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Fig.4 Stress-displacement curves of NEPE propellant under combined tensile-shear loadings with different tensile-shear angles

and different strain rates, and the three-stage diagram of stress-displacement curve

NN 2R /Y TE RN ) R0 BT U) N #T # 8 U1 ), BT 3
BRL12 Ty 20O A= (2) % 5 85 i 80 i vz g #4731
B DI RPN J) o R AR AR, LAABR B B T 7 YAk
B, B AN T3] A 8 48T 1) R IR A 2880 I et BT 4 Y &5 2R
&6 B .

_ Fsin@

oc=0, It (1)
Fcos6
e (2)

2, h D a1 B9 D) T 5, B O mm s ¢ 39 D1

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9)

T 5, R JE B B2 2 mm

MIE 6 ] LU i, NEPE i 3 790 1) # BR 7% 2% fig ) 5%
P 3 AR5 7Y A3 22— (B IR 43 A1, Sl B4 B S50 NEPE
I 2 700 AE R A2 7 5 57 A 28 A o A b BR AR R BE L T
B 2 (3) F 7 04 gl i 7Y 17 JF J5 72 X7 NEPE #E 3 5751 76
P85 5 A R 0B BR 4 8 g R By R 22 8] 1) 5 R E
TTPLG o X TR g FBY R g, 2 58 X i B 7 2% fig

SR A 48 B S BOR ]

[oa T o, tr

(=) +(—)y=(—"—-") (3)
g, 7, 2

A A AL www.energetic—materials.org.cn



FE T Fi7 07 0 4% 56 A9 NEPE Hi 9F 50 51 B i )

ultimate stress / MPa
| = |
~

0 20 20 60 80 100
01(°)

B5 7 5 Ak 5 il B g Bl B A R AR A A A 4k 1]

Fig.5 Line chart of the variation of the composite tensile-shear

o
P

loading ultimate stress with tensile-shear angle

m 15
1.0F ® 0125
A 0025
i v 000485
08 & 000125’
© — fitted curve
< o6t \\
o i
T 041 \\
0.2f I
0.0

00 02 04 06 08 10 12 14
o/C./ MPa

Bl 6 A [m N AZ A i £ 2% 1 NEPE e F 770 4 B 7 48 g 7 180 181
oAbl 2%

Fig.6 Scatter diagram and fitting curves of the ultimate bear-
ing capacities of NEPE propellant with different strain-rate

loading conditions

K, a o, M, WG SE . TEHE Lo, 7,57 5
Sk B0 T A5 B A A B R 7 RN B )R BR R T, B
MPa; a F1 B 43 5l S 1E B J7 5% Wi 48 B AN BT 1 7 5
fE4

UG S5 A K 6 Pros , AN [ B A8 S 8 5% 4 B Y
PESHERMFER, HE 6T LIE Rl H L
(3) Fr i i el gk DB J5 #2 %F NEPE #fE E R AE b8y 2 &
A1 R B BR 2k 2 Be ) B BLA ROCR B . L,
12 2 AT A 1 T PN NEPE g 77 7E R 2 P00 2 A
AT I B BROR 2R RE 77 . B AR AT FE R 1 R A
MIFT AR KR, BA o,>1,, H o, Ml 7,00 K/l L
EAES R NITTE: N L TR NS o 3 o2 e R R AP VR
ST A5 i A AR BR N2 ) A5 D) R BR R g, 5 S BR o BR
;7 R B YRR BR R A DG T AE T 5 A R A A
W BRI 3 KT 35 IR BR A 7, N S8 oy > 7,

CHINESE JOURNAL OF ENERGETIC MATERIALS

R S A R R B R 2 AR O B S5
Table 1
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Fitting parameters of the improved elliptical ulti-

fitted strain rate (s7")
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R? 0.993 0.991 0.966 0.988 0.967

2.3 NEPE ¥ i# 7 Hi BY 58 B / ) F0 58 f& +R BR T

A7 2 R VAE 1991 AR 9 XU BT St — 5 i P
W, AT R b SRR A AR 52 2% N 2R Y
W BR AR 2R BE J) o T Ao i U 38 1 5 Sk 12 ]
o I R 5 A 28 R RO X 56 7, PRt L X NEPE # E 571
AR SRR A A 19 52 5 15 0 53 A [) HTPB 4 57 A4 85 P X
B —3 . XUBY 48— B B B R R
F=z,,+br,+Blo,,+ba,,)-Y(%(z,,+Bo,,)>(c,+Ba, i)
1F=1U+bru+[3(a“+bau)—Y(‘i’y(ruﬂian)<(723+B0B)n¢)

