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ABSTRACT

out under press or autoclave pressure, as water by-products are released during

curing process. As a result, when phenolic composite parts are formed using
the vacuum bag-only method, the costs of the mold and challenges of the pressure
vessels would be eliminated, and a significant step is taken in easier manufacture of
these parts.
Methods: For the purpose of comparing the two methods, phenolic laminates were
prepared using 3 bar pressure autoclave and vacuum bag-only methods. In order to
investigate the effects of thickness on different properties, the samples were subjected
to bending tests, short beam strength tests, void percentage tests, and fractured surface
morphology tests.
Findings: As the sample’s thickness increases, the flexural modulus increases while
Keywords: the flexural strength and short beam strength decrease. Furthermore, the modulus,
bending strength, and strength of the short beam in the autoclave sample have
increased by 27%, 17%, and 17%, respectively, compared to the vacuum bag-only
sample. Morphological studies also showed that more void content was formed in
the vacuum bag samples and the resin-fiber interaction was reduced compared to the
autoclaved samples. A decrease in the bonding between resin and fibers and in the
penetration of resin between fiber strands has also been observed with increasing
thickness. Samples with a thickness of 1 mm had a void content of 3.5 + 1% and in
samples with a thickness of 9 mm, it was 15% + 1%.

l l ypothesis: The curing process for phenolic resin composites is always carried
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Fig.1. Steps of preparation of prepregs: (a) cutting fiberglass fabrics, (b) impregnation of fibers by resin, (c) heating up prepregs

in oven, and (d) separation of prepregs from teflon papers.
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Fig. 2. Steps of vacuum baging and curing of composites in OOA process: (a) adhering seeling tape and putting teflon paper, (b)

putting prepregs, (c) putting peel ply, (d) putting breather cloth, (e) putting aluminum sheet and vacuum bag, and checking vacuum

performance by a vacuum pump, and (f) putting system in autoclave and joining it to vacuum port.
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Fig. 4. Stress-strain diagram and photos of bending test of

A-T1 sample.
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Fig. 7. Stress-strain diagram and photos of bending test of

O-T1 sample.
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Fig. 6. Stress-strain diagram and photos of bending test of
A-T9 sample.

VEY 532500313 30 ¥ 0o g o JUis s posls 5391335 5 pole i rode almo YAA



A3 03 AnS Auituh Bl A )L b 0 Julbagi SIgid (Slaas 1920l Sl yolgd dumlie 9 (LI

Stress (MPa)

Strain (%)

Sl CI) O-T9 &gl o slad 5 (23 S— 2 Hlssad -4 1SS
e O3l b (ol
Fig. 9. Stress-strain diagram and photos of bending test of

O-T9 sample (compressive fracture).
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Fig. 11. SEM micrographs of 1 mm thickness samples: (a) autoclave sample, and (b) OOA sample.

VEY 590 =313 30 oY © Lol asbiabig s Juw panly (63919585 9 pole « sale alxo YA-



- 430-0aba S datai B3 ) 0 301585 Sl LB psals SSlEe ol dusglio 9 ALl

O0A %305 (b) 5 IS 51 & 505 (@) 4 MM ool b sladd gai SEM sla ) K5, —VY IS
Fig. 12. SEM micrographs of 9 mm thickness samples: (a) autoclave sample, and (b) OOA sample.

O3l gy e o Sl omimmat D I 4 sa0 Sl Ol ey
A 53 5 el OUI do s s O3l oy 5 Sl Aoys s
53 ol s A S s el sl ) Sl e
A 3 s o 0L J gl ol Cu o el 0 el Vg
Culns 53 Ol Aoy O0A 5 OIS 81 slad sad 4 gazes 93
2, AN/ E Y s goles s 5oL A mm
\VJ&:yb@g&;@(;&@\jdjuﬁ@du)bys
Jsde s rLiz:.wl Sgh oo dys oS Hsbolen Lol sl el OLL
Lol LS L@ Y mm Cslbes 53 O0A 5 S 51 slads sl
Aous dmm Cabes b gladised 5o sl ml 4 gL

Table 1. Specifications of samples.

SLdised 53 Gemmes s SR8 SUl & sy S
Sl aols 51 3G slse i 631000 ccwlies 20550 L OOA
Ol ey sl b I L Sl mes s AL
gaose ol 25 e Jlesl Y 5l (6 iy ol a5 HLES 5 AL 0
WV S ol e Y e @ edddlesl g5 0 Sl cx e
ol o3lul 5 sl 5 Jals |y glaY (al.{z:,.e\ it

LYFYAN ] das o Juldl iy cys

90 90 b ondaisly (Svdiges Dlastin duw lio

obe Slie 5 (g Sesll Qij\u;;u_@@uu; $ged A

Llad g IS Clasiia =) J

Sample Thickness Weight percentage | Volume ?ercentage Bubble percentage Volume percentage
(mm) of fibers (W) of resin (V) V) of fibers
O-T1 1.25 60.57 53.85 2.84 43.31
A-T1 1.00 60.32 53.41 4.52 42.07
O-T9 9.37 60.95 47.65 14.26 38.09
A-T9 9.19 60.66 47.51 14.99 37.50

YQ\ NEY )92 3408= 313 0 (¥ 0 )lauds cpulibig s Jw posls ($I9J9IS5 9 pole «sole dlxo




A3 0 3ulb A Aubiud Bl Ax )b b 0 Julbag s (SIgid (Gl j3a0lS (Sl olgd Aumlie 9 (3L))I

12 | strength 7 modulus 330
- 300
- 250
= =
< &
@ - 200 %
%) =
2 - 150
E 2
< 7
= - 100
- 50
- 0

(2)

18 mstrength % modulus 300
- 250
— F 200
< <
-9 -9
o =
z - 150 =
= B0
3 =)
S 2
s - 100 =
- 50
- 0
0O-T9 A-T9
(b)

.CMB;@}))) Lh@waM‘)dew LSLAJL)}M—\VJQJ

Fig. 13. modulus and bending strength diagrams of samples in two thicknesses.
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Fig. 14. short beam shear strength diagram of 3 and 6 mm

thickness samples.
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