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Abstract : Continuous carbon fiber-reinforced polyether-ether-ketone (CCF/PEEK) composites have important application
potential in the field of lightweight structure manufacturing. To address layup defects and forming-quality problems caused by
unsmooth path and pose transitions during automated fiber placement in the corner-transition region of CCF/PEEK tapered tubular
components, a path-pose collaborative regulation method under fidelity constraints was proposed. While preserving the design intent
and the geometric meaning of the pose as much as possible, local Gaussian weighting method was used to smooth the path and pose
in the corner-transition region. Secondary smoothing was further applied near the boundaries of the corner-transition region, and an
overall smooth trajectory was finally obtained. Under the same conditions of materials, molds and process parameters, geometric
evaluation, macroscopic defect comparison and forming-quality analysis of multilayer specimens were conducted before and after
regulation. The results show that the regulated trajectory satisfies the fidelity requirements. The peak rates in path turning, normal
direction and torsion are decreased by 18.44%, 6.33% and 1.22%, respectively. Compared with the baseline group, the adjusted
group exhibits reduced gaps, overlaps, out-of-plane wrinkles and in-plane waviness in the corner-transition region. After regulation,
the thickness standard deviation and maximum thickness difference of samples are decreased by 13.58% and 20.00%, respectively,

while the axial and circumferential void contents are decreased by 11.33% and 10.84%, respectively. Mechanistic analysis indicates
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that the method reduces macroscopic defects and internal void levels and improves the cross-sectional thickness uniformity of multi-

layer placed specimens by improving path-turning distribution in the corner-transition region, mitigating local abnormal torsion and

enhancing the stability of local thermal-compaction conditions.

Keywords : thermoplastic composite ; carbon fiber ; polyether-ether-ketone ; automated fiber placement ; corner-transition

region ; layup quality
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Tab.1 Comparison of trajectory optimization methods

Method Object Advantage Limitation
Path smoothing Path Improves path continuity Path-pose mismatch
Pose smoothing Pose Improves pose continuity Limited effect on gaps/overlaps

Unconstrained path-pose smoothing  Path and pose

Proposed method

Stronger smoothing effect

Path and normal deviation

Path and pose  Path-pose continuity under fidelity constraints ~ Parameters depend on material and geometry
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Tab.2 Key evaluation indicators and results

Item Baseline group Adjusted group Change rate/%
Maximum trajectory deviation/mm 0 1.27 —
Maximum normal deviation angle/(°) 0 5 —
Maximum path turning change rate/(°+mm’") 0.093 27 0.076 07 —18.44
Maximum normal direction change rate/(°+mm ") 0.880 22 0.824 47 -6.33
Maximum torsion change rate/(°*mm ") 0.929 07 0917 71 -1.22

a:Maximum path turning rate
1.4 - b:Maximum normal direction change rate
c:Maximum torsion change rate
1.2 - B3 Baseline group

o I Adjusted group 1.22%

6.33%

0.8

Maximum change rate/(°-mm-")

0.2+ 18.4ilo>/o
a ‘ b c
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Fig.7 Comparison of peak values of three rates of change
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Item Baseline  Adjusted ~ Change
group group rate/%
Thickness standard deviation/mm ~ 0.128 63  0.111 16 ~ —13.58
Maximum thickness difference/mm 0.40 0.32 —20.00
Axial void content/% 2.03 1.80 -11.33
Circumferential void content/% 2.49 2.22 —10.84
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