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A Study on Real Time Control of Resin Transfer Molding

Young Jae Jeon, Woo Il Lee™, Moon Kwang Um', and Joon Hyun Byunm
2

ABSTRACT

In resin transfer molding(RTM), race-track effects and non-uniform fiber volume fraction may cause
undesirable resin flow patterns and thus result in dry spots, which affect the mechanical properties of the
finished parts. In this study, a real time RTM control strategy to reduce these unfavorable effects is proposed.
This control rule is accomplished by means of the permeability mapping and pressure regulation. Through
numerical simulations, the validity of the proposed scheme is demonstrated.
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Fig. 2 Schematic view of control system.

Yooz, ool P Jeir Brh@s
Be FA79 FolETY 94

A5edE A5
ojfo{Z]7] W&o, race-track® BF U HAETESE
F2 mE qF37] ogE atd HIHOR gL
fohs 9de AT ok 2 dpedE @A st

2 12 o o o 4 B odo ok B

Aol WS Aol AA-ANDsts A% AL A
Sl oM, 2AMeR dEY EHTH AN
B9 GEABE v@PTh ol HAA Aol o
BE o) g5fo] Fug(permeability) mapS THTT
dg 2AFORA oY BAE HNAsch Fig 2=
Aol el

X
N i ]

ol
oX X
et
1o

m
_EL
o = o md

(e e

ue
o

rlr
2
~
al
L)
2
o
o
2
me 2oy 2 0 on2 X o~

o
o
NS

3L race-track 59} o

oAtk FHel AAHAL FAT A
25t oA B it dojA
BT WA 4B A8rtA 2]
Bo} h2A = uheba

,
2E 5 de HolHE AAx

s o H i
il

)

=t
o

(5]

E)ﬁi
o 2
o
]
i
n &
iz

2 =2

offl
2
my
2

o
o
o -
>
X
of
o

B AT A A=t Ao
oM @eojzE A=Al I
A ZGAZLolet e fEAde] AAd mgsts
< oot

olE ds MY HXE EAHT
EGAIZel A Alolg
& mapd FAAYCH orid B3t
ol AfFHEEY FgolBR ojF thHslct

olgldt Wlg T, FadAwsd FALYHS A4k
2EFPoRH FEHYEE Aojstn FIFH2R dry spotdd
4& FATTh

ol T &3 BEEE Fig 31} Zch

~ (X

=i

Flow jfront
eaches to every sensor

Calculate p o, Ger

4 . .
+ sensor arrival - time

(a) Strip flow : Line amangement

(b) Radial flow : Radial amangement

Fig. 4 Sensor arrangement for mold shapes (: sensor).

Z MMl REMY mgelf shel ¥, 1 Wo] Y
& EHD, o olg3to] HREALEES A4zl

S2hg mape TATh of wol ezt 27

HA) g ASold, WaT AALHL ALHEste I

&

)

2 Orbx wEgoM AAZ Aoi7t sHsetA "t

301 A 9%
axAel Aol 7] e A A7} o 3
83tk £ AR AE, AAE ol4dHd BTHNY BF



38 AgAol A AR FNEY WE AR B
Mol gt fF AT HAAMATHT). Fig 4= 3P = At =(Ar +Ar,)/2 @)

}.
Hygol e MAANE FES Rolch 2, sip flowol
A A Aufg, radial flowoll 4= w3 -&

312 £3& Map 74

Yoz SEMTHYL A28 A%l ANALI
gtk ot HaduAYEY 2RFAT HAEHEE
osl ob7iEich £, oled ALolH ETLS AR M

g A" Azt 7HgA 7] 98 A" oA, £
& map FAdol ¥asirt

ERg map AL AdAHE AT AAAY &%
Ak Aol AMEYAIZES Zoloff o] o]fojXrt o7
A A gooa e =& (permeability)S HEE A4S
AL Erlsstog, 9=l A8ty 2o J 3}
£ 713§ map T4 7ol HLHrh(Fig 5).

FVraiYei| Vrs

(a) Predicted (b) Experimental

Fig. 5 Method of permeability mapping.

olZ £Akst] A, $4 MAELARE ol o
&3 ol Belat

At =t~y ©)

HAEGAIZE] Zol, 1o fs 242 AAH
ALK E A 7S
of n] gk (i=

Aq7iA A e
o fEAGH dEEHE gAY

vetdick ael3, dEA i AAY NeE
1,,5).

