oY AFFHoz A
Aol wol Az 7HFe] Eo} Ao AFHY
HE F9 3 AAFAME ey
TRARY A5FE, A% F4, £49 AF
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e A7 Atk & W Aol EJF
EgA AFY Az Ao HAse 23y ¢
Age 3R B v FHI e AI3F
ol BoE o 0%l B3t Atk F, 100749
AEL Azxs7] M e 165719 AFE £F9
fA87 g8t Yujojth. 0| o] ¥
23y SAEH Az FRAALY v 434
(Unpredictability) 22 3] AAIFgH& B
E AEL AT e A o %
5% AZ &R ‘rtel A2IEE AE3 A
3 oo o3t AR Ao o] Fe
ide ¢ Adsde A& ¢ F 9ok & 7
Z9 AZAolEE By ENFHY WEE o &
dlof ARG ST 2P THEE F2A
2 4 Jth 23PL 10%E oA 33%9 &
e 29 F ded, 3AF AA Ave Fa
7R A A F 0% DE RE T
itk ol AdE ¢33/ 2 A 3 2
L BERAE AAEN HEHH AR WkE T
o &9 o4 AR & Agl

2 g0 ERAE ATAEL SYAE AY
274 ALe 294 B 2R 43 dol
B BRe T FANIEA Aade BEg
43t A% A% 7)%(Intelligent Processing
Technology) & 742371 A&t EFAE
A5 ouje T3 WS 23 AA, dol¥
= 2 A9 Ay B4, TR g 2 Ao &
@ AFE EF 5 A3 QA ANT 43
Aoje] ¢4d 24 ¥ dhed? 8
Az #F Y FHE(Autoclave FA,
Resin Transfer Molding, Filament Winding,
Compression Molding)dl& A 7Ad7t +%534
o2 FutHEg £ 73 439 £33 29
& g8t A3 AH L AATOEMN, AF L
A 0|2, AF AT T AEHE FAA
71E Aol A 489 A4 AF Rof F 3yt
oty AUE AA, vlo]laZ Z2AA, AE/H
28" 2ZEHo, HFo 5% PC A

)
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ARAZgA e 803t 2¥H 1FAL 3E
T AL FHoz Aoz FH HY
e gid AAAY 2 AFE A5 MY g4
Aol A71gel we AT F¥ W@ I+t
ANFHHYGD 23719 F8 43 Bk 3
4 E2HAFY UEH FFHQA Autoclave F
Eololn, A5 A4Y d+e FAL A=Y
Ay 33 Agd FFHAG oy @ olfe F
AL AEY Az Fo dAse $dd I
B34 R B39 2 B¥XE AFEY EA
A A3, J1E A4, 43 59 ¥ Hof
B3 BEY F2E& AZANIIEZ o ¥A
1 T3 A9 Fgo] o] WEoT
A% AY 479 2de =9 49 43

AE7t A 2" (Expert system)# ZAE3de
MEEdAed, ol AARLE Y=

g BN%e 29 ¢4E¥g AHAEY W

g 248t Ao] olE 2 AFZE vdegde &
T "W3E 2R Yo EFA E4E& FF
7] 93 B4 gel A7 o @9
S AAR R FAHE W AA AR WsE
Aty AP AAAY 877t ZdA FAE
na, A% BEA Ax A= AFF
Autoclave ¥ oA RTM(Resin Transfer
Molding) FYog A#GZA e kYol F
z3 AP Yk @A Autoclave W
mu ol)a} LCM(Liquid Composite Molding) ©|
& Bt TZHY FFGN A5 ¥ AF @
F7t 34 29y 2 £ 4, 3 45 2Y
gy, 33 55 Ao, 4% AAL 7Y T2 ¥
ot FuU2 AYPH L gon, o8 FIo B
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A FE AR AHY 2 AMEE Frx
A =FHIL Yok A DA, FFY BFA
U A3 I 2ol 33 Fo IA AEsnz
A3 24, 38 £4, 4% AE FHHe=
Hde Aol AF 4% 2 ¥ AP Fuo
7 AU dgolgxz & 4 g

