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a. sketch of compressive strain clamp

b. physical map of compressive strain clamp
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Table 1 Performance sampling time point at four tempera-
tures d
TC 1 2 3 4 5 6 7 8 9 10
50 0 17 35 70 100 130 160 190 220 250
60 0 7 15 30 45 60 75 90 105 120
65 0 5 9 18 27 36 45 54 63 72
70 0 3 5 7 14 21 28 35 38 42
A A AL www.energetic—materials.org.cn
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Fig.3 Maximum tensile strength and elongation of propel-

lant at different aging time points
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Fig.4 The relationship between the percentage of characteristic gas and aging time in long period
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Fig.5 Calculation process of grey relational analysis
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Table 3

maxium tensile strength

Correlation between characteristic gas content and

T/°C HCI NO CcO
50 0.37 0.83 0.94
60 0.37 0.84 0.95
65 0.39 0.82 0.95
70 0.38 0.80 0.93
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Table 4 Analysis of variance (ANOVA) results of a and b

coefficient a b

sum of squares 58241.55 131625.2
F 0.624566 3.721536
significance level 0.567017 0.088912
Fyos 5.143253 5.143253
Note: 1) Fis F-test (joint hypotheses test).
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Table 5 Expression of four life prediction models
model  expression of t r
—9434.00
i t=(no, +0.20)/[-exp( +22.45)) 0.90
11845 0.81
i t=exp(-5.32+ - 4.45-InT)-In 0.93
a-m
-9926
iii t=(nQ - 3.25)/[—exp( +26.21)) 0.98
10880 26.05
iv t=exp(-13.53 + -281-InT)-In 0.99
Q
Note: 1) r*is square of correlation coefficient.
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Table 6 Estimated results of NEPE propellant storage life

T/C
model

25 35 45 55 65
i 16.09 5.78 2.21 0.90 0.38
ii 14.30 3.40 0.88 0.25 0.07
jii 15.17 5.16 1.88 0.73 0.30
v 13.80 3.85 1.16 0.37 0.13

12 5 45 L], DU Rl NEPE HE 35 57 75 A 7904 452 7
L SR CO AP 29 o R i A o 2 B 75 i
ik AR 4 R G 1 R B T 098, 1 SR T e KA L 55
JEEAE D A 2 B A A 7 i A 1) A5 TR R N F) A G
PR R/ T 0,93, iy it Al DR D A S 06 R0 2k
PEAHCMERF o IR, H1 3% 6 % NEPE #E7E 77 77 iy 3
il 245 2R B Al TR A7 i SUAG A R R il 2 RO [ B A% il
JE T G 2o A8 TE R T AR 3 B A A A (/N T i
e GEBERL T A B B9 WAL AR d e PO, A5 082
EACS I G BN 22 ek 0 A 2R 5 75 8 TA
R HTEL CO UM - ¥ Jo 12 Rt O o i 2 2 1 i i
RUREAY {v 6F NEPE 70 (4 A 75 i R4 T TG B A 280

Ja £ LIBERL iy Sy JE Al R 7R NEPE 2 [ 44 i
S B2 REA B Y G 7 B 24 CO R AL I 4% L i
AR NEPE #2570 25 4 14 0 A7 7w AT AL, SE T
FUIE 0 B TC A0, DT 3R A 1 A% 42 2 i BA 5 ik
VAT 2V RE 22 RE 500 5 o S5 A D U 2 ), 75 B0 2y
HEREAT A R 3R 1 52 e A W

5 % it

WFSE LA 10% E R RAL 26 08T il A0 4 <
A5 5 M0 B i) 7 ol g e R S D Rl e A O
PE o3 B A A7 i SUAG AL R, 38 10— b LURRAIE A
AR A Sy B Tk HCHE B T 451 L 7 i A AR Y e A5 LU
ERE

Sttt

www.energetic-materials.org.cn



NEPE fi: 1 57 TG 481 2 WV 17 75 fir B0 A

169

(1) FRAE MR W 25 SR R BT, CO MR B il dat e
K, N TR BE S50 R 1 B 3535 %) 1300 mg LA I,
H LA NO AR 3 2 3 A W 3 K 2218, 2 Ak )5 0
TR B A R, HC S, W%mif%%m%ﬁF%
PR, 2 e I KRS . RS )2
;ﬁoﬁaf%%ﬁ%d%ﬁﬁxﬁw¢%m%dg
5 B GRERR AL E W Y SR