AAEgAzte] Aole BE F9do AgFS njx7] o
Bof, AT 17h B 270 AlAS) AZbatelzt O g4l
E 7} &(permeability)o] F¥¥& Fotn 7HAStH ALE &
«=38tak ot

A7|M My Agle Ad ANEDAZY Ffojoln,
3t j= 999 Agolthy=i-l)

4 @& A () s et 2ok
po-dolon)y ®
16k-pu-v,

Zhol Hi& A o2
(= %) (=%
Vr 5 Vp=

drj, &8 Fil= Aol diF g x

wsheroletn 7hgslol vol tisl Hejshel chewt ol Zof
A},

1 d}
w,j=l/‘:[L —;éﬁ Ata//.j]-*'l} ©)

oot MAzEe] Aot
Augor Eusty ofdet 2k

o)F £EE H4ETLEES DA A

A71A4 Le
4 0%

(10)

2, AAAY A7 A4HE A A4ERALR
3w, ¥ dersigc o% LY 432, Wi B¢
twe Aesuige 9% wE 95 e 18
3, AZEe] Ms@ AL AATHAME Frpgol ol
Aol BRI FASIHE AL ool

313 48 =3

2ROl AAHY, FUAE T4 Fol AU 2AE T
4 gtk & fERES Aelsty) HEH 271Hel #UF
e WETE AN & grkk ol whekd, A
11101% el mAE FUT HETAM olRojHol @
o} ol@et Aotz selH, 5 Aolstrl UM
A FAgreve 28 4 Wl ok

FeALL AAFTHAMY MR HAE
asfgomH ofFojzich o AAA A%, ANHE 5
ol MAETATIY B olth, HehA, of ALols
HEG AT BAGE Agshact

=t}

& o b



184 4 4 % 2005. 8

RTM F39 HAZL Aojol ¥dk A+ 39

Liewi =lacri " a.vg (11)

-

ANA toe dAEE $EADI AL fFAT 7
AAEG AT BA, o ARA B9 MARDAZL
lungls AHEE S I*H AHEEA 2 %‘&OIE} a
i, BAR i A WSS UerdTh(=L,-

g, AAAQ Aes °I Copd AzrER S Mu} ol
A ASolq A (12)9 Zol ABHAE 022 she AlA
SGAZE & AT F, ol AAHA AMmL Az
Holg BAWSER AEIUTHA (13)).

no.of sensor

v
T - (12)
no. of sensor

Liovain =

!

obj.i

=i ™ Ldev.min (13)

ATNN timn™ MAELAZEY] H2 WA,
ANE AR BHMSR AFEHE Aol

FEzAYYL Fig 60]4 RAFD Sk A7AH A4
RuEge Fig 6@de Zo| FUdee Ayl 4
8 2+ AN Basich nebd, B8 s Hey
HEES QAT ) B 2Ho Eukg Aol o8 A4
g},

tob FULH

Viagi :(Vr., +v1.i+l)/2 (14)

SN gt FEAE AW BpE g
je 22 AAsk dele) e oujsteh

N e @ g B F A0S AW
stw che3t Zo| Fojzch

ofui, s ish

T2 A
2 Viagi

p=Lpy——— (15)

4714 pi Aoigteon,
o g},

}HH k= FUTY WEE o

A (158 AR¥Hoz st otge} 2.
lt(,,,,.‘.lT : p(.»l«

16
b pt (19

%, BHYs zs_cuam Fogrele wulad yAE ¥
Um, ol HemEgno) uanie 2 o)

P2 P2 P3

(a) Affected fiber volume fraction

(a) Predicted (b) Experimental

Fig. 6 Method of pressure regulation.
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Table 1 Comparison of v in permeability mapping : Case 1

Predicted Non-controlled Controlled

(b) Situation to control in 2nd line

Fig. 8 Flow front for Case 1.
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Original v Calculated vy Accuracy (%)
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0.6 0.623643 96.21
Predicted Non-controlled Controfled Table 2 Calculated pressure in pressure regulation : Case |
(a) Situation to control in Ist line
Pl (Pa) P2 (Pa) P3 (Pa)
Y Start~Linel 1.01325¢5 1.01325e5 1.01325e5
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Table 3 Comparison of v, in permeability mapping : Case 1l

Original v Calculated vy Accuracy (%)

0.3 0.327410 91.63

Table 4 Calculated pressure in pressure regulation : Case II

P1 (Pa) P2 (Pa) P3 (Pa)
Start~Linel 1.01325¢5 1.01325e5 1.01325e5
Linel~Line2 0 1.56119e5 0
Line2~End 0 1.43192e5 0
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Table S Comparison of ¥ in permeability mapping : Case 111
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Calculated vy Accuracy (%)
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Table 6 Calculated pressure in pressure regulation : Case III Global flow-front pattern
PO (P2) | Pl (Pa) P2 (Pa) P3 (Pa) e e ‘
Start~Linel 1.01325e5 0 0 0 o
Linel~Line2 0 0 2.68205e5 1.09241e5
Line2~End 0 0 1.55120e5 0 Ll ]
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o gate Fig. 19 Global flow front pattem for Application problem.
m vent
& sensor Table 7 Comparison of v in permeability mapping : Application
L — race-track
Original vr Calculated v Accuracy (%)
Fig. 16 Condition and sensor location for Application probl
03 0.250942 83.65
Table 8 Calculated p in p regulation : Applicati
Pt (Pa) P2 (Pa) P3 (Pa)
Start~Linel 1.01325e5 1.01325e5 1.01325¢5
Predicted Non-controlled Controlled Linel~End 0 1.22800¢5 1.57970e5

Fig. 17 Flow front for Application problem.
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Fig. 18 State of dry spot in Application problem.
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