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Abstract

Individual curing process of each layer in two resin composites can be caused the separation between two
layers. In this study, co-curing process for two resin composites is suggested to improve the inter-layer bonding.
Glass fiber reinforced composites with phenolic and epoxy resins were manufactured by co-curing process, and
several types of glass/phenolic composites were considered to confirm the application on two resin composites.
Experiments for smoke resistance, scratch resistance and flexural strength were carried out to verify requirements
corresponding to thermal and mechanical environments. It was validated that two resin composites with phenolic
resin impregnated prepreg exhibits good thermal and mechanical characteristics, and it can serve as highly effective
composite structures in aerospace and many industry areas.
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Fig. 1. Schematic of a composite with phenolic and
€epoxy resins
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Fig. 2. Co—curing process of two resin composites
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Fig. 3. Curing cycle of two resin composites using
the co—curing process
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Table 1. Specimen configuration for smoke generation
test
Resin Specimen Specimen composition
type ID (Resin)
G/P Filament Winding
P F
GE_FW (32027L)
Phenolic GP_FE G/P Felt(]2027L)
GP_SH G/P Sheet(J2027L)
GP_PR G/P Prepreg(PHC522)
G/E Filament Winding
Epoxy GE (SS-2016W)
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Fig. 4. Smoke generation test setup
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Fig. 5. Surface and smoke generation of specimens
after smoke generation test

Table 2. Specimen configuration for scratch resistance
test

Resin Specimen Specimen composition
type ID (Resin)

Phenolic Adhesive film

(AF 30)

+ G/P Filament Winding
(J2027L)

+ Epoxy Adhesive film
(AF 163-2K)

+ G/E Filament Winding
(SS-2016W)

[GP_FW/GE]

Phenolic
+

G/P Felt(J2027L)
[GP_FE/GE] | + G/E Filament Winding
Epoxy (SS-2016W)

G/P Sheet(J2027L)
+ G/E Filament Winding
(SS-2016W)

[GP_SH/GE]

G/P Prepreg(PHCS22)
+ G/E Filament Winding
(SS-2016W)

[GP_PR/GE]

Epoxy Adhesive film

(AF 163-2K)

+ G/E Filament Winding
(SS-2016W)

Epoxy GE
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Fig. 6. Scratch resistance test setup
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Fig. 7. Surface of specimens after scratch resistance
test
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Table 3. Specimen configuration for flexural strength

test
Resin Specimen Specimen composition
type ID (Resin)
Phenolic G/P Prepreg(PHC522)
+ [GP_PR/GE] | + G/E Filament Winding
Epoxy (SS-2016W)
G/E Filament Winding
Epoxy GE (SS-2016W)
3.3.2 Al 74
=2 e AP kg =3 54 tigh Al
S PASAL 9E ASTM D790-15 A%l w}
2} Fig. 83 o] WHsAIRAIR7IE o]&3te] a3t
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B AT E A FREE

Specimen

Fig. 8. Flexural strength test setup
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Flexural Strength (op) :
o = 3PL/2bd’ 1)

Flexural Strain (&) :
& = 6Dd/L’ Q)

Flexural Modulus(Tangent Modulus of Elasticity, Ep) :
Ep = L’m/4bd’ 3)
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Fig. 9. Load—displacement curve of specimens during
flexural strength test

(a) [GP_PR/GE]

(b) GE

Fig. 10. Deformation of specimens after flexural

strength test
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Table 4. Flexural properties of [G/P_PR+G/E] A8t AR7IHE Atekdch gk ddgS sk o
specimens in flexural strength test T 2 B34 fE-vHE Sol disl 9 A
1 7 1 01l = T= o) T FHE WA AN AeABE FP
no. | (N) | (mm) | (MPa) | (mm/mm) | (GPa) Ak A7) Y AE S, el s A
e A8 Fush PRl el 97 188 BHS
01 | 3,52 1072 | 7789 | 0.0355 | 3236 ArEE 2 Qa Sl EA Baa Alge] b]e)
02 | 3,479 | 1093 | 781.8 0.0359 | 31.53 Aol s Rkt FE-olEAl Sl o
03 |3350 | 1165 | 7762 | 00377 | 30.32 g FHe freElllE ss el AeEes A
gk o]F FH BEgAl dig] &3 AR AEE T
04 | 3,671 | 11.01 | 806. 0.0366 | 31.22 o - o -
all 7 Wo An, RAE, AE, Telzdn Fue fol.9)
05 | 3323 | 990 | 7499 | 00325 | 31.80 % 29 Hgs AW BT o]F x| 27| dhEvt
06 | 3472 | 1120 | 7694 | 00371 | 30.25 A=A ok, A Bl T3P ARE S
A $EEE GG o] & T Zda FEl9 f
07 | 3,676 | 11.54 | 8360 | 0.0377 | 32.00 sl Zo] wwe] Aab glo] =ul Aol 71
08 | 3,515 | 1095 | 7794 | 0.0362 | 30.86 S2glolt), wE 2 JE A O RRE Gl =
09 | 3291 | 1000 | 7302 | 00331 | 30.53 Al EeAlel wlel e Jeje] fel-vlE oe
A9l o|F Z22x] Balale] F3 An7) AstE R &
10 |3362| 1085 | 7713 | 00353 | 31.99 el ]_LT; S el <= = L B =
oh, frel-dlE T3 fFE-EA S5 Al Asls)
Avg | 3,466 | 1087 | 7780 | 0.0358 | 31.29 g =] Hi A7} o EA] A 2oz Al
AR e Fsh olsh ol A Y=
, ) . 0 >~ O g o] E = N -
Table 5. Flexural properties of G/E specimens in 7h Rt Are]-el A ‘iﬂf ZEzd o g o
flexural strength test Aol wd frelle S e sk viEes A
A% A9, B Aol FviE Bw ohe val
Test | £ D | ow £ 2 H, FR AR, 23 A% S 94, J1AH 54
no. (N) | (mm) | (MPa) | (mm/mm) | (GPa) et 98 aTaAe wm uEgs solsaid. of
02 | 3344 | 853 | 833.1 | 00324 | 32.04 2 Zx) Balo] U3k B4 AE AR|He gwo
03 |3345| 932 | 8358 | 0.0353 | 30.69 T, Ak ok SellA o)F A SR AEe] o
HE st S3A FRE #8o] Jted e
04 | 3245 | 863 | 8282 | 00325 | 3027
7)o o
05 | 3364 | 927 | 8438 | 0.0351 | 29.59
06 | 3375 | 9.68 | 870.7 | 0.0362 | 30.29
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