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A Study on Slip Behavior of Fiber Preform by High Speed Resin Flow in
High Pressure Resin Transfer Molding

Jong-Moo Ahn*, Dong-Gi Seong*’, Won-Oh Lee*, Moon-Kwang Um*, Jin-Ho Choi**

ABSTRACT: This paper presents the slip behavior of composite fabrics by high speed resin flow in high pressure resin
transfer molding. In order to observe the fiber deformation behavior, we constructed the measuring equipment for
friction coefficient between fiber and mold, and the monitoring system for deformation of fiber preform in high-
pressure RTM process. Coulomb friction coefficient and hydrodynamic friction coefficient between fiber preform and
mold were measured and the external force induced by fluid flow causing the deformation of fiber preform was
measured. Friction force calculated by friction coefficient and the external force upon fiber deformation were
compared, which showed that preform deformation occurred when the external force was bigger than the friction
force. The slip behavior of the fiber preform was mainly influenced by the volume fraction of fiber preform and the
friction coefficient.

£ S AL 1 RIM FHNA 14 52§50 o3 A6 Be] WE 7% B A7E 719
SHSIh. ol 91k 4ol el oPAS 24 A1 g RIM FAL wApste] preform HS BAHE 4
HE ST, oA 24 AAE S G4 2 Coulomb oA SE1 U ASE 24
31, preform ' B7} 332 3 preform] W o] AT wje] Aol 3] A-gok 2ol T = Hshant
SPAAGE o] atol oS Fotu st vlwstel 4] 4ul(lip) ol Bue 4 A9tk 4ol ol
Aol 245 Si2fo] AGSE GG Aolo] ulgeRE AxA Hul 2go] FHols Ao B Hglon, o

L 9o AHET A 22 QT Wi Ao ekt

Key Words: HP-RTM (High-pressure resin transfer molding), £-&}4}| & (composite), 417 ¥ 3 (fiber deformation), 1}z
& (friction)
2]

1.4 2 o] et gl A Fejslo] 7 glek AT Ludst
BAC WE ol E EA 7)ol 2 T

AR A AAROR g7 )= Bl ASHI Qi T Al ABHE AR A 94l DEE WA AER Aol
st A naHol b O ARl AREY A WA %ol n Ak A5 1A SR WE] 514

Received 4 December 2013, received in revised form 29 January 2014, accepted 6 February 2014

TSR |AGTH B MHEHTA ESRHE HRLMIE]
*T—f:-_117|71|°=|-_rl,_4 BHM MHZ2ARA B =2 ALMIE], Corresponding author (E-mail: dgseong@kims.re.kr)
2E it 7| ASEE



32 Jong-Moo Ahn, Dong-Gi Seong, Won-Oh Lee, Moon-Kwang Um, Jin-Ho Choi

= A H3E Fe A ol M F -
&2 “ﬂl% %Rt A 71 A = ?“iﬂl 7]——1’ Xﬂ%%‘)‘
72, 2%, W44, 7 17ks 5 B

ATt 7“3*3’1}«] S840l diFEA e }Ttﬂ g
A= FANE G A7 FokA A Aol
1

A
ZI:
e
gt a7t qlo] Al Am= w2 7S AL luH1.2].
?‘JH EAe 22 grRa7|Yy Hete] 5
A ARG S £ Ao 5o S
]- A X]-I{-oﬂ }\v] Eb‘l—xﬁ =3 /K}-_Q_x]_E_;(]_oﬂ 7(-1_9_
) 9 e s el gl BMW 5 5

& AFsiglon WAL 5 Aol AEA Bxjo
A ke I8 AEstar QIeH3). S-2uer GA AiAE
Aol A B AN RE o] &3 AFAE sk )it 61
U B R Alxe AEmE T vl AR Aol 22
Ae]7] wiZof thgatel 2857 fleiie 7ledoem
SEoF & FAI7F W A oltH1].

EAA R AlES A A9 AEY @k AL =
A& 13| & uj RTM(Resin transfer molding) 5% o] 7}
Z A 3ksict. @ B2 g o] 2 A 3§ (Autoclave molding) 2] 73
Sr = 4o] 1 FA WAL AT A% ZHol 92
Ae)7| fizol] =2 57| Az Alof| @] 20]aL itk RTM
370l AlY AdsEA|NE RTM 34 9A] 4] 4 2 F
Slo] W2 AP3ol o8 dele A2 LESYE A
= gHs] Hekslr|ol= RE7E A4tk RTM 542
A ZEES g%l 4 RS F=Ysk ﬁﬂ AlA &
AAE Axshe - AT A4 74 D A3 FioA Al
7F Hrh4]. o] & sfAstr] flsh ﬂﬂ?‘)ﬂ/ﬂ“
ojn] g2 AG7F AP E AL, =L 3k S]Atof| A= High
pressure RTMO|2hi= 114y J1QF th s Abol] At 3782
NS5 o= EE RTM 3781} fARE o &2 X

-
N1 B

l’lﬂ lN'

