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Fig.4 Calculated pressure history for 6 Lagrange positions

Chinese Journal of Energetic Materials, Vol.33, No.2, 2025 (165—177)

H o A 1.12 s I 2 B AR N E8 3.10 mm £
AL, A F) 9.15 GPa. HI T i I FF 1.29 ps A
FIK 4010 mm {7 B AL E5EILFE] 12.62 GPa, /il F i
W AE 211 s B £ 35 7.53 mm {7 B AL, JE 58 35 5
14.42 GPa, i & A1E 12.61 mm &b #E 3F 7B 2% , &
W% E S 20.72 GPa., AR, BB Tk ) H AL B Y
TR, HIF A ek D 5 B2 R A S T P 8 %) T ) W {1 1 3B
o R, m R B N B I KO K B NEPE HfE
R ERERE 2412 mm,

PTG 2 ] A s ) RO R LR A — o 1R
B, PG AE 15 NEPE 4k 2 577 o i Hugoniot )¢ & B 7
B0 3% B A B[R] 9 25 o o D A SR DU 9 A R
B ) . VUSRS R W) R p, N 2.147 gecm
B UL il Hugoniot 6 &2 L (2)

D, =1.76 + 1.74u, (2)
P, Do el P, mme sy o 2 R T
mm-ps o

MR 3l i <74 ¢ &L 15 ob i E R 0 2

% B A X (3) s
p,=p DD, ~1.76)/1.74 (3)
A, poh il oh s R 77, GPa.

AR 4l 12X 05 o 2R DU i £ A e R LA 1 6 RN R
25 Ty A5 30 H S bk e ) 38 2 ) AR A AN PR B H AL
B SBR[ DL (4)
=t - 0.1/D, = 0.2/D,
=t,-0.1/D, - 0.3/D, - 0.2/D,
=t,-0.1/D, = 0.2/D, (4)
t, = 0.1/D, = 0.3/D, = 0.2/D,
t, - 0.1/D, - 0.3/D, - 0.3/D, - 0.2/D,

it 3 2 (4) w] LA 21 Fi - ool 0 3 3% i 2 5 N
SRR I H AL E R SEPRIS ] o 7R —ZERAR T H rbily
A A v A S el 0 I T O ) A R OR A
PEAR A SR AR 4 o 6 I B T ) B ek S O R
AT F) NEPE $i 5 590 64 kL 7 80 -l ol i R
(u,-u) KA o K 2 00K R B A w5 21 2k 4% A r
*?%EJHHUIELEI’JHTIEU S DONEEE € GA I KGR vl A ATTREN

55 I ) 56 2% T el 6 A TR A g O T i

~ ~ ~ ~ o~
I 1l

A A AL www.energetic—materials.org.cn



i 4% A7 T NEPE w5 BE [5] 1A% ffi ik 550 mag B 5 T S0 BT B e K R AL 2 b 169

Bl ) L% R 10 57 0 g g s il R B AR . R
AR TR AT B T AT o U 2 5k NEPE $ESE R Y
A R B H A B Y S B )RR R Y o, -u, B
P, BARGn21 iR .

F bl D F AR R RORS Y HE  92 B A o, KO

Table 1

grange locations and u,-u, data

Actual time for shock wave to arrive at different La-

lagrange location/mm 0 2.05 3.1 4.1 7.53 12.61
arrival time / ws 0 0.61 0.89 1.18 1.91 2.90
Up / mm-ps” 0.85 0.98 1.15 1.39 1.47  —
ug/mm-us'] 4.18 4.43 4.48 4.72 5.56 —

Note: wu_is particle velocity, u_is shock wave velocity.
P s

W22 1 u-u BUE HE Hugoniot 56 &7 HEAT 2k
LA, AT 15 NEPE #f 2 71 #f i Hugoniot ¢ & 4n =L (5)
i
u, = 2.45 + 1.93*y, (5)

5 oK S NEPE H#E#E 5 1Y u,-u, B0 408 S AH I Y
PLA L, h LA 25 80T LUE a0 808 el il 26
Wi & B, R LA 1 2] A9 Hugoniot 2 801G H F
NEPE 4 £ 5 .

