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Shock initiation characteristics of four-component HTPB
solid propellant containing RDX

WU Junying, LI Yaojiang, YANG Lijun, LIU Jiaxi, WU Jiaojiao, ZHANG Xiaozhou, CHEN Lang
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to investigate the characters of the four-component HTPB solid propellant containing RDX initiated by
shock waves and evaluate its adaptability to low temperature, Lagrange analytical experiments were carried out in normal and
low temperature conditions. In the Lagrange analytical experiments, sensors were embedded in different locations of the
material, and the dynamic mechanical behavior of the material was obtained by analyzing the variation of some mechanical
parameters (such as stress or pressure, particle velocity, strain or specific volume and temperature) measured by the sensors.
Since the thickness of gap affected the initiation pressure, the manganese-copper sensors were used to measure the pressure
changes in different positions of the propellant with the gap thicknesses of 40, 45 and 50 mm, respectively. When the gap
thickness was 40 mm, the propellant detonated. In contrast, the propellant burned for the gap thicknesses of 45 and 50 mm. The
ionization probes were used to collect the detonation velocity of the propellant. In normal temperature conditions, the
detonation velocities with the gap thicknesses of 10 and 40 mm were measured. In low temperature conditions, the detonation
velocities with the gap thicknesses of 10, 30 and 40 mm were measured. The growth laws of the detonation were analyzed, and
the parameters such as detonation pressure, detonation velocity and detonation distance of the solid propellant were obtained.
Numerical simulation was carried out to calculate the shock initiation process of the propellant, and the parameters of the
ignition and growth model and the JWL state equation of the nonreactive propellant were determined by fitting the
experimental data. The results show that the detonation pressure of the solid propellant is about 12.5 GPa, the critical initiation
pressure is 5.16—5.61 GPa, the detonation distance is about 13.3 mm, and the detonation velocity is 5.719—6.013 km/s. The
research results indicate that the low temperature has little effect on the shock initiation characteristics of the solid propellant.
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Fig. 1 Experimental apparatus for impact initiation Fig. 2 Four-component HTPB solid propellant tablets
of solid propellants containing RDX
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Fig. 3 Experimental devices and aftereffect pictures of experiments with different thickness clapboards

1 HARFSERAE T, 1U4LoC HPTB [ AR R v o A e g0 i 25 51 . #e % IR S50 b, PR b =
A3k 10, 40, 45 F1 50 mm, FHir, MRS K 10 A1 40 mm B, 40 WL IEAR IR 8, B T S AL A
ML, X B AR 70) 2B T ek A 4 S 07 5 T 224 B B VS B A 45 R0 50 mm B, AR L GEAR HURAE T
B S IO 5, HER A S0 IR R A A 08 R0 24 ) A% i, 3 3% B R A R R AR T A A
B, FEOTIRBE SR IR IV o ZEARIR SC IS v, YR AR E S 10, 30 F1 40 mm i, DLEAR B o 28, X R B

082301-4



B4 % ILAR3K, %: S RDXVUZHICHTPB [ A #E50) fg wh b A TS 5% 8 3]

HEF K AT s R AR BN 5 A 224 B ARJRE S 45 R 50 mm B, DUUEAR LT JC 8 43, 33 R4 9 B 2 ] A 4f 0
FR KA T RRBE RO ot TR 2 [ A 5 7 o TR AR (=60 °C) T A A= i B e k114 o P52 7
40~45 mm 2 [8], ARl % 12 [F P 2 79 e A 5 ) RS2 IR A5/ o X 5 — ke 2 Y b R R AL AN ),
— Bk 2 A AR T R 2 BRI — 26, oy T 2 R AR BRI, T B0 s B/ N B R O, DRI 2 B e
d IR N B, JF BRSPS & 0] T2 PR 25 AL o AR, A SCRY SE IR 25 RO T, i A 57
M3 Al 22 SR B . — Dy I, W] BB i T DU 4 o0 HTPB b 70 4 4 B 541K, R e AR LR 0, 7 IR IR 2%
PET, AR S ds, (AR KE SR BB . 53— 7l A RERAS SO B0 NS AR B, 38 7 20T Pl
JREREAE 40~ 50 mm F) i i A g SC R BEAT XS LT

