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Evaluation of In-situ Consolidation Process of CF/LMPAEK
Thermoplastic Blanks and Mechanical Behavior Using
Non-contact Induction Heating Welding

Hannah Jang™, Chae-Hwan Lim*, Hyun-Jeong Lee**, Ki-Sung So**,
Wan-Gyu Choi**, Young-Woo Nam™****1

ABSTRACT: In this study, an In-situ consolidation (ISC)-based induction heating welding process was optimized for
CF/LMPAEK thermoplastic blanks to enable simultaneous forming and welding. Using this process, ring-shaped
specimens were fabricated, and their forming and welding quality were evaluated. Finite element method (FEM) was
conducted to determine the optimal process parameters for the induction heating welding of the blanks, and these
parameters were implemented in the actual manufacturing process. The temperature increase predicted by the FEM
simulations was compared with the temperature distribution observed in the actual process to validate the applicability
of the FEM results to manufacturing. Furthermore, the ring specimens were fabricated using the optimized process,
and mechanical testing confirmed their structural integrity. Additionally, crystallinity analysis and volume fraction
measurement were conducted, demonstrating excellent forming and welding quality. Consequently, this study
establishes an In-situ consolidation-based induction heating welding process and highlights its potential for fabricating
thermoplastic blank structures.
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Table 1. Material properties of Toray TC1225 LMPAEK

Properties Values Units
Thickness per ply 0.14 mm

Resin density 1.30 glem’

Fiber density 1.59 g/cm’

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




Evaluation of In-situ Consolidation Process of CF/LMPAEK Thermoplastic Blanks and Mechanical Behavior Using... 313

Table 2. Simulation parameters of induction heating welding

Properties Values Units

Coil frequency 380 kHz

Coil distance 5~20 mm
Coil voltage (current) 265 A%

Coil shape and size Pancake (D:23) mm
Compaction force 150 N
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Table 3. Electromagnetic-thermal properties of Toray TC1225

LMPAEK
Properties Values Units
Relative permeability 1.0 W,
Electrical resistivity 10" Qm
Thermal conductivity 0.24 W/(m-°C)
Volumetric heat capacity 1.5x10° J/(m-°C)
T, (glass transition) 147 °C
T, (melt) 263 °C
T, (crystallinity) 305 °C
T, (processing) 340~385 °C
Thermal conductivity 0.240+0.001 /Wm'K!
Specific capacity 0.30+0.02 NNg"
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Fig. 2. Numerical model of the electromagnetic-thermal analysis:
(a) 3D geometry, (b) meshed model, and (c) FEM schematic
model with boundary conditions

HEE R 7t 5] S wEal ZgetA 7t

2]. o= &) WRZHA] HEsHA 7 = A
yob erel, ol 715 S AT 2 Aol A
Whad He) B euluolE FA 4F W AT B
13 § Lol A3}3l Pancake FEfQ] 23 mm Z Y& AA
A7)0 whE Aulel Algtol wet 274
Z—'Jr , AS, 522 Table 29} 7t} o] 5 f3tas
a4 7o) Hgsto] Y AEE 5~20 mm F9] WollA
A5k 22 &4 F4E At 2= A 9 BxE wE

shgict.

Sk A~

o QUrt4
1S3
=

S ne ol

ﬂ&@ma
>..

ATH43]. ZH9
A5 of
=B

3.2 =x| &AM

EAAEAA & B2 & &4 (Joule 1OSS) 2 A 7t
<& (Junction heating)¥} -2 t}ol3l A &L 7|Hto & St
oh ek Al S ol A= ¥ 9 (Out-of-plane) 3ol
T2 A9 gAY AF gl7] wiwell, =2 & E(Joule
heating) H|AYZol| o8 Ho] BAH} 2 A-ollA= CF/
LMPAEK @7}424] Blank®} sittol w2 AAYEE 2
3t Q22 714 3}e] ZHZF Table 37} Table 42} o] EAL
2§53t 2ot E AAlE -Blank-T Y A= YA

Table 4. Electromagnetic-thermal properties of 532750

Properties Values Units
Density 7.8 g/cm’
Relative permeability 1.02~1.1 W,
Electrical resistivity 0.8 x10° Q-m
Thermal conductivity 15 W/(m-°C)
Volumetric heat capacity 3.75x10° J/(m-°C)
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Fig. 3. Result of induction heating welding FEM simulation

Table 5. Optimization result of induction welding process
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Fig. 4. Induction welding system: (a) Induction heating welding
equipment, (b) Process of induction heating welding,
and (c) Schematic image of induction heating welding
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