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b BT A5 B . DR, SR A6 A S50 T EL A AR B 2 B2, TP 0 ACAS Bff o B X A A 5 g, BV S
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End

Calculating the gradient of SRQ
* Validating experiments
Calculating C=VAX)(VAX))! T
* Calculating PDF and statistics Method failure
Sampling X (i=1, 2, -*-, N) using the Monte Carlo method T
based on the PDF of the input uncertainty
* Polynomial response surface
model of ¥ is constructed
| CUEAX) Frerte, YreY et Y !

!

No
» Determining the active variable Y=W X

Yes

Calculating c

!

Computing sequential eigenvalues and eigenvectors

K1 5T AS 1 FE4E R

Fig. 1 Flow chart of dimensionality reduction based on active subspace

2 BENTHEEENMEE

21 BREMATAHEEENK

PR A SR KRG ZND B, 4545 BT Be 28 2, AT SRR 7808, i1 o 00 0 2 4 A 2, O
RN

‘Whether the conditions
of spectral radius
are met?
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p= EMCJ [Pwo(co + sucy) +po D] (10)

Kz p, A PBX9501 (M UG % B, D o PBX9501 BB, ue, A CI sS A RT3 B, p,, W LiF WP 1R %
FE, ¢, A LiF 1 i 48 028 % %, s LiF 19 Hugoniot 4% .

5, IR 5T By By B IR BOE 820 LN, o), SR 5 A ELAAGR 560 %54, 38 1 Kolmogorov-

Smirnov fE 5 46 5 77 75 56 E B 15 1Y A HRPE o X BOU SR 1 ROHEROT 22 o T i A ER R B R R 25 S

ELARH N SRR 5 R WL SCHR [31. MR SCRik [3] FR i B9 B, p~LN(0.620 6, 0.001 6) & PBX9501 (1)
%Mﬂﬂ;&&%%%ﬁmemnﬁﬁﬁﬁamnmﬁoDmmmmmmﬁﬁmm%m%%ﬁJWQE
8860 m/s, ARifEZE A 221 m/s. AR SCHik [6-7], FRAE uo,=LN(7.8879, 0.0135) Jfy CJ 5 FLiiki 7 B, 9128 K
2665 m/s, FrifEZE K 36 m/s. p~LN(0.9708, 0.0010) & LiF AY#) UG %5 BE, W1 K 2.644 g/em®, HRifE2E K
0.02 g/cm’,,

M F R SO0l 5 B b e, I, RS TR AR, B EL S8R M Beta 5316 . FIH
SCHiR [6-7], R LiF oy 48 048 3 8 ¢, ~B(5.153, 5.199, 6, 6), Hrf B(5.153, 5.199, 6, 6) & Beta /3 1ii,
[5.153,5.159] K ¢, 4, J5 2 1580 6 Al 6 IR S8, ARG TR 45600 15 8], LiF /Y Hugoniot #}3
s~B(1.343, 1.363, 6, 6).
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Xy, X}, HeHP X, = (00, Dis Sty Coin Puoi icsi)” (i =1,2,-+- ,N ) o F|F Monte Carlo 5B, 2 (12) it LN
N
NZ p(Vp)' (13)
A Vp = %[ ueyDi Ucipoi  Pwoithy;  HcsiPwoi  UcriCoi  PwoiCoi + PoiDi+ 28ipyoicyi ]T, it C 47 5 4F A8 2 it
C = WAW™, I3 R AEE
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Az[/:)l /gz], W=[ W, W | (15)

A A, = diag(8.49%x 10%), A, = diag(3.30x 10'°,6.24 x 10°,3.32x 10*,9.339,1.9273) . T KFFE(E A, = 8.49%
10" X6F Nz A8 R AIE 1] 8 4y

W, =[08281 00002 05605 0.0003 0.0006 0.0026 ]T (16)
I RS 1 E XN
Y=W/X (17)
B, AR A 2 (5 AN (17), 7HHAS 2] Y (Y9 PDF, WA 4 TR
15 0.5
04r
10 |
031
~ 9
=) a
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Y
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Fig. 3 Distribution of eigenvalues for the logarithmic scale Fig. 4 PDF of the active variable ¥
A 1.2 9588, 76 AS 20 (17) oty gt 2 102 e . T A% 51
p=d0+d1Y+d2Y2+d3Y3+d4Y4 (18)

HRAEE 4 s 2., BEALHI M=10° DA 5, 11 H B 1Y Vandemonde i FF, FiAH 1.1 97 A9 S AL fb 3
W, B R (do, dy, dy, ds,dy) = (117.92,878.64,5820.11,28920.81,159.03) .

FIFE 4 F1sk (18), HE— 15 24 5 (9 PDF, W& S ffs . I E S (5 B, 45 28 IR A2 .
34.67 GPa, biifE 254 1.51 GPa, 95% ‘& 15 /K- T (19 & {5 X [8] 24 [32.75 GPa, 36.01 GPa], W% 1 iR,

NRERAE TN A, F 64 H T AS 75 Monte Carlo J7 i By U S & X7 Lk, o+, Monte
Carlo J7 7 FRAE UCEU A B 1x10°, 5x10°, 1x10°, 5x10°, 1x10". MIE 6 AT LAFE 2 M RAEE KK 1x10°
i5F, PDF B9 AH B 0 ARG ; 24 SRR R B0CH 5%10° B, PDF 48 7RI (A B4R 355 4 R FER BOA 3 5 4
i 1x10° J7, AS S Hi ) PDF [k 55 Monte Carlo J7 %5 Hi i) PDF fh£k W) & R 4F .

