- . .
—— Ix oru

3K IAH, L5, AF, A T 3D 4TI 69 S 2F Y 3 7 A B M A RE R F IR E [T] MEHEH K, 2021,
64(15): 58-65.
MING Yueke, WANG Ben, ZHOU Jin, et al. Performance and applications of 3D printed continuous fiber-reinforced
thermosetting composites[J]. Aeronautical Manufacturing Technology, 2021, 64(15): 58-65.

AT 3D FTHIRESEET AN
PSS AR BHERE B LR RR

Hﬂﬁﬁﬁl—l’zﬁ,f ﬁ]'Z'S H 3%1,23’:#”_'\1.§123’7£ ﬁ—.;.—Z EE m EXELUI23
(1. BZABRFIMANERAAIRBA R T EEERF, BL 710054;
2. 194 3B K 5, 9% 710049;
3. R E K F Fam B EA IR, |E 710115)

[(BE] SR T ELEFEIGRA BB ESHA 3D TP AR L EIRE B, 5 TaT dR 56 5k nl, 32
BT AT XD AT R TE, OIE LR AITIPRAE" 5 TR BRI IG B, 3D dTP0 5 & T i S 4 4
(CCF) ¥ 3% B M 2R M g (EP) L&A, SHilad /) 35X K I, 2 1A 5% JE B AL % 45348 %) (1257+71) MPa
F2(96+11) GPa ; % 5% & R A4E-8 5 534 5] (965+80) MPa #= (75+7) GPa ; /&8 3 $n7% /& ik 3] (92+3) MPa. #48F
# 7 3D 37¥F CCF/EP #AF6g 4 4 — MRS d . o A B IR B8, Sodh, TR T T S AP E S 4 430 5% 09 3D 4TFP A
Fe MR, ABIE R T E AT, &5, AT & F w04 3D 4787 CCF/EP #ﬂﬁk P T A AR KA GG R K,
FHAT T AT R KRIKIEIR K. X R Aadid 3D TP S0 F A0 H) 28 S e 0 B M A A -F T i %, SHER
THELSEILEAFHEXRES,

KEBIR): 3D AT i Sak A s B IR AM G s A AE A kAl bRk

DOI: 10.16080/j.issn1671-833x.2021.15.058

SRR IR E SRR AT il T O T E S AR A B
AESG SRR S M IR SR S R, 8 PRI, SE RS 2l T SR A A B AR A
1 o LU R R LU IR R L A PR R B
e At S 0 AT B AR A, Bl iz ERLE T EEE Sl N 2T 4
BT MR B G458 LR 4R R W?EE"? L)
WA AT 3D ITENEAR il S MERE A SR IR SR 5 A 1 3R
i CAD BERIBHEE , R M EE G . 8 BT, 06 THRILT 4R 58
JZ BN SRR P Pag b ) IRIBIE S SR SR ST 4
i%?i“/ U2l RN AERGR M IR A WS A M 52 5 M RHE 3D AT ENd

SRR 3D TENH RS & THT  RE LW RBUFIT R ILAL
FHHPPRHEREL A S E T R T RN, th TEAT AR iR T
Ve, A BT L9058 2B A APRE 3D ST Bl (F A £ 4 1 i A

AR R
BEHRE, FERRFEARE * BRETWE . EEHEAVIATTRI(2016YFB1100902 ) 5 [E % A RRF# 54 (52005390,52005395 ) ;
8 S EHEH RIS R R H %4, PO 22420 KA AR 55 2% ( x2y022020003 , xjh012020029 ),

58 WisshiEEEA - 202145 o4 55151



Additive Manufacturing of Composites Eﬁﬂﬂiﬁuﬂﬁ

PR, S SO AR T 2 PERE A X BRI, %
LA eGSR B M A MR TR
SPEIERD AEPEREAS AL | M LA 2 52
B TRE I FH A5 BE G LA S AR T
Ko AFEFRICHE AUKEE /T HIE
AR EE A W IBPEIRL A RS
R IFLIBUR f e 37 e A e AL
e g | o B i = S
R R T DA R IR B
. H, DR MR L
FH I B 58 114 37 5 2T 2 44 i A P A
G AR 3D ATEI R S AL T2,
BCR T BT A AR 3 A i i
BRI