o] ZoAe ¥ He Az o] VARTM
(Vacuum Assisted Resin Transfer Molding) &
AgAed, +4 £ #§Y z2aYPE ol 43l
o 4 EA4E AYAZ, ¥ F AN #
& ZA(On-line sensing) A& X &4z}
3t Aol WS dAse oz HIY
M BoeingAll e A9 813 uhg AeE A
Ao 2R £ e FA MM (Dielectric
sensor) & ¥ 58 EHA AF Az €43
I Jden AFHE F4E A 24 my
(CACC : Computer Aided Curing of Composites)&-
MEstch £1 A4 THA 4F 3 A%
of tg /M AUEle AEE Az, 2 AF
o & Mdg =9 A3% 4 (Neural
Network Analysis) 7€ AH&£33 CACCY 3
BNl WA AT AY g 918 2y
33 Yol =8 v &2 AF40AE VARTM
TN 2 FF FEHE A A% AWM=
SMARTweaveS 7}93}3t},

otfol W= WelM XNeAPFH A &
g A7 AYHIL Y 1SS vEdEd

1) National Institute of Standard and
Technology, Polymer Composite Laboratory

2) Composites Processing Laboratory, Air Force

Research Laboratory : Hot melt prepreg
machine, Autoclave, Intelligent processing
software and hardware

3) University of Delaware Composite Center :
Advanced Materials Intelligent Processing

Center
4) Affordable Composite Processing Group,

BRI

Florida State Univ.: In-situ process sensing
and intelligent control

5) Intelligent Materials and Manufacturing
Group Laboratory, Lehigh Univ. : Intelligent
manufacturing of molding process through

real-time sensing and neural network based
control. electronically embedded wire
6) Center for Intelligent Processing of

" Composites, Northwestern University, RTM
system with Supervisory Control And Data
Acquisition(SCADA) System,

7) Intelligent Systems Laboratory, Michigan
State University

WA AFAELS H¥ A Fo 2Ase
A #% % A3 A RUHYE 93y
Fiber optics, Dielectrometry, Electromagnetic
sensors 59 WS YA =2 Ao o
29 QOsaka City Univ. 94+ RTMY 2-D &
T 33e 9% s AXlE ALz
Mitubushi Heavy Ind.9)X & CFRP(Carbon
Fiber Reinforced Plastics)®] 7 3le] Dielectric
sensorg ol &3t A3 HAAHL BUHHHZ
Springer®] cure kinetic Rd& F43d $£3
A& A3 5o 8832 Ut

HHAX ] A7 TS HE di 2o B
T AR ASAHFANAM TG Folel FF B3
A WE A3 ATE S 9T dgte g
AN, FH4H AAM(FBG, Fiber Bragg
Grating) §& ol&3td EAY 719 2 ¥z
&£xg 223t Y43(UD : unidirectional) &
A 83 Agg ZUHY e Q77 QMY
AA FA=HAT. EF Autoclave Ao 2§ F
AL BFA AN EFA HEex ¥ A3e
X, hd a5 o 48 2 4y Qe
KAISTAA S5 £ e F2 23
ABAY As AF Mdd &l 7lesa A
T oolw] o ARH AFE FXEo| HAZ &
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42 o EFARY AF AZE RYHHF
Life cyceg A& TEXR|, ActuatorE
A8F AFE Ade AojFTEA,

A8
AN F2E

E(Smart Composites) & HdoZ FHHIL
th oA 2N, g8FLo] w9 W& Carbon/
Epoxy A2%, A3 AF7H & Glass HEAR

