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Abstract : Based on five-axis integrated additive and subtractive manufacturing technology, the structural optimization and
temperature uniformity of the composite mould prepared from short-cut carbon fibers (SCF) and polyamide 6 (PA6) were systemati-
cally studied. By integrating fused deposition modeling (FDM) additive manufacturing and computer numerical control subtractive
technology, the bottlenecks of traditional compression or molding injection molding prone to defects and the insufficient manufactur-
ing accuracy of FDM were broken, achieving high-efficiency and high-precision mould manufacturing. By selecting SCF/PA6
composites with SCF mass fraction of 10%, the mould was manufactured using a self-developed large-scale additive and subtractive
integrated machine. Through ANSYS, a thermal-fluid-solid coupling simulation was conducted to deeply analyze the temperature
field distribution and stress deformation of the mould during the curing process of heat press tank. By comparing the V and N
support structures, it is found that the V structure, due to its superior fluid channel design, reduces the maximum temperature differ-
ence on the mould surface to 72 K, a 10% decrease from 80 K of the N structure, effectively improving temperature uniformity,
although its thermal deformation is slightly higher than that of the N structure. Further, the Taguchi experimental method was used to
optimize the key parameters. The results show that the wind speed from the mould to the autoclave inlet has the most significant

impact on temperature uniformity. The optimal parameter combination is a wind speed of 3 m/s, a mould surface thickness of 18
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mm, and a distance of 750 mm from the air inlet. This scheme can maximize the temperature uniformity of the mould while keeping

the deformation within the allowable range.

Keywords : additive-subtractive manufacture ; short-cut carbon fiber ; polyamide 6 ; composite mould ; autoclave ; parameter

optimization
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Fig. 1 Physical image of additive and subtractive integrated manufac-

turing equipment
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Tab.1 Mechanical properties of CF/PA6 composites at different

VS E L UNE ISR

mass fractions of CF

/% R /MPa E/GPa 6/%
0 102.24+6.24 1.11+0.02 291.584+23.82
2.5 111.51+4.02 1.28+0.25 10.07+0.37
5 130.6149.11 2.05+0.54 9.64+2.10
7.5 185.36+5.05 2.30+0.28 8.86+0.75
10 213.05+3.50 3.15+0.52 8.51+0.83
15 146.81+6.41 1.71+0.37 6.64+0.37
20 144.05+7.65 1.1940.16 5.58+0.13

Notes: w is mass fraction of CF; R is tensile strength; £ is tensile

modulus; & is elongation at break.
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Tab.2 Manufacturing process parameters of SCF/PA6 composite

mould
Parameters Numerical value
Printing speed/(mm-s™") 100
Printing temperature/°C 260
Story height/mm 4
Trace width/mm 8
Nozzle diameter/mm 8
Milling cutter diameter/mm 16
Milling cutter speed/(r*min ") 10 000
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Tab.3 Properties parameters of materials

Material pl(kg'm™) C/(J-kgK")  M(W-m-K")
Air 1.237 1 006.43 0.024 2
SCF/PA6 1200 1560 0.7

Notes:p is density; C is specific heat; A is heat conductivity coeffi-

cient.
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Fig. 3 Composite mould working process curve
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Fig. 7 V type and N type mould temperature fields, equivalent stress-strain distribution
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Tab. 4 Parameters related to V type and N type moulds

Supporting lattice AT/K o’ &,/mm o /MPa
V type 72 124.95 0.01 32.573
N type 80 67.85 0.005 15.414

Notes: AT is the maximum temperature difference ; o is tempera-

ture variance ; & is equivalent strain ; o is equivalent stress.
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Tab.5 Factor level table

Factor
Level =
A/ms™) B /mm C/mm
1 18 750
2 20 1250
3 3 22 1750
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Tab. 6 Orthogonal experimental table for process parameters

No. A/m-s")  B/mm  C/mm o’ S/N
1 1 18 750 144.30 -43.18
2 1 20 1250 206.78 -46.31
3 1 22 1750 276.30 —48.83
4 2 18 1250 26.26 -28.39
5 2 20 1750 76.92 -37.72
6 2 22 750 103.32 —40.28
7 3 18 1750 6.64 —16.45
8 3 20 750 26.76 -28.55
9 3 22 1250 41.63 -32.39
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Tab.7 Temperature variance range table

Level A B C
1 209.13 59.07 91.46
2 68.83 103.49 91.56
3 25.01 140.42 119.96
Delta 184.12 81.35 28.49
Rank 1 2 3
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Tab. 8 Signal-to-noise ratio range table

Level A B C
1 —46.11 -29.34 —37.34
2 —35.46 —37.53 —35.70
3 —25.80 —40.50 —34.33
Delta 20.31 11.16 3.01
Rank 1 2 3
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Fig. 8 Cause-effect diagram of temperature variance
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