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ABSTRACT

A new 3D printer hardware with coaxially arranged twin nozzles was developed to print continuous and short-fiber
filaments. The short-fiber nozzle used a screw and pellets instead of filaments, and a hole was drilled at the center of the
screw to print continuous fibers. The new coaxial 3D printer showed a 7% void area and low strength in the lay-up direction.
Thus, in this study, a novel nozzle cap was designed to improve the performance of the aforementioned 3D printer. The
nozzle cap transferred heat from the heat block to the printed path by extending the rim area of the nozzle edge. Printing
tests were performed, and the void ratio was reduced to 2%. Interlaminar shear test results indicated that the interlaminar

strength improved by 2.3 times.
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Fig. 1 Schematic representation of the new 3D printer. (Fig. 1 from reference [7])
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Fig.2 Dimensions and cross-sectional view of the print head in reference .
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Fig. 3 Top view of the MPS computational results of temperature at the end of printing. The x—y coordinate origin is located
at the center of the initial nozzle location, and each blue line indicates the nozzle location at the time. (Figure 4 from
reference [9])
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Fig.4 Preheating plate mounted on the printer head (Reference [10]).



A. Todoroki et al. Agora of Additive Manufacturing (2024) paper24006

DARE B9, Figd IR T L9518, 7 U2 b~y RISTIBWRZ T (115 C, TINEAO % BRI
HELTWD. FIEEAFE 24 Y% DRRFEMME/PEEK EAMEIZHIRI L, TINEAOA M CRERE 7 D5 | IRRE %
HELTWS. ZOFE, FMBUCL > TI10EDOFERELZETWS.

DX o1z, BYRELAESEATIPERIE L 0 b AW IRFBMEE ST 2 EAMECIE, #EROFFF AR D
VRN RTERMEAST R O 5720 TIUMBVR R A3E U T 5 ATREME NI E T & 220, TR L T 2 BT LA O
WEMEE BUF, ARA REZRRE L CREE S AR ORAETREZ B 5720120, ML EMEZIT O LERSHDH. L
ML, A7V a—FXO7 V> b~y RIZEEP M kgbH Y, IHICEME—T —2RET DI EIXBFENT
ERv. E72, PIBUWRORRE S RigeBEEEINAZ B E, FRICBLEENTIE RN, 2 AbFr v TRIE\EIZLD
JEDARITEE LTV, 2 AL UH SRR 2 A ABE A% 5 T LTI E T & ik
EONMEDEELEZEN TV,

237 RNFxvy TORE LR

) ZIAEDINER L TV DFig3DFERICESE, b — b7 u v 7 O#E ) XVREA OIS F TlaET
HIEEBEL, JANFy v T EBR L. J AVFy v TOMEEK ZFigSIZRd. Zhud, BEFERIZY
BINCRRE R & W I R A RS, A7 Y 2 —XoFE &/ AW, Figlomd ko1, A7V a—be—
RENETHI-O— 70y 78O ERRKREW. E— 782y 7 K T35 mm x 30 mmD N6 5.
TIT, AR LI U S CEAN mmTES4S mmOHBEHO — b ey ZIERIGREZE— T 0
v 7 ERICT N =7 DAEAS0S2TIERL L 72, ZViE#R S OfF2E0 & [ UEA2.5 mmd /) XVEE VT

W5,

Nozzle Cap

Print Head

=

Print Direction

Heating/ )

Fig.5 Schematic representation of the nozzle cap.
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Fig.6 3D model of the nozzle cap.
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Fig.7 Heat block and cutting model with the nozzle cap.
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(a) 3D printer head with the nozzle cap. (b) Set up of the nozzle cap. Almost no gap
Is found between the nozzle and the nozzle cap.

Fig.8 Photos of the nozzle cap.
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Fig.9 Measured temperature results of the nozzle cap.
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Table 1. 3D printing conditions.

Nozzle temperature [°C] 240
Printing speed [mm/min] 100
Layer height [mm] 0.6
Print path distance [mm] 2.4
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(a) Without the nozzle cap.

(b) With the nozzle cap.
Fig. 10 Cross-sectional image of the hybrid composite.
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Fig.11  Print path for the fabrication of unidirectional composite specimens. (Reference [7])
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Fig.12 Tensile test results of the 0 © specimens fabricated with the nozzle cap.
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Fig. 13 Cross-sectional observation of the 0° specimen without the nozzle cap. (Reference [7]).
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Fig. 14 Cross-sectional observation of the 0° specimen with the nozzle cap.

(a) Without the nozzle cap.
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(b) With the nozzle cap.

Fig.15 X-ray computed tomography (X-ray CT) results of the two types of the two types of specimen cross-
sections.
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Fig.16 Configuration of the ILSS specimen.

