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Table 2 Parameters of NEPE propellant unreacted JWL EOS

A/ GPa
3.6x10"

B/GPa R, w C,/ GPa-K™'
-1.34 10.89  1.089 0.74  1.0x107°

R

2

Note: A, B, R, R,, w, C, are parameters of unreacted NEPE propellant.
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Fig.9 Schematic diagram of JWL-Miller EOS fitting method for NEPE propellant detonation products

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX & XX A& HXX#8 (1-14)



8

SREEHE VEIETE BRSO AR, E B R

FMC) &AM, 1] LB Ed g™ U )W LIRS T7 2
N BB 1A R ) = A FEAR S R

(1) BB R3S HY Hugoniot ¢ £ Al 1
A B c

1
_R\V(J _RZV(J O — —-—
R1e + ze + an _Eo'i'zpq(1 VCJ)

(19)

K po o C T B R S, GPas Vi ol C-) 414 R 13
7 B AR X L2 o

(2)i T C-) S Lot C-) i, W4
pg = Ae "o+ Be o+ cv, Tt (20)

R C-) 2615 (=(ap, /o V), = p,D*), AT F5
AR e ™ + BR,e ™ + Clw + NV " =p,D* (21)
o, D oy B AR R L HE R R SR N RE i =X
(22)P7R -

E5=J:pdV=QeR‘V+ZeRZV+aC)\/“ (22)

Horp e R R0 IG Re it £, AT R X (23) B2

E, =(0.204 — 0.0734p,)D* (23)
W ESH VI pe E A R (24), (25) B & -

Vo =v/ly +1) (24)

po = p,D*/(y + 1) (25)
y AR HESR Y 22 07 H8 %, B AT i = (26) 8 .

vy =p,/(0.14 + 0.26p,) (26)

FHE R 0] ok A A R JEE A Jo (B B v, A TB R — g

VA% R 205 5 AR 0 T 5 AR TR P A A S D R RE A A
HE B PR SR B & A AR ) K A ek R oA
HE T B PN e B A6 1 W I RE LBl fg DA 4 e TR
TRl BE R S RE o ) LUAS 3 [ £ e sr fE O &, =i (27)
FIPR «
E,=E, —E (27)
A, B B R B HE 1 50 7 A Y (B GRT RE LR S5 T )
13 RE , GPas E, B0 (A BLUHE 3E 7 (9 97) 46 g & , GPas E,
PR R P2 YN BE L GPa.

DR I, R 40 [ 7 i et < 4 G 2R ] DAAS 3, R 4 3R ™
Yk 2 £(2.4) F0£(7.0) B ) B =X (25) J2& 5 8235 0 (8
AT W2 RS T B S B0 58 TR e 5
T B 3 0 eR A X (28) T

A B C
f(V)=E +E -EFE =—e™+—e®+ —+
R, R, V™
1, re 1
- —0 |+ —p, |- E 28
2U|:pm( 2 2p0 0 (28)

P, r N R R BESME  mms o8 (B 7 BE N AR, mm,

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-14)

SF T HE % LE 25 K 2.4 F1 7.0 B9 4R AE A5 B 1 B ik ok
R AA(29), (30) AT
_0.3594p0°D

Uyoyy = 1+ 1-3P0 (29)
0.4263p2°D

Uy_;0= 7po (30)
1+ 1.3p,

P 3 50 A A5 H afE R0 B 5 D, % B p E T A5 B 4
K p FIRD 46 DY RE E, L BT AR AR R A R
14 B 5 FG A 9 R R 40 R 55 = AR 4, 5 0 2 AL 43 A
I, AR 6 25 5 NEPE #fE 3F 77 2 500 B S B
R,=4~5,R,=1~2,w=0.2~0.4, i i} i 1& & 1) 2 )=
FRHRE , FELL EBI R, R, 0 50 B A Bl AL U
BRI AR RS . K B P -4l E SR AR (20),
(21),(22) K, RO AT R A AH DL 09 A, BRI CHE . ¥ %5
SEM R, R,, o LLECRESEIN A, B, CEEUAIAE
o7 R AT PR A L 24 T A 1) B R 22 4 X 2 R
JINE 3 N BE PR ESC(EL B /0N | 3R B S €0 R 1 3 NP R AT
e {0 1A BT 45 707 10 388 4% 1 I8 8R4 G 4 28 ) L S A WL
R TT R, A A R 7 58 X AR S A R 1 A
LT ARAF G JE 2% A ) R 5 AR Ry B L 14 48 a0 751 44 35 7=
PIWLARE F RS E . T A28 BUE W R K, 7
WAL B S RO B N RS 200, SR, O T 45 F)
AR E A, B RN REHEL 10048, Y (k52 SUHERR
0.9, Yo (o iR 78 S ARl 0.051°°), 8t 4% B i A Ak Iy 2 4
10 fis .

0.007 — mean value of objective function
0.006 — optimal value of the objective function
o 0.005
=
= 0.004
2
E 0.003
=]
© 0.002
0.001
\ﬁ
0.000
0 20 40 60 80 100
number of generation

B 10 0 Wk 3 U R S U A b
Fig.10 Optimization process of JWL EOS parameters of pro-

pellant detonation products
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Table 3 JWL EOS parameters of propellant detonation prod-

ucts in the non-reaction stage of aluminum powder

A/ GPa B/GPa C/GPa R, R, m

497.0 8.5 1.3 4.65 1.0 0.39

Note: A, B, C, R, R,, w are JWL EOS parameters of NEPE propellant.
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Fig.11 Simulation model of cylinder experiment
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Fig.12 The comparison between the experimental data and simulation results
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Xof T R £ AT AR 43, 45 30 a0 B 1 2b B K A A% -1 () il
2k . NEPE#E#E 5] 1 IWL-Miller kR A TR S 5N 3% 4
i

R4 NEPEHEFF IWL-Miller IR B T FE S5

Table 4 JWL-Miller EOS parameters of NEPE propellant
Q/ GPa a m n
3.6 0.11 0.5 0.1667

Note: Q is additional specific energy of Al, a is the energy release constant,

m is the energy release index, n is the pressure index.