2012 4, [ Continuous Composites
o8 A KM — PP S 27 4k 3D T ED
(CF3D) #i AR, 55 A 61 R H #E 4
LYt 22 SRAEFTED Sk NI 15 [ 4k
PERR TR, 45 4T B Sk e B sE 11
WS B, TIR £F 2k MFT B F
L IFTE SRS R T 58 e AU % [
PRI IS, DT S B 325 8 2T 2 34t i 3
PER A HRL 3D $T [ R 28 A1 [
T2

2018 4E, YT. 75 K Hao %5 " 2
H T — Fb 3% 22 Bk £F 4 ( Continuous
carbon fiber, CCF ) H4 3R FA [ 1 B4 45
g ( Epoxy, EP ) & A #1 8L 3D TE]
HAR, RH CCF 7EFTENk &R IR 15t
AL EP TR Yy, 7 BN L7 i i 44
J A 58 R G 3SR R N o iR
FTE CCF/EP R A 1 H A i Ji 2
3935 %] 792.8MPa Fil 161.4GPa,
A 5 8 SR B 4y 1] 35 %) 202.0MPa
1 143.9GPa.,

2019 45, P4 % 28 3 K 24 B R R
P T — R oy b X g o 4t
Hanm IR E S A MR 3D ATENE AR .
AR T K050 “3D F1 B 22 4 il
%7 3D FTEN TR ALK 5 “3D 4T
EN TR R A [ £k 3 AR 43551 FH
T BiHl 22 FTEN K AL DI RE. %
HARAFTEN CCF/EP BELEH A 25 K
)2 (8] 5 U] 5 B 43 3R B 1325.14MP
1078.03MP K 58.89MPa.

[F4F, & % #r Anisoprint 23 & T
S s — T B [ R B P U AR Y
LA AE G R A G MR 3D T BN
AU BRI N GO L A R RTR
A PRI AL, DA A
2T 2 35 I R B A MR b 5 SR
J& B 2 5 AR A 22 b AL
[ % 25 3D FTERk, Al fb $4o8
PR S A I HL ) 5 i e £ A 3 i A
iR R=a =R A e T EANE IR E %N
FTEN CCF 24 EP X R A M (PLA )
XU A HE A2 1 28 48 AR R 43 B3k 3
25%~27%, P Ad o B S AR 43 1) iR
#] 750MPa F11 60GPa,

2020 4F, 22 [E FF $7 A K 2~ Shi
A SR T — RS B A KB
SR AT AE 3G R INE MR A MR A
Fi B 5 N 1 D o s T e |
(LITA )3D FTE[, BFFE N G2 1 i
PR R EBINH CCF 223, LAJE il
FEWRBE AT, P BORS IR TR P
TYETEAF YRR T, MG 2 S X
BRI B REAR ARG B S A o B
B B FEAR AR T R A WY1 1 ae
(AN TH BE A il A A5 ), [ H i T &
YR FH S B0 £ 4 1R T AR 5
RIS, 458 o AL 5 | R TSR ) 4%
M A SIS g TG 14k, DTG [) 2
S A TURY”, R T4
Ye” DI “TEAE RN A AR
FTEN CCF/EP BE A4 e 5 & 2 A5 i
433k E] 810MPa F1 108GPa.

2021 4, 3 E R H1 2 K2 He
AU T — b T 58K 5 ( Direct
ink writing, DIW ) #2247 4 3D 4T
EREEAR o A TR P A Ry 4T il
SRR T A A, LA e
b S L — I % B T I
SRJG W INE IHE SN TG ZE LA T 55
DR, AR N R R eF e 22 5 At
B ATED ; 5o, e APk
J FEARAL BT B R A S IR SV o

