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Abstract

Composite materials were mainly used in aviation field but today it
changes into a general industry. Especially composites are expanding
a using on transportation vehicles like automobiles, ships, and aircrafts.
The main factor of this expanding is high specific strength. It accord
with object requiring high quality and efficient of energy. But
manufacturing of element that was made of composite requires many
raw materials and high tooling cost for special process, so we needs a
reduction of these costs to make best efficient.

In this experiment we contrast strength between VARTM and hand
lay—up process. VARTM process offers high quality the same as
autoclave products, and applies with low cost like hand lay—up process.
So, VARTM process can practically apply for CFRP automobile engine
hood.

VARTM process can offer high quality and need low cost. This paper
shows that VARTM process is one of the most suitable processes for

composite part of automobile.
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2.2.2 VARTM
VARTM (Vacuum Assisted RTM)
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O7 ensile stress/tensile strength
0°=P/A
g=r/A
o0 ¢ ultimate tensile strength [MPa]
P, - maximum load prior to failure [N]
o : tensile stress at i—th data point [MPa]
P:: load at i—th data point [N]

A @ initial cross—sectional area

O7ensile chord modulus of elasticity
Eectiora=A0/A¢
Eora - tensile chord modulus of elasticity [Gpal
Ao : difference applied tensile stress between the two strain
points, [MPa]

Ae : difference strain between the two strain points
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Table 1. Condition of tensile test and dimensiospEcimen

Fiber (carbon fabric : TB carbon)

Specimen ) )
Resin (epoxy KBR 1729 : Kookdo chemical)

Stacking direction [0/90]

Test specification ASTM D638

Test temperature

Room temperature, dry

Test speed 1.2 mm/min
i w Wi
— 1 P
S ¥ —
-~ s
|

Unit : mm T Wi WO L LO R
Hand lay—up

. 45 6.4 19.0 135.0 183.0 75.0
specimens
VARTM

. 3.0 6.4 19.0 135.0 183.0 75.0
specimens




Fig. 8. The shape of specimens.

Fig. 9. Apparatus of tensile test.
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EUCOHLD =PH1(3X/A
Ocomp - compressive strength [MPal
P,.. - maximum compressive load [N]

A . the original minimum cross—sectional area

(E,omp [Gpal =stress/strain
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Table 2. Condition of compression test and din@msf specimen

Fiber (carbon fabric : TB carbon)

Specimen
Resin (epoxy KBR 1729 : kookdo chemical)
Stacking direction [0/90]
Test specation ASTM D695

Test temperature

Room temperature, dry

Test speed 1.2 mm/min
R
WO W
EA i -
f I |
S g |
o LO -
Unit : mm T W WO G LO R
Hand lay—up
_ 4.5 12.7 19.0 38.1 79.4 38.1
specimens
VARTM
_ 3.0 [12.7 19.0 38.1 79.4 38.1
specimens
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F

Fig. 10. The shape of specimens.

Fig. 11. Apparatus of compression test.
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3.1.3 Interlaminar shear test
Interlaminar shear strengthi AFA|H I} ZS W o=z FHa-s A 25}
o] ASTM D 2344¢°] we} Fig. 12.9F o] AlA

Zo] A& Y3t
Short—beam testE& A3}, oFgfe] =2lo] w2} interlaminar shear

strength® T8 4 9t} AFx7 9 A3FA x4 Table 3.9 2"

OFsbs=0.75 - Pm /(b - h)

Fsbs : short—beam strength [MPal

Pm : max load observed during the test [N]
b : measured specimen width [mm]

4 measured specimen thickness [mm]
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Table 3. Condition of short-beam test and dimensiospecimen

) Fiber (carbon fabric : TB carbon)
Specimen
Resin (epoxy KBR 1729 : kookdo chemical)
Stacking direction [0/90]
Test specification ASTM D2344
Test temperature Room temperature, dry
Test speed 1.2 mm/min

i
Specimen s

7
-]
y7]
E.
B
[=]
- =

Unit : mm T W LO
Hand lay-u
) youp 4.5 6.3 98.0
specimens
VARTM
) 3.0 6.3 98.0
specimens

21




Fig. 12. The shape of specimens.

