RS ARER R

Mechanical Properties Optimization of Carbon Fiber/Phenolic
Resin composites using Taguchi Experimental Design.

Jyongsik Jang” and Sang Woo Kim™

ABSTRACT

Green body of carbon/carbon composite was fabricated by carbon fiber/phenolic resin system
and carbonization and densification processes of carbon fiber/phenolic resin system have been
carried out by resin impregnation method. In order to optimize the mechanical properties of
carbon fiber/phenolic resin composites, Taguchi experimental design method has been introduced
to analyze the several experimental factors during the carbonization and densification of car-
bon/carbon cémposite. Judging from the result of Taguchi experimental design method, heating
rate, carbonization temperature, specimen thickness, carrier gas flow rate and molding pressure
were considered as the imporant factors for the improvement of mechanical properties of ca-
rbonized carbon fiber/phenolic resin composites.
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Table 1. Factors and levels used in this experiment
R Levels
actors 1 2 3
A © Molding pessure(atm) 1 20
B ! Heating rate(C/hr) | 100 50| 10
C : Thickness(mm) 1 2 4
D : Carrier gas rate(cc/min) 80} 100| 120
E : Final carbonization temperature(C) | 1000[1100|1200
P : Position in sample(noise factor) | 5 positions
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Table 2. Orthogonal array table of L;g(2'x37) and measured values of characteristic value

Factor ABCDE ¢ ¢ ¢lInterlaminar Shear Strength(MPa) | Flexural Modulus(GPa)
ow NO. Noise Factor
Exp. No. 12345678 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5
1 00000OOO] 17.1 16.6 16.4 16.1 16.9| 20.9 30.8 21.4 32.0 30.8
2 00111111} 17.9 183 189 18.4 17.8] 31.5 33.9 350 34.0 35.0
3 0022222 2| 183 187 19.4 19.2 19.0| 35.4 37.9 36.1 39.1 41.1
4 0100112 2| 181 183 17.9 18.8 18.6f 61.4 60.0 63.3 58.1 57.3
5 011122400 193 199 20.4 19.4 20.6| 60.3 62.6 60.0 67.2 63.3
6 01220011 199 20.1 19.9 20.8 19.9| 61.4 60.3 63.3 58.1 58.3
7 02010212 2.1 205 21.0 20.2 19.7| 73.3 76.8 74.6 79.8 79.4
8 0212102 0] 228 221 21.4 22.5 21.1| 80.4 84.6 87.1 86.4 84.5
9 02202101 2.3 21.8 21.4 22.5 21.1| 84.1 88.3 8.8 90.1 93.3
10 10022 110| 20.8 20.1 20.3 18.8 19.6| 45.1 47.4 48.0 49.6 47.1
11 101002 2 1] 20.1 20.7 20.4 21.0 21.4) 44.5 42.2 41.0 43.6 39.7
12 1021100 2} 208 21.5..21.1 21.0 23.2] 50.5 _51.7 49.1 53.7 53.3
13 1101202 1} 2.0 21.1 21.7 22.8 22.5| 81.5 80.4 83.1 80.5 76.7
14 1112010 2| 227 231 22.3 23.6 23.8) 74.9 77.9 79.8 80.0 76.8
15 11201210 23.7 232 229 222 24.0; 8.0 82.3 79.0 85.0 85.2
16 1202120 1| 23.0 24.0 23.9 24.8 24.4/101.6 108.9 98.8 114.2 121.0
17 1210201 2| 240 250 23.6 257 26.5/106.4 105.1 100.0 99.9 113.8
18 1221012 0| 252 257 24.3 26.2 27.2/103.7 108.1 112.4 105.0 115.4
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Table 3. Properties of G—30 fabric
Fiber . Tensile | Tensile
Fiber |diameter | DeDSItY | Strength | Modulus
(um) (g/em) | (Ksi) (MsiD)
Celanese V
G-30 fabric| 693 | 175 | 514.0 | 34.4

Table 4. Propeties of SC—~1008 phenol resin

Density(g/cm) 1.134

Solid content 60. 1

Free phenol 10.3

Composition Isopropanol 23.3
(%) Methanol 4.0
Water 2.6
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Fig. 1. Typical curing cycle of carbon fiber/penolic
resin green body(pressure : 250psi)
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Table 5. ANOVA Table of Interlaminar Shear

Strength
Factors| S Df Vi F S p(%)
A 7.751 1 7.751 12583.643|7. 748 |45.06
B 7.627 2 3.814 11271.317|7.622 |44.33
C |1.607| 2 10.804 267.883/1.601 9.31
D 0. 160 2 0.080 | 26.627{0.154 | 0.89
E 0.025 2 0.013 4.18310.019 | 0.11
e 0.016] 6 [0.003
AXB [0.008] 2 [0.004
(&) 10.024| 8 ]0.003 0.051] 0.30
Total 117.195| 17 [1.011
Table 6. ANQOVA Table of Flexural Modulus
Factors| S Df |V F S p(%)
A 27.341 1 27.34| 441.99| 27.28)13.36
B 1172.44] 2 [86.221393.77 |172.31|84.37
C 1.63} 2 0.81] 13.15| 1.50] 0.74
D 0.50f 2 0.25 4.04| 0.38] 0.18
E 1.84) 2 0.92| 14.83 ) 1.72] 0.84
e 0.24} 6 0.04
AxB 0.25) 2 0.13
(@ 0.49, 8 | 0.06 1.05| 0.51
Total [204.24| 17 ]12.01
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37.26689 T

25.67242 +

Table 7. S/N values of Characteristic values

Interlaminar
Exp.No. | Shear Strength Flexural Modulus
1 24. 40 29.76
2 25.22 30.58
3 25.48 31.54
4 25.27 35.55
5 25.98 35.92
6 26.06 35.59
7 26.21 37.69
8 26.87 38.54
9 26.78 38.91
10 25.97 33.51
11 26.32 32.47
12 26.63 34.25
13 26. 85 38.10
14 27.27 37.82
15 27.30 38.29
16 27.60 40. 67
17 27.93 40.40
18 28.21 " 40.74
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A2 © molding pressure 20atm

B3 : heating rate 10C/hr

C3 : thickness 4mm
120cc/min

D3 ! carrier gas rate
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Fig.2. Level average graph of Interlaminar Shear Strength
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Fig. 3. Level average graph of Flexural Modulus

E3 . final carbonization temperature 1200C
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