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Table 1 Oligomer names and functional groups

No. oligomer name functional group

1" trimethylolpropane triacrylate olefinic bond, ester group

2* polyethylene glycol 400 diacrylate olefinic bond, ester group

3* 2-(2-ethoxyethoxy)ethyl acrylate ether link, olefinic bond, ester group

4* bifunctional aliphatic polyurethane acrylates carbamate bond, olefinic bond, ester group
5* 3,4-epoxycyclohexylmethyl acrylate epoxy group, olefinic bond, ester group

the material
barrel

ultraviolet light
source

motion platform

1 Frih3DITEF R E A
Fig.1 Schematic diagram of extruded 3D printing platform
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Fig.2 Results of compatibility test (175" represents oligo-

mer/HTPB, while a refers to adhesive system/UV resin)
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Table 2 Mixing parameters of defoamer

step running time/s  rotation speed/r-min”’ pressure/kPa
1 90 500 100
2 120 1500 0.6
3 120 2200 0.6
4 120 1900 0.6
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Fig.3 Appearance and size of printed propellant sample and
position of implanted temperature sensor
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Fig.4 Schematic diagram of bonding force test
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Table 3 Effect of UV resin content on pre-curing time of slurry

UV resin content / % pre-curing time / s

uncured
15
10

a1 A~ W N

7

H1 3% 3 AT A, JRORE IR Ak I 8] BE UV R A A iR 2
SN/, 2 UV E AR IS R AT 3% I
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I F) 5t T [0 A SR 2 P 0 T A 4 T 5% AR O IR
S5 s B9 HORE T, H SR B R — 2 FOIR 45 48 1l 5
HORHIE AT A6 R RS PR T, SR PR b G OB K

a. Pressed glass rod

e > ol 1
‘I.ﬁ i LM
b. Lifted glass rod

5 HORHIUE LR
Fig.5 Pre-curing effect of slurry
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Fig.6 Effects of solid content and extrusion pressure on ex-

trusion rate
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7 UVIEE R
Fig.7 UV curing
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Table 4 Formulas of printed propellant sample

formulation CaCO, Al HTPB  IPDI  DOA UY curing
resin

mass/% 64 17 12 1.5 1.5 4
R5 SRR ATEI SR
Table 5 Printing parameters of propellant sample

needle extrusion extrusion UV source
printing diameter  pressure rate wavelength
parameters /mm /kg-cm™ /mm-min”"  /nm

0.5 4.5-5 280-320 405

8 FTENREIE AL G AR
Fig.8 Appearance of printed propellant sample
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Az AR TE 0B T B R BT U 6 X T 2 ) 45
R AN K
2.3 FTHHEHFIFERMULEH ST

FTER A HE R RE i CT S5 SR W 9 iz, B 4 H
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iR E 0 R . 5 ESNR R UV E BT ENEE
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9 FTEI A BE R RE S A [T CT 4148 45 R
Fig.9 CT scan results of different sections of printed propel-

lant sample

10 [EAMIFFE Y 52 A (8 A4 A 2E 500 3T B RE A (a) A T A i
(b)) CT 1 fifi 2 51

Fig.10 CT scan results of composite solid propellant in over-

sea research: (a) printed sample and (b) casting sample''”
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SEAT AR AN, G Ak 7 AR A e R RT DA e 2 R 1
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2.4 FTENHEHEFIHE RS

AR GEAT ERAHE 2E R RE 5 1) 1 2# PERE 43 BIAE 20 °C
F1 60 CHREE T X T B 7% ity 247 Sz A 3k, 45
mk e FE 11 iR

R6  JTENMEHE AL T2 PR RES B
Table 6 Mechanical property parameters of printed propel-

lant sample
7/°C o, /MPa £,2 1% E’/MPa
20 0.94 15.63 10.98
60 0.70 14.63 5.71
Note: 1) o is tensile strength. 2) &, is elongation at break. 3) E is elastic
modulus.
1.0 — (233 g gihumidiﬁcattipn stress platform section
— m ion .
AMegR St fraction
0.8F damage
& elastic segment section
= 06f
(2]
¢
% 0.4r
0.2r

09— =24 6 & 10 12 14 16
strain / %

BT EHEIE R R -
Fig.11 Tensile stress-strain curves of printed propellant samples

M 6 AT, PREE IR B B 20 °CHE N E 60 “CHY, #
a9 P AR B BE B /N T 25.5%, W 244K SR N T
6.4% , B AT U /N T 48.0% , Uk B I B T R R
(9 T2 PEREAT A A SZ MR . AR SCHR[ 29 418, L Ge e
T A VAR HEFIAE 20 CCAE T, A R Bz A 3 3R 11
o7 A 5 2 BT 2 A R 25 0,=0.76 MPa fill &=
36.4% . ML AT FT DA 7 A i 5 $37 A o
JE L A% Gt g i 52 5 4 HE TR K 23.7 % , (ELIKE 4 R0
57% 0 I X — 25 R A] RE R R A 3 50 OS5
JEAR 7 b S TR IR A 5 R RE W) O Y R Y LG (L, X
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Integrated Additive Manufacturing Technology of Composite Solid Propellant and Resistive Temperature
Sensor

ZHOU Ming-yue', WANG Li-min*”’, LIANG Dao-lun', WANG Guo-qi', LI Ji', CHEN Di’, ZHANG Tao*"

(1. Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education s Southeast University, Nanjing 210096, China;2. College of Aerospace
Science and Engineering , National University of Defense Technology, Changsha 410073, China; 3. Inner Mongolia Power Machinery Research Institute,
Hohhot 010010, China; 4. Key Laboratory of MEMS of the Ministry of Education , Southeast University, Nanjing 210096, China)

Abstract: Compared with traditional casting method, composite solid propellant manufactured by additive manufacturing (com-
monly known as “3D printing”) technology exhibits a series of technical advantages, such as arbitrary grain configuration with-
out mold limitation and continuously controllable formulation as well as performance. In order to improve printing effect, print-
ing formulation and technical parameters of composite solid propellant based on light-curing molding were studied, and the per-
formance of printed propellant samples was evaluated. In addition, comprehensive additive manufacturing of composite solid
propellant and resistive temperature sensor was achieved by integrating resistive temperature sensor into the printed propellant
samples, and the resistance values of temperature sensor at different temperatures were examined. The results show that solid
propellant slurry with 83% solid content displays a good pre-curing effect by adding no less than 3% ultraviolet (UV)-curable res-
in. The slurry with 77% or 80% solid content can be extruded through a 0.26 mm diameter needle, while solid content reaching
81% or above requires a 0.5 mm diameter needle. The printed propellant sample comprising 81% solid content possesses good
dimensional stability and unconspicuous appearance defects, but computed tomography (CT) results reveal the existence of la-
mellar pores inside the sample. The tensile strength and elongation at break of printed propellant sample are equal to 0.94 MPa
and 15.63% at 20 °C, respectively. At 60 °C, the tensile strength and elongation at break of sample are 0.70 MPa and 14.63%,
respectively. The printed propellant owns comparable tensile strength and reduced elongation at break compared to conventional
casting propellant. The bonding strength between temperature sensor and propellant is 0.21 MPa, showing favourable bonding
effect. The resistance of temperature sensor varies linearly with temperature within testing temperature range (20-60 °C), dem-
onstrating good temperature monitoring capability.

Key words: composite solid propellant;additive manufacturing; mechanical properties;resistive temperature sensor
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