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Motivation Model Calibration for HNS

Specification and acceptance criteria for explosive powders represent a technical challenge: * Leverage prior experimental data for
P , ptat b pOWAETS TP S verage prior exp , Flyet Material | Flyer thickness (um) | Threshold velocity (km/s)
* How do physical properties of powders relate to detonation performance of pressed pellets? thin-flyer initiation of fine-grained HNS
* Which physical properties should be specified and what are the acceptable limits? where we have threshold flyer velocities Parylene 29 2678
* What do we really mean by “performance”? for various flyer thicknesses.
Parylene 21 2.635
L . . * In this work, we calibrate a mesoscale
Example: Initiation sensitivity of pressed pellets made from fine-grained HNS powder o |
: HNS model with respect to the 11 um Parylene 11 3.236
flyer results and test the model validi
Difference in sensitivity e | v R 6 4.483
against the other data for different flyer
thicknesses.
100 A A reactive burn model tracks the evolution of the material
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5 . : There are two parameters: activation energy (E), and the 5 NENANNRERSS
02 03 04 05 06 07 08 09 10 ) . . . . . : 0 . : ; ;
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Unreacted (UR) and reaction products (RP) Hugoniots for fully dense from values in the literature, which is based on thermal time-
(solid) HNS. The initial state is at zero pressure. A detonation wave to-explosion data. while the frequencv factor is adijusted . ep,
shocks the material along the Rayleigh Line to the ZND spike b ’ . ! y . ] Predicted shift in p erformance between FG-HNS and
pressure. Products expand to the CJ state and down the CJ adiabat. to match the eXpeﬂmental threshold VelOCltY data. 40 —O— FG-HNS - 0 - CG-HNS CG-HNS due to the differences between the
. . o ' a microstructures.
st 3.0 km/s ] st 3.1 km/s . s 3.2 km/s — 38 * CG-HNS is less sensitive for thin flyers
— . .
7 o L E 36 * Cross-over predicted for thicker flyers
o %: %: %z: > 34 * Experimental data for shock initiation of CG-HNS is
Same sensitivity Pressure profiles as a i, ‘.. . 3 needed
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Several batches of fine-grained HNS powder were produced according to the same specification: for the calibrated HNS S RN == S Prf;dmted 31‘ CrESS ov(eir 11:11(tint1at101; Senﬁltﬁmy'
. . . - . e ele . . . - _ T e B R e $ * Previous served and discussed in the literature (e.g.
* Top: Two physically similar batches of powder exhibited different initiation sensitivity model with A4 = 3.5Tell rmei e £ 28 IO PRReTTEEA - ature (¢.8
+ Bottom: Two physically different batches of powder exhibited similar initiation sensitivit illustrating the go/no-go . ..., DO NI Y sctchell, Khasainoy, etc,
ottom: Two atches of powder ex e \% - . , : 9 > e ”»
phy y P y : 5 & & 3.3 km/s 3.4 km/s 3.5 km/s * Includes both “low pressure” vs. “high pressure” shock
o _ behavior at the threshold = | o \ o \\ i 24 : 1 %sh lee” v, - ed shock” load;
Characteristics of loose powder do not always correlate with performance of pressed pellets. velocity § L §= \\\“\\ £as \'\\\ 1\ 0 c 10 Ic 50 - 20 regimes, and “short pulse™ vs. “sustained shock™ loading
* Pressing powder to a high density (e.g. 90% TMD) can break or deform the particles and create 2 N Q’\P\N\\\\\\\\\i\\\\ 2" QQ"Q\\\\\\\\\\&\\\& Flyer Thickness (um) Possibl lanati
. £ £ N £ N ossible explanations:
new features such as voids or cracks of | Qg , .’ \\\\\\\:\§§§§§§ ’ \\\\\\\\\\;\5§§§§ CXp .
: . : : L ' ] R _ 5 N RN 5 SANNNNN SRS * Duration of the shock pulse corresponds to a physical
* During shock initiation, the shock wave energy is localized at these defects, creating “hot spots AN NES-, | N | N Summarized threshold velocity vs. flyer thickness length-scale in the explosive