3.3 NEPEEBHFI m NIERKERSH KRB F L
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Fig. 13

impact initiation test

One-dimensional finite element model of Lagrange
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B2 PO G 20 T SR FH Gruineisen R 28 77 TR P71 4F
HAEE E TR

poCoZM[1 +(1 - y“)ﬂ—auz}

2 )%
p= - (vt au)e
P
{1 Sl e 53(#*'1)2}

(34)

K, p WIETI ;e B LN AE 5y, 7 Griineisen RE;u

R4 Z B0 C,.S, R B, Grineisen RS 7 S 80
F5m o

a6 —4ERA% B H e RoE e 2 kAR R

A R4 NEPE #E 7] sl KOG BE R S 80k 6 s .

THAAF BITE 45 mm 55 B8 AR 0805 oo 8 2%~ NEPE

e 1 70 P e BT e P g -k ) gty 2 A 5 K HlE X b

K14 frs . 50045 A Lh 38 i L3 oo 0 D P T

K5 WIUE LK Grineisen IR T FE S50

Table 5 Parameters of teflon Gruneisen EOS

materials pl/gem”®  C/mm-ps' S, Yo

teflon 2.147 1.76 1.74 0.9

Note: p is density, C, S, and y, are material constants of Griineisen EOS.

% 6 NEPE I KRB 22
Table 6 Parameters of NEPE propellant ignition growth model

parameters value parameters value

I/ s 2x10* G,/ Mbar™ps™ 3.53

X 8 e 0.333

a 0.01 g 1.0

b 0.667 z 2.0

G,/ MbarVps™ 235.0 Framax 0.3

c 0.667 Fetma 1.0

d 0.667 Feomin 0

y 2.0

Note: I, b, a, x, G, ¢, d, y, G,, e, g, Famax> Foimaxs Foomin are ignition

and growth model parameters of NEPE propellant.
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Fig.14 Comparison of Lagrange test data and simulation results
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Response Characteristics Analysis and Parameters Calibration of Ignition and Growth Model of NEPE
Propellants under Impact Load

Guo Zongtao', Xu Jinsheng', Chen Xiong', Cao Xinyu', Pang Songlin', Wang Jindong’
(1. School of Mechanical Engineering, Key Laboratory of Special Engine Technology, Ministry of Education, Nanjing University of Science and Technology
Nanjing 210094, China; 2. Jinxi Industries Group Co., Ltd, Taiyuan 030027, China)

Abstract: In order to ensure the safe application of solid rocket motors in complex battlefield environments, it is necessary to
conduct in-depth research on the response characteristics of NEPE high-energy solid propellants under impact loads. A
one-dimensional Lagrange test system was established to measure the pressure wave at different Lagrange location. The unreact-
ed shock adiabatic curve of the measured propellant was obtained through the momentum conservation relationship before and
after the shock wavefront, and the JWL EOS of the unreacted NEPE propellant were obtained by using a genetic algorithm. A
@50 mm NEPE propellant probe-type cylinder test platform was constructed and a 12-channel probe with radial displacement dif-
ference was used to record the time of copper cylinder expansion to different probe positions and the time curve of cylinder ex-
pansion velocity was obtained. Based on the results of the @50 mm cylinder test, the JWL-Miller EOS parameters of the detona-
tion product of NEPE propellant was calibrated by Gurney model and genetic algorithm. Finally, the pressure curves at different
Lagrange position were fitted with the ignition and growth model. The results show that the fitting correlation coefficients of
JWL EOS parameter curves for unreacted propellant and detonation products are high enough and the obtained ignition and
growth model parameters well simulate shock initiation experimental results and the obtained parameters can provide reference
for the safety evaluation of solid rocket motors.

Key words: NEPE solid propellant;shock ignition;Lagrange experiment;cylinder test;ignition and growth model

CLC number: TJ55;V435 Document code: A DOI: 10.11943/CJEM2024246
Grant support: The Fundamental Research Funds for the Central Universities(No. 30924010503)

(Didm: T &%)

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS R XXXX & XX A& HXX#8 (1-14)



14 SREEHE VEIETE BRSO AR, E B R

EREE-S

detonsor

. o
- V2 —o0m
TRoX R Bk
v 18—
™ g 8 ——attmm I
~ 18 |
aluminum ring ye 75 mau W
™ R 26t /1 KL |
155 W
r— ' ‘ 1t p
- — P’ : :
geuges .—E '
| 050005 10 15 20 25 30 35 40 45 60
\ e i ys
]
—— datonator
ROX
" booster
’\\ L —e—cyinder test sample_1
—e—cinder 2
imatbagn el
3 -
H £PE
1 g -
T 20 idg s uBER BN
S S\ o

A one-dimensional and cylinder test of NEPE propellant were designed and carried out. The pressures of the leading shock wave
at different Lagrange positions during propellant shock initiation and the expansion velocity of the copper cylinder were obtained
by manganese-copper sensors and electric probes, respectively. The ignition growth model parameters of NEPE propellant were
obtained by the combination of genetic algorithm and numerical simulation, which provides a reference basis for the safety

evaluation of solid rocket motors under shock load.
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