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Effect of Pitch-Based Carbon Fiber Stitching Density on the Conduction
Welding Performance of CF/PEEK Composites

Min-Soo Joo*, Yeong-Deok Noh*, Dongyoung Shim*, Byeong-Su Kwak™*'

ABSTRACT: This study examines how the stitching density of pitch-based carbon fibers affects the thermal welding
efficiency of CF/PEEK composites. Stitching at 5 mm and 10 mm intervals was compared, showing that higher
density significantly enhanced through-thickness thermal conductivity—up to 9.740 W/m-K. This improvement
enabled faster heat transfer and effective welding at lower temperatures. However, lap shear strength remained similar
across all samples, with only minor variation. While stitching density had little impact on joint strength, it greatly
improved thermal conduction and weld stability. The proposed design offers potential for efficient low-temperature
welding of large thermoplastic composite structures.
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Fig. 1. Schematic of conduction welding in CF/PEEK composites:
(@) Conventional configuration and (b) Enhanced heat
transfer configuration with pitch-based carbon fiber
stitching
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Table 1. Thermo-mechanical properties of materials used for the
implementation of high thermal conductivity thermo-
plastic composites

PAN CF Pitch CF .
Material (C-120) | (XN-90-60S) PEFE;]fﬂm
[28] [22]
Density (g/cm®) 1.76 2.19 1.3
Thermal conductivity | 9 ~ 11 500 025
(W/m-K) (fiber dir.) (fiber dir.) ’
Tensile strength 4,900 3430 96
(MPa) (fiber dir.) (fiber dir.)
Tensile modulus 230 860 13
(GPa) (fiber dir.) (fiber dir.) '
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Fig. 2. Stitching process to insert pitch-based carbon fibers
using a needle and acrylic plate
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Table 2. Case classification by stitching density and position for
each specimen

Case ID. Stitching density Stitching position
(mm)
Control - 28 mm
Smm Pitch based
carbon fiber
S10 10
S5 5

@

PEEK film

PAN based
carbon fabric

1~}

Spot welding

(@) BT RS

10 180 |
Time (min)

Cured preform

VBO process

Fig. 3. Flow chart of fabrication process of high thermal con-
ductivity thermoplastic composite
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Fig. 5. (a) Heat conduction welding set up for CF/PEEK lami-
nates and (b) lllustration of thermal conduction welding
in which a PEEK film is inserted between two CF/PEEK
laminates

Table 3. Test matrix for heat transfer performance measurement
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Fig. 6. Location of temperature measurement at the bonding
interface during conduction welding

Fig. 7. Test set up for single-lap shear strength
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Table 4. Measured thermal properties of CF/PEEK composites

with varying stitching density

Thermal Densit Specific Thermal
CaseID | diffusivity ( /Cm%’ heat conductivity
(mm?/s) & 0/gK) | (WimK)

Control 0.308 1.332 0.840 0.345

S10 0.025 1.335 0.843 1.154

S5 8.312 1.377 0.851 9.740
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Fig. 8. Through-thickness thermal conductivity measurement
results

Stitched

Fig. 9. Scanning electron microscopy (SEM) images of surfaces
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Table 5. Results of single-lap shear strength for each specimen

Lower mold Upper mold | Single-lap shear
temperature (°C) | temperature (°C) | strength (MPa)

Control 230 380 11.5
230 370 12.2
130 380 11.2
230 350 11.9
S5 130 360 12.4
30 400
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