o A5e AN A% A7 20iE B A3 R A2 PZT Actwter $¢ 79 o)
L E%HHE J(I ’}J'é B DU J|E 58 2%
g=0 [ T e B i
OCarbon/Epoxy A€ 9] autoclave, compression | O Autoclave Carbon/Epoxy A]"‘EJI«] compactlon
| A% modeling, 5°| +H¢. A% 947 £3 AY(KIMM)
|1 oORTM 4%, £4 #5, 719 % 719, vent gate | ORTM F3 #% modeling V72 software 74
X AA 5 #5 299, oftware® YF A | A&, 71AFEDH
07|12 ol24] AMeE4, AA HA&A dF7) w4 | OAutoclaved o] 4§ Carbon/ Epoxy Al
XY 298| 7] §F customized modeling HF2 TA Compaction AFo] 3 o83 - 4¥F A7
OUniv, of Delaware, AFML, Northwestern Uni, A2 | #8922 71239 /g, softwares} 218 & A
= 3§37 AzA 2 #E2AL 59 FIMRT & 71 BH('89 nZFEF Bf, KIMM)
ORTM %A #% modeling 979 software 7}
d Fo AY A BHFA L, JAFT
44
O Dielectric, Optical, IR, DSC Ultrasonic techmque«] ODielectricometry 71 < o]439 A& ZUHY
. AR AR Aol g T2 AYR AL T :‘l ?1_3“7]]—’:‘-@%_?3 ?%i‘-ﬁ(lﬁgsﬂ U
.| Olntelligent pr -Jr%j)\lﬁ' q 7|1 A | 04 A ZQ theksl |y A o
o e T I R
Sensor % OMicromet measurement, TDRAFS] &4 sensor 35 3?1‘] T/C% °]-§-L§l' %]’E—fnonitoﬁngoﬁi-)rf A
Monitoring OXEABRIAR WYyl A AAstd BMI
429 A E4(Dielectric property)#st 4+
Y Y o AR A e Y A
RN A OAutoclave Compaction A& A-FA] pressure
A . transducer, T/C, DSCE ©|4-& monitoring 7]
| 4+ A%
oYy, x4 A& A E I 2 AYANe] | 0FNY computer R interface, Ao, &9 7le
B ExAQ Xi]ﬂ*]*@_,] 220 WO H ¥ E—°¥°ﬂ_"1x‘f A3e wdol 7 Wi A
7 @ okZM AN AEH U interface 7|2, Ao, | LA IE systemo] AA HAE AFE FIHo
S o, 3 FUA29 59 3 gl | e FALE HAE.
P | R N =7 oAAY 4% 3 % AR d8ie] $5 Aol
Control - | O AFML®] QPA(Qualitative Proc. Automation), Ii]m%—:r]ueiﬁ, _;gx? ’-T—R?JT';}\A 7H%;]§1§Multl gate,
. Aerospace Serv. & ControlAte] CPC (Composite | oComputer 40} Metal Matrix Composite 43 3
| Processing Control) system g Ay AYo) JLBE o] &8 A%
TozmA % 71& RopolA integrated system @ | OFUIN BPAE BAd T 71&L HEE
TE FI% A¥E Q8 T Ale 271 oae ¥R
OComputer ¢72)%& #Y 71¢2H B A4W | o Y Eopfae €8 A7t =50 E &
Al dolg HEdA BE3e éZ}’—‘l?l A | 7 WEe FUAESLY wFo] Bad
ANE WY 4 UEE E9FE 71424 O | o8 A7 2FdNE 7 7ed dE I+ £ A
(Atifcal | @ ag wold AAFAN AT US| & 28] G Arifcal eligence AYE 3
Intelligence), | 02 EFAE Y AN2dd 8 F ¢IF §3 o0 interdisciplinary 3HE #olo|B2Z2 F ¢
Expert AZ37) 482 B4R #3 Public fidel S{l Fag9A AYZL 9+ computer software,
"% HJ]2 Michigan State Univ.8] COMADE | computer €& 71€, program language(BASIC,
system | (COmposite Material Designer), COFATE| FORTRAN, C++)o] ti@ 718 %S3¢ glom
(COmposite FAbrication Tech. Evaluator),| H2 7Hs¥ o2 #dd.
SCADA (Supervisory Control And Data
Acquisition) System Fo] €314 .
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FHAE ATHY Jle])

gote] B3R GHFAFE AAsAY 4
gaf AFel vBYH AsS & W o) 3T
T e TF - TF AT EWA 72ES 44
A 77t A AP et

U A% 43 22¢ ¥ 2YHY, 34
Y 7le, 4% Al &2dF Fol 43 94
g T% ERAE AH¥ A2"d gF dFe
o3 mud 4oz FF/ALTY EPA=
2EANAN FAAFATY AP dFOE o]
e 47 s Aok B 19 EFAE A
T A% Y U9 Ve % 24E Ve ¥
opEg 2okt