(2) 2R FH I A8 S BV VT 38T e 5] e Rt hr ot
55 R0 R R R AR R A Y OG5 1 CO R
A 5 B BT R 3 O B (R A K R AR MR 2
SRURCINE R o Te7 IR N PN ey = T 7 e i M o 2 A 54
KPG8 FE 5 CO AR BRI 1Y — A S

(3) 5% Gt % Ak 75 o 04k A5 AL R ke ik 1) & Ak 77
fr WA ALY 57 T U FP NEPE #5175 f FAG 7 1
3 o R OGP R B R A 25 3L 43 A, A5t  CO
AR TR R FH el a2 2R S A TR 4S8 1E 4T NEPE i 1F
U# AR B 25 SR B O A R, HIRL (25 °C) R NEPE #E

HEFI A B AE FF 4wl 13.84F

(4) - #E37 Jo 5 8 77 i 7045 452 780 kSR FH 19 55 56
X G S A R O B, S AR A Ry TR AR SRR Y
TN AL SR PR A oY R AR TR

CO S AR BT #E ) NEPE HE 38 75 5 4w () /T 471 , 5 42
T ST N A S PR 2 A AT R ) S T v, X

BRI BT A& I, LU 73 i A9 T3 45 R A 28

B30k
(1] Ve R R R0 308 5 TR (ML T B A R A
2014 527-528.
[2] Celina M, Gillen K T, Assink R A. Accelerated aging and life-
time prediction: Review of non-Arrhenius behaviour due to
two competing processes[)]. Polymer Degradation and Stabili-
ty, 2005, 90(3): 395-404.

[3] Celina M, Graham A C, Gillen K T, et al. Thermal degrada-
tion studies of a polyurethane propellant binder [J]. Rubber
Chemistry & Technology, 2000, 73(4): 678-693.

(4] Fhicoi MU, 3200, 55 6 T4 B 2 AL BEAL 1) HTPB ffi Bt
Fawl)]). Frfieht R, 2016,24(10):936-940.
DU Yong-giang, ZHENG Jian, PENG Wei,
of HTPB propellant based on segmented aging model[]]. Chi-
nese Journal of Energetic Materials, 2016, 24(10):936-940.

[5] 2R B [ M i R S WL T 25 i 60 0 2 [) ). B, 1989,
10(4):50-55.

LI Zhao-min. The determination of the service life of soild pro-

hilljsess

et al. Storage life

pellant rocket motors [J]. Journal of Propulsion Technology,
1989, 10(4): 50-55.

(6] BREE, AEME  MERE R, 55 . A7 [QE J1THEE AN KR 25 7 4 i 0 9 0F 72
U] &HEM KL, 2019, 27(12):998-1003.
CHEN Jie, XIONG Ying, SUI He-liang, et al.

evaluation criterion by Burdon method[]]. Chinese Journal of

Explosive life

CHINESE JOURNAL OF ENERGETIC MATERIALS

[9]

[11]

&

Energetic Materials(Hanneng Cailiao) , 2019, 27(12): 998—
1003.

Bematein R, Derzon D K, Gillen K T. Nylon 6.6 accelerated
aging studies: thermal-oxidative degradation and its interac-
tion with hydrolysis [J].
2005, 88(3): 480-488.

AR VY I AR, NG L R TR o R A 2 R 0 A 5 i B G
AEERESS L)) KT, 2007, (1) 1-4.

CHEN Xi-zhan, XU Ying-jun, WANG Peng. An analysis of
propellant storage life and reliability based on gel fraction[J].
Initiators & Pyrotechnics, 2007, (1):1-4.

TEFE S S TR AR TR R A PR R T 2 e
AR )], KRR 22, 2015, 38(1):47-50.

WANG Guo-giang, SHI Ai-juan, DING Li,

properties of HTPB propellant after thermal accelerated aging

Polymer Defradation & Stability,

et al. Mechanical

and its life prediction[)]. Chinese Journal of Explosives & Pro-
pellants, 2015, 2015, 38(1): 47-50.

Gillen K T, Bemstein R, Celina M. Non-Arrehenius behavior
for oxidative degration of chlorosulfonated polyethylene mate-
rials [J]. Polymer Degradation & Stability, 2005, 87 (2) :
335-346.

