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Abstract: The experiments for the fabrication of needling preform were designed according to response surface me-
thodology (RSM) by the design-expert software to study effects of three variable needling processing parameters on
the tensile strength of carbon/carbon (C/C) composites. Mathematical model between needling processing parameters
and tensile strength of C/C composites was set up to optimize the needling processing parameters of preform and to
predict the tensile strength of C/C composites. The mathematical model has good fitting degree with P-value of 0.0206
and the relative error between the predicted and the actual is no more than 10.82%. Based on the analysis of response
surface of tensile strength, the needling depth has very significant influence and the needling density has significant in-
fluence on the tensile strength of C/C composites. The predicted scope of the tensile strength by the mathematical
model is from 42.31 MPato 91.87 MPa. The calculated optimal values are tensile strength 88.62 MPa, needling den-
sity 11 pin/cm?, needling depth 11 mm, and density of non-woven 50 g/m?, while the corresponding experimental re-
sult is 90.71 MPawith relative error 2.36%.
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Tablel Needling parametersand tested
tensile strengths of C/C composites

No. X; X, X3 Tensile strength /MPa
1 8 10 100 89.80
2 16 16 100 47.30
3 12 13 100 87.56
4 16 13 50 69.44
5 12 10 150 86.72
6 12 13 100 90.00
7 16 13 150 83.70
8 8 13 50 74.13
9 16 10 100 72.83

10 12 16 50 61.46

11 12 13 100 79.66

12 8 13 150 82.73

13 12 13 100 93.10

14 12 16 150 73.90

15 12 13 100 80.73

16 12 10 50 89.00

17 8 16 100 70.96

Note: X3, X», and X, indicate needling density, needling
depth and density of non-woven, respectively
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Table2 Analysisof signification for response surface model and its correlation coefficient of tensile strength

Source Sum of squares df Mean sguare F Value P-value prob > F
Model 1978.209000 9 219.800900 5.180009 0.0206
X1 245.865300 1 245.865300 5.794263 0.0470
X, 897.290700 1 897.290700 21.146290 0.0025
X3 136.248800 1 136.248800 3.210950 0.1163
XX 11.172310 1 11.172310 0.263296 0.6237
XXz 8.023056 1 8.023056 0.189078 0.6768
XoX3 54.169600 1 54.169600 1.276605 0.2958
X2 299.220600 1 299.220600 7.051679 0.0327
X? 280.274500 1 280.274500 6.605179 0.0370
X2 3.269901 1 3.269901 0.077061 0.7893
Residual 297.027800 7 42.432540 - -
Lack of Fit 192.536200 3 64.178730 2.456799 0.2027
Pure Error 104.491600 4 26.122900 - -
Cor Total 2275.236000 16 - - -
R-Squared 0.869500 - - - -
Adj R-Squared 0.701600 - - - -
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Fig. 1 Response surface and contour of tensile strength influenced by the interaction of needling density and
needling depth (The density of non-woven is 100 g/m?)
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Fig. 2 Response surface and contour of tensile strength influenced by the interaction of needling density and
density of non-woven (The needling depth is 13 mm)
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Fig. 3 Response surface and contour of tensile strength influenced by interaction of needling depth and
density of non-woven (The needling density is 12 pin/cm?)
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Table3 Comparison of thefitting values of the fitting
equation of response surface with the actual values

Actua value Predictedvalue Residual  Relative error
89.80 84.684375 5.115625 5.70%
72.83 76.939375 —4.114375 5.65%
70.96 66.845625 4.114375 5.80%
47.30 52.415625 —5.115625 10.82%
74.13 80.331875 —6.201875 8.37%
69.44 66.411875 3.028125 4.36%
82.73 85.753125 -3.028125 3.66%
83.70 77.498125 6.201875 7.41%
89.00 87.913750 1.086250 1.22%
61.46 59.372500 2.087500 3.40%
86.72 88.807500 —2.087500 2.41%
73.90 74.986250 —-1.086250 1.47%
90.00 86.810000 3.190000 3.54%
87.56 86.810000 0.750000 0.86%
82.66 86.810000 —4.150000 5.02%
80.73 86.810000 —6.080000 7.53%
93.10 86.810000 6.290000 6.76%

*4 hEERETTE
Table4 Scope of tensile strength

Needling . Density of Tensile
density é\leeﬁ/l::r% non-woven strength
J(pin-cm?)  9ePt /(g-md) IMPa
Max 11.17 11.79 150.00 91.87
Min 16.00 16.00 50.00 42.31

#*x5 hEEMRLER
Table5 Optimization resultsof tensile strength

Tensile strength/

Needling Needling Density of MPa Relative

density ~ depth  non-woven e Actal error
/(pin-cm™)  /mm I(g-m2) valle  value

11 12 50 86.72 83.53 3.68%

11 11 50 88.62 90.71 2.36%

12 11 50 87.69 85.23 2.28%

12 12 50 85.65 88.64 3.49%
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K 50 g/m® I THI 2 3, ek SRan 5. Jrh LAt
2R 11 pinfom® EF IR RE 11 mm. R AT %5 50 g/m?
N L ESHGRAT T, X R TS N 88.62 MPa, 5K
PrRIGIUEE A 90.71 MPa, AHXTIR 2 2.36%, T ZFIMH
REFBTF BIMRAL

3 Zig
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FME 2 R (CAE= 0.2027 > 0.05), HE MK RECT
77 F(R-Squared) &y 0.8695, LA 45 Y BE % S ik
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B2 R e T G B, AR A 35 57 T R A 11 5
M K

3) TEAE RIS HHUE G Bl N, F o & 1) 7
X 18]y 42.31~91.87 MPa, BAYALA H BT ) e A 2
¥R SRIEE RE 11 pinfem?. &FRIZREE 11 mm. P4
T % 1% 50 g/mP, AR 3 33 5 T 4 88.62 MPa,
SERRIGIEAE N 90.71 MPa, HIX} iR % 2.36%.
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