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Study on the Optimization of Non-contact Induction Heating Nozzle
Design for Manufacturing Nanofibers Based on Melt Electrospinning

Using PLA Material

Hyo-Jung Chae'’ and Sam-Soo Kim?

"Korea Textile Machinery Convergence Research Institute, Gyeongsan 38542, Korea
’Department of Fiber System Engineering, Yeungnam University, Gyeongsan 38541, Korea

Abstract: The PLA nanofiber manufacturing technology using the melt electrospinning
method requires the maintenance of the nozzle temperature (260 °C), so a non-contact
induction heating method is to be applied. However, it is not easy to obtain experimental
data on the heating and maintenance time of the induction heating method, so it is possi-
ble to secure the conditions through simulation of the process variables required for the
process through finite element analysis. In this study, the nozzle part of the induction heat-
ing method was designed with a copper coil with a 3/16 inch outer diameter of 4.76 mm,
an inner diameter of 3.24 mm, a thickness of 0.76 mm, and a gap of 2 mm. The induction
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heating analysis used an axisymmetric model, and the heating time was 5 seconds, the fre-
quency was 40 kHz, the initial current was 150 A, and the number of turns was 5. It was

confirmed that uniform PLA fiber production with an average diameter of 1.7+0.2 um and
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2.63 um was possible at a feed rate of 150 rpm, a TCD of 150 mm, a voltage of 42 KV, and a
melting temperature of 260°C was possible.
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Figure 1. Electromagnetic induction heating phenomenon (Molina
2015); (a) electromagnetic induction schematic and (b) induction
heating of circular rods.
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Figure 2. Induction heating analysis method using FORGE from Transvalor
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(Molina 2015).
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Figure 4. Target heating area of the nozzle.

Figure 5. Coil design.

Table 1. Initial analysis conditions

Model Axial symmetry 515 model (11.25°)
Ambient temp 20°
Ambient medium Air (10 W/m?K)
Storage mode Time (0.1 s)
Heating time 5s
Frequency 40 kHz
Target temperature 20°C—260°C
Coil 5turn
Current 200A

Magnitude MAGN FIELD (W]
000

Figure 6. Electromagnetic analysis results (magnetic field vector &
scalar).
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Figure 7. Thermal analysis results (nozzle temperature).
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Figure 8. Surface temperature of A and B during 5 s induction
heating.
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Figure 9. Plane & coil 5 turn electromagnetic analysis and thermal
deformation modeling.

Figure 10. Electromagnetic and thermal deformation analysis
results (electric field & temperature) of plane & 5turn models (5 s).
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Figure 11. Temperature comparison of surface A & B of plane & 5
turn model (5 s).
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Figure 12. Internal/external temperature distribution with current
value and time.
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Figure 13. Current in the inductor as a function of initial current and
time.
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Figure 14. Nozzle temperature according to initial current value and
time.
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Figure 15. Nozzle internal temperature according to initial current
value.
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Figure 16. Inductor current according to the heating time.
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Figure 17. Needle temperature according to the heating time.
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Figure 18. Nozzle temperature according to the heating time.
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turns.
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Figure 20. Inductor current according to the coil turns.
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Figure 21. Nozzle internal temperature according to the coil winding
number.
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Figure 22. Inductor current according to the coil turns.
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Figure 23. Melt electrospinning manufacturing device using an induction heating nozzle.
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Figure 24. Manufacturing of nanofibers by melt electrospinning.
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