0.5 0.5
—-—AS
\ ——Monte Carlo, 1x10°
04} 04+ \, ——Monte Carlo, 5x10°
/ %\ ——Monte Carlo, 1x10°
i t Monte Carlo, 5x10°
03} 03t | Monte Carlo, 1x107
<3 3
a a
[ &
02} 02F
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Fig. 5 PDF of detonation pressure deduced Fig. 6 PDF of detonation pressure deduced
from active subspace from AS and Monte Carlo methods
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F1 BERREMEITER

Table 1 Test and statistical results of the detonation pressure GPa
Statistical results .
— — — Test data®
Mean Standard deviation Upper confidence limit Lower confidence limit
34.67 1.51 36.01 32.75 34.41

22 WS

AS 1174 J5T J2 38 2k 2 P AR 96 A5 21 w5 A 223 [ vl SRR A v 1 7 [, B T A 0 T v A 3 AT R S 4R
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) B H2 7 2 0%
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JE (A5 e 22 S 2 H L 1.51 GPa/34.67 GPa=4.35%, b I&] 2wy fif 25 J3 R ok J3E 25 1) TR 1) 6 X s o 22
KASZ, BV R B R AR, S5AVRA S BS5IEW G o 122 5 B30 43 TR DR 2 ph 8 £ QB ASE A
Y52 2 R e P A5 4 1 LY o
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KR, B AS F 5 REERECA /N T 10° 1) H #2 Monte Carlo J7 %45 %€ B9 PDF 47 %1 e, K FLH & 15
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AN, YT 7 Bl B B RE A 8K 1 22 M Monte Carlo J5 ¥ A 37 BOREAR B0/b . 5 R AE T A BF 5% 4
Monte Carlo J5 % T 4R A A SR PR A J5 1], b s 1 BRAB ik, I 3r 200 . 28 (17) ik (18) &
R AR, T A AR

FL b, 20 (17) A (18) # T — 37 A0 5 LI B A R, & R i A 8 B A 2 10 a0 A e
DA e i 2 A o 520 (10) A L, HOR X {73, DRI 1 B R, 32 0 R R, AR AR T 2 AN
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JE R 2R PR AL e A 2 I ek B 2 s B, B AU, L LR Lr  m RE ERAE A S3 Ak,
2 (18) A1 ZR Ge i A — AR 30 T R (L, AR P B A — YU T AR L P MR R 4 7
gy, MARBRFEAL . HF 2z, X 18) HSr 7 —Fhi A € BE (BEHL I &) 3 SRQ R AR LM 4, 5
AR AR RLA LE, BB D R Gekm AR AU T A A AR gy, B B R VDR B4 A

Bt x5, B (10), K5 S 4k i A B 5 2 RIS 31— 2 AS L, 1 B 22 150 g 7 I 5 24
HAH A s AR5 T, Sl B B 22 350 2 7 i A R 7 285153 280 > R 8k, AR & il 47
P, AR 200 A OB R e . AR5 538 v] Lt — 20 3 s 2 U8, S o AR R, X T A R B
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Uncertainty Propagation Analysis of Detonation Pressure
Based on Active Subspace

LIANG Xiao', FAN Mengjun', WANG Yanjin’, WANG Ruili’

(1. School of Mathematics and System Sciences, Shandong University of Science and Technology,
Qingdao 266590, Shandong, China;
2. Institute of Applied Physics and Computational Mathematics, Beijing 100094, China;
3. Henan Academy of Sciences, Zhengzhou 450052, Henan, China)

Abstract: Uncertainty cannot be eliminated in the indirect calibration of the detonation pressure, and the
predictability and credibility of the model can be enhanced through uncertainty quantification of the
detonation pressure. However, the indirect calibration function of the detonation pressure exhibits complex
nonlinearity coupled with multiple inputs, making the study of uncertainty propagation of detonation
pressure prone to issues such as the “curse of dimensionality”. Active subspace is proven to be an effective
tool for handling uncertainty quantification of the detonation pressure model. The specific steps are as
follows: to begin with, the covariance matrix is derived based on gradient of the system response quantity
(SRQ). Then an active variable is deduced through the Monte Carlo method, which is the direction whose
perturbations produce the greatest change in SRQ. A single derived active subspace is used as the input
uncertainty instead of the six parameters. The “curse of dimensionality” can be relieved in this case. Finally,
a fourth-order polynomial response surface model is established based on a one-dimensional active variable.
The results show that the effects of input uncertainty on SRQ are successfully characterized using the means
of the active subspace technique. The test data fall within the confidence interval of the predicted values
from the surrogate model, and the predictive capability of the detonation pressure model is validated. The
study also reveals that there is a significant degree of dispersion in detonation pressure, which is consistent
with the viewpoint of Prof. Chengwei Sun. Furthermore, a new detonation pressure model is constructed in
this paper. This model is a composite operation between an affine transformation and a polynomial function.
It retains the characteristic of a concise form, sufficient smoothness, strong robustness, and fast computation.
The input of the model is a random variable rather than a fixed value, and the polynomial coefficients remain
unchangeable when it confronts the variability of input uncertainty. The research is an extension and
development of previous scholars. Moreover, the research methodology is systematic, which can be applied
to detonation pressure prediction for other types of explosives.

Keywords: active subspace; uncertainty quantification; detonation pressure; surface model; dimension

reduction
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