JUENIL, TR L2 1 A
[ 1 52 B R 3D 3T B R G / 4
AL T ZABSRAEAEATEN R NS AR

W 22 FLBR & it i (2R 4 - R o
AT S B i HE PR 2 | 5
VISR 3, AGA B FERIL E &
WRHZ A 30%~40% , X L) 1k 2|
TR A/ YR AR 1 g
Ko b, ARSCHE TR C 1
o3 45 2 SR 2T 2 1 i I R A
KL 3D FTERSR IS, FFR it — M T4
SE3G S UGS AR T E R K
Oy “EFHETIR I FTEN A" 5“5
R AIS FAL” B3, 3D 4T
E 4 T CCF/EP B 3E8 T 42
SRR S R 2 ] 55 U7 PN 1) Stk
JiEbERE . TR, VRIS T A0
G AN LA, IR T 2 Fh gt
HAMEREE, BJa, £ 3D FTED
CCF/EP M6 75 FL A BR vk 0T 1) 1z
T TR R

il & B RAE

1 &

1 R £F 2 Fitis: S AT B R AR 1Y
SRR B FTER S PRI EP J¢
AR A7 (P FC AL 22 (g ) A7 BR
OS] IRAY I 0P R A
FHEE 5 SR ¥ CCF (' T300-3000, 75
ATl Crp ) A BR S W) MOREG i
PEHEAFTER L VR, IR BTN R i
SR R R I 22 o 58 i L
JEK TR AR, B A Sk sk 1, LA
PREF AR 5T TR S5 , 27 4
22 J R I SE A AT BN 5 111, 3
1 Ve A e BT B AT ER AR 4T
[ Sk Y CAD #5244 5 2 5] - ok 78
XY VN s, 24T e e,
FTEPFEMUT Z 10] F BEEAANY) R,
PEIR L3 A5 B DA 5 S B A BT RE A
AIFTEI AL

FTERTE G , TSR A 3
AR PCE I KA 8
I AMEE A RN E 2 T, DAHERR
PR SO R LR TEAR s 5,
I FH BRI AN i 00 [ Ak 71
TR, 51 & EP Y 2 155
KM TG ACHR R L T [ A

2021465564 5515 0] « Bt hERAR 59



- . .
—— Ix oru

2 RAE

fii FH ML HL J7 BE I 4k AL MTS
Systems, ARHI ) #E47 F7 2400 -

(1) Prffisiids GB/T 3354—
2014 b5 fECE ] £F 4E R R A )
S A MR RE IR ik )
17, P AR AE A R SF 2 250mm x 12.5
mm x Imm, 5|3 1FRE A E A 50mm,
JNgE A 2mm/min;

(2) I GB/T 3356—
2014 Frif (g 1) 21 4 1 50 A 1 3k
B AR RNE iR Tk ) 3517
A REE R S 80mm x 12.5mm x
2mm, 5 1% & o 64mm, i1 3%k 2
& R R Smm, NGRS Imm/min;

(3) )2 18] 57 )L 56 AR 4F ASTM
D 2344/D 2344M— 00 Fr i (R &9
S AR 2 AR S R B i
BRI 7 ) T R I B IR R
sHo8 18mm x 6mm x 3mm, &5 PR 1% B
A 12mm, Iz Sk 242 R 2 3mm, fin
N 0.5mm/min.,

WAk, A K S a3 o
%%5( SU8010 Hitachi, H 7= 75 57 ) Wi4%
3D $TEP CCF/EP R A 1o W4T 2 —
W ST 5 (K X B4k 3D hif%
% % ( YXLON International GmbH,
TR LB ) H A A2 L B e O
P P ERLE ) .

ZR 5
1 3D #TE} CCF/EP R 1HBE
1.1 FEAPXBER
SIBUR(A A B4 s N SR E )
ok, 75931 3D $TE CCFEP ML
e 8 & 07 — iR Ih 2, ani&l 2 By
o A RS C SR A s, #eX(1) Al
H(2) AR R B JeAsi
F
o= 0 (1)
K, o APAEREE ; F O BEIAATRE

PR IR SZ 0 B K28 5 w M REE SE I 5

h AR
AF %[

= 2
wx hx Al (2)

60 WizshEEEA - 202145 645 55 151]

Ko, E PR GRPERLE AF N1
0.001~0.003 24 ] )iy 722 31 [T PAY 118 8K i
Bt ORI TAEBC N B 5 AR
#5 AL 5 AF XERL 5 T AREE K
FE ARG 5

maC(1) fIt(2) 15155 3D
FT B} CCF/EP #F {4 1) o7 fift 5 B %
R0 )35 (1257 + 71 ) MPa Al
(96+11 ) GPa, Fr ik IR A
FEAETF P e A SRR B, R A
ZALUTATER 7 e (AN BF 2 X )5
THTERL R AHAR 22 0 2 [MIAF A

