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Abstract: In order to investigate the mechanical properties of PBT propellant at low temperature, the uni-
axial tensile test method was used to study the effects of curing parameters, crosslinking parameters, and curing
time on the mechanical properties of PBT propellant at —40° C.The glass transition temperature of all samples is
between —51.3~-53.6"C, indicating that propellant is in rubbery state at —40°C.The results of mechanical proper-
ties data show that hardness and tensile strength are positively correlated with curing parameter, crosslinking pa-
rameter and curing time, and the elongation is negatively correlated with curing parameters, crosslinking parame-
ters and curing time. Effects of curing parameter, crosslinking parameter on mechanical properties at —40°C are
less significant than those at 20°C. Elongation presents a good linear relationship when curing parameter is be-

tween 1.00~1.05.
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Table 1 Basic composition of PBT propellant (%)

Component AP Al A3 PBT Others
Mass fraction 56 16 14 10 4

TERBESHILFR 2, HPhEASE(R) MR
Hh S TR T i R % K50 Rt 4 R 5 R R R B LA
SEHRIN 2K (p,) MR 28 v S IG5 I 2 B O B 5 R 4
R IR RO LA, 9 B 500 2 8 (p, ) ol 3 70 8 S B /K
B0 R 45 7R 2 R R OB LA

Table 2 Main parameters of PBT propellant

Sample R P, p. t/d
1 0.98 0.4 0.6 7
2 1.00 0.4 0.6 7
3 1.02 0.4 0.6 7
4 1.05 0.4 0.6 7
5 1.00 0.6 0.6 7
6 1.00 0.8 0.6 6
7 1.00 0.8 0.6 7
8 1.00 0.8 0.6 8
9 1.00 1.0 0.6 7

23 K&
2.3.1 Jrrknginik

fli FH WDW-5J H 7 7 BB A4 L 56 4 (1 ¥ e
AR ) A7) R AT 04, 5 b i) 25 Bk g vk DA
GJB=770B-2005 413.1 A H H5 """, 45 3 K il % 0 4%
T, E R G T 1) e o e S A o e ey L DA G
JIT R 7K A2 1 S5 R T i W 4 i B R AH I )
o AR IR 3 S 100mm/min .
2.3.2  fF

i LX-A B A e B B T (BN 22 g ) it
AR, SR RE 45 LA QU 111355 & [ A H 37 50 44 g
B R ) A AR L R L QT 1360-1988( % A [
K 3 00 R A ) A AR
2.3.3  BEIEE AR A

SR FH 22 7 49 4 i Ak 0 ik 1 B Ak TR R 4
FOBFFE ST 2 -100°C, OF- A5 10min, 132 81 TH &
o RE Y LU S A B AR T S S R AR R
WeAE 2 R A AL L — A m L A
B, 38 2k K0 Ak R AR AT B I AR . R R AR
4~5mm, JEF 1.5~2.5mm. THEEH 10°C/min, A TS

A0, T 40ml/mint" .
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Table 3 Hardness, glass transition temperature, density of

PBT propellant
Sample H Density/( g/em®) T)C
1 21 1.794 -53.2
2 38 1.794 -53.6
3 58 1.798 -51.3
4 57 1.798 -52.0
5 57 1.799 -52.2
6 57 1.803 =-51.5
7 61 1.797 -51.4
8 63 1.797 -53.4
9 55 1.795 -52.9

Table 4 Mechanical behaviors of PBT propellant at room

temperature and low temperature

Mechanical properties at Mechanical properties at

Sample 20°C -40C

o, /kPa & /% &,/% o kPa & [% &/%

1 258 70.7 81.4 - - -

2 657 75.2 83.7 2471 71.2 78.0
3 955 71.2 80.1 2990 69.7 74.3
4 1226 58.4 63.5 3218 66.8 70.4
5 1028 46.2 50.6 3256 60.2 64.2
6 968 57.9 60.9 3201 68.9 76.9
7 1201 47.1 50.5 3330 60.2 62.8
8 1272 49.0 52.7 3632 57.9 60.9
9 1263 39.8 42.7 3413 50.8 54.6
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Table 5 Effects of curing parameter on mechanical properties of PBT propellant at low temperature

Mechanical properties at 20°C

Mechanical properties at —40°C

Sample R H
o, /kPa g, % &% E/MPa o, /kPa g, % & /% E/MPa

1 0.98 258 70.7 81.4 0.33 - - - - 21

2 1.00 657 75.2 83.7 1.12 2471 71.2 78.0 11.14 38

3 1.02 955 71.2 80.1 1.56 2990 69.7 74.3 12.71 58

4 1.05 1226 58.4 63.5 3.37 3218 66.8 70.4 17.30 57
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Fig.1 Stress-strain curves of the propellant with different
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Fig. 3 Relationship of W,-R of PBT propellant
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Table 6 Effects of crosslinking parameter on mechanical properties of PBT propellant at low temperature

Mechanical properties at 20°C

Mechanical properties at —40°C

Sample P, H
o, /kPa g, 1% &% E/MPa o, /kPa g, % &, /% E/MPa

2 0.4 657 75.2 83.7 1.12 2471 71.2 78.0 11.14 38

5 0.6 1028 46.2 50.6 3.06 3256 60.2 64.2 14.20 57

7 0.8 1201 47.1 50.5 3.11 3330 60.2 62.8 14.32 61

9 1.0 1263 39.8 42.7 3.44 3413 50.8 54.6 15.93 55
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Table 7 Effects of curing time on mechanical properties at low temperature

Mechanical properties at 20°C

Mechanical properties at —40°C

Sample t/d H
o, /kPa g, % &% E/MPa o, /kPa g, % &% E/MPa

6 6 968 57.9 60.9 2.07 3155 68.9 76.9 12.85 57

7 7 1201 47.1 50.5 3.11 3330 60.2 62.8 14.32 61

8 8 1272 49.0 52.7 2.22 3632 57.9 60.9 14.31 63
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