Fig.17 ILSS test of the three-point-bending type.
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Fig.18 Results of the ILSS test conducted on specimens printed without the nozzle cap.
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Fig.19 Results of the ILSS test conducted specimen printed with the nozzle cap.
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Fig.20 X-ray CT observation of the ILSS specimen printed without the nozzle cap.
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Fig.21 Delamination cracking of the ILSS specimen printed with the nozzle cap.
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Fig.22 Thermoplastic resin adhesion to the nozzle cap after 3D printing of the specimen.

4. % E

AT, A7V 2a—FROFRE2 T AL 3D PV U ZICBWT, BAEMHEIEOREMEREIC L D5
WIRA REELETDHHIEE LT,  AVEY TSSO BB ORRE L7205 ) A)vXx v 72T £1
FBHZ LT, 7V MRRONAEIT, MR OMEI 2 S TT Y > FRAMRA FEERT 5



A. Todoroki et al. Agora of Additive Manufacturing (2024) paper24006

Ll bic, MEMOmEREEZRDZEEZANE LT AEy v 723 L. 1B, XLom#, 1 /32
DOBEOKIZ, 0° SIERBRAFEM L, A FREZWPE L CTEMEABREBRZ EE Lz, 50732 250
THELUTOBEY THD.

(1) Bk FFF FRXORBESEZALNICL, b= T v v 7 OBERZ T/ ANeuahiy 29k Lz /2 Av
Xv v T EREL, 1 /3AOEGIREMMET « 7 A v b LEIRBHEPA-6 =L v N OB A BRI W i
BENOHEIMEEZ R LT

(2) 0° BIIRFER L Wi Bles 2 55 L, SIS BRBREEIZ ) AN F ¥ v T OB &, KA REN 2%
BT 5 2 & 2 FEBRIICR L.

(B) BEEAMREBREZFERL, / AVF ¥ v 7O CEMEABIREN 2312725 2 & 2 EROITR L.

#
AWROZATIZHTZ Y, —EROFRT AGC (Bk) DRz, BIRSIICHE LR TS,

ft &

I ZNF X O MM % FigA-1 IR T. A THW , AvFX v v T7ORX—RFTEHFETH LD, H
£8 30 mm BREOME CTHIEILRW. J ANFx v T7OMEEORSIL AvESIcEmaby L. 7 X
Xy TNOZERL, AR TIE S AVERICEDETH LD, B — N7 1 v 70D OEBM RIFTHNIL,
J ANVEEG T ) a v T LR EERHWTY— 1325 2 L THEIROZERTH AEE L Bbhd. FigA-l @

O NOBEIFZBHE DR E LIEROBIETH 5.

20
72

(4.5)
Q
(o]
(o]
R

Fig. A-1 Engineering drawing of the nozzle cap.



A. Todoroki et al. Agora of Additive Manufacturing (2024) paper24006

References

()

2

©)

(4)

©)

(6)

()

®)

)

(10)

Schmitz B, 28th Jan, (2014), https://www.3dcadworld.com/worlds-first-carbon-fiber-3d-printer-makes-debut-
solidworks-world/ (Access 2024/5/14).

Matsuzaki R, Ueda M, Namiki T, Jeong T, Asahara H, Horiguchi K, Nakamura T, Todoroki A, Hirano Y. Three-
dimensional printing of continuous-fiber composites by in-nozzle impregnation. Scientific Reports. 2016;6:23058.
Tian X, Liu T, Yang C, Wang Q, Li D. Interface and performance of 3D printed continuous carbon fiber reinforced
PLA composites. Composites Part A: Applied Science and Manufacturing. 2016;88:198-205.

Van Der Klift F, Koga Y, Todoroki A, Ueda M, Hirano Y, Matsuzaki R. 3D printing of continuous carbon fiber
reinforced thermos-plastic (CFRTP) tensile test specimen. Open Journal of Composite Materials. 2016;6(1):18-27.
I, KIRHR, AKEFOL, SRR, EHECA, fREsESr, VPR 3D 77U o b Rk TR L
BV GBS RARERERE. A AR AM B EREE. 2019;45(4):141-148.

Yamanaka Y, Todoroki A, Ueda M, Hirano Y, Matsuzaki R. Fiber line optimization in single ply for 3D printed
composites. Open Journal of Composite Materials. 2016;6(4):121-131.

W, RO, EHBOA, fARsEr, SRR, Rl 8 XV & O 7o dai e S A RO DT 3D
7Y & . Agora of Additive Manufacturing, 2024;24001.

Ueda M, Kishimoto S, Yamawaki M, Matsuzaki R, Todoroki A, Hirano Y, Le Duigou A. 3D compaction printing of
a continuous carbon fiber reinforced thermoplastic. Composites Part A, 2020;137; 105985.

Imaeda Y, Todoroki A, Matsuzaki R, Ueda M, Hirano Y. Modified Moving Particle Semi-implicit Method for 3D
Print Process Simulations of Short Carbon Fiber/Polyamide-6 Composites. Composites Part C. 2021;6;100195.
OPR TR, #EE, RJIMUK. 3D 77V > MEBSEMHE PEEK O TINENC X 2@ k. s> o
AF w7 A, 2021,67(10);440-446.