5.6+ "
5.4
5.2
5.0
4.8
4.6
4.4
4.2
4.0
3.8

u,/ mm-ps’

09 10 11 12 13 14 15
u,/ mm-ps’

Bl 5 NEPE ik nhifi Hugoniot & R U MR K
Fig.5 NEPE propellant and impact Hugoniot relationship fit-
ting renderings
22 EARFRBERSN

[ 67 30 56 of I 45 19 NEPE #E 3E 5 7 35 4 3 Oy
6832 m-s'o 7E 0 R U H DL fa] BE B2 AK 2 2 mm
{37 B Kb T 9 S TE] DA i S S A 5 221 o ke s AR
MU 55 45 A R AT 538 15 8] S o, P 2 (B ] 4 6 1) 205
RUNK 6a s o I IE 6a th Al LUF Y, B & L 56 4%
PRAT T 18 I (8] 3T, AT A9 I 5 Bt — BBy . 7E
X I8 R 6 5 4 Ak B o 25— A PR BT S 3 )9
ty, I 2 150 5 2 M 300 2% S 4R BE B SEBR IR 1] =6+t 1R
S S AFE TR S K B [ AT BE K R S - I) ) A

CHINESE JOURNAL OF ENERGETIC MATERIALS

M 2 s I AR i k55 D0 % Tl i 9 32 ) 4B 5 7 W T
1B 7 BE A28 1) o 3 B2 L 45 K50 R O SR AR, o [ FT 1
R K (6) HEATHILE

L=Salb(t+1)-0 - expl-b(t+ )] (6)

K, L rery, mim e B 6 5 0 TR AR mm s
o I8 5 53 & O I W AR 2R AR mm. a, b (i=1,2) R
SE RS G 0 E 208 ek B S AR B Tl XA
- 1] 6 28 AT o3 7T 45 168 £ A1 BE I ik A% 20 1 v

(7)o
=%=iaibi[1 —exp(=bt)] (7)

% I 437 % -5 1) 5C 2 48, 45 2R I ob Jr i, wl LA
T BT AU 19 62 4% R R I8 R s A W) 5, R R
BRI SCTT A5 B by SR A (5 6 110 ik e R

—a—cylinder test sample_1
e Cylinder test sample_2
---4---mean value

R-R,/mm

30
27
24
21
18+
154
12
9
6
3
0

20 2 4 6 8 10 12 14 16 18 20 22 24
time / us

a. distance-time curve of cylinder wall expansion

304 = mean value of test data
fitting curve

R-R,/mm
&

o Wwo
N

20 2 4 6 8 10 12 14 16 18 20 22 24
time / us
b. fitting curve of displacement-time

6 15 faT I I 1 4
Fig.6 The results of cylinder tests

NEPE 4 7 57 5 7 1 B i ik o J32 - i ] il £ n 1&] 7
Fii7s o B 7 A%, 78 NEPE HE0F 70 48 55 7= W) Bk 3l
i 4 Ja N K R BE 5K 3 1.83 mme s, BB R T UL TNT
(JER B 1.58 g-ecm™)XEZ5 1.416 mm-ps' 2.
SR, NEPE i 1 770 9K 2 4 i [ a7 B2 P Ak 2 e ) o

N XK 2025 4% $ 334 #2484 (165-177)



170

18] maxvelocity 1.83 mm-ps’

\
v=ab,(1-expl-b )
a,'b,(1-exp(-b;"0)

wall velocity / mm-us”
o
oo

009 =

5 0 5 10 15 20 25 30 35 40 45 50 55
time / ps
B 7 TG i B f A i 2
Fig.7 The velocity-time curve of cylinder wall

3 HHAFNRNHNNFZRBESHIRETERAR

3.1 KRR NEPEHHFIH IWLKREFTES BRI

Fik

RS AP T SRR S O B T SR 5 R 2 7 RS T
P (] 08 2000, 5 U AR Bl g 2 R e
B IWLARS B2 Z A S 6 >S4, R MR AR ¢
B W L RS J7 R 4 R R R I R0, an =X (8) s
p=Ae "+ Be™ + wC,T/V (8)
K, A B R LR, 0, C N i 8 W8, HLW KB #
FE, DAHE S 70 AT DR SZ R AE T TR IR s VoA A
X L2 o

A SR #E WL AR S O B 2 805 i o LG 1
5 vh i Hugoniot 3¢ & i a2 o % Ll T 545 21
e 57 i Hugoniot ¢ R AR A b 7 it 5 11 3l 5 5%
H G Z i, AT AR 0] 38 R 0 S A XS LR A B O &R L
(9 Frw

o pCi(1 = V)

PRm - = vst
Kb, WHEHEF L, g-cm™; C, 1 SHfE#E ] Hugoniot
ZH0

J T 343 )WL JE =X Hugoniot il £ % 35 =0, % ¥
Hugoniot i1 £k I 19 555 W WL ARSI I A, 45 5 0%
P THT HT S BB ST AR OC R, s (10) iR -
p(v, = v)

2

Ao, £, b 0% B TE S 7 L N RE L GPas ECHRIIE LA
., GPa; v, WG LU 25 5 v R BB IH 5 T LU 45

B NEPE #f 3 50 19 %) 16 4 B8 (fk 2 BEBR A1) E,=0,
BRI AT 75 2 /) )WL JE 2L Hugoniot (il 2k 3% 35 =L a0
AL R

(9)

E,=E, + (10)

