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Table 1

ratio of unaged HTPB propellant under the test condition

Uniaxial tensile-compressive mechanical properties

temperature Ey/E,, Ol
/ °C 0.40 s 4.00s" 14.29s" 0.40s" 4.00s" 14.29 57!
25 0.9918 0.9885 0.9795 0.3865 0.3890 0.3597

=20 0.7892 0.6638 0.7554  0.2848 0.3001 0.3101
=30 0.8171 0.7759 0.6523  0.2957 0.3007 0.2627
=40 0.7949 0.7813 0.6287  0.2824 0.3004 0.2339
=50 0.9212 0.7166 0.7343  0.2639 0.2617 0.2169

/o, is tensile-com-

uuuuuu

Note: E /E,  is tensile-compressive modulus ratio. o

pressive strength ratio.
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Table 2  F values of variance analysis on the ratio of uniaxial

mechanical parameters for unaged HTPB propellant

E influencing F value for the  F value for the
o factors ratio £, /E . ratio o, /o .

3.8378 temperature 8.4314 25.1077

4.4590 strain rate 4.0805 5.3466

Note: F_. is the critical value for statistics of F.
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Fig.1 The dependence of the maximum strain of HTPB pro-

pellant on the thermal aging time

EARAR LR 5 SR A5 F T HTPB HfEZE 57 9 3 4
WLZE A (4 2% S LA DA G o — 5 1T, FROIn 3 28 fR it
A 2 70 5 FAORS 5 50 100 45 45 R 1) SR AR S TR o T S M
3 —J7 T, FRN G 2 Ak I e TR T Y 20048 47 e R AR
EALE 3G, AP 2 fros o % B D 2 AR T 4 5 AR
AFK T8 AN [ 07 A 24 4% P T B4 R el o o BT v e 5 41 o
A, wi iz AT R R S A A ) A R I R RN A 2R 28
i, HL AR A 3 8 3 2R D d AP ORI 2E (18] 2a)
it B2 722 5 TF g HfE Bk R P T AP R I 2 R0 Y R
([ 2b) o i A J& HTPB $E 77 7 10 i 1% 17 A2 R A%
AL AR 1 2O U7 AE AP DR 2 38 A0 45 e
URL R A= 9 AR " B (8 2 i zs ) o LR P D7 T Y
e

www.energetic-materials.org.cn



1% I 8 88 F = 41 o HTPB & A [ A 4k 3t 71 9 2 %5 0 %

277

AL HRAE F 49 A1 A5 g R 30 I R S Al I 1] ) 494 T o
ot dh, BN AE F TR, e AR HTPB it 5 72 1%
i 2% 5T 4 240 WLA5 3 8 A AL 45 AP J5URE K7 22 (1] 2d
B ), 405 98 30k A B Y Il 5N Rl 4.00~
14.29 57" PR, AR IR AS 1R TR 48t 4 2 79 e R I
R I 3 R AR AR R B B, S R AL e 2
] AR A oG FR AR Ltk o e , B i R 415 2 e IR R iz
AR AN W T R AR AR N R A AP BORL L 42 K A= W
4, FLR LA 0 A 2 AR DU R AR R A AL )L
A X T i R R AR A P AR R . il TR
B AT Fg A AT A2 B AR A IR 1] 38 i A
W T I 1 R, L R AR S5 3 2 2 SRR
PR ] £ 728 1 FE S5z I 32 511) PAY 08 200 L4547 AL 1 A1 45
PoRe BE YA fh o PRI, Al f i R AR 55 S0 23 BT A1
TR B2 B N 2R HTPB 4 1 77 2 8 1) 1405

-40°C, 14.29 s, 98d

2 HTPB#fE 5 A 437 i B [T SEM &1 (%200)
Fig.2 The SEM images of tensile fracture surfaces for HTPB
propellant (x200)
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Fig.3 Master curves of the strain at maximum tensile stress

for aged HTPB propellant in uniaxial tension
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Table 3 The equations for master curves of the strain at the maximum tensile stress for aged HTPB propellant in uniaxial tension

