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Effect of process parameters on the lay-up size of single bundle of CCF/PEEK prepregs
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Abstract : The single filament bundle size during the lay-up process of thermoplastic prepreg has an important influence on
the lay-up quality of the overall component. In order to improve the lay-up molding quality of continuous carbon fiber reinforced
polyether ether ketone (CCF/PEEK) composites, the influence laws of the process parameters on the width and thickness of the lay-
up process were investigated, and the fitting model was established based on the experimental results. Firstly, orthogonal experi-
ments were designed to study the influence laws of lay-up process parameters such as laying speed, compaction force, and heating
temperature on the changes of width and thickness of CCF/PEEK prepreg, in addition, the most significant process parameters
affecting width and thickness obtained from the above studies were subjected to single-factor experimental studies respectively. The
results of orthogonal study show that the significant degree of influence of each process parameter on the width of the filament
bundle is heating temperature>laying speed>compaction force, and the significant degree of influence on the thickness of the fila-
ment bundle is compaction force>heating temperature>laying speed. The results of the single-factor experiments show that within
the range of process parameters where no defect occurs, the width of prepreg increases with the increase of heating temperature,
decreases with the increase of laying speed, and increases with the increase of compaction force. The thickness of prepreg decreases
with increasing compaction force. Multiple linear regression method is used to fit the comprehensive effect of each process parame-
ter on the width of the prepreg, and the validation calculation results show that the established model has a good fitting effect.
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Fig. 1 Schematic diagram of automated fiber placement device
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Tab.1 Properties of CCF/PEEK

Parameter Value
Specific heat capacity (C)/[J*(kg*°C) "] 1425
Density (p)/(kg*m?) 1560
Resin content by weight/% 33
Melting point (7,)/°C 343
Width (d)/mm 6.35
Thickness (h)/mm 0.18
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Tab.2 Orthogonal experiment design table

Levels AN B/(mm-s™) C/°C
1 50 5 340
2 100 10 380
3 150 15 420
4 200 20 460
5 250 25 500
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Tab.3 Results of orthogonal experiments

Experiment B c Width of  Thickness of
number prepreg/mm  prepreg/mm
1 1 1 1 6.385 0.172
2 1 2 2 6.406 0.170
3 1 3 3 6.427 0.167
4 1 4 4 6.481 0.165
5 1 5 5 6.422 0.168
6 2 1 2 6.420 0.167
7 2 2 3 6.493 0.165
8 2 3 4 6.527 0.163
9 2 4 5 6.532 0.163
10 2 5 1 6.362 0.171
11 3 1 3 6.553 0.160
12 3 2 4 6.604 0.159
13 3 3 5 6.652 0.158
14 3 4 1 6.398 0.170
15 3 5 2 6.393 0.170
16 4 1 4 6.754 0.156
17 4 2 5 6.869 0.151
18 4 3 1 6.395 0.167
19 4 4 2 6.438 0.161
20 4 5 3 6.397 0.168
21 5 1 5 7.021 0.149
22 5 2 1 6.440 0.160
23 5 3 2 6.502 0.158
24 5 4 3 6.521 0.156
25 5 5 4 6.446 0.160
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Tab. 4 Polar analysis table for orthogonal experiments on the

width of prepreg
Parameter AN B/(mm-s™") c/°C
k, 6.424 6.627 6.396
k, 6.467 6.562 6.432
ky 6.520 6.501 6.478
k, 6.571 6.474 6.562
ks 6.586 6.404 6.699
R 0.162 0.223 0.303

Note:k,,k,.k;.k, .k is average value of k, ; R is polar deviation.
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Tab.5 Polar analysis table for orthogonal experiments on the

thickness of prepreg

Parameter A B C
k, 0.168 0.161 0.168
k, 0.166 0.161 0.166
k, 0.163 0.163 0.163
k, 0.161 0.164 0.161
ke 0.157 0.167 0.158
R 0.011 0.006 0.010
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