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Research on the Space Application of Fused Deposition Modeling

WANG Zhen LI Jingyang ZHANG Jianchao

(Beijing Spacecrafts, Beijing 100094 )

QI Junfeng

Abstract In order to solve the problem of fused deposition modeling application in space, the forming process
test of different materials was carried out on earth. PLA, PC, PEEK and carbon fiber reinforced PLA materials were
selected as the research objects in the experiment. The standard samples were successfully printed with the self-
developed space microgravity principle prototype, and the mechanical properties, fire resistance, gas concentration
after combustion, total mass loss and condensable volatile properties of the samples were tested. The tensile
properties of carbon fiber reinforced PLA samples with different fiber directions and the performance difference
between FDM and injection samples were studied. The result shows that the material bonding ability is the main
factor affecting the performance of FDM parts, and the bonding strength between different materials is the main factor
affecting the properties of the composite samples. The higher bonding ability is, the higher the FDM forming quality
of the material is. Meanwhile the forming quality of the crystalline material is also affected by the crystallinity. The
higher crystallinity is, the better workpiece performances are.

Fused deposition modeling, Environmental test, Space application, 3D printing
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PEEK #4 ¥} B b5 1 71 230K , 2 B GB/T3354—1999
FTENT CF/PLA & A& M RMRUE T 5 1AME . 12 M
M AE 5567 7 Bl IR AL bR AT, P45 1056 4 51 76 A
N7 ()2 [RIBFU A 25 14 T 2647 o
1.2 FTENS#

Sy b G JF Al PR 28 6 BF 5T 45 SR 1 5 ) £ (] e
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Tab.1 Main forming parameters of each material

e FTENREE  JTENZ IR FTEN L AE g s
/C /mm /mm*min~! 1%
PLA 220 0.1 4200 100
pPC 260 0.1 6000 100
PEEK 420 0.1 720 100
CF/PLA 210 0.5 40 100

2 FTENHRSH
2.1 FDMEERERE

1A F T ER A b A BB A . AL
iR FE , FDM BJE (19 PLA F1 PC iR 26 I i & 5t
I, PEEK A RF I - 3R TS % T W1 &, CF/PLA
A FR R RE R AT SR A 22 5, W0 I e e
2o WHRRE RS & B, PLA SR A B fc i, 150
mm 3 FBl N RSP 25 7620, 1 mm, PCIRRE i T 44 Rhlk
4 1 5 ) 3R A RS 22 76 0. 2~-0. 15 mm, i F
PEEK J& T2E 45 kL, FDM I 5 RS B il
IRFE R ST 22 0. 15~0. 30 mm, CF/PLA i FERS J¥ 5
25, R 258 0. 5 mm.
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Fig. 1 Physical drawing of standard samples

I HEK ¥ 43 5% PLA \PC \PEEK = Fh b4 K}
FDM SRR 25 B 4700t 04545 2R 55 30 90 11 25 3 A
Fb R B, = Flob G FDM il {45 B L TR o A4 ek i3 98
1 8 FEAR , 3% 38 16 29 0. 05 gfem’®, BRI WK 2.
DA 98 0% BEAE g PR AR 9% B2, 115815 1 PLA
MR FLER R A 4. 8% , PC AR FLBR % Jy 4. 2%,
PEEK A1 B LB 4. 6%
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Tab.2 Comparison of density between FDM and injection

samples
g cm™
R — —
FDM it paRz N nY S
PLA 1.18 1.24
PC 1.13 1.18
PEEK 1.24 1.30



2.2 FDMik##1ERE

23 0 = AL FDM ORI B8R A B A B
SR . PTLAFE Y, FDM aU0RE 9 58 B2 35 00 1% T 28
FDM BGJE ) PLA SRR S A58 12 18 21 7 B 9 91 %,
PEEK B RHAAE (4 5 (15 B2 I8 B3 2 A9 72% , =
FlRERE FDM A )25 i 528 32 25 3 2k [R] Rob ek 22 1
(9 82% LA b, Ferf PLA #40KE FDM IRURE (9 25 i 56k S22 2K
FIEIIIFRY 85. 3%

R 3 FDM FEE R IR AL 38 5 SR A X L
Tab.3 Comparison of tensile strength, bending strength
between FDM and injection samples

P58 5/ M Pa 5 5 i /M Pa
He FDMikFE 9 FDMIRFE IRk
PLA 50.18 55.00 89.6 105

PC 51.80 61.00 82.8 100
PEEK 66.80 93.00 109 130

32 2 B0 R B = Ak kLR PLA B4R FDM A
BB P B 22, 1 2% 3 50 s PLA B BH7E FDM i Ff
B J7 2 7 27 PR B ) D 457 30 B ey, 3 U0 I 3808 32
FEAR IR FDM SIE -PERE A ME— N 2, il i 2
R Wh oh 4 P BB S 52 FDM R RE R R i) L £
FDM B 3o B2 J2 A4 Rk ml DORR ) b R, 3 RE Py
RS EZ A — 2 N ERAR AR T B AR Z (] 1 45 A
SR BE DA RO i 2 oA R G 2 BE AR 2 52 IR FDM
OB MERE 0 SR 3R . Hovh 45 5 B2 2 52 1 PEEK A4
BHERE I R Z, 45 5 R R R R R AT
T8 e B b, S iF PEEK RIS 54 00 15 R 5 it
[B) FLAE K, 45 S s R FE 40, 1 FDM S i A2 rh 3 5 iR
JE A3 5 100 °C, X T PEEK f 7,143 °C) , #TBHEM
o ek B I % i 98 20 OE 9 2 B R OR BB BS 5 A2 2
i, BRI R AR 22, 76 5 Ab B AR v, DR A
TR R A T, 22 b I R IR — B ) R 2 8
PERE .