mechanical parameters aging time / d fitted relation

regression coefficient

0 lga, = —0.04378T + 10.1773 0.9974
32 Iga, = 71.8461exp(=T/96.5130) — 6.3493 0.9944
logarithmic shift factor Iga;
74 Iger, = 64.1641exp(=T/100.6740) - 6.3187 0.9979
98 Iga; = 49.6382exp(=T/121.6423) = 7.3350 0.9996
0 £ = —13.4464 + 14.0193exp { 2 x[0.03568Ig(a, - £) + 0.06216]) 0.8449
strain at 32 Eym = —13.3220 + 19.6124exp { =2 X[0.033041g(a, - £) + 0.06473F}  0.8699
maximum tensile . 5
74 ey = —9.5093 + 10.0298exp { -2 x[0.03817Ig(a, - &)+ 0.07593]} 0.8844
stress &,
‘ 98 Sy = —9.0256 + 9.5273exp { —2 X[0.04083Ig(a, - &) + 0.08491]) 0.8714
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Table 4 Ratio of mechanical parameters for HTPB propellant before and after aging in quasi-biaxial and uniaxial tension

. . o-bml/o'uml gbml/auml
aging time / d temperature / °C
0.40 s 4.00 57! 14.29 7! 42.86 57! 0.40 s™! 4.00 57" 14.29 7! 42.86 57!
25 1.0061 1.0069 1.0075 1.0210 0.6923 0.7857 0.8621 0.8571
0 =30 1.0217 1.0274 1.0254 1.0100 0.6400 0.6383 0.6136 0.7500
=50 1.0455 1.0411 1.0346 1.0955 0.7250 0.7639 1.0000 1.0000
25 1.0164 1.0145 1.1156 = 0.5864 0.4780 0.4129 =
74
=30 1.0084 1.0339 1.1396 - 0.4750 0.4721 0.4200 -

Note: o /o, isthe strength ratio. &, /e . is the ratio of the strain at maximum tensile stress.
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Fig. 4 The dependences of the strain at maximum tensile
stress for HTPB propellant on the aging time in quasi-biaxial

tension
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Table 5 Values of aging model parameters for HTPB propellant in quasi-biaxial tension

25 °C -30 °C -50 °C
model parameters
0.40 5™ 4.00s" 14.29 57 0.40 57! 4.00 s 14.29 57 0.40 5™ 4.00 s
P, 0.38574 -0.07188 0.1621 0.1887 0.1603 0.1498 0.1615 0.1120
K -0.00154 0.4733 0.3279 0.1305 0.1297 0.1096 0.1135 0.09765
B - 184.0528 43.8371 41.0143 50.4714 44.9146 18.0414 47.3545
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Failure Criteria of Three-component HTPB Composite Solid Propellant at Low Temperature Under Dynamic
Loading

QIANG Hong-fu, WANG Zhe-jun, WANG Guang, GENG Biao
(Xi"an Hi-Tech Institute, Xi'an 710025, China)

Abstract: Based on uniaxial and quasi-biaxial tensile tests and microscopic damage observation experiments of three-component
Hydroxyl-Terminated Polybutadience (HTPB) composite solid propellant at different thermal accelerated aging time (0, 32, 74,
98 d), temperatures (=50, =40, =30, =20, 25 °C) and strain rates (0.40, 4.00, 14.29, 42.86, 63 s™'), the effects of loading
conditions on the initial elastic modulus, strength and the corresponding strain have been analyzed. Moreover, failure criteria of
the propellant under the tests have been determined. It has been indicated that HTPB propellant fails more easily due to tensile
stress under dynamic uniaxial loading, and the thermal aging can further reduce this capability. Thus the strain at maximum ten-
sile stress can be considered as the uniaxial failure criterion. In addition, tensile-compressive strength ratio can better reflect the
different properties of the propellants under dynamic uniaxial loading. This value is 0.4 and 0.2-0.3 at room temperature and
low temperatures, respectively. The strain at maximum tensile stress of HTPB propellant under quasi-biaxial tension is significant-
ly lower than that in uniaxial tension. Furthermore, the extent of reduction increases with extended aging time and decreased
temperature. The proportion for unaged and aged propellants is 60%—85% and 40%—-60%, respectively. Finally, this strain is in-
dependent of stress state and strain rate at the lower temperature and higher strain rates. Thus the strain at maximum tensile stress
under dynamic biaxial tension can be considered as the failure criterion of HTPB propellant. It can also be used to analyze the
structure integrity of propellant grains for tactical missiles during ignition of solid rocket motor (SRM). Moreover, its value can
be determined with the master curves and aging models.

Key words: Hydroxyl-Terminated Polybutadience (HTPB) propellant;failure criteria; low temperature; dynamic loading; thermal
accelerated aging
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