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ABSTRACT: The work aims to reduce the dispersion of different batches of powder igniter and improve its working reliability.

Based on the analysis of the performance and internal ballistic data of different batches of gunpowder igniter, it was found that
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the performance fluctuation of the agent would significantly affect its working reliability under the constant fuel throat ratio.
Therefore, a reasonable fuel throat ratio should be selected according to the performance of the agent under different batch com-
binations. First, key performance parameters of the new batch of gunpowder igniter were tested by standard test. Then, the in-
ternal ballistic parameters near the baseline fuel throat ratio were calculated by establishing the simulation model of gunpowder
igniter internal ballistic parameters, which were input into the normal allowable method model based on the historical ignition
impulse data. Further, the ignition test was carried out in the preset range of combustion and fuel throat ratio, and the ignition re-
liability corresponding to different combustion and fuel throat was calculated with the normal allowable limit method. A total of
8 kinds of combustion and fuel throat tests were simulated, and the corresponding reliability was calculated, from 0.177 242 to
0.999 999. According to the reliability calculated by the model and the requirements of related standards of pyrotechnics, the
reasonable fuel throat ratio was determined, and more samples were added to further verify its reliability. In addition, the margin
test was carried out near the selected fuel throat ratio, and the experimental data were in line with expectations. Through the in-
ternal ballistic simulation modeling combined with the reliability test data analysis, the fuel throat ratio is optimized for the
gunpowder igniter, and the working reliability approaches 0. 999 908, which is significantly improved compared with the reli-
ability of 0.999 before the improvement.

KEY WORDS: gunpowder igniter; interior trajectory simulation; reliability of pyrotechnics; normal admissibility method; fuel

throat ratio; impulse of ignition
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Fig.1 Schematic diagram of gunpowder igniter structure
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Tab.1 Key working parameters of igniter (—40 ‘C)
Working Working pres- Propellant burning Flow of Temperature Nozzle throat
time/s sure/MPa rate/(mm-s ") gunpowder/(g-s™") output/K diameter/mm
1.1~1.8 <30 3~5 =40 800~1 000 3.2~3.9
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Fig.2 Unstable combustion state
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Fig.3 Typical working curve at low temperature
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Fig.4 Interior ballistic simulation model
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Fig.6 Simulation and verification of ignition boundary
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Fig.7 Schematic diagram for the meaning of ignition impulse
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Tab.2 Relationship between nozzle throat diameter and
working reliability of the igniter

7]

Serial d/mm I s./(kgms7')  Degree of reliability
1 3.2 3.17 0.999 999
2 3.3 2.25 0.999 999
3 3.4 1.73 0.999 999
4 3.5 1.39 0.999 998
5 3.6 1.15 0.999 908
6 3.7 1.04 0.979 487
7 3.8 0.90 0.661 538
8 3.9 0.81 0.177 242
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Tab.3 Analysis of reliability test data of gunpowder igniter

Serial Temperature/C Sample size d/mm Average of I sx/(kg'm's™) Degree of reliability
1 —40 3 3.7 1.03 0.999 995
2 -40 11 3.6 1.15 0.999 999
3 50 3 3.5 2.81 0.999 999
4 50 7 3.6 2.77 0.999 998
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Fig.10 Improved flow chart
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