(4)

St e B o, o BT 0 T L B 0 8 7 5 R A
1 TE W T, B S MPas Y o 6T b k5 AR BR 1) 2
B, B R MPas B OB I o 4 i 32 1E W VR G H
SR B 52, HAH Ry 0<B<1 5 bk i W b4 e 5t J5E ) Aty
ELIpIEA CIOE i

SCHR 12 ] 5 T i 58 2 08 B 2 1 1 WL BT 4 — 5
FEFRIS , N7 1 HTPB k3 5751 75 AN [F] 3R B2 A A [m] i A2
FRGRNE T AR A Y 55 0 B R E ), JF Ak T XS
HTPB # i 77 1Y AN [] 5 B A0 AN [6] 1 728 32 1 b 59 3
55, 38 2k o) i e 6 R py AL BTG RE T R (4) iy
b BRY =18, Bk o Mo h:

1 o o
712=5[3+ (5)2"'7'2]
Ti3 = (%)2"'72
_1 2 2
o= L[y re =2
(5)
1 o
0-12=E[§+ (=) +7"]
_ o
0-13_5
1 o
0‘2325[5_ (7)2+ 2]
& Be A A XXXX 4 % XX A& & XX# (1-9)



KU, s UL, BB, B, ¥

Wk o Mo i T U R 7, >7,,, 0,50,
H 0<B<1,Ho #1538 (r,,+B0,,) =(7,,+B0a,,) , i# £ X
(4)H 24 (7, +Bo,,) = (7,,+Bo,,) BB 5 4, ik 2L (5)
RIS o, Mo A (4) F=7,,+ b7y, +B (0, +bo )
i 75 3 NEPE #2550 4 59 5 52 o ) e 3k =X

F=,/<%>2+12+§[%+ (%>2+r21+

o b o o,
,3[3"‘5(5"‘ (E)"'T)]:Y (6)
256 NEPE 57 16 AN [F] 07 A2 R 5% 0 R B 457 3L
56 e R4S 049 A FR LB I g AR BR D) R ) B dls | i i i s
21| B9 NEPE $E £ 70 47 5 55 B2 o W) 2 7% 20 (6) X A BR 1E
L 3 AR BRI 3 H s 7 #EAT A BT A b B
Y ZA TS50 BRI . h=UGe) UG iy 2K
W 7 fios Bk A AN 8RR B b B Y =4~ J1 4

SRR 2 n , B = A S 8006 R AR R AR G R
KM EIFIR . IWE 7 B LA 87T LR -,
3 (6) L Fb %5 4 by A9 13 F T NEPE 4 1 51 $7 59 58 i
ik

RT3 G — B BIS B BUH b BT Y, K
HACAZ (4) v, )] 22 i H NEPE $E 3 57 76 A 5] 17 22
RN S F T B G — 3 B PSR, G Rl 8 i, M
Wo, o, Mo, =AERN I, BAh MPa, ME 8 1]
DRIRTA R <o VI ot e = VA el L1 I E S VARe S EUE
e, NEPE Hi 1 751 i) 5 5 e BR T 32 37 1) S04 5K, B Bl %5
JO7 75 S 18 A, NEPE $f 15 570 10 58 132 o 328 4 1 K o

i A a5 AT A5 B 1501 7500 8 /B L 0.12 5T A
T 78 & E TR Y NEPE #E 3 300 B2 8 87 g -7 %% il
2, Qi 9 BT R TR BB N ) -0 il e T A5 AN
7] 2% A2 5 0 B R BT 5 B 5 9K I AR 41 38 2 AT 1 1591
750 BT E R 0.12 s L1 s W AR R b BT Y = A4

