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ABSTRACT: The work aims to simulate and calculate the performance parameters of hydroxylamine nitrate (HAN) based
electrically controlled solid propellants (ECSP) from a microscopic molecular perspective. Optimization and stability analysis
were carried out to the two possible configurations of HAN molecules with molecular surface electrostatic potential (ESP). The

stable molecular configuration of polyvinyl alcohol (PVA) was obtained through vacuum aperiodic molecular dynamics simula-
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tion, and the gel model was constructed with the main components of HAN based ECSP in a certain proportion. More accurate
gel model topology file was generated based on Restrained Electrostatic Potential (RESP) charge, and molecular dynamics
simulation, model stability analysis and model parameter calculation of gel model were carried out. The periodic fluctuation of
the relative average value of the total energy of the gel model did not exceed 7%. Due to the significant weakening of the diffu-
sion coefficient of H,O molecules encapsulated in the three-dimensional PVA chain, hydrogen bond analysis and radial distribu-
tion function indicated that hydrogen bond Iengths were mainly distributed around 0.282 6 nm, with fewer hydrogen bonds be-
tween PVA and H.,0, and more hydrogen bonds between H,0 and HAN, H,O and H,O. The model density was 1.405 g/cm®,
which was highly consistent with the experimental values. At 283 K, 293 K and 303 K, the tensile modulus of ECSP gel model
decreased in turn, and the shear modulus firstly increased and then decreased. The tensile modulus and shear modulus of ECSP
gel model increased at 15 K/600 ps cooling rate. The ambient temperature during the cooling process after the preparation of
ECSP should not be too high, as it can easily cause a rapid decline in the mechanical properties of ECSP. Rapid cooling after
ECSP preparation can improve the mechanical properties of ECSP.

KEY WORDS: electrically controlled solid propellants; hydroxylamine nitrate; polyvinyl alcohol; gel model; molecular dy-
namics simulation; mechanical property; electrostatic potential
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Tab.1 RRMSE of RESP charges of PVA, HAN, and H,O
molecules under different levels of base groups

Basis set
Molecule
6-31G(d) 6-311G(d) Def2-TZVPP
PVA 0.134 844 0.142 902 0.151 445
HAN 0.082 977 0.085 013 0.099 011
H,O 0.125 861 0.110 119 0.173 593
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phase generated by HAN based ECSP gel model; d) RDF curves of some atomsin the phase generated by HAN based ECSP gel model
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of phase generated by HAN based ECSP gel model along the z direction
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Tab.2 Mechanical property parameters of HAN based ECSP
gel model at different temperature

Elastic coefficient 283 K 293 K 303K
Cn 15.519 3 13.506 2 14.682 3
Cy 19.4750 17.634 3 14.2255
Cs3 23.241 6 10.638 5 171121
Cu 6.740 6 6.382 6 3.755 2
Css 47291 6.368 7 29336
Ces 4.896 5 5.343 3 4.8333
Ciz 4.7055 5.780 2 5.269 0
Ci3 6.077 4 48182 6.358 4
Ca3 8.7709 5.716 3 6.222 3
Cis -0.4015 -0.100 7 -0.4241
Cos 0.0401 0.6345 -0.4777
Css —-0.088 7 0.048 5 -0.4575
Cus —0.094 5 0.098 6 -0.0253

EI/GPa 14.233 8 13.486 5 10.239 3
G/GPa 5.455 4 6.0315 3.8407

T C R REG E Fonfififis; ¢ Zmiiy)

3.2 AERMMEZRTHHZEMERERN

SCHR[25] 77 R T R T2 R R [ R R LU
P25 ECSP 1y 12 PERE . oh T #E4 ECSP il %5 45 R 5
R H R H I F R RE A2, 7E 333 K T4} HAN
J ECSP & [ 7= A AHEAT 1 ns ) MD £5L3,
SR 5 LA 15 K/600 ps 1) i 8 R 385 5 T [ 28 303 K,
FXT HAN %t ECSP & BRI #E1T 3 ns i) MD £ifll
2 FPREIREF T, HAN H: ECSP %8 iy g 2 1
RESHT L 3. hE 3 ATA, MR HER
5 K/600 ps, 7E 15 K/600 ps & #1#K T, Frfd HAN
J: ECSP RN E 1 G 435K 41.98%F1
47.89%, X FRHUTRESEA R T ECSP 1Y J12%

PERE
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Tab.3 Mechanical property parameters of HAN based ECSP
gel model at different cooling rates

Elastic coefficient 15 K/600 ps 5 K/600 ps
Cn 115115 14.682 3
Cx 234411 14.2255
Cs3 20.761 3 171121
Cu 6.7475 3.7552
Css 5.007 2 29336
Ces 52855 48333
Cr 43107 5.269 0
Cis 6.009 6 6.358 4
Cas 8.162 5 6.222 3
Cis -0.7516 -0.4241
Cys 0.167 9 04777
Css -1.1789 —0.4575 2
Cas 0.2668 8 -0.025 3
EIGPa 14.537 6 10.2393
G/GPa 5.680 1 3.840 7
4 ZHig

ASCIFRE T HAN it ECSP BEICHRI M dE . Fa
EMEHT . SEOTE L 7 25 RE B R R 5 e A
5%, BT FELER.

1) HAN 43950 11 He HAN 2> T80 T ke sE
PEfE, (HIEAEBERE A = A A, T Pz sh &
FEHE R I, RS S AR,

2) BECHIR PR AR AR, HLO 20 TR LR Bk
A 55 o X T AERERC I AL, HO AL A
ERAEAE, MR =40 PVA BEe sty b,

3) FHEA TR ) A AT R AR B, AR
FELARTE 0.282 6 nm [l , PVA 5 H,0 ] iy S sk
b, H 05 HAN., H,0 5 H,0 Z R f & £ .

4) VRIS P A A B ASEEL 6 B Ol 1.405 glem?,
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