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Adaptive analysis and reconstruction of electromagnetic railgun acceleration by
integrating maximum likelihood-wavelet and ICEEMDAN
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Abstract: Obtaining accurate projectile acceleration signals is essential for evaluating the performance of electromagnetic guns.
However, the projectile is affected by different environmental factors in the chamber and out of the muzzle, which makes the acceleration
signal have different modal characteristics in the bore and the muzzle stage, which leads to the failure of the conventional nonlinear non-
stationary signal global processing method. Therefore, an adaptive analysis and reconstruction method of acceleration signal fusing
maximum likelihood-wavelet and improved fully adaptive noise ensemble empirical mode decomposition is proposed in order to obtain
accurate acceleration signals. Secondly, the partition signal was decomposed by ICEEMDAN to reduce the interference of harmful signals
on signal parsing. Finally, the effective modal components were extracted based on the ¢-test for signal reconstruction to achieve accurate
extraction of the effective acceleration signal. Correlation experiments show that the improvement rate of root mean square error is greater
than O, the correlation coefficient is increased to 0.673 1, and the signal-to-noise ratio is increased to 3. 861 4, which avoids the
problem of over-decomposition or incomplete decomposition of some regions compared with the conventional global processing methods,
and realizes the accurate extraction of acceleration signals.
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Fig. 1  Projectile acceleration curve
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Fig.2 Projectile acceleration spectrum diagram
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Fig.3 Mode components and spectrum diagram
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Table 2 t-test results of in-bore acceleration metrics

LY p ct by p cl
1 0.775 [-4.1,5.5] 5 0. 265 [-36,10]
2 0.674 [-7.2,11] 6 0.128 [-48,6.1]
3 0.974 [-16,16] 7 0. 001 [9.5,39]
4 0.922 [-20,18] 8 0.000 [-155,-72]

®3 HAOMEEERREER

Table 3 ¢-test results of muzzle acceleration metrics

Hbr p ci B p c
1 0.617 [-118,70] 6 0.878 [-329,384]
2 0.768 [-310,229] || 7  0.919 [ -339,376]
3 0.775 [-399,297] || 8  0.982 [-361,353]
4 098 [-359,352] || 9 0.000 [-1302,-585]
5 0979 [-352,361]
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Fig. 13 Variance contribution rate and correlation coefficient
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Fig. 16  Comparison of acceleration signals after noise reduction
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Table 4 Comparison of evaluation parameters

Bk RMSE Mk, % HKZEp  SNR
AL — 0.6731  3.8614
EMD 0. 286 0.6691  3.8153
EEMD 0.3259 0.6625  3.730 1
ICEEMDAN 29.994 0.3242  -0.047 3
ICEEMDAN-/NIE AL 43 i 25.927 0.364 5 0.3830

RS SHLEGERBERITLL
Table 5 Comparison of the test results of
the five treatment methods

Bk W (mes™' ) HBEIRE/ %
FL A 120. 689 4 —
e 123. 845 6 2.6
EMD 128.117 5 6.2
EEMD 131.399 1 8.8
ICEEMDAN 138.503 1 14.8
ICEEMDAN-/NJ§ 45373 if 133.747 3 10. 8
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Fig. 17  Electromagnetic gun velocity curve
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