930 & 2R 6 fn=sh hEH, Vol. 30 No. 6
2015 4 6 A Journal of Aerospace Power Jun. 2015

X EHS:1000-8055(2015)06-1486-06 doi;10. 13224/j. enki. jasp. 2015. 06. 025

R ZE 32§ T NEPE #E 2 7 IE & 4 9 55 10 (%

B E, Wi, K O#. HDFH
(P RUBE TR HLAR TR 22 BE . M AT 210094)

i B ORATSE AR AN IR TR 4 28 SRk (NEPE) k35 57 19 38 L 55 100497 e 4tk 31k T 45 4% ) 2% Rl 38 o 3
W HENT T — P AR LR 55 00 A R T SRR TR S TR R 5 e AR v R s DR 1 AR T 1 9% 57 LA A L
i 2o B A PAHLI A3 BT A (DMA) BEAT 5 2 AN 6] B AE 7K P 19 9% 57 552 3, 3R 4545 0 2 500, O X 488 280 47 931, )
FH E A #  f 1F PEUG AR RS (CCDY AT B BOWLER L 43 17 102 728 Jin 28 73 52 % NEPE i 35 57 f500L - (19 5% . 45
FWT B P4 405 AR B R S AR G M Rl R NEPE $i 1 5700 7 A8 42 ) T 10 I 2 P 88 55 2403 5 5 IO 728 14 52 37 {3
T A TR ORE 5 A Y BN o T A TR0 A 00 R A B A B SR R BN R B s TR E

X B W RGBSR oy AR s AR R JBR

hESES: V313 XERERG: A

Nonlinear fatigue damage of nitrate ester plasticized polyether
propellant for strain-control

GAO Yan-bin, XU Jin-sheng, CHEN Xiong, HU Shao-qing
(School of Mechanical Engineering,
Nanjing University of Science and Technology, Nanjing 210094, “China)

Abstract: In order to explore the nonlinear{fatigue damage characteristics of nitrate ester
plasticized polyether (NEPE) propellant, a nonlinear fatigue damage model was proposed
based on damage mechanics\and visco-elasticity-theory, which took into account the stiffness
degradation in the\fatigue process. With dynamic momechanical analysis (DMA) apparatus,
NEPE propellant fatigue tests wereconducted under five kinds of strain levels, the model pa-
rameters were obtained and the presented model was verified. A morphology analyze was
conducted with chargé coupled device (CCD), the effect of strain loading history on the me-
chanical properties of the NEPE propellant was analyzed. The result shows that the presen-
ted model is capable of describing micro-mechanically the nonlinear fatigue damage evolution
of NEPE propellant properties; the repeated tensile leads to dewetting between the particles
and matrix propellant. At the initial stage of the cycle phases, the velocity of dewetting is

fast. With the increased number of cycles, the extent of dewetting tend to become stable.

Key words: nitrate ester plasticized polyether (NEPE) propellant;

fatigue damage model; strain-control; stress relaxation; dewetting

R N 1 Y SR Tk 2R (NEPE) i #E 700 AT et JH 0 8 17y 8 i 2l A e o 280 Ay 20, ok e
o A 2 PERE AR AR A, Y AT RO R REAERE AT I ) P A 2 A W B B (R I )
SRR A T R BE R G RE e A . DRERIE ST AE T o 2 0 ] (A ff st 70 i 3 A R
il A7 Lo o A P R 2 B A Ay cE e (AR SR DR MO 57 45 5 AR BT O R 2 A BT A v

W #s HH:2014-01-14
EELWMB . &4 H0HH(20101019)
TEE Ty i Ha B2 (1989 —) , B, INAR M Bl A, A A, 32 8 A 142K 355 2 Sl WL #1670 7 2 PR B P 5%