¢

|

l

T
i

7to] wo| A8

;
6

YE| R, F2 I Ao F Fst= Yuky A= o2
A FHE unk e o)A TreR FUski 2445
o2 Fyo) L ristel £ A=K FHATL
< wol B3t 4 9l YR oA th¥FQI4] T4 RTM
WA 5L ke B A7E A@skn ok

TP = B S o] §3t AFA AL BRE A
7k 1 Foll drHe). B AEAE Akl 9l
M 1 19k g0l Bag, 1Y RIM Fg oA 4
A7k Q) HH ) Qg £ B &Y WA WAy
3 5 glid 72 zo *awg—g A% 24 At R 2
FHE ob7| A1 4= Q7). o] o]l B oM Loz 4
A7k F)E = *J%LOM 21%94 729 &Y WS o=
S EL 1A} Fhet. A 7hA] o] Ao ZIEkRlal A A A9
o Ago] o] S o =3} e Abd ATRA 5
A7t YA ol M) upke et 4 gl ejst
X vaAS 2L 918 AAE FEe o olgo] v
A4S el B WA AL A4 3HE Tteke)

offt
é
rsi
re

il

>.
_?L
b9
|o
H
o
il
=
2
ot
<
o
o
bu
2

2.0 &

21 OHEAIS 53
A &

T
X
)
_EL
."_“
aQ
H
m\!

tol S A5 15 Aol 1
skt o] §5eto] A2l 48
&3] ARk 7Pt of
&% Y 2408 o §3rHI).
ﬁﬂ o]

(W& S7g3toof gt} o] = %‘Hix—i °1 Coulomb U}?—__P 7
g, A7 F=UE Aol e Eehy np md
2{sko] Fig. 29} o] uehd = glom, 4=3h3] o}
A~
e

= ok 9] 4] (1)} Zro|, Hersey number® ¥ &2

w = wH) 1)
H=niU/N

H: Hersey number
Ng: L= -1]— e
U: ol &=

N: B3l g 2P

normal
pressure

fabrics £

where  p: flow pressure
" .- friction coefficient between fabrics
4, friction coefficient between fabric and mold
N: normal pressure on mold

mald
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Fig. 3. Schematic diagram for determining wet and dry area
during resin impregnation

Al f5EH Huet FY2A
21 4 % 2jageio] 2efslolo} o] o}k Hersey number
o:] o

A7 25 o WA shs i ZEEY] WIS Fig 39]|
AAY $A7F 455 o A U] Hel g
ol £ 4§51 1elo] 25321 Aol ] o2
stk 7 7)7] whio] WAk obd Wal glo] A7} o)
B ot A9t Aol Agshe sleo] Aaeh 39
7o) nparelnch 2] wiolch,

Z3o] HAE wo) e F /M TER U Az
sloF ek 2071 Gaslol fls] 22 efsfof sk
88ty npRr AL 78310 x, Byl 2271 &2 F
) 8 A9 arol it A Coulomb UIREAE
A g5k x, BROZ Ul A e sholof Gt uhele
AR o RASE FolE Lo A v[11]E 2
3l Ztzre] e S Alkbsto] HallE grol AAl AR J—E]
Zof upe grolu] o] kg $Al0] $50] o8] 2gate
olg) 33} vl ato] LYHEE T & 4 9lon ofge)
4 @)oh 2 2004 S9o] Aolhg o 4 gk

=

ol

il

P><A>2( X N X =2 1 3 N (2)
Z4( Ky w+xd Ha XW"I‘X)
P Aol oJ3 g 9% e

A: grelo] Z-gal Ry A WA
by e ohaA
u; Coulomb A4
x, “%C’ﬂ A7 AR A=
Aol =A17F YA A 2 A

N: 80| 835l =23y

Pneumatic
cylinder

Step motor
Load cell

) Ball screw

Friction plates (2)

Increase loading velocity
or fabrics (1)

Testing fabric
with formulated resin

Fig. 4. Schematic diagram for measuring friction coefficient

Fig. 5. Measuring apparatus of friction coefficient

Table 1. Test condition for measurement of friction coefficient

Factor Test condition
Normal force (N) 100/ 300 / 500
Velocity (m/s) 0.01/0.02/0.03
Viscosity (Pa-s) 0.34/1.27/9.75
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Table 2. Test condition for measurement of preform deformation

Classification Test condition
i Fiber alignment direction (degree) 0
iber

Fiber volume fraction (%) 40/50/55
Viscosity (Pa-s) 0.34

Resin 0.84/1.68/

3
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Table 3. Comparison between friction force and fiber deformation force

Fibfr:toilounme 40% 50% 55%

Flow rate Friction force | Fiber deformation | Friction force | Fiber deformation | Friction force | Fiber deformation
(Pa-s) (N) force (N) (N) force (N) (N) force (N)
0.838 93.99 130.71 - - 750.67 438.27
1.676 109.18 125.02 472.94 420.97 752.22 450.28
2.513 111.06 113.72 474.19 369.76 748.56 467.94
3.351 87.15 124.31 564.34 357.05 734.49 517.38
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