Gillen K T, D K.

non-Arrhenius behavior from laboratory aging and 24-year

Bemstein R, Derzon Evidence of
filed aging of polychloroprene rubber materials [J].
Degradation & Stability, 2005, 87(1): 57-67.

Gillen KT, Celina M. The wear-out approach for predictiong

Polymer

the remaining lifetime of materials [J]. Office of Scientific &
15-30.

Ei-mazrt C, Hassine M B, Correc O, et al. Thermal oxidation

Technical Information Technical Reports,2000,71(1):

kinetics of additive free polyamide 6-6[])]. Polymer Degrada-
tion & Stability, 2013, 98(1): 22-36.

Wit £l R T L 2 UL 45 BE T8 I Arrhenius 775 9 SRM 2 £
fift 77 75 fi BiAk ()] 90T 5 324l 2011, 31(4): 232-235.
CHEN Hai-jian, TENG Ke-nan, LI Bo, et al. A research of sol-
id rocket motor grain storage life forecast based on modified
Arrhenius method [J]. Journal of Projectiles, Rockets, Mis-
siles, and Guidance, 2011, 31(4): 232-235.

AR W S AR, BRI TR A5 IO 8 500 I 7 7 i K ) 5

O] HLGRE , 2007, 29(5): 754=759.

FU Hui-min, YANG Li-bao, LIN Feng-chun, et al.
method for storage life prediction of solid propellant[]]. jour-
nal of Mechanical Strength, 2007, 29(5): 754-759.

KSR B IR KL R 2R Al B R AL R R A TR A A ) .
[ Ak #i AR, 2002, 25(2): 56-58.

ZHANG Hao, LUO Huai-de, DU Juan. Linear activation ener-
gy for predicting service life of propellant[]]. Journal of Solid
Rocket Technology, 2002, 25(2): 56-58.

KSR IR Ve I T A R B ) R R AR e R A ok R[]
ek A, 2006, 27(4): 372-375.
ZHANG Hao, PEN Song, PANG Ai-min.
tween stress-strain and service life of solid propellant[]]. Jour-
nal of Propulsion Technology, 2006, 27(4): 372-375.
AR, P, B AR AF L SE R T HTPB fi 2 50 4E fift 3 —
JAREARI) ] %HH Sz, 2013, 33(4): 131-133.
ZOU Si-si, YAN Cong, MA Cen-rui, et al. The dualistic linear

regression model of HTPB propellant’s elongation under con-

Integral

Relationship be-

W ml

stant strain [J]. Journal of Projectiles, Rockets, Missiles and
Guidance, 2013, 33(4): 131-133.

2022 % £ 304 #2484 (163-170)



170 ALA P AT A UL, i 2 5
[19] Roduit B, Hartmann M, Folly P, et al. Prediction of thermal [26] FLAVE, MG, 35356, 45 . SR &L 4 i 5 NEPE #i 2F 571 40 1k
stability of materials by modified kinetic and model selection WAL )], B KRS AR, 2020, 43(4): 432-438.