%6 0

e 5 45 B A P T NEPE $i i 550 A 28 9% 97 914 1487

— T 5 BN BT

I A Sfe HE T 1 9 55 400 103 IF 5 AR — Y
J& X9 57 SR AR 405 04 A TR AR DA 2 B R R PR B
k. L&Y R Miner 281 9% 55 #5145 BES 315
15 G AR 8 50 %) 92 57 5 O3 ke vk O 6 R Sl AL
& B A A5 05 E A7 T 1A . NEPE #fE gt 5 )8
RO BB, SCHER [5-6 JIA Ay AE 2 M9 57 4 4 A5 A4
TR R SR A ORE 9 9% 55 450 40 1 Ak o AR R
[ 2503 T RE AR A AR LR v BB 0 BOS L BR
THEN [F) TR S AT A 55 10 A 2K T 1 A K 7T % B
PUAR 2875 Ay B9 DFAG 5 3. WU S50 B2 i 52 2 1
A 2 952 55 LA AR TR, X6 Z2 A e 2R AT S5 06 E
B, A TR A HE 4 550 1) 9 55 4 00 B 3 75
BT X AR LUT FR M ) R A ST N 42
EieisN o RIS S VR R (R Sl Uik TSR S N
MR, DL b 9% 55 0F 98 2 & 6F TR B R,
NEPE #5119 52 46 L S B e 4570

(e P 4 22 551 52 G bk L JURE 5 5 A B T 9 5
P05 B A HLIAR 5 2 2% 3K T 30T M BIOW A B
TR 57 405 I IR . R 9% 22 2 D5 UL £
JEIF 5T HL% 57 1 HLER O | AR SCHE T 005 T2k A
FHoVERRIES M T NEPE #E 3 30H%) 5% 57 1, 2t
SET PTG R MAR L LAY 455 CCD #H4T i2
THOLEE , 43 AT T 98 55 168 405 AR HL B L oA [T A ok 5 A&
BILAE S S W AR g ik = 2%,

1 EFmGEE
1.1 Miner £ %% 5 i &5 2

W 57 10405 1 e 2 1 S Miner 28V % 57
A

- N
D(N) = N, QP
o N O R AR AR T 6 2R AR OCR. Ny O % 97

ZF .

Miner 2 U 4 P A ABCRE J2 « AR ] 7 22 1 {0
XN 3T BN A I AR RS g AT P TR A
Fn, 7 N/ N B8 475 BRI FE 35 N/ N, 80 1
I 55 75 i A A 0D S ) A 00 A ] £ 5 8 55
MR AE R Lk SO 1k A HER k00

DNy = 37 2)
i=1 Vi

P N 2 @ SO AR B 5% 57 75 . N
TEIR AT B AR Z 7 24 J5 401,

Miner 3% WU iy A7 50 04 B0 25U 32 2 T
e B B0, F AT SR R T e iz B4 8 55 5

AN E R R N BE A Ak A AR Lk A 1
SR AR LR 55 000 A58 B 2 B AE R 4
Nz R A5G  BIVAE AR [ 59 2% 0F T Cn i g o A%
L LB RS AE ) AT Ak T A3 ) A [R] B B A
0 D AR AN TR L X 5 Miner 2648 95 16 47 e
PNIENEIFS
1.2 F&MEFRHGER

T D AE P T B 55— B R 45 40 1 Ak
R SRyt

D _ 01— D)

KX g MRS
(3 FEATFL4Y, DC0) = 0, 15 5 % 1 48 9%
S AR DON)

(D)

1
1 =N
D(N) =1 [1 N,

1.3 NEPE # i#t 79 35 s i 2
UHTEL 1 fT R B AR R NEPE HE #F 7 19 95

4

0:5F
0.4 F
03 F
02 F

I 73 /MPa

0 02 04 06 08 10
[ 2%
(@) 9% 57 i Je 1o il 28

Iii 71/MPa
=
(F%]
o

0 2 4 6 8§ 10 12
NG
(b) W00 F A B 24

B 1 WA FEHT NEPE H#EdF 5] (495 57 ¥ 5 0l
b £ 55 0 17 7 A2 st o 2
Fig. 1 Fatigue hysteresis curve and peak stress
relaxation curve of NEPE propellant

for strain-control
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