F1 FREISZEFM THPERBIEER

Table 1 Experimental results of shock initiation under different experimental conditions
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Fig. 4 Pressure-time curves of propellant at different positions measured from the surface of explosion initiation
when the thickness of the clapboard is 50 and 45 mm
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Fig. 5 Pressure-time curves of propellant at different positions measured from the surface of explosion initiation
when the thickness of the clapboard is 40 mm
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Table 2 Experimental results of detonation velocity of the solid propellant
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Fig. 6 Schematic diagram of the calculation model
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Fig. 7 Comparison of experimental and calculated pressure curves
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Table 3 Comparison of experimental and calculated wave front pressure peaks
) . P PETHIE ) E/GPa
[ A 70 o7 B /mm - RZE/%
S HH
0.0 6.16 5.78 6.17
2.0 7.18 7.73 -7.67
34 8.11 8.94 -10.23
4.9 9.79 10.47 -6.95
8.3 10.13 9.95 1.78
9.4 11.03 11.55 -4.71
133 11.86 12.46 —5.06
18.3 12.08 12.79 —5.88
60.0 13.10 12.82 2.14
78.0 12.81 12.79 0.16
87.8 13.06 12.81 1.91
F4 BEREHETNSABKREERSESH
Table 4 Fitted parameters of reaction rate equation for ignition growth of solid propellant
Ips™ b a X G/(GPa?-ps™) ¢ d y G,/(GPa'?-us™) e g z
100 0.667 0.0 3.0 80 0.667 1.0 2.0 883.3 0.75 0.27 1.2
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Pressure/Pa Pressure/Pa
1.511x10'" 1.836x10™
1.360x10' 1.652x10'
1.209%10' 1.469x10'°
1.058%10™" 1.285%10™"
9.066x10° 1.101x10'"
7.555%10° 9.179%x10°
6.044x10° 7.343%10°
4.533x10° 5.507x10°
3.022x10° 3.671x10°
1.511x10° 1.836x10°

—3.805%10° —3.349x10°
(a) 0.74 ps (b) 1.59 ps

Pressure/Pa Pressure/Pa
1.277x10" 8.523x10°
11501010 ﬁ;ﬁ 7.305%10°
1.022x10'° 6.088%10°
8.942x10° 4.870%10°
7.665%10° 4 3.652%10°
6.387x10° 2.435x10°
5.110x10° 1.217x10°
3.832x10° —8.479%10°
2.555%10° —1.219x10°
1.277x10° —2.436x10°
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() 4.09 ps (d) 8.63 us
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3.110x10° 3.011x10°
1.932x10° 1.833x10°
7.534%108 6.543%10°%
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Fig. 8 Pressure contours in solid propellant at different times during the shock detonation
when the thickness of the clapboard is 40 mm

AR B ek P A T T P R 3R AN 2 A ol R AR SN, M P 5 30w i e A S AR 1) 1 0 22
FAHRT LU S0 UEAfE BE R 9 R S 1 JWL ARZS T RSB, [P HEZE R ) AR BOME JWL IR 25 D5 o 07,

082301-9



B4 % ILAR3K, %: S RDXVUZHICHTPB [ A #E50) fg wh b A TS 5% 8 3]

T
pe=Ae ™V rBeRV 4 wecvvc

K4, B R\ Ry w WAL IWL AR TR L, V.. T, A W AEE SR AH X R BRI B, o AR
e HEAE

HY S50 R AL, ZE SR B AR BE S 50 mm B, 32 VA E 7R 23 e gk, R, 6B ER R AR FE 4 50 mm
B DL EAT IS o TH v, G P sk 0GB ARAR vl e 2 00 19 T A s Iy L, 54 3 R 4 Ay 1 2 b Ak Ak
T, P9 kg BE S 4 R R T 0.0 3.1, 5.0 F1 8.0 mm 45 4 M B b S2 5 T th 2k 53R S i
P i IEL O mEL, S22 SR ST S A AW A, MR b R O Y et A — B, X X
4 ANASTRIE B A R SE LA, 75 2R B A S TWL ARZS I B2 B 4045 3 M : A=759 TPa, B=750 MPa,
R=15.5, R,=1.41, w.=0.12, ¢, = 2.78 MPa/K .

7
Solid line: experimental data

- Dotted line: calculated data
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Fig. 9 Experimental and calculated pressure-time curves at different positions in the solid propellant

when the thickness of the clapboard is 50 mm
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