=~

C = Vol. 36, No. 5, 321-328 (2023)

mposItes DOIL: http://dx.doi.org/10.7234/composres.2023.36.5.321
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

| A 1 | (0]
CHPg 2% 9 7N 14 o AY 3RS BEY A
H I
SUNH 2F B
|Eog*§._|r_x|§|*§.|!l|._n_uc.l|* DL TR b R T Py ‘E.*°é—?—**’***T

Evaluation of Multi-axis Robotic Manufactured Thermoplastic
Composite Structure Using Stamp-forming Process

Ho-Young Shin*’, Ji-Sub Noh*', Gyu-Beom Park*, Chang-Min Seok**, Jin-Hwe Kweon*,
Byeong-Su Kwak*', Young-Woo Nam**#**f

ABSTRACT: This study developed the in-situ stamp-forming process using the multi-axis robotic arm to fabricate
thermal composite parts. Optimal fabrication parameters with the multi-axis robotic arm were determined using finite
element analysis and these parameters were further refined through the practical manufacturing process. A
comparison between the manufactured parts and finite element analysis results was conducted regarding thickness
uniformity and wrinkle distribution to confirm the validity of the finite element analysis. Additionally, to evaluate the
formability of the manufactured composite parts, measurements of crystallinity and porosity were taken. Consequently,
this study establishes the feasibility of the In-situ stamp-forming consolidation using a robotic arm and verifies the
potential for producing composite parts through this process.
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Table 1. Material properties of Toray TC1225 AS4D LMPAEK

Properties Value Unit
Consolidated ply thickness 0.14 mm
Resin density 1.30 g/cm’
Fiber density 1.59 g/em’
Tensile Strength 0° 2410 MPa
Tensile Strength 90° 86 MPa
Compressive Strength 0° 1300 MPa
Glass transition temperature 147 °C
Crystallinity temperature 263 °C
Melting temperature 305 °C
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332 mm

Grid size : 1.4 mm

282 mm !

Fig. 2. Finite element model of blank

Fig. 3. Process of blank rotation for stamp forming simulation:
(a) Set-up before folding the hinge, (b) First folding by
hinge, (c) Second folding by hinge

Upper mold Separated upper mold

Folded frame
Rotating mold

Lower mold

Blank

S
k Tensioner
X
Fig. 4. Finite element method of stamp forming simulation:
details of set-up

Table 2. Parameters of stamp forming simulation

Parameters Value Unit
Tensioner 9 ea

Spring stiffness 0.69 N/m
Pre-load 6.03 N
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Fig. 6. Results of stamp forming analysis: Wrinkle distributions
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Sample #2

Sample #4

Fig. 14. Points of cross-section and DSC measurement
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Fig. 15. Cross-section micrographs of double folded clip: (a)
Void content of Sample #1 on planar area, (b) Void con-
tent of Sample #2 on planar area, (c) Void content of
Sample #3 on planar area, (d) Void content of Sample
#4 on curvature area, (e) Void content of Sample #5 on
curvature area, (f) Void content of Sample #6 on curva-
ture area
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