%32 % B 5 Y hO¥ ¥ O Vol. 32, No.5
2000 £ 9 A ACTA MECHANICA SINICA Sep., 2000

HEFE T BB E A RS X ER R IR SRR

kEE BUA
(b B R IT BT AR L S B I A SK S, A6 100080)

FiE R
(P 2SEAALFWIR AT, W& 710065)

BE NI TREHBREOLREE, FRITHNKMRRSE, SEWI NEPE #i
PSRN REHBRERRIE. FUAREEIMATFE, il NEPE #RidR, &
LR &, RO SR T BRKAREIRENER, BN T ZEEREROERYE.

XA EEEHESN, MPEHEE, Wb

5l

if

AR 0 ERETELBEMNE MX XBHESBOEE, XET 70 FHKRTr#IR2, 80
2 A FF 14 48 B — R B 44 ok i #ESE ) NEPE (Nitrate Ester Flasticised Poiyether Rj487%5, &3¢
42 B R T R 0 0 A R IR A ) . 12 9 AR DA R 1 R KGR R AR B S M S HE A R G
BEALRRAE AR AR, DURSMMESEN YR, £RATHS HMX) R4S (RDX) . B8R
(AP) a8y (Al) ZRBAIR. B 704 A HE EE RS0 A b iR 7S & SR TH AR Ra 3 18 500 10 E B A
A HESER b R R A B A TR IR 2 BT S, URA K BRMERES (In HMX/RDX)
HEARS, AWASHEARTNROEEHERRE I FHRK— KRN REARZAX
BB Sk SUEEHE S I ROR K P B R, REEAWEEGEANGRRIT @, XFHER
B7E MX &g S3cp R, 2ATHESHABMEARRE. B, NEPE #EH#RRTHH
B AR S B T8 80% A4, KPRz HMX/RDX K& B XX 40%~50%, FREEES. B
W, NG ERESEEZEW. £EE NEPE #iRNEESEREN 11K (BEREES
M2 mz, EEFHRE ONT. S5, WES) MAEEEFE (%, #if / #ii%) + NEPE
BHANSZRLEMRAER, FERG, SFEREREHBRERRE, SN T2RARKRAYE,
TR R4 5 RSB EE R R & B

MpEitigE (DDT) B AHEA NG RE RSN —MEZEEG. 95 DDT &&. MenLK
HLE R S R A B, AT BRI DL R R A 08 R S8 SRR L 1L
C ESMBERASTEME (FH. RARNMERY) WREXBEVRAFTRT 40 FR/4, X
A, REHMTIR THEUMRM 60 EAFHEN. NBEX-TIRANIATETRENEE KAR
s, FMTERLERE, BFMEERLERE. HHALRE, BRBERARMNTHR,
FEMELAFRAEBINE, AR ERAFYER, & - EXeMRAE. Bw, HA
LR EPIR G EEARH—MATE DDT & (FANE, I THHEBOREREXRABEN
WA N). EEMESEAE. XA BB O EagEp O S R o

1999-10-31 W% —%, 2000-03-17 B F 5.




w5 M KERAPE A 1l B O R S X AR PRER R 1 3 533

R IR SR B, R SEIRE B AR A O FAR R B ot 5] S IR oy iR b it B TR AR IR
A X- FEBERPREWR LR TFHERHFERLE P HFRNEFTELFE DDT WER
MEEHEMEE (R EMERE, AT, REEE BmMAL KRR R S5 H
FRALS).

AFTRM, BEMKTAOAE, SN (FH., AN HE) ZHY 3 AR
APWFERRE: B, REETEE. ADBERBERGRE R, RERIRPEHIEENWEN
Br. wH4es Ul AREGEA MR FR, Hd NEPE fEst AR, A5 SE1T 40 0 85 19 42
KFER, GREMBGREIET MBS KIEILEE, Ml T H4 MARE R BT, e RERY
L, AIEHMTT DDT KKKE, HELTURGEMNEARSERNNRESL. 5&
W% NEPE i FIBR L2456 DDT LB DL R s 5%t 3 DDT 170 B wa, 4 KB 0F
e B VT IR S % K.

1 £ B

1.1 DDT &%t

2% X%, DDT &t TF:

(1) F ¢65mm £ 45% @M TR MR 20mm . 42 64mm . £ 500mm #§ DDT 4.

(2) AR E MR BER, %7€ DDT & LesMint L, LA EMTL, A2 4%0% ¢2.2mm
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(a) Schematic diagram of impact tests (b) Load curve
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Fig.3 The optoelectronic triode curves for test No.3
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Table 1 Results of test No.1

Optoelectronic triodes Strain gauges
No. of hole 3 6 9 12 2 5 8 11
Distance/cm 9.5 20.0 30.5 41.0 6.0 16.5 27.0 37.5
Time/ms 1092 11.48 11.60 11.68 | 11.88 11.84 11.76 11.68
Distance interval/cm 10.5 10.5 10.5 10.5 10.5 10.5
Time interval/ms 0.56 0.12 0.08 —0.04 —0.08 —0.08
Average velocity /km---s71 0.19 0.88 1.31 —2.60 —-1.31 —1.31

