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Fig.1 Screw extrusion 3D printer for gun propellants

12 Bl S B S 24 A AT B RCRY
FRCE AR E BRI E T S A R
A A4 AT i 3 B B K CRT R 8 iy 3 ) i ke 4
ZBHE RS A B B A DR S
o 1) 5 R 1) 5 2R FH 8 A A R AT, LA
A 4 T e e B O AR e ) 6 T 20 25 A i i
B R . PR s FB R B A M ORI T AT
i i v 2R A 2 SO P RRS E E  SE B TR B 2 Y 3%
ZATEN

2 I HRIE

2.1 iXFH

AR (& = 12.5%) WAL H 3 ws e — 2 —
fisr rh g AR W TS, VM AL Ak Tk A
B 5 W R, 43 B 2, 1R 24 k23R R0 A R 7 .
2.2 HFmHl&E

XUHE K 25, He 23 60.0% S AL AR L 37.5% fil§
A H I+ = 2 Tl 2.0% H5E FI R 0.5% 4B 4
R — Tl 3D T B 48 B & S 24 00 245 46H 35 ot Lb (7%
R /R B2 R ) R 0.4, VA R 2B TN R IR 4 VA T
(RFRLE 1:10) 4T EN TS HOCh B Wk 542 0.6 mm,
5% 0.6 mm, 25 0.2 mm, fTEI#EEF 20 mm-s™', 2
AAE A E BT E ATEDT B R A P
I URE 43 9] M9 40 .50 .60 .40 °CHI1 40 °C. A[RATED
70 B A% RN T % 0 O B R G 25K R e ol 3D-1
3D-2.3D-3, L5 & G 25 iy 3D-4, AN A 4T B
HEE AR B 30 B AL & i 25112 2 3D-5.3D-6 .
3D-7, ALK & S 25 FE 0 R 3D-8 5 AN [A] 47 B 3 78 %
8 AR Ay W48 78 3 24 3R 10 R B i A CRE i B R
B Co

1t 435 77 2l 2 04 WIE A8 20 % 55 245 R i Ak 2 B L
W S84k I 1 245 8E (5 I LG o 0.15) 483 B 5L 8% 16 il A
N I N I L Rl TR = N Tl
At

www.energetic-materials.org.cn



AUHE S 33 25 4% i X 3D 4T B £ R

899

FEL 0.
2.3 s

FET L5 K K- RNl B 2 S D7 [l 5% 3D T ER &
SEE RS54

ROSF 3559 P < ok FH = 4 W00 B (96 B QUE-
STAR HIROXKH-1000) , R 4l GJB770B~2005 ‘k 24 i
Bk X 3D ATEN M R R LB AL B AL &
SR 0 FLAR RIS AT 0 5 A v O 25 A X s 1
it 22 Ze 7 LA FIUE A ROSE 3 50 1

P Al 22 (S) S e 1 2H N ISR T 1) i BORE JE, 8 5
(I

X, — X
2(/\/ -~ ) (1)
K, N & G 25 09 FLAR SR B9 S50 x o8 K T 24558
i FLAR B (4 0 18, mm s xR R 5 25 NAS FLAR B
SICJEE I A B SF- (B, mm

AFIRT A 1 i 22 2 s o i 2 55 000 4 495 SR B RS- (B
L AE

BRE R TR ) B T i e il s s R
P GJB770B—2005 K 2 iak 56 J7 ¥ X 5%t 22 F1 3D 4T Ep
PR A S5 24 104 % R AT I

J1 2k B M4 GJB770B—2005 “k 2454 56 )7 v
K F T BEA BHA G HL (AR i WGD-1) , 7 25 °CAl
10 mm - min™ IR B (19 4% 048 T X AS [R]F7 B 3 70 i 4%
AR 3D T B 4 W5 80 % 553 24 15U R 1 47 i hor o i
W, 5 1% 58 7 2l 28 1 W44 20 % 5 24 30 R 2R A7 X6)
Foo g R R B S 3D FTEN 7 b iy %
JoT b 1Y) 22 531 23 X RRE 1 g 2R PR RE R AR — E R R L (L
e T AT g 1, S 1 2 il £ 28 0 SE BR
1% 0 o