\ which govern the detonation process / \ R S B T tmews T T T tmes / predictions for FG-HNS and CG-HNS * Microstructure also has a characteristic length-scale(s)
Fine-Grained HINS vs. Fine-Grained HNS with Binder
Modeling and Simulation Methods o e e
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. . . flyer thickness of 6 um illustrating the go/no-go behavior at the predicted threshold velocity. f ] s e s %;g:‘; COXS, D80
between microstructure and performance of high explosives 0 - | 'This is challenging as binder is Ve PRV 08 B Te oY
4 T T 4 _ 1 o o al %D o, = = 9 o]
40 T 3.8 kin/s * | not visible in SEM images of | b2 o O ﬁﬁgia DT S
35¢ . . » 5 . e 19 o = o O B
Microstructures of cross-sectioned pressed pellets »p 3.7 km/s _ cross-sectioned pellets. PR . % W ol O Do
30 r I é%o E R ;7
e g e R SRt RS e RIS N Ay ln,., | i St e © S s - . Te 0@ 2T, e 9T Tt o
L ot : Mk Sl E. B W Eva _ i _ak L@ S 25f S L - We can analyze the FG-HNS = 8L oS s C585e 6° :’gyﬁoa o 4
. i & WS '5;1 e N ' i R - e Ez— 920 ] § E . . . ;-DO 0 5 $ o
‘ Lo CRG e 1{*. & gk }T}ﬁt' 2 ~., ,{_. } 1 - e > 0 - §15 1 \ _ _ ] %mages to 1dent1fy.the. solid-pore iy o o% DOQ @?Oa o OQC"S o
.,: =R G e }*"'*.r s e \-‘ o> g1 2 \NQQQQQ\—\M = B - interfaces and artificially place T < ot ;gi C§ 598*300&0 09??‘{5 o seod ]
iy - S e BT P e = o £ . 10 %{:t‘*\\ 10 \\\ NN \% ~ I ' some nominal percentage of ’ v? on T o B R
P q;..,"v_”;'f"’““""- ' . e N e _A‘".*"-i e -, - by \\\% \ \\\\k ™ N i 1, . . ) * e T LW, e & 8 08 I
S S e i e Pty 7 P T ' e . 5 RSN 5 N R = inert binder into the explosive. P .o - o8 Yo, O
l:. =% . :.“l‘"'l r: * 3 -" i ;.r :‘- 7' 3 - ¢ " ’.— ‘ Foa 'W-:r.. I:Ll’ z - - = a ~ “" #—1 00 5 10 1I5 = 2I0 25 30 00 \; 10 1I5 2I0 \25 _?:0 = . V ? ) %Qﬂ b o
s T R e i ; d A L, SOl —— ~ Time [ns] Time [ns] VT 40 ' ' ' ' '
T N E v i B, - y ' 4 * - LR - . .
e ~: ; B “ Qe Gl A : _ Pressure profiles for simulations
i L CokAet e e i ) amama | o e sk 3.4 km/s . FG.HNs B 34 km/s :
< > < > < > sl 3.9 km/s - sf 4.0 km/s _ of fthe cxact same H
10 pm 10 um 10 pm o | o \ _ o microstructure .Wlthout binder 30 I
_ ’\ _ \ g \ (lefty and with 5% added 7 | -
g R \ ‘ > \ binder (right) for an 11 um <
ol RN " TR NN AN (right) um 51 _
5 15 ﬂr\ \(\\\\F\\:\\\‘\\\\ \\ é 15 r‘ r\\\\\\\\jkk\\\hhi ﬁ 15 r,—a-* Q\\\\\\\b\-\\\\\\\\ ‘ ﬂyer at 34 km/s g 15 .
o M \\\\\ \\ g \.‘\\ \ N ™\ N \\_ a P‘NK \\ \\ \ ]
= > NN N\ . . L
10 \ \§§§§:§ ‘Qi 10 \\\\‘i\\§§\:\\§k\: 10 \\\\\\\E\\\\E\§: Simulations of binderized FG- 10 4
; SR SS ; NRORASSNRSSNINy, NSRRI HNS predict that the material
B === D N == ’ NS itive by 15 — 20%
. . . 0 ' ' ‘ 0 ' ‘ v ' - 1S less sensitive — .
Shock-to-detonation simulations: °r B ' ' - e vey ’
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* Use CTH shock hydrocode

° Vary ﬂyer thickness 50 —CTH ® lotA © LotB 2B T 1 1
* Vary flyer impact velocity ic . ot
* Different initial microstructures 40 EM i Hu;‘,l‘ i B ibl i o g r aphy
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Comparison of simulation predictions with experimental

. From Kerley: Threshold velocity vs. flyer thickness
threshold data for two lots of fine-grained HNS.

. . 7. J.W. Forbes (2012) Shock Wave Compression of Condensed Matter: A Primer. Berlin, Springer-Verlag.
depends on two parameters in Arrhenius models.
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e  We under predict threshold velocities for thin flvers while 8. J.D. Olles, G.D. Kosiba, C. Yarrington, and RR. Wixom (June 2019) Meso-scale and continuum simulations for Arrhenius reactive burn model
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Time (ns) Time (ns) pressure shock compression state. \_11.B.A. Khasainov et al. (1997) On the effects of grain size on shock sensitivity of heterogeneous high explosives, Shock Waves, 7, 89 —105. W,
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