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(a) Non-destructive experiment of coated grain, (b)
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(a) The specific process of 3D printing, (b—d)Real samples of solid propellant grains, (c)Surface structure observed by

I 30 8 B A AR T 7, i B A ok AT A S AR T
EIVAS [5] i % B2 19 SR ml il R SR 5 8 5 AL R
] A 32 510 24 A B T Al 1) 3 2L o 00K 3 T 4 i R
et R R 2o S P A AR R 2 R ol AR R S SRS Al T 4 A
Be, 7 AR AT T T R 2 R 24 X R R R A A Y

i — o0 B A W AR A R R R R bR R
Jones' 7 BT T I IR (] B 8 O HA THT Y 25 AR S5 A
PRV — Bl AR 1A 4 2R S5 4 i A [ LA Y
FRER T A HE S 00 A, AN AT 14 BT o R ERABURE AR08 1
HAE LA R Bl A 2 K 50 T 8, 32 24 R 5 R R B B, R o it
PEAGE o WA A% e 8 1 J7 3 U & 2% 25 #E , J0 ko &
B H BRABURL A 2 0 38 50, T RE S BOPE RE— Bk 22
VA B Jmy 48 ffe B 45 1) L TG 3D T IV S 4 I M 1T AR
A K B 3 8 B AT a3 A [ AR 1 e 2R A 38 ) [

N XK XXXX & XX A& HXX# (1-13)



RALHE AW, £ B R, R

mm/s)

Burning rate (r

20 mm

100% 90% 80% 70% 60% 50% 40% 30% 20%

i Infill Density Pressure Index
n —0—20% n=1.16
1000 - e S
/g,//§ —0—30% n=096
§———8——73 -a-4% n=082
g/%/g?g —~v—50% n=091
O —4—60% n=098
c_- o— —>—70% n=0.90
~0—80% n=073
—0—90% n=0.79
—0—100% n=0.63
¢ ~—®"—Cast n=060
= 2
10 e—— r=aP"+b
30 50

70
Pressure (P, bar)

E13 (a)3DITEITZL; (b~c)CAD MRS ; (d~h)3DATENE G HEF 254k 5 (i) 2 FLHEE ) RE 2 (AR P ) TR e o 32 (i

Fig.13

pellant strands (top view) and burning rate values'**

o
48
sis
i
0.9.9.9.8:44(
_xx% i
"o (X000
ey QO
o o
< o neuIt
) <
X
L ‘r 9,984
(-{
pidod 0.9.9¢
% o
)¢ s
Y“

$2 3
.S
ot

EE3
£

LOC0
K

14 KR (A 70 244 48T Y 22 4 P

Fig.14 Various views of an exemplary solid propellant grain
]

section'*

AT LAGRIE B3 BR B B1IR 5 45 50

Zi Ll B3R 38 3D FTEN T 20U 4 n] LA
S B 45 AL D) BE A JEE A 3 0 2 R B0 RE AT S5 B X
i 2E 790 24 1 RE 1R 10y 45 1 5 (E 7 SR A A R D
B B 254 D5 i, i T H AT A R 52 BAR 4 4T
By PR Rl 25 7 58 S5 R AR REBF B IR
Ja AR AP o FRTX AR D) RERR T ETAY
W58 K 22 30 b 1 5 BRI B B, 90 20 6k o 2 7 3 )
ARENE , i AR 7 A — RE AR A7 AR AR R
2 D RERT L S BE AR S5 45 44 DL Bk Ok, 22 4 R0 T
ik 5 T R T AN A, R — BT IRAWTIE

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-13)
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3D Printing Technology in the Manufacturing of Solid Propellant Grain: A review of Applications and

Prospects

SONG Shi-xiong', REN Quan-bin'’, WANG Jia-wei’, PANG Ai-min*, TANG Min’
(1. School of Astronautics, Northwestern Polytechnical University, Xi'an 710072, China: 2. Academey of Aerospace Solid Propulsion Technology, Xi'an
710025, Chinas 3. The Institute of Xi'an Aerospace Solid Propulsion Technology s Xi'an 710025, China)

Abstract: 3D printing technology has the characteristics of customization, mold free, and flexibility, which can provide an effec-
tive approach for the shaping of special structure solid propellant grains in multi-thrust or multi -pulse solid rocket motors. At
present, research on 3D printing of solid propellant grain has been conducted both domestically and internationally. This article
focuses on the application of typical 3D printing processes such as binder jetting, photopolymerization curing, and material ex-
trusion in the formation of heterogeneous solid propellant grains with contained complex structures, gradients, and multi materi-
al integration. It summarizes the key issues that exist in the 3D printing of these three types of solid propellant grains. The future
research directions were prospected, and it was emphasized that the future manufacturing of heterogeneous solid propellant
grains should focus on low sensitivity specialized solid propellant slurries, printing equipment for large grain forming, and insula-
tion coating printing technology.
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In the manufacturing of solid propellant grains with complex structures, gradient structures, and multi material integration, 3D
printing processes such as binder injection, vat photopolymerization, and material extrusion can be used, which have strong

technical advantages and good application prospects.
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