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Fig. 1 Structure of free loading propellant
1—supporting part, 2—inhibitor,
3—solid propellant, 4—SRM shell
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Fig.2 Finite element mesh
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Fig.3 Dynamic property curves of propellant
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Fig.5 Master relaxation modulus curve of propellant
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Table 1 Parameters of prony progression of propellant
i 1 2 3 4 5 6 7 8 9 10 11
E;/MPa 5.63 5.09 5.00 4.95 4.25 3.22 4.36 -1.98 0.07 0.36 0.38
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Table 2 Parameters of materials

= ierials p E [o]/MPa  [e]/%
AN kg e m 3 v /MPa (50 C) (50 C)

propellant 1840 0.49 - 0.75 64

inhibitor 1280 0.49 24.18 0.78 145.70

Note: p,density; v, poisson’s ratio; £,modulus; [ o], tensile strength;

[ £],maximum elongation.
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Fig. 7 ~ Deformation curves of inner bore of propellant
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Table 3 Relationship between deformation ratio,time and temperature

HEFR PR 5 R AP R R R

deformation ratio one day one month half a year one year five years ten years
50°C 68.3% 82.3% 87.7% 90.5% 97.7% 100%
60°C 69.0% 83.0% 89.1% 91.9% 98.0% 100%
70°C 74.0% 87.1% 95.2% 98.3% 99.9% 100%
®4 EHRESTFEHEENXER
Table 4 Relationship between deformation and balanceable modulus
temperature/ C 50 60 70
balanceable modulus/MPa 50 45 42
subsidence magnitude in the axis direction/mm 0.157 0.167 0.179
increase of outer diameter/mm 0.039 0.041 0.044
the product of balanceable modulus and subsidence magnitude 7.85 7.52 7.52
the product of balanceable modulus and increase of outer diameter 1.95 1.85 1.85
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Deformation Analysis of Free Loading Propellant in Storage

YU Yang'?, FAN Hong-yu’, WANG Ning-fei’, ZHANG Ping’
(1. Electromechanics and Materials College, Dalian Maritime University, Dalian 116026, China;

2. School of Mechano-Electronics Engineering, Beijing Institute of Technology , Beijing 100081, China )

Abstract; Three-dimentional viscoelastic large deformation incremental constitutive equation was derived based on Total Lagrangian
method. From materials property testing of composite modified double base (CMDB) propellant by dynamic mechanical analyzer
(DMA) ,deformation, equivalent von mises stress and strain of free loading propellant in storage were obtained. The results show that
the subsidence magnitude of solid propellant in the axis direction is about 0. 16 mm. Outer diameter increases 0. 04 mm and inner
diameter is nearly unchanged. Stress between solid propellant and binder is about 11. 8 kPa, which will not lead to dewetting.
Balanceable time of the free loading propellant in long-term storage is about half a year. Thus the deformation of the free loading
propellant grains in storage can be deduced by that of propellant stored for more than half a year.

Key words: aerospace propulsion theory and engineering; free loading propellant; storage; viscoelasticity; dynamic mechanical

analyzer (DMA)
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The Hydrous Enthalpy of NTO ~

ZHAO Feng-gi, HU Rong-zu, XU Si-yu, GAO Hong-xu, YI Jian-hua
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Based on the literature data of the enthalpies of solution in water, A_ H' , lattice enthalpy, AH! ,lattice energy, AU} for
the complexes of the lanthanidi metals with 3-nitro-1,2,4-triazol-5-one (NTO) ,M(NTO), - mH,0(M = La, Ce, Pr,Eu,Sm, Gd,
n=3,m=7; M=Y,Yb,n=3,m=6; M=Dy,Th,n=3,m=5; M =Nd,n=3,m =38),standard enthalpies of formation,
AH, (M™ aq, ) ,AH, (M g) ,AH,, (H,0,g) ,AH,, (H,0,1) ,AH, (NTO " ,aq, ) ,AH, (NTO" ,g) and hydrous enthalpy of M"*,

AH (M ) ,the hydrous enthalpy of NTO ™, A, H’ (NTO~ ) was estimated as = (153.73 £0.21) kJ + mol "',

h™ m

Key words: physical chemistry; NTO ™ ; hydrous enthalpy

(k3523 )

{3 55 B £ DMF F gyt 2 P50 S 2 R R
Eak, B Al kAKX, KEE

(AFEIAFBRERFSHRAERE R LR E, 463 100081)

BE B T O S T 307 % 25 B2 (TNR) 7RI 0 IV, V- 7 5 T 5k Jie ( DMIF ) of S ] v B2 (b)) I B V4 e 6, 0L
LA W7 R AT SR R e (AL H) A B A (A H = - 14.392 - 988.6b +34.992b%) . fly 1615 8] 1 2% 90 5 19
WEE SRR HG (A HY = —14.392 k] - mol ™) IR0 BIHE S L T TNR {9 AR X 2 WLEE JR% 8 48 O JBE 2% 4y LA I I6E 4 490 1) s
SE AR A, R, X TNR 8RN ) 3 1 34T T WFST , 38 220 53 BT 48 0 XoF i ) 1 ol 28 &, 6 8 77 920 V5 i S 7 ) O o
Bh1.632x10 77 s R E N 0.6158,

KR WAL BT R T WA OFRR (TNR) 5 SR #Rk

hESES: 0642; TJ55 X HFRIEAD: A



