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Abstract: In response to the difficulty of achieving intelligent combustion control and unclear
understanding of the mechanism for solid propellants, an electromagnetic sensitive propellant was
prepared by embedding iron wire into a ding hydroxyl system. The combustion characteristic data
was obtained. The combustion control mechanism was revealed. Firstly, iron wire was selected
as electromagnetic sensitive material due to its fast-heating rate under electromagnetic excitation.
The energy of propellant embedded with iron wire was simulated using chemical equilibrium with

applications. Then, the combustion and mechanical performance experiments were conducted by
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using a visual combustion experimental platform and a material testing machine, separately.
Finally, the burning rate control mechanism of the propellant containing iron wire under
electromagnetic excitation was elucidated. Results showed that as the diameter of the embedded
iron wire increased, the solid content of propellant increased, the theoretical specific impulse
decreased, the density increased, and the burning rate first increased and then decreased. The
maximum tensile strength of the propellant embedded with a 0. 4 mm diameter iron wire was
0.714 MPa. The burning rate under electromagnetic excitation was 6. 10 mm/s, which is 2. 65
times higher than that of same propellant without electromagnetic excitation, and 5. 26 times
higher than that of the propellant without the embedded iron wire. Under electromagnetic excitation, the
propellant containing iron wire was subjected to the combined effects of high-temperature combustion
gas, heat release from combustion between Al and oxide with iron, and electromagnetic field, resulting
in a faster temperature rise and a higher temperature in the preheating zone of unburned propellant,
leading to a faster increase in burning rate. This study provides experimental support and theoretical
basis for the design and combustion control of electromagnetic sensitive propellants.

Keywords: electromagnetic sensitive propellant; iron wire; electromagnetic excitation; burning

rate; high temperature gas
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Table 1 Electrical resistivity and relative magnetic permeability

p @)

of metal materials at 20 °C**

ZE s AH X 5 R HL B/ (Q » m)
T4l ek 4000 9.78X107°
ik 200~400 8.00X10 7
B 1120 6.84X107°
RN 10~1 000 5.00X10°~1,00X10°
&k 174 6.24X10°°
4 1.000 3 2.40X10°°
& 0.999 99 1.70X10°°
H 0.999 97 1.65X107°
WA 4 20 000~200 000 6.00X 1077 ~8.50X10 7
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5 6 34

Mg+ 45 « VL SRR Bk 2 A ) A o8 o B JHCOR e M RE AT 5T 45

R T A 2 0 R AEURRAE TR A Sk
5 LarsURAHLE 50 C Pkttt feiR & 2
T2 . OF ok & 7 HTPB. & A 7 L B & 5
FIERER A5 L2 WA Al By, R Y
AEIMAIREHL, IELL 25 ¢« min ' A 3 B B B
5 min; QLN A E ALF] AP, L 25 1 » min™ ' F 3
PiHE 5 min; O ABABEH EEIH 1557, A 30 r + min™!
14 2 B AP 40 min; @ i A REEF]L L 30 ¢+ min™!
1) 3 BE 5 PE 25 min; @ T BRI 5 0B &R IR A W0k
PL 30« min ™' B9 BEBEFE 20 min, K HOR RS 25
o W TR R R PEER R, B H — K
AIGET 12 R4, BAR 25 2 B RSF 2 4 mmX 4 mm X
150 mm, >R B S 20 4 2k 22 [T A 24 2% 1 a0 o2
B RS R B T W TR R 2 R S Rk 4
%4 0.0.2.0.4.0. 6 mm, RFHEZFEETE KGR
GUFI 2R B A BT I b 208 T I TR 3k OF W%
TORE, e ok R Pl s BE R AE 0. 67 kPa LATF L 1R
HREE R (50+£2) C, BevERTE 2 25~30 min; 2R )5
T R A BT R R AR [ AR IE 24 T T
JEAE 50 C R Hi Ak 7 d. JBAS IS B AT 3R A5 5 4k 22 1 4
HEF 25 2500 TR S 5 . 1 145 T HE R
EIE IR, REBUN N

Ca) B FL3fE 45 (b 259 8 7
1 A 26 25 0 T o

Fig. 1 Process of propellant pouring
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Fig. 3 Schematic diagram of combustion setup
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Fig. 4 Numerical simulation results of electromagnetic field
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