ZEENES

FLBRBRBE o Bk B R A
h SO, i U IR R TT 2, IR i
TTERTT 14 o AR R 22 AR ) 25 2
SR EOE IR N T ) 1) 1 2 3 5t A
B BH T LA R M BEAY) . 2R
TN 3 £ Hh i 2 b AT A e Al 22

BESAG:
1.2 TwiRkseR
W T AR 4E T e ) =

Hh i 56, 75 3 3D 4T EJ CCF/EP FEAF
(s g e Kl — i Rg £k, an
3 R FARE T 8, X

1 FEFRRITHRBEREREE

Fig.1 Schematic illustration of fiber impregnation and printing
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Performance and Applications of 3D Printed Continuous Fiber-Reinforced
Thermosetting Composites

MING Yueke">’, WANG Ben"*?, ZHOU Jin"**, XIN Zhibo"*”, LI Ting’,
WANG Feng’, DUAN Yugang" >’
(1. State Key Laboratory for Manufacturing Systems Engineering, Xi’ an Jiaotong University, Xi’ an 710054, China;
2. Xi’ an Jiaotong University, Xi’an 710049, China;
3. iHarbour Academy of Frontier Equipment, Xi’ an Jiaotong University, Xi’an 710115, China)

[ABSTRACT] The development status and technical bottlenecks of 3D printed continuous fiber-reinforced thermo-
setting composites were reviewed in this paper. Based on the preliminary experimental research, a two-step 3D printing
solution was proposed, including fiber impregnation and printing, and post-curing. The continuous carbon fiber (CCF)
reinforced thermosetting epoxy (EP) samples were prepared by 3D printing. The mechanical test results show that the
tensile strength and modulus of 3D printed CCF/EP samples were (1257+71) MPa and (96+11) GPa, respectively; the
flexural strength and modulus were (965+80) MPa and (75+7) GPa, respectively; the interlaminar shear strength was
(92+3) MPa. The microscopic fiber-resin bonding, distribution, and internal void defects were also discussed. Furthermore,
complex structures reinforced by different fibers were fabricated to demonstrate the feasibility and generality of the
proposed technique. Finally, the application prospect of 3D printed CCF/EP mesh in the field of self-heating and deicing
was explored. These results pave the way for the digital manufacturing of high-performance thermosetting composites
through 3D printing and demonstrate their great potential in advanced industrial applications.

Keywords: 3D printing; Continuous carbon fiber (CCF); Thermosetting epoxy; Composites; Mechanical properties;

Self-heating and deicing
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Study on Mechanical Properties of Polyetheretherketone/Tantalum/Niobium
Lattices Made by High Temperature—Selective Laser Sintering

CAI Haosong', CHEN Peng', SU Jin', WANG Mingzhe', WANG Haoze', YAN Chunze"*”,

WANG Wei’, SHI Yusheng'

(1. State Key Laboratory of Materials Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China;
2. Huake 3D Science Technology Ltd. of Zhejiang Province, Wenzhou 325004, China;
3. Rearch Institute of Huazhong University of Science and Technology in Shenzhen, Shenzhen 518000, China)

[ABSTRACT] Polyetheretherketone (PEEK) has high heat resistance and excellent mechanical properties, suitable for the
applications in high temperature environment of aviation. Light lattice structures can be produced by additive manufacturing
(AM) to replace the conventional solid structure and realize the lightweight of aviation parts. Therefore, in this paper, the
PEEK/Ta/Nb composite powders are prepared, and the triply periodic minimal surface (TPMS) gyroid lattice structures of
PEEK/Ta/Nb were fabricated by high temperature—selective laser sintering (HT-SLS) additive manufacturing technique. The
compressive properties of composite lattice structures were studied and the fracture mechanism was clarified. The results show
that gradient gyroid lattice structure allows smooth transition at the cell junctions, but the stress concentrates at the inclined bar
of large porosity, which can lead to a layerwise collapses at a 45° fracture direction. The yield strength of PEEK/Ta, PEEK/Nb
and PEEK/Ta/Nb is increased by 23.5%, 6.7% and 44.5% respectively compared with that of PEEK (1.19 MPa).

Keywords: Additive manufacturing (AM); High temperature—selective laser sintering (HT-SLS); Polyetheretherketone;

Lattice structure; Composite
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