%2 Nold LHMABREMNRLER

Table 2 Results from optoctectronic triodes of test No.3

No. of hole 1 3 5 7 9 10 ¥ 12
Distance/cm 2.5 9.5 16.5 23.5 30.8 310 37.5 41.0
Time/ms 12.468 13.216 13.564 13.634 13852 13.841 13.876 13.914
Distance interval/cm 7.0 7.0 7.0 7.0 3.5 3.5 3.5
Time interval/ms 0.748 6.318 0.130 0.108 0.042 0.032 0.038
Average velocity /km---s* J 0.09 0.20 0.54 0.65 0.83 1.09 0.92

2.2 WHGBARE
ROBREAREEBENEAIE S EUARBREAGME, ARERTHEZE LHFESR,
g A TE S 7 LR B, R PR AT R ERE (v = 6.56km/s). B A RE
Ml fE, ML 3. —REuick, NIRRT S TG WAT, (HYE No.6 SHe s 7 LA 3R
TG AL S B A SR R, 1 W TE R I v il B A SRR U 2 A% A
#3 No.6 XBNUBHR
Table 3 Results of test No.6

Optoclectronic triodes Strain gauges
No. of hole 1 2 4 5 7 8 1 4 7 10
Distance/cm 2.5 6.0 13.0 16.5  23.5 270 2.5 13.0 235 34.0
Time/ms 9.844 10.502 11.350 11.466 11.500 11.510|11.608 11.496 11.1446 11.462
Distance interval/cm 3.5 7.0 3.5 7.0 3.5 10.5 10.5 10.5
Time Interval/ms 0.658 0.848 0.116  0.034  0.010 —0.112 —0.050  0.016
Average velocity /km-s™! 0.05 0.08 0.30 2.06 3.50 —0.91 -2.10 6.56
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EMRE, MHEIMEIHNEMELSR RAFIFEN, BB ER, NHEIMES,
KofEgs, BAE ) F, ATETHE, EF-THBEHWELETRZ; B 4(b) F,
B fO6T A B b AR BT O B R B9 P ).

F4 Nod TEMNATIRER
Table 4 Results from optoelectronic triodes of test No.4

No. of hole 1 3 5 T 9 10 11 12

Distance/cm 2.5 9.5 16.5 235 30.5 340 375 410

Time/ms 10.158  11.136 11262 11332 11.350 11.358 = i
Distance interval/em 7.0 7.0 7.0 7.0 3.5 3.5 3.5
Time interval/ms 0.978 0.126 0.070 0.018 0.008 == -
Average velocity fkms™! 0.07 0.56 1.00 3.89 4.38 - -
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Fig.4 The resiin compaisms [rons impacted and original propellants i
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H. BiEH WAL (Nod Bl Nob) LB M DDT FRE M AR EMRE, SERHKY,
BREFRRAPRENER™E. LE6, NERAKKRENILENS DDT &, Nod,
No.6 KB 5 O BEREHE 4.

185 Nol @RTHER Nod R0 HTH
Fig.5b The No.1 tube broken and No.3 tube charged

M6 No.d fl No.b6 @i R4
Fig-6i The No.4 tube broken and No.6 tube broken
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EFFECTS OF IMPACT-INDUCED DAMAGE ON
DEFLAGRATION-TO-DETONATION TRANSITION OF
HIGH-ENERGY PROPELLANTS

Zhang Taihua Bai Yilong
(State Key Laboratory of Nonlinear Mechanics (LNM), Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100080, China)

Wang Shiying Liu Peide
(Xi’an Modern Chemistry Research Institute, Xi’an 710065, China)

Abstract The safety of energetic materials is of importance in practice. For the sake of develop-
ment of new high-energy solid propellants, this paper presents an experimental study of the effects
of damage, such as voids or microcracks, on the deflagration-to-detonation transition (DDT) of
the NEPE (Nitrate Ester Plasticized Polyether) propellant.

The study mainly includes: (1) to induce damage into the propellants by means of a large-scale
drop-weight apparatus; (2) to observe microstructural variations of the propellant with 2 scanning
electron microscope (SEM) and then to characterize the dam-ge with sound-velocity and density
measurements; (3) to carry out DDT tests of the original and nmpacted prepellants with the steel
tubes and synchronous optoelectronic triodes and strain gauges.

The NEPE propellant is found to L= a kind of visceoelastic material. The matrices of dam-
aged samples are severely degraded, but particles are not. Additionally, their longitudinal sound
velocity and density arc reduced. The results of DDT tests show: (1) that apparent transition
rates of damaged prepcllants vary considerably, and the sensitivity of NEPE propellants increases
with damages; (2) that DDT seems to consist of five stages (ignition, convective burning, com-
pressive burning, stronger shock formation and detonation; (3) that optoelectronic triodes provide
relatively reliable, inexpensive and simple recordings of flame propagation. A suggestion is made
that mechanical properties of a propellant should be improved to restrain its damage so that the
likelihood of DDT might be reduced. .

Key words high-energy propellants, DDT, damage
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