3 EFAE AP AA

A8 A (Process design)v HF 87 EA
a7 A FHAAY 2 2 toolingd]
35S 94 3 4% Ax W, FIx
< 4337 A% £A WY 2dd g @
TE HYHI AT, AA FHAME 43 4
& o¥A e A Sl NYE 2A7} Fo}
A A 2l ATt oA T3 AA 3
02 FARZA L3lde 4F Ws B¢ &
A S/WY RA, B33 RoAA 59 Fd 8
&7t 90tk ¥ Microprocessord] @A 3 © Eoj
AFE Ao AA3(Computer Controlled
Instrumentation) 9} A8 ¥V E A2 (Data
Acquisition System)o] 80d o]%& F&3] WA}
99™ Smart Instrumentation Micro-controller
ge3o 24 W9 %A, Calibration 5&
-?:Z]"E ZAFAY F99 279 23 }
¥ 4 (Local Correction)©] 7}&3tA At
A% 23 (Intelligent Measurement)& AvE

ot x o

Instrument & Ho|g FEA 2o wAH G4

2 FH E4(Local Analysis)d AA %8
(Decision Making Capability) 2 Zt+ Rolth z
E(Data) & A&3A Aitste didd AEE
ZARIAY 23 WS HE 9, A5 2Fd0A

BT BT

€ Adse FEE V1, AY, & 2A¢ 8
€ 7% #7HEE dugnh 7@ A& &
B2 doHE A4 Hde N FH A2

e 27 Yo ¥ FEW Fadel A2y A
e 3F5E A 4%,

Desired material/
product propertios

In situ

\
|
e b
process contral B-u proeawe
variables

281, X5 MY ng,l Autoclave B8 HpZH A
S A

aE 19 As 4¥ AdE =9 A4
Autoclave ¥4 WHFT 43 AAA o3l
Agsol k. agelA Be upgt o] FH
EdoA =&He 4¥ 95 FHAAM AN
€ o839 Y EAHHE 43 AFE P
Aozt o, B A Mg 43 Fgo ’*ﬂ

E2E 3 UFE =AY, JFFHez ¥
#e FAste R0l okvg mdo Edy 7‘

AR 34 AeE FAE ok gy

lf'

A 489 dAxe H&dnAsde FHA
38 AR =&, =2 A FF 4A "W
3% 24 719, 38 ¥F vy AF 9%

9, AAZ Ao J1EY AR §& %E}ﬁﬂi
e Ag g g,

4. A A (Sensors)

Aedgol 7Hsstag, Aol 249 AN 2
Aol grFolnz HY¥NY 2 A8 ddE ¢
ofo} @k AN L 4FF HelE B
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gozn FAAN7N HFIEE FE Aold A
HNE L5, 49, #8 2 488 ZAR] 3ty
AHgET &5, dY & A3 59 WsE AN
Ql AE2 WIAA HF A7 oF FoR A
7o) @71A dolegt AFAT HAE £4E
53l B ARE #38 € 5 Yo %Y
A% 29 2404 d9=EE uieh Zol, ZARE &
AR LEE 39 HE AsE, A9 S
£5 5¢ 428 & A oHE £AY ¥
2 Age #ZAg BEUHHL AT =TEA
Fiber Optics(2¥ 3), Ultrasonic Sensors, Dielectric
Sensors(2 ¥ 4), Piezoelectric Elements,
Electromagnetic Sensors, DC-Resistance Sensors &
o] 453 vt #A A (Dielectrometric
Sensor)9] fele F4& 74 &£48, A=E ¥
o] A5 Ao ULH AR HFFYE &
Ao g B3] fAAFE A3 AHd Udteg 73

PR

Sensor Data Beobo

Derived Data it
5,
Oth order - direct sensor readings Y
TEMPERATURE £
autoclave information related to

laminate top layer
laminate middle layer
DC-RESISTANCE

- r—-—— VISCOSITY
DEGREE OF CURE

1st order - temporal or spatial changes in Oth order data

2nd order - change in 1st order data

TEMPERATURE RATE -t
j——— REACTION RATE o
TEMPERATURE GRADIENT- .’ oot

RATE of TEMPERATURE RATE

3 2. A B3 M 0SS

10
o
of

H 250 ¥2

3 AEE yriske F4F PEFY el
$H A7) AN B, iR B FHE
AANHog ANANNNE BEF WAUYF
(Polarization Mechanism)©] 243t A7 A
o] galxle YIE ol4F Aotk £F w7y
& yEAY gorzd ue gEAed A7
# B3 (Electric Ploarization), °]& ¥ (lonic
Polarization), %4=* ¥} ¥ (Orientation Polarization),
$% W3H(Space Charge Polarization) F°] $ith.
AT olAF ABY FA BEHEL &% §5,
A3 A", 95 Fol g do} FFo|A
28 Fol Aok FAAMAN AFE AHE-3HeH
) 8lo] DC-resistance AME HFE A3 A
29 ¥ AL Yz A4 A¢E 33
£ 988 o]8% R0 DiclectrometryE &-83}
£ R Bt AgH Wgolg § 29 AgsHE
AN 2 858 8%3¢h