m 15
1o o izg FE SR AR S AR () R (2) MR (6) [T LIS
v 000485’
0.8F « 000125
—— fitted - o " "
£ sl . 2 [N A 5N A PR 0 R 8 I S B
> Table 2 Parameter values of the tensile-shear strength criteri-
o 04r on with different strain-rate loading conditions
0.2 fitted strain rate (s™')
i parameter 157! 0.12s"  0.024s" 0.0048s' 0.00125s™"
' L s s s " s s b 0.29806 0.24053 0.32839 0.33241 0.33947
00 02 04 06 08 10 12 14
o/C. I MPa B 0.58237 0.9018  0.44377 0.51786 0.618
B 7 B R v LA il Y 1.3048 1.11213  1.46468 0.68198 0.55719
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Table 3 Relationship between parameters and strain rates
Parameter Fitting relationship R?
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Fig.8 Theoretical limit surface of the unified strength of NEPE propellant
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Table 4 Tensile-shear strength at 0.12 s™' strain rate

tensile-shear strength  tensile-shear strength

angle /(%) tested / MPa predicted / MPa error /%
15 0.8177 0.8280 1.2
75 0.9501 0.9127 3.9
R5 1 s AR AR f 0y 5
Table 5 Tensile-shear strength at 1 s7' strain rate
tensile-shear strength tensile-shear strength

angle /(%) tested / MPa predicted / MPa error /%
15 1.09498 1.03 6.3
75 1.23272 1.29 4.7
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A Strength Criterion of NEPE Propellant Based on Tensile-shear Load Tests

LIU Fan, QIANG Hong-fu, WANG Jia-xiang, WANG Zhe-Jun, WANG Xue-ren
(Zhijian Laboratory , Rocket Force University of Engineering , Xi’an 710025, China)

Abstract: In order to study the effects of strain rate and tensile-shear angle on the tensile-shear strength of NEPE propellant,
30°, 45°, 60°, 90°) and 5 strain rates (0.0012, 0.0048,
0.024, 0.12, 1 s™') were carried out by using tensile-shear fixtures and butterfly test specimens. The variation of tensile-shear

tensile-shear tests of the propellant for 5 tensile-shear angles (0°,

strength with tensile-shear angle and strain rate of propellant under combined tensile-shear loading was obtained. Based on the
experimental results, the tensile-shear strength limit of propellant was described by the improved circular equation, and the
tensile-shear strength criterion of propellant at different strain rates was established by combining the double shear unified
strength theory, and the corresponding theoretical limit surface of the unified strength of propellant was drawn. Finally, the estab-
lished tensile-shear strength criterion was used to predict the tensile-shear strengths of 0.12 s and 1 s™' strain rates for the
tensile-shear angles of 15° and 75°. The validity of the established tensile-shear strength criterion was verified by comparing the
predicted results with the experimental data. The results show that the tensile-shear strength of NEPE propellant under combined
tensile-shear load increases with the increase of tensile-shear angle and strain rate. By fitting and solving the material parameter
values, the improved circular equation and unified strength criterion established can well describe the tensile-shear strength of
NEPE propellant for different loading angles and strain rates. Based on the established strength criterion, the errors between the
predicted values and the experimental values of the tensile strength limits at the strain rates of 0.12 s and 1 s' for the
tensile-shear angles of 15° and 75° are less than the allowable error range of the actual treatment by 15%.

Key words: NEPE propellant; Tensile-shear test; Butterfly-shaped specimens;strength theory
CLC number: T)55;064 Document code: A

Grant support: National Natural Science Foundation of China(Nos:11772352,22205259)

DOI: 10.11943/CJEM2024193

(Tidi: £ )

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9) A A AL www.energetic-materials.org.cn



JE R0 0 4502 5 9 NEPE Hi 3 77 5 B ofi )0 9

EREE-X

RIBTREHEN :

’ F:\/(%)’Jrr’ +g[%+\/(%)l+r’]

o b,o (o R Ny
+ﬁ[7+5(3+ (5) +7)]=Y

¥

S—REIRICRIRE

[ Jo.oot2s’

o, o,

The tensile-shear strength tests of NEPE propellant with different tensile-shear angles and different strain rates were carried out to
obtain the tensile-shear strengths under different conditions, and the tensile-shear strength criterion applicable to NEPE
propellant was constructed based on the theory of double-shear unified strength, and the criterion was also verified for accuracy,

which provides a good method for the study of the failure damage of NEPE propellant.
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