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A method for predicting peak pressure in an explosion shock tube
based on BP neural network

CHEN Ziwei, WANG Zhongqi, ZENG Linghui
(State Key Laboratory of Explosive Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In response to the problems of the lack of corresponding empirical formulas and the poor timeliness of simulation
for the explosive shock tube, and to quickly obtain the peak pressure of the shock tube used in explosions, a four-layer back
propagation (BP) neural network was established to predict the peak pressure in the experimental section of the shock tube.
After verifying the grid independence, numerical simulation was used to calculate the peak pressure of the test section of the
shock tube, and the simulation data were compared with the experimental data of the shock tube explosion, and the average
relative error is 2.49%. After proving the accuracy of the numerical simulation values, the 195 sets of peak pressure obtained
from the numerical simulation in the shock tube test section were used as the output layer, and the TNT dosage in the shock
tube driving section, aspect ratio of the charge column, and explosion proportional distance were used as the input layer for BP
neural network training. To speed up the neural network iterations and increase the prediction accuracy, Adam's algorithm was
used as an optimization algorithm for neural network error gradient descent. The results show that the predicted results
obtained through the trained neural network are basically consistent with the simulated values, and the average relative error
between the predicted results and the numerical values is 3.26%. In contrast to the evaluation metrics obtained using multiple

regression analysis (mean absolute error (MAE) of 480 and coefficient of determination (R?) of 0.58), the four-layer BP neural
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network obtains a MAE of 25.4 and an R of 0.99 for the validation set. The BP neural network model can reflect the mapping
relationship between the peak pressure of the shock tube explosion and the influencing factors, and improve several times
compared with the time required for numerical simulation, so it has the value of practical engineering applications.

Keywords: BP neural network; shock tube; peak pressure; adaptive moment estimation
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Fig. 1 Schematic diagram of the explosion shock tube
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(a) Schematic diagram of the model of the explosion shock tube
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Fig. 4 Schematic diagram of the shock tube and the location of the measurement points of the shock tube
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Table 3 Different cases of peak overpressure obtained from measurement points

VE{H . J1/MPa
IR
5gTNT 10 g TNT 20 g TNT 25 g TNT 30 g TNT
1 0.250 0.430 0.740 1.040 0.857
2 0.225 0.358 0.534 0.597 0.588
3 0.189 0.220 0.389 0.417 0.442
0.088 0.136 0.145 0.179 0.192
5 0.081 0.131 0.172 0.202 0.209

X5 R T B R AT B AR AN, EE TNT 25484 10 g M B(E A 145 51 538 0645 21 iYW (1R 645 %
b, 25 anE% 4 s,
AT DL B, B A A0, 1) F 07 W (B 5 a0 5 1 Y AR X 1R 2228 2.69%, B 5 il 10 Al W) &
B, TE DO B AU AL 1 ) e
4 TR 2 PSRRI RIS SIEEME R

Table 4 Comparison of experimental data and numerical simulation results at measurement points in the case 2

VEAH T J1/MPa
I N 5 126 /m
av s Bl X ER2E/%
1 1.889 0.430 0.416 332
2 2.772 0.358 0.346 3.33
3 4.389 0.220 0.214 2.50
4 5.000 0.136 0.141 -3.64
5 7.962 0.131 0.130 0.67
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Fig. 5 Pressure-time curves for different cases
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Fig. 6 Schematic diagram of neural network topology for predicting peak pressure in a shock tube
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