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Currently availableexperimental data on shock compressibility of nonreactive explosives are
obtained in the low-pressure range, i.e. at p <16 GPa [1-4]. However in recent years, the high time-
resolution photoelectric and laser-interferometric methods gave parameters of both high and commercial
explosives at the Neumann peak (chemical peak) and these parameters are interpreted as points of the
Hugoniot adiabat for HE that remain unreacted shortly behind the detonation front [5-11]. Reasonable
question arises as to how long this HE fails to react behind the detonation front and whether it continues to
be non-reacting in case of repeated loading above the Neumann peak.
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Consideration is given to the experimental thin-barrier method that makes it possible to record HE
decomposition immediately behind the detonation front using laser-interferometry. The barrier method
previously [12,13] used the electro-contact recording to confirm the chemical peak by the detonation
theory of Zeldovich, Neumann and Doring [14]. Laser interferometry is shown to open up new
possibilities of the proposed method.

Experimental setup

In our experiments, both VISAR and PDV techniques [11, 15] recorded accelerating different-metal
(Al, Cu, Ni) foils with the thickness of 0.03...0.3 mm, which are placed at the surface of the plastic-bonded
TATB (PTATB) having the 1.12 porosity. These techniques also recorded detonation profiles through the
LiF window having an Al 2.5-um thick coating on the side of HE (Figure 1). Foils are placed on HE and
pressed up with the ferrules workholder through the set of rings made from the same foil.

a b C

1 - electrical detonator; 2 — socket; 3 — centering mount; 4 — lens charge;

5 - TNT-RDX 50/50 cartridge with 3120x10 mm; 6 — test HE with 3120x40...60 mm;

7 — terrules workholder; 8 — press-up clamp; 9 — window (LiF); 10 — measurement unit;
11 - PDV ferrules; 12 — “combined” head; 13 — foils; 14 — rings

Figure 1. Schematic experimental assembly (a), position of foils (b,c)

The initiating system comprising an electrical detonator, an explosive lens, and a TNT-RDX 50/50
cartridge served to generate the detonation wave with the plane front in the charge of the test HE. Ferrules
with the 2.25-mm diameter were used to shape the probing laser beam and to receive the radiation in
measurements with foils. A ferrule — is a metal cylinder with the 250-um diameter single-mode polished-
end optical fiber pasted in the axial bore thereof. Ferrules and foils were spaced 1 mm apart. Probing of the
HE-LIF interface and reception of radiation therefrom in the combined head having fiber optic waveguides
belonging to different techniques were performed through the use of the @12.7-mm optical lens with the
focal distance f = 15 mm. The probing area diameter was taken to be 0.3 mm.

Results

Figrue 2 shows how initial information is processed and presented in the form of foil acceleration
profiles and also shows the f, x — diagram of wave circulations in the foil. At the HE-foil interface, states
with particle velocities u1, u2, and us are observed to take place and if scattered at the foil free-surface ,
these states ensure velocities Wi, W2, W3 recorded in the form of jumps with “shelves”.
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Figure 2. Acceleration profiles for different-thickness Al-foils in three experiments (a);
t, x — diagram of wave circulations in the foil (b); the shaping of recompression-
release profile (c)

Since the first shock wave that enters the foil is attenuating while it travels through the foil
thickness, it would be incorrect to use the values Wi, W2 and W5 directly for determining the state in HE,
which arises just after breakout of discontinuity at the “HE-foil material” interface. The particle velocities
at this interface are to be calculated from the free-surface velocities Woi, , Wo2 and Wos of the zero-thickness
foil. This velocity can be found by extrapolating the experimental dependencies of Wi, W2 and Ws on the
foil thickness d till intersection with the Y-axis (Figure 3). This method is actually the virtual probing
method for HE states near the detonation front within the maximally short time being close to zero.
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Figure 3. Recorded free-surface velocities of Al, Cu, and Ni-foils at the first jump — Wi (a),
second jump — W2 (b), and third jump — Ws (c) versus foils thickness.
Determination of Woi, Wo2, and Wos

Table and Figure 4 give the calculated free-surface velocities Wo1, Woz2, Wos, as well as the appropriate

particle velocities w01, wue,, wui and also pressures Po;, Pe, Pos, which were found
by the P, u — diagram methods.
Table . Calculated Wo1, Woz2, Wos, as well as appropriate particle velocities uo1, 1oz, 103
and pressures Po1, Poz, Pos
Foil
. Wot, km/s | Woz, km/s | Wos, km/s | 101, km/s | uo2, km/s | uos, km/s | Poi, GPa | Po2, GPa | Pos, GPa
material
Al 4.07 4.97 5.33 2.035 4.52 5.15 44.7 7.41 2.73
Cu 2.42 3.50 4.16 1.21 2.96 3.83 62.1 23.0 13.0
Ni 2.26 3.14 3.92 1.13 2.70 3.53 63.2 20.2 17.4
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Figure 4. The P, u —diagram of states in foil materials, LiF, and test HE, observed in wave interactions

Dots (circles): 1, 2, 3 —are Al foil’s free-surface velocities at the first, second, and third jumps — Woiaj,
Woz2a1, Wosal — when foil thickness d — 0; 4, 5, 6 —idem for Cu foil — Woicu, Woacu, Woscu ; 7, 8, 9 —idem for
Ni foil — Woini, Woani, W oosni ; 10 — is particle velocity at the HE-LiF interface, 11, 12, 13 — are states on the
Al, Cu, and Ni Hugoniots found from Woia, Wozai, Wosa,, Woicy, Wozcu, Woscu, Woini, Woani, Wosni when
these states are observed as the detonation front (Neumann state) arrives at the foil; 14, 15, 16 — are
states at the HE — foil material interface after the first wave circulation in the foil of aluminum, copper,
and nickel; 17, 18, 19, — idem after the second wave circulation in the foil; 20 21, 22, 23, — are HE states
10 - 13 found by points when these states are observed immediately after the detonation front reflection
from the foil and when they belong to the desired reloading Hugoniot;

O —state at the HE-LiF boundary in the case of detonation front arrival. This state is averaged over
three experiments;

% - state at the Neumann peak in PTATB. This state is found from O.