approaches based on limited amount of experimental points KONG Ling-ze, DONG Ke-hai, PEIl Li-guan, et al. Study on
[J]. Thermochinica Acta, 2014, 579(5): 31-39. mechanisms of AP decomposition and NEPE propellant oxy-
[20] Jimmy D C, Seema S, Darryl Y S, et al. Autonomous optical genizing and cross-linking [J]. Journal of Solid Rocket Technol-
sensor system for the monitoring of nitrogen dioxide from ag- ogy, 2020, 43(4): 432-438.
ing rocket propellant, SAND 2001-2953 [R].[S. I.] : Albu- [27] skX4m, skI6, EHE 5 B RAEEN T NEPE HEHE R & /LR
querque, NM, and Livermore, CA, Sandia National Laborato- KA WA BT[], E RN 24k, 2009, 31(3): 20-24.
rie, 2001. ZHANG Xing-gao, ZHANG Wei, WANG Chun-hua, et al.
[21] Courouau J L. Electrochemical oxygen sensors for on-line mon- The aging property and life prediction of NEPE propellant un-
itoring in lead-bismuth alloys: Status of development [}]. Jour- der constant strain [J]. Journal of National University of De-
nal of Nuclear Materials, 2004, 335(2): 254-259. fense Technology, 2009, 31(3): 20-24.
[22] T, LA HESIE, 55 B RZE T NEPE Hl BE ) fb 27 2 v [28] X3cse, fiillz, B, 45 . NEPE R R VA7 2 i AN 77 12 09 L
REBFIEL)]. HEREF AR, 2020, 41(2): 447-454. B0 A4t i, 2011, 20(S1): 77-80.
DONG Ke-hai, KONG Ling-ze, PEl Li-Guan, et al. Study on LIU Wen-liang, HENG Shu-yun, YUE Pu, et al. Comparation
chemical properties of NEPE propellant under contain strain of the storage life estimating method for NEPE propellant[]].
[J]. Journal of Propulsion Technology, 2020, 41 (2) : Chemical Analysis and Meterage, 2011, 20(S1):77-80.
447-454. [29] W, SH, WALNE, 55 . NEPE Hfi: BE 5077 B33 AL i 3y ) 24 AF
[23] MER ARMES, @B 5 52 A bk 7 i Sh LA ) 25 1 37 FEL)]. B K HA, 2009, 32(6): 650-653.
ICAERL 157 0) ] 1 K i 4R, 2003, 26(12): 34-37. YANG Gen, PENG Song, CHI Xu-hui, et al. Investigation on
TIAN Jun-Liang, ZHU Zu-nian, DU Jian-ke, et al. Stress analy- NEPE propellants “two stage style” aging kinetics[J]. Journal of
sis propellant grain loaded in composite case motor under ver- Soild Rocket Technology, 2009, 32(6): 650—653.
tical storagel[J]. Journal of Solid Rocket Technology, 2003, 26 [30] Ding L H. Research on estimation of slope stability based on
(12): 34-37. improved grey correlation analysis and analytic hierarchy pro-
[24] Pei Li-guan, Dong Ke-hai, Tang Yan-hui, et al. A density func- cessJ]. Rock & Soil Mechanics, 2011, 32(11): 3437-3441.
tional theory study of the decomposition mechanism of nitro- [31] x40, BRAiE, (EmeT 45 . T ke 25 55 i 1 Bl 0 O
glycerin [J]. Journal of Molecular Modeling, 2017, 23: )] k¥EgsdR, 2016, 39(2): 1-7.
269-275. LIU Zi-ru, SHAO Ying-hui, REN Xiao-ning, et al. Mathemati-
[25] Pei Li-guan, Dong Ke-hai, Tang Yan-hui, et al. Theoretical cal model and its calculations for predictiing the life of explo-

studies of the decomposition mechanisms of 1,2, 4-butanetriol
trinitratel J]. Journal of Molecular Modeling, 2017, 24: 6-13.

Non-destructive Storage Life Prediction of NEPE Propellant
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KONG Ling-ze', DONG Ke-hai', TANG Yan-hui’, LAl Shuai-guang', QU Yan-yu'

(1. College of coast defense arm s Naval Aeronautical University , Yantai 264001, China; 2. College of aviation fundamentals , Naval Aeronautical University ,
Yantai 264001, China)

Abstract: In order to realize the non-destructive measurement when predicting the storage life of nitrate ester plasticized poly-
ether (NEPE) propellant, the high temperature accelerated aging, gas content monitoring and uniaxial tensile mechanical prop-
erty experiment were carried out on NEPE propellant with 10% constant compression strain . The non-destructive storage life pre-
diction model based on characteristic gas contents was proposed through correlation analysis and remaining life prediction mod-
el. The results show that during the storage and aging processes, the total amount of CO gas is the largest, reaching more than
1300 mg at different temperatures. The generating rates of NO and CO are growing slowly in the early aging period, and grow-
ing faster in the late period. The generating rate of HCl increases rapidly during the eraly and late aging period and slowly in the
middle. Maximum tensile strength o, and maximum elongation & increase slightly in the early aging period, the former oscil-
lates slightly and the latter gradually increases in the middle period, and both of them decrease sharply in the late period. The
correlation between the contents of CO and the maximum tensile strength is largest and there is a single correlation between
them at different temperatures. The maximum correlation value reaches about 0.93-0.95. Four life prediction methods of NEPE
propellant are established based on traditional and improved aging life prediction model, tensile strength and CO content. The
maximum correlation coefficient and estimation results show that the improved prediction model based on the content of CO gas
release is most effective.

Key words: nitrate ester plasticized polyether(NEPE) propellant; life prediction;non-destructive; characteristic gas
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