Fig. 13. Apparatus of short-beam test.
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RC : resin solid content, [%]

W, : weight of specimen, [g]

W, weight of carbon fiber except resin, [g]
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4.1 Hand lay—up %3 VARTM ¥W el 23t CFRPS 7]A 4

542) o]

Hand lay—up, VARTM &34 & o]g3slo] A z3st A]HC] ultimate tensile
strength®} modulusE =43 A= Table 4.2 29 hand lay—ups74
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Table 4. Result of tensile test

Hand lay—up VARTM
Specimen

Strength Modulus Strength Modulus

- (MPa) (GPa) (MPa) (GPa)

1 268.6 37 326.7 54.7

2 303.7 37.4 338.2 52.1

3 292.4 ok 340.6 57.9

4 287.3 31.8 323.4 58.4

5) 323.5 38.5 328.1 59.4
Average 295.1* 28 35.3+3 331.4*+9 56.51 4
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Hand lay-up VARTM

Fig. 14, The shape of tested specimens.
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Table 5. Result of compressive test

Hand lay—up VARTM
Specimen

Strength Modulus Strength Modulus

" (MPa) (GPa) (MPa) (GPa)

1 541.2 9150 597.2 49.7

2 530.8 SH9 602.6 38.0

3 493.7 ovs, 652.4 62.4

4 499.2 38.3 451.3 52.1

5 563.1 31.6 618.5 50.8
Average 525.6+ 37 47.2+15 588.4+ 137 50.61+ 12

29




Hand lay-up

Fig. 15, The shape of tested specimens.
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4.1.3 Interlaminar shear test

Interlaminar shear test®] Z¥E Table 6.°] YEUA ST Fig. 16.°A4]
gtebE AlE-S HojF=3 Qlt}.  Interlaminar shear testo]A% VARTMS
2 Az Aol oF 14% 8 545 HolH, hand lay—up o= A&t
Al@H oA delaminatione] B F3lskA vebhal Qlth. Interlaminar
shear strength”} tensile, compressive strength X.U} @2 o]+ &3z

7} 71A = o|HFAd o o8k R o g W o AT
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Table. 6. Result of interlaminar shear test

Specimen Hand lay—up VARTM

no. (MPa) (MPa)

1 52.3 61.7

2 48.0 57.8

3 46.5 55.4

4 44.6 60.1

5 57.1 56.5
Average 49.7F7.4 58.3+ 3.4

32




Hand lay—up

Fig. 16. The shape of tested specimens.
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4.2 Hand lay—up ¥ VARTM &Hell o3 CFRPO &7 %4

Hand lay—up Al® 3 VARTM A#HO X4 dAE&S =43t Aaps=

Table 7.7 2t X9 &S Z743H 237 hand lay—up 3= A

2+st A|HO| 36.7wt%, VARTM 3407 A &3t A|HO] 49.0wt%E hand
lay—up &4A X9 o] FIHHASS & F UL oA
VARTM 374 Al 7FalAl= R Fero 7 <Qlsle] sty ko] =xvylo] a3

7] W=l Aozt B4 E T

Table 7. Resin contents of specimen

Resin content VARTM Hand lay—up
1 36.4% 48.7%
2 37.2% 50.1%
3 36.7% 48.3%
Average 36.7% 49.0%
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4.2.2 s m A2

NAAHO u A FZE Fig. 17.914 ®RolF1 it}
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AR = AF7F AR Fobx Hoas & & Utk

= T A
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Hand lay—up (X1000) VARTM (X1000)

Fig. 17. Micrographs of tested specimens.
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10mm

VARTM

Pin hall

Pin hall

Pin hall
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hand lay—up

Fig. 18. Surface of specimens.
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Fig.1 9. Manufacturing process for

CFRP engine hood.
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5) VARTM &4+ °l&st A2 nlgox 3 7|74
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(D AS3E, =9 A, 238, G4
40~41, 2001.

(2) Guide to composites, Courtesy of MG Rover, p 51,52,57,58.

) e, “VARTMel oJs Al=te styz A=A F2ee] 7]
A% 54 BN, p 21, S,

(4)R.J. Johnson, R. Pitchumani, 2003, “Enhancement of Flow in

e

HAE, p 31~32,

VARTM using Localized Induction Heating”, Composites
Science and Technology 63.

(5)ASTM D638, “Standard Test Method for Tensile Properties
of Plastics”.

6) ASTM D695, “Standard Test Method for Compressive
Properties of Rigid Plastics”.

(7) ASTM D2344, “Standard Test Method for Short-Beam
Strength of Polymer Matrix Composite Materials and Their

Laminates”..
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