S =

3 #R5WiE

3.1 RELEH

SR IR 85 1 5 & B 24 3D T EPHLFT B i 4% Ff L
] JE2 R 8 R K 5k 25 (B3 k265 93 1130 K)-kg™) , an
B2 fis o AW 2 o] LLE I, 3T B & 5 25 1) 3% 1 4K
St TC W S IR, TR A R AR L 2= LT K
JEREN R BHE S AL, 3D-1.3D-2.3D-3
T3 T8 St 25 0] LAy B SR AT BN IE T AR, 2 f5 4T
BN 3D-5 il EAL R WA MK BZER KT 211
3D-8 BALA S WH HA R4 RIZ5H , BRATH
R P25 3D FTERHL AT LLFT B HAT AN [R50 R £ 32 1

CHINESE JOURNAL OF ENERGETIC MATERIALS

B2 3D ITEI U A ST 25
Fig.2 3D printed double base gun propellants
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Fig.3 Measurement results of gun propellant grain samples with size of 3D-4-3D-8 (The horizontal coordinate i represented the

number of perforations or web thicknesses)
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Table 1  Statistical results of dimensional measurement of gun propellant samples with size of 3D-4-3D-8
3D-4 3D-5 3D-6 3D-7 3D-8
parameter
2e, d 2e, 2e, d 2e, 2e, d 2e, 2e, 2e, 2e,
maximum/mm 2.86 2.52 3.19 3.03 2.6 3.03 2.86 3.6 4.14 4.00 4.59 3.51
minimum/mm 2.79 2.36 3.00 2.79 2.44 2.86 2.65 3.46 3.96 3.71 4.19 3.15
average/mm 2.83 2.42 3.10 2.91 2.52 2.92 2.78 3.54 4.04 3.83 4.42 3.32
standard deviation/mm 0.026 0.064 0.074 0.086 0.056 0.066 0.083 0.051 0.070 0.097 0.129 0.124
relative standard deviation/% 0.92 2.63 2.41 2.97 2.22 2.26 2.97 1.44 1.72 2.54 2.93 3.74
Note: 2e, represented the web thicknesses and d represented the diameter of the perforation.
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Table 2 Tensile strength test results of gun propellants  MPa

no. sample A sample B sample C sample 0
1 15.769 10.871 14.955 14.639
2 15.51 11.362 14.227 14.776
3 14.226 10.230 13.863 14.194
4 14.393 10.345 15.297 14.643
5 12.439 11.137 14.478 14.676
average 14.467 10.789 14.572 14.586
4 &
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Extrusion 3D Printing Technology of Double base Gun Propellants

WANG Mo-ru'*, ZHOU Yong-rong'*, JIN Guo-rui'”’, YUAN Jing'’, LIN Xiang-yang'*, NAN Feng-qgiang'”’,

HE Wei-dong'*

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Chinas; 2. Key Laboratory of Special
Energy Materials, Ministry of Education, Nanjing 210094, China)

Abstract: In order to prepare gun propellants with complex geometries, the extrusion 3D printing process of double base gun
propellants was proposed. Square-shaped, wheel-shaped, star hole-shaped and lace seven hole double base gun propellants
were printed by screw extrusion gun propellants 3D printer. The surface structure, size uniformity, density and mechanical prop-
erty of the printed gun propellants were characterized. The results show that the surface of the printed gun propellants is smooth
without obvious defects. The size uniformity of lace seven hole gun propellants reaches the standard of traditional gun propellant
preparation process, and the size uniformity of arc thickness for wheel-shaped gun propellant is good, with a standard deviation
of 0.026 mm and a relative standard deviation of 0.92%. The density of square-shaped gun propellant is higher (1.567 g-cm™)
than those of other gun propellants (1.549-1.559 g-cm™). The tensile strength of gun propellant samples with concentric filling
path (the filling line direction is parallel to the tensile direction) and straight line (the filling line direction is perpendicular to the
tensile direction) are 14.467 MPa and 10.789 MPa, respectively, the former is equivalent to that of gun propellants prepared by
traditional extrusion process. The good printing of multi geometry gun propellants with radians and angles provides a basis for the
preparation of complex geometry gun propellants.
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