Chemical peak brake curve

Determination of states in the plastic-bonded TATB on the recompression Hugoniot is the following.
First, values of Woi for all foil materials are used to find corresponding particle velocities in these materials
with the help of the well-known relationship uo1= Wo1/2. Then, pressures Po are determined from o1 using
interpolation equations of Hugoniots for foil materials from [18]. In Figure 4, these are states 11, 12, and 13
for Al, Cu, and Ni, respectively. It is obvious that these states simultaneously turn out to be the states of
PTATB after detonation front reflection from an appropriate foil. State 10 in LiF is simultaneously the HE
state after breakout of discontinuity at the HE-LiF interface. Thus, points 10, 11, 12, and 13 are observed to
be the points on the Hugoniot of HE reloading from the state in the chemical peak. The Hugoniot
convexity shall face left as this was HE counter loading in the case of reflection from the foil. This adiabate
can be named chemical peak brake curve.

States in the plastic-bonded TATB after single and double release of foils

Values of Wor and Wz for all foil materials were used to find states 14, 15, and 16 with particle
velocities um in these materials invoking the relation uo2=Wor + (Wo2— Wo1)/2. Then, pressures Po2 are
determined from wue using Hugoniots for foil materials. States 17, 18, and 19 (Figure 4) with particle
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velocities uos in these materials were found from the relationship o= Wo2 + (Wos— We2)/2. Pressures Pos
were calculated from uos using Hugoniots of foil materials. It is obvious that both states 14 — 16 and states
17 -19 are simultaneously states of PTATB after, respectively, single and doulbe releases from the
reloading states 11 — 13. Figure 4 shows release curves that approximate the experimental data. One can
see that these release curves go above the equilibrium explosion-product Hugoniot with the Jouget point
from [17] thereon. It is easy to explain this location, i.e. HE was released from states 11 — 13 observed in
the chemical reaction zone above the Jouget point. Note that the obtained release curves would not merge
with the explosion-product Hugoniot from [17] during the follow-on wave circulations in foils as the
excess energy acquired by the material in the course of reloading remains therein during release as well.

Wave profiles in the plastic-bonded TATB. Chemical peak (Neumann peak)

Figure 6 shows recorded profiles of a detonation wave in PTATB at the boundary with LiF. The
mean of the maximum velocity for profiles observed in three experiments is 2.084 km/s. Pressure in LiF,
which corresponds to this particle velocity, will be 43.8 GPa. This state in LiF (point 10 in Figure 4) is
simultaneously the state in the PTATB, realized under its reloading on LiF from the state in the chemical
peak.
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Figure 5. Seven profiles of the detonation wave in PTATB at the boundary
with the LiF window. These profiles are recorded in two experiments

Discussion

The goal of this paper is to give an answer to the question dealing with physics: whether these are
explosion products that accelerate foils after the detonation front arrival thereat or perhaps this is still non-
reacted inert HE existing at chemical peak width. The foils are thin and the time needed for the waves to
circulate once or twice in them can turn to be less than the period of the test PTATB decomposition zone.
In this case, we can assume that during the first wave circulation (10 — 100 ns), HE fails to significantly
decompose. And in addition, we extrapolate Wi(d) to the zero thickness of foils, i.e. to extremely small
times. From here it follows that HE shall remain solid both shortly behind the shock front of reloading, and
also under “instantaneous” release.

Generally, new results obtained at times less than 10...300 ns demonstrate the proposed method to
be promising for investigations of HE states in the chemical peak zone.
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AA3SEPHOE MHUIIMNPOBAHNE CBETOUYYBCTBUTEABHOTI'O B3PBIBUATOI'O COCTABA
HA OCHOBE I'EKCOI'EHA I1O ITOBEPXHOCTU ITA0ITA ABIO ~ 1000 Mm?

H.I1. Xoxaos, H.A. INonvxun, M.A. Ayxvanenxo, A.B. Pyones, O.M. Ayxosxun, IO.B. Illeiixos, C.M. bamvstos
POAL] BHNND®, Capos, Poccus

BBeaenue

B NM®B nposogsaTca cucreMaTmdeckue MccAelOBaHMS BO3AENICTBUs Aa3epHOTO M3Ay4eHUs Ha
CBETOUyBCTBUTeABbHBIE B3pbiBUaThie cocTtasbl (CBC). B pesyabTrare »TmX mccaeloBaHUII IIPeAAOKEeHbI
penentypsl CBC Ha ocHOBe psda BRICOKOAUCIIEpCHBIX Opu3aHTHEIX BB ¢ s00aBaeHneM HaHOAMCIIEPCHOTO
aAIOMIHUS, a TaKKe pa3paboTaHbl MaaorabapUTHBIE CBETOUYBCTBUTEABHBIE DAE€MEHTHI AMaMETPOM 5 MM C
JCIIOAB30BaHUEM CBC, B KOTOPBIX  MOpOTOBasd IIAOTHOCTH SHepIUn VHUIIMUPOBAHMS
cocrasaset ~ 0,5 Ax/cm? [1]- [3].





