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Table 1 Parameters of the chain extenders and cross linkers

chain extender M, [OH]
category and cross linker /g + mol - /mgKOH - g_l
L (EGC) 62 1809.7
aliphatic diols P % ( PGC) 76 1476.3
T (BGC) 90 1246.7
. B (HGC) 118 950.8
—45 . g (PEG100) 100 1057.3
— 4 =7~ (PEGI50) 150 747.2
polyether diols 3 Z — 1 ( PEG200) 200 561.0
B 4 "% (PEG400) 400 280.5
7, —F(PEGI000) 1000 112.2
W= (GCR) 92 1827.4
triols T = (BTR) 106 1587.7
= I WEbE (TMP) 134 1254.3
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Table 2 Parameters of the binder films containing

the chain extenders and cross linkers

Nowsy/Nowper 1/4 3/7 172 1/1
EGC-1/4 - EGC-1/2 EGC-1/1
PGC-1/4 - PGC-1/2 PGC-1/1
BGC-1/4 - BGC-1/2 BGC -1/1
! ith HGC-1/4 - HGC-1/2 HGC-1/1
samples wit
P PEG100-1/4 - PEG100-1/2  PEG10-1/1

chain extender

PEG150-1/4 - PEG150-1/2 PEG150-1/1
PEG200-1/2 PEG200-1/1
PEG400-1/2 PEG400-1/1

PEG1000-1/2 PEG1000-1/1

- GCR-3/7 - GCR-1/1
samples with

- BTR-3/7 - BTR-1/1
cross linker

- TMP-3/7 - TMP-1/1

Note: 1) Ny gy /Noy.pgr : The mole ratio of the hydroxide groups of the re-

agents to the binder.
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Table 3 Effects of the aliphatic diols on the mechanical
characteristics of the binder film at 50°C

sample  the state and appearance of the cured films o,/MPa & /%

blank Viscoelastic film with dry surface 0.22 96. 81
EGC-174 yigcoelastic film with the increasing amount 0.35 87.64
EGC-1/2  of nitrate esters exuded from the film as the 0.38 73.45
EGC-1/1 chain extender increases 0.35 81.08
PCC-1/4 viscoelastic film with the inereasing amount 0.26 77.08
PGC-1/2  of nitrate esters exuded from the film as the 0.35 76.57
PGC-1/1 chain extender increases 0.48 82.08
BGC-1/4 0.37 99.42

Viscoelastic film with the increasing amount

BGC-1/2  of nitrate esters exuded from the film as the 0.45 103.42
BGC-1/1 chain extender increases 0.38 63.19
HGC-1/4 0.26 96.27

Viscoelastic film with the increasing amount
HGC-1/2 of nitrate esters exuded from the film as the 0.26 80.75
HGC-1/1 chain extender increases 0.29 81.97
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Table 4 Effects of the polyether diols on the mechanical
characteristics of the binder film at 50 °C

the state and appearance

sample o,/MPa & /%
of the cured films

blank viscoelastic film with dry surface 0.22 96.81
PEG100-1/4 0.33 94.94
PEG100-1/2 viscoelastic film with dry surface 0.47 122.75
PEG100-1/1 0.39 75.07
PEG150-1/4 0.38 89.40
PEG150-1/2 viscoelastic film with dry surface 0.29 99.29
PEG150-1/1 0.25 66. 88
PEG200-1/2 viscoelastic film with dry surface 0.26 111.71
PEG200-1/1 0.39 102.17
PEG400-1/2 viscoelastic film with dry surface 0.26 88.81
PEG400-1/1 0.35 67.88
PEG1000-1/2  viscoelastic film with dry surface 0.26 68.88
PEG1000-1/1 0.35 78.81
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Table 5 Effects of three types of triols on the mechanical
characteristics of the binder film at 50 °C

the state and appearance of the

sample o,./MPa & /%
cured films
blank viscoelastic film with dry surface 0.22 96.81
GCR-3/7 viscoelastic film with dry surface 0.23 50.56
GCR-1/1 viscoelastic film with dry surface 0.26 50.27
BTR-3/7 viscoelastic film with dry surface 0.28 70.32
BTR-1/1 viscoelastic film with dry surface 0.27 58.93
T™MP-3/7 viscoelastic film with dry surface 0.29 66.99
TMP-1/1 viscoelastic film with dry surface 0.32 73.23
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Table 6 Gel fraction of the binder film

with chain extender and cross linker

sample blank BGC-1/2 PEG100-1/2 TMP-1/1
gel fraction/% 95.2 96.4 96.7 97.3
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Fracture Behavior of HTPB Composite Propellant in I -1 Mixed Mode Crack

ZHANG Ya , QIANG Hong-fu, YANG Yue-cheng
( The Second Artillery Engineering Academy No. 201 Faculty Shanxi, Xi'an 710025, China)

Abstract: HTPB composite solid propellant containing slant internal cracks under uniaxial tensile load were measured by using of

material testing device WDN-10KN, with the tensile rate of 2 mm + min ~'. The whole progress of Crack propagation was recorded by

camera. Curves of the Loading-Displacement, crack initiation angle and fracture loading were obtained. By comparison with series

fracture criteria including T-Criterion, S-Criterion, ¢ ,-Criterion, the crack initiation angle of solid propellant obtained is in approxi-

mately agreement to that from T-Criterion, showing that the T-Criterion can be used as a theory prediction to the crack initiation an-

gle of the composite solid propellant.

Key words: solid mechanics; HTPB composite propellant; [ -1 mixed mode crack; crack initiation angle

(k4351 m)

Effects of Chain Extenders and Cross Linkers on Mechanical Characteristics
of Binder Film of NEPE Propellant at High Temperature

ZHANG Wei, XIE Wu-xi, FAN Xue-zhong, LI Xu-li, WEI Hong-jian
(Xi'an Modern Chemistry Research Institute, Xi'an 710065 ,China)

Abstract; The effects of chain extenders and cross linkers on the mechanical characteristics of the binder film of the NEPE propel-

lant at 50 C’ were experimentally studied. The results indicate that the aliphatic and low molecular polyether diols ( chain extend-

ers) improves the mechanical characteristics of the binder films at high temperature, and the three types of triols ( cross linkers) in-

creases the maximum stress of the binder film and decreases the maximum elongation of the bind film. It is found that the aliphatic

diols might cause the exudation of nitrate esters from the binder film during the curing process.

Key words: solid mechanics; chain extender; cross linker; NEPE propellant; binder system; mechanical characteristic



