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Uncertainty quantification of shock to detonation experiment of
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Abstract: Small sample size and unavoidable uncertainty seriously hinders the research of detonation experiments with multi-
physical attributes. Probability learning on manifold (PLoM) involves diffusion map and It6 projection sampling, which can
generate sufficient dataset satisfying the detonation physical mechanism. And uncertainty quantification of experiment can be

fulfilled through PLoM. To begin with, scale transformation is implemented on the experimental data with multi-physical asset
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of insensitive high explosive PBX 9502. The training set is then obtained through the normalization of the scale matrix by means
of principal component analysis. To make it further, an altered high-dimensional Gaussian kernel density estimation is utilized to
derive the probability measure of the random matrix associated with the training dataset. Meanwhile, diffusion map is used to
deduce the nonlinear manifold based on the training dataset. Sampling on the manifold is fulfilled through 1t6-MCMC generator
defined by a dissipative Hamilton system driven by the Wiener process. At last, the learning set is obtained via inverse
transformation. The result shows that the Gaussian statistics obtained from random numbers generated from PLoM coincide with
the statistical information of density of PBX 9502 calibrated by Los Alamos National Laboratory (LANL) and Prof. Chengwei
Sun. Furthermore, the double logarithm model related to the distance to detonation and initial impact stress is constructed through
the data generated. It also holds for the relationship between the time of detonation and initial shock stress. Fitting precision of
the curve is almost equivalent to the accuracy of LANL, however the cost is negligible. More accurate digital test result is obtained
through the learning and processing of existing experimental data via PLoM. PLoM is general erough/to“extend to detonation
experiment of other type of explosives.

Keywords: probability learning on manifold; uncertainty quantification; small sample size;‘detonation; experimental uncertainty
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Table 1 Initiation experimental data-ofPBX9502[!1]

R Mg ki R PR BE HEZRI[A]
p/(g:em?) u/(km-s) P/GPa x//mm */us
1.889 2.349 1065 11.82 2.22
1.889 2.493 11.62 9.17 1.67
1.888 2.766 13.55 6.01 1.04
1.887 2.860 14.24 4.19 0.74
1.886 3.118 16.22 3.68 0.61
1.886 2.334 10.55 12.41 2.38
1.888 2.599 12.35 8.28 1.48
1.887 2.798 13.78 6.26 1.10
1.887 22960 15.00 4.53 0.77
1.890 2.394 10.95 14.50 2.75
1.890 2.426 11.16 11.72 2.18
15893 2.474 11.49 11.31 2.10
1890 2.546 11.98 9.44 1.75
1.891 2.755 13.47 6.88 1.22
1.889 2.759 13.50 7.58 1.36
1.889 2.351 10.67 12.78 245
1.891 2.636 12.61 8.30 1.48
1.889 2.756 13.47 6.36 1.12
1.889 2.959 14.99 4.77 0.81
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Table 2 Gaussian statistical information of physical quantity

LBy pllg-em?)  u/(km-s) P/GPa x*/mm */us
HE 1.8888 2.6520 12.7741 8.4581 1.5467
FrifE % 0.0018 0.2344 1.6866 3.3519 0.6725
BEXIA TR 1.8858 22668 10.1659 3.3437 075546
BEXIAE R 1.8930 3.1446 16.1521 15.2677 29207

3 4H T PBX9502 B EEGuitbre 45 R, RIS, ASCHIbRHEZE/INTRLANL S48 = Flfh K

ik LrtsESR. H
[1.8888-0.0018,1.8888+0.0018] g-cm ™ < [1.890-0.005,1%890+0.005] g -cm
< [1.895-0.01/1.890+0.01] g-cm™
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T — N5 .
&3 PBX9502 MI¥IAE BRI Gauss it &
Table 3 Gaussian statistics of initial density of PBX9502

2 odie3 A g R LANLAREN AR bREN
A2 (g-cm™?) 1.8888 1.890 1.895
FRUEZ (g-om™) 0.0018 0.005 <0.01

B2, JEITR PLoM AE SR8 BE H B R L v I AN e 3R 5 [ Y A R0 A4 LR R B SR
P 8 B A LT, BN T 7R A A
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F I S R A BAE ST A e, 520 5. mIE S BT, Log P Al Log x* I UIRM SRR, Fl
/N Rk TG, 153

Logx™ =9.8494 —3.0723LogP (11)
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