54

YuR(fiver optic) MM Al2" - frhTe

#sr 118 139 12 (201 &)



B A5HY Jle(])

5. 5% Aol (Active control)

2% A5 A¥ IR YA FYsof &
B4 Fd st g8 LB A2 Az
Aotk TA] WX ZzHe] RF AZXA vt
TR 4%l F24 ¥%< VA 9F 94T
g gA Fgo] e Aotk wabA
¥ 340l s¥E YA JAFE 8389,
el ofzifol 8o ol ¥ ALY A
S5} H3Me T8 H4EE ANTe=
Botste g wek B F21E FRE
T Ae YR AY 21& FAse AN
Aozt dastth ¥4 43 A7 w3

A AXNE o83t TH WFE ZYHIYS
H 7bse, 348 4% dF % Aol Decision
Tree 71goly A7A % ¥4 (Neural Network
Analysis) 71& &43% 7t%3t) Decision
Treet} A7% FA(Neural Network Training)
of "dad RAEr FAH EA 2d(Process

H 2. Sensors and Sensing Techniques

O

d)

o o ox & SUorr

Simulation Model) &

g

A8 $ees

83t AHE & Ao
ad 59 5% AAE ol &3t FA A3 AL

Acle A7t FolA Uk Aoz o
9y L& 709 2POE oF

37 A3 Aol e B YR FA &

t‘ TQ:EZ}E

e 7MsAdo] =
A W R7 Bl

e &5 o

w00, oj= <3
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T A
R el
A L
g'iao '@_ ’1
® A "Nl
,I'}*] \/ N center femperatire
O st emperaie
% s 10 10 20 250 0 3 40
Time(minute)

© 8 5 XI5 Moo oj Z3t Aol HE

o}

Sensor Type J Measures Changes In . UsedtoMonitor ' | ' Examples
Spectroscopic chemical state flow cure + Vibrational spectroscopy
* Raman spectroscopy
o # UV-vis spectroscopy
« - Fluorescence o
Y : © e - Chemiluminescence ** # ("
Electromagnetic electrical properties(eg, . 7"’ temperature i+ 24 - | . Dielectric(AC) oy e
capacitance flow - SMARTweave(DC)
. | & conductance ;. cure {'» Arrival-Gel-Cure(DC)
Visual externally visible flow « Optical camera with software
Theqné.l ‘ temperature ' temperature rv - Infrared thermography
o o ' (exotherm initiation) " |- Thermocouples -
Wave Propagation | mechanical response Y " flow 1. Direct Measurement
' cure - Surface wave
- Reflectance
» Wave guide
+ Acoustic Emission
Mechanical pressure & viscosity (stiffness) | pressure(demolding cure) i

BT AT
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o Aol EFA W*4 &3} (Degradation)
g frEA7Ie 84 dth WA AF EE
Lxg dFAA dHe EY =S ¥R
A A Aol 2o &3t AT AoE 3§
W AE 22 WFY 2EXE J23 T 5
Jonz ARG HPozd L& ¥ B =
g 35 AFY 234 &R} s,

6. 2.9
A AFY $4 Fue YoM A4
BHe g 7t Mol 53 2H5¢ 43

F, T 8 FEAIMe ZEHAY
EqAE FFL AR dAdd ZE AZ 3
AoAA ZleAe ad 2 Yol Y/IJEE A
Z 7H3o] golAe 4ol TR 2 F8Y
4 F9 WA FHEE 4F 7€M 2
o @A VR SExY FPANM 293t
o, 71&9 H¥ 71eg o84 EdH 2% &
g, A%z 59 33 AR, d5E AFHY B
DE g4t FF AALEE FHFLEXR,
A TN A5 AF S FERoER A4S
FAANE F itk BHA B Fd4e U9 7|
€ Me %3 As 4¥ & A8 A9EA, AN
o FR% 4, 5F Aol Y8 T Hedt
At ¥& HMEe RTM A¥yd Ug A%
A 71ed datd AFHLz 7l g,
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