2.3 BEREFYEIESE PLA B EHR1ERE

SR RE BRI AR RO 1 R 3 S 1) ik 2T 4
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P AR5 Ty 1] 55 B 48 4 5 1) B AR RN K R ) AR
530 0°.45° .90° =2 . 0°HR £F 4 Jy [a) FNRLAH Iy ] —
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Fig. 2 Schematic of CF/PLA laminates forming process
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Tab.4 Comparison of tensile properties

LTYEM L) PG B/ MPa FARETE/GPa
0 156.48 6.48
45 46.24 2.61
90 43.20 2.76

A DL H, 45°F1 90° i i A 14 BB AH 25 A K, (H I
T 0o AL AP AR HEBE , ZBH FDM il 15 1) CF/PLA
52 A MRHARE AT B S A% 1) S 25 4 T ) AL
i ) — S B e AR P B R AT o

& 4 v 4500 90° A AR B Fir A i B B W L 3
rhafi PLA JURE (9 7 45 B2 AR, 40 A H st K CF A
PLA P Flbt AL 2 18] 1) 45 4 5 BE IR T PLA MRL A &,
2 0 B b4 RE 0] Y BT 45 A ME AR R R 2 A Mk
FDM B HERE R T2 R |l A PO AL TEN R
FTENJZ AT BN DL AT B0 R 4 S 800T L4
TR £F 4 A PLA BRI 25 65 B, AT 32 /=5 FDM 4l
e
3 ZTEIMEEIGIIE
3.1 BREEMEREILK 51

Z: B8 GB/T2408—2008 B A1 #ABE I fiE Y I 5 7K
SR EE E L), A5 PLA | PC /K -1k B 1 BE S HB40
9% ; PEEK FH#R PR B, A B AEPE A in BHAR 7] 3k
UL94V-1 4%, inBHAK ) J5 AT 3k UL-94V-0 2, {IR & M .
PLA . PC HARME s W3R 5 P .

£5 PLAMPCKT#EESEIHIR
Tab.5 Experimental data of PLA and PC horizontal combustion

- bR 2 KPR A REOME AR R] BB R i
25 mm 4k REp T 100 mm 4k /s /mm /mm*min~!
PLA E 2 209 75 21.5
PC 7 I 16 0 0
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3.2 BEFESESENRSEN
BRBE T 22 2 18 HB6577—1992¢ I A KALHL
A PN BB AR 4 B R % R S 5 v ) i HB7066—
1994 REAILHLAE PN EBIEHE AR bR B 7 A8 B 1A
W5 YAH AR AE AT I, DA PLA SRR 5 AR B
WM 6 FimR .
F6 PLAMKESERE"

Tab. 6 The gas concentration of PLA after combustion

Ftptist/ 100
Sk -
Cl1 C2 C3 C
Cco 210 170 270 217
NOX 30 2.5 3.0 2.8
S0, ND ND ND ND
HCN ND ND ND ND
HF ND ND ND ND
HCI ND ND ND ND

T 1DND R A F]

PLA #£ & H CO ¥ & 4 217x10°°, NOX K 2. 8x
107, KA1 £ SO, . HCN \HF } HCl %54 <44 ; PC
RORTR IR & TCEE ORI B 0 P M TR SR, 1l i
B GHIRL, G5 A S N (CNF . CL, if LU Be
A2 B SO, HCN  HF |}z HC1 55544 ; PEEK SR ik
ik T, A0 H8 U = L R e B ki i > HLJE B, A5 R P
WA SN.CN.F.Cl, it LR BE I AN 25t B SO, \HCN
HF & HCl 454k
3.3 EXRMEMKSTEM

Z: HR Q) 1558B—2016 H.25 551 T M RHY 4% &
PEMIR J7 5 )% PLA . PC . PEEK M B 4T 2025 1S .
AL EEFE R M RR A IEAN , BRI in2k 7 pr s ,
o WVR Ky Mg i, #4iE 3 W PLA (PC . PEEK #/
ARk S48 A2 23 [ il PN P 058 8 SR 114 8 B s 4 2K (TML) /)
F 1% BEHER Y (CVCM)/NF0. 1% I EK .

7 LR R IR

Tab.7 Data of several materials for volatility

1k} TML/% CVCM/% WVR/%
PLA 0.42 <0.01 0.25
PC 0.17 0.01 0.13
PEEK 0.26 0.01 0.11
4 it
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