Chinese Journal of Energetic Materials, Vol.33, No.2, 2025 (165—177)

pJWL= (11)

2 2V
S e WL ARE B S BON 2 DL 34
KR
(1) 7 #E 2 550 97 G R S W6 2 . v=1, T,=298 K,
p=0,13Ax(12):
Ae® + Be™® + wC, T, =0 (12)
(2) X 4 2 500 1) 3K Ao % 22, #E 1 00 52 R 4 1 &
BN S S VNS (py, Vi), AT 15

A(1 -2 )eRvVN + 3(1 -2 )e’%
RV, R,V
Py = (13)
1+ 2 -7
2 2V,
Hovp pFn v g K i 77 vp i Hugoniot 56 &R A
W PR T L s 2l oy B N E 7 AR b, JT N e ik
A1 2 4 2E ) (948 D, v 15 NEPE #E 2F 5] VNS &b 119
JE IR 2 40 an =X (14) K (15) FR
D-C,

Py = poD( S ) (14)
y =5 b-C) (15)
p.DS

(3 TER R AR AL (py, V) , Hugoniot Hii £ 5 45
LAY«

_poCozz(apH) =A ot Rt o - 2R, e+
av ) _, 2R,

IR (16)

AR 3 A ZY Ry R A R R JW LR ES D R
6 MSHHA 3R, R, R Hod 34
Z JC R T AR U R R OB WL R S O R S R
AN AR 22 BF 58 6 B R Z 80 & RE MBI R, 0 F1 C, 1 HL
{8 78 43 W 4 h 7E 6.2~14.1,0.8~1.251 F1 1.68%x107
~2.78X107 GPa-K'"™, Ry T F 3R A Sy 4k 2 7] WL
RE TS A G N RAL# K R, o fl C,
f BCAE 35 [ 9 50 i K A 3~21,0.6~3.6 Fil 1X107°~
3x107° GPa-K™. Ry T PPl 9 3 7 AT = A X bb 25 1 i
2 8 LR Z RBN A (17) s
fy (V)= py (V) = pr (V) (17)

e Vel 1, Vi IX [ R A SR A R (17), %
KO 7) 0 F 0, WM FH M &AW A . FHBAE R
(4 Jr) TR R 7 S 80E BGE I N #EAT PRk AR

B(zw + R,w + @ — 2R} )e"*:

2

Sttt

www.energetic-materials.org.cn



i 4% A7 T NEPE w5 BE [5] 1A% ffi ik 550 mag B 5 T S0 BT B e K R AL 2 b 171

ZORAT Fe 09 AR BB HEFE ) W LR S TT R 24

R4 38 4% B 1345 21 Y NEPE 4 i 751 oK S iz bk
B ESET i E 8 Fros , WE 8 i LLE H
PSR IR BT o 5 00 A i, AR A 06 5 S % N
1.77 g-cm ™ By NEPEHESE ] C) [ ) p,=20.72 GPa, J#
# D,=6.832 mm - s, # i Hugoniot 3¢ & A1
M D=D,,, B ] >R 15 NEPE #fi F 77 35 21 Fa 2 1 5%
B} 95 5 4 2 {8 1R 1 p=30.75GPa, # 1fi 3R 15 po/pe,
fH0 1.46, ZAE 5058 A 514 94 B 9wt 1) 43 Bt
(1) Fabry-Perot T ¥ AU 5% KE 24 48 22 Uk B4 18 9 1) 45
P15 21 A 45 (PBX9502 i %€ TNT IR %€ CP 4E 25 11
PP T 43 5 R 1.32 1,25 F1 1.45) #4238, nf LA 3K
554K 1Y) NEPE #fE 7 7] v o Hugoniot 56 & & 76 A B

=~ PHugoniot
0.304 — fitting

0.254

5 0.20-

=

a 0.15-
0.10-
0.05-
0.004

065 070 075 u'sov 085 090 095 1.00
B8 I AL B AR Y w4 AR X L

Fig.8 Comparison of shock adiabatic curves from experiment
and fit

input p,0 Eo, U, pey, Veu,
[ mutation H crossove H selection

gurney
model

fithess
function

BN . A5 3] T NEPE #E i2E % oK &% WL AR B 7
RS, N3 2 s

2 NEPEHEIERIAR SO W LARAS T5 72 2 8
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A/ GPa
3.6x10"
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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
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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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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.
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One-dimensional finite element model of Lagrange
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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, F, F, F, are ignition

igmax” " Gimax> ' G2min

and growth model parameters of NEPE propellant.
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Response Characteristics Analysis and Parameters Calibration of Ignition and Growth Model of NEPE
Propellants under Impact Load

GUO Zong-tao', XU Jin-sheng', CHEN Xiong', CAO Xin-yu', PANG Song-lin', WANG Jin-dong*
(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
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