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Objective

The objective of the triennial international ESHP conferences is to create a forum where
people involved in scientific research or industrial applications related to explosion,
shock waves and high-strain-rate phenomena can meet and discuss results and ideas. The
symposium is comprised of invited lectures and contributed presentations. Oral and

poster presentations are arranged for the contributed presentations.

Topics
The symposium is planned to discuss the recent progress of theoretical, numerical and
experimental researches on explosion, shock waves and high-strain-rate phenomena. The
symposium covers the following general topics but the category is not limited:
deflagration, detonation, and shock chemistry of energetic and reactive materials; shock
wave and related phenomena in condensed and gaseous phases; response of materials and
structures under high strain rates; production of materials by shock and detonation waves
(shock induced phase transition and chemical reactions, explosive welding, shock
modification,etc); innovative application of high-energy-rate phenomena. Additional
contributions from related research areas are also welcome. The organizers of ESHP2016
would also like to organize three special sessions:
> Session 1: Shock Processing and Production of Materials,

Organizers: Prof. Pengwan Chen & Prof. Kazuyuki Hokamoto
> Session 2: Numerical Simulation of Explosion and Impact,

Organizers: Prof. Cheng Wang, Prof. Xiaowei Chen & Prof. Zoran Ren

> Session 3: Dynamic Behavior of Materials at High Strain Rates,
Organizers: Prof. Yulong Li & Prof. Daniel Rittel

> Workshop: High Pressure Food Processing (HPFP),
Organizers: Prof. Shigeru Itoh & Prof. Motonobu Goto
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ID001: Liquid Phase Explosive Fabrication of Superconducting MgB, Composites
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3G.Tsulukidze Mining Institute, 7, Mindeli St., 0186, Thilisi, Georgia,
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Abstract: An original two-stage liquid phase hot explosive compaction (HEC) procedure
of Mg-B precursors above 9000 C provides the formation of superconductivity MgB2
phase in the whole volume of billets with maximal Tc=38.5 K without any further
sintering.

The liquid-phase HEC strongly solid-state reaction rate due to the high penetrating
capability of shock-waves in a whole volume of cylindrical billets and to consolidate
superconductive MgB, composites near to theoretical density. There were established that
the structure and the superconductive characteristics of fabricated MgB2 billets strongly
depends on consolidation temperature and intensity of loading.

The above mentioned and other features of structure/property relationship as well as
experimental conditions will be presented and considered too.

Keywords: HTSC, MgB,, Liquid-phase, Shock-assisted consolidation, Magnetometer.
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ID002: Metal Jet Generation of the High-speed Oblique Collision for
Similar/Dissimilar Metals
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Abstract: Explosive welding is known well as the method to weld strongly for the similar
and dissimilar metal combinations. It is necessary to know the behavior of metals collided
in this method, such as the metal jet generation and the welded interface, to achieve the
good welding of difficult-to-weld materials. In the present work, the phenomena of the
high-speed oblique collision which is same as the explosive welding were observed by
using a single-stage powder gun and high speed video camera. It was succeeded to
photograph a metal jet clearly with changing the collision angle and the collision velocity

for the oblique collision of the similar and dissimilar metals, as shown Fig. 1.

t
- Cu
33./
- Sabot
(UHMW-PE)

(a) Cu/Cu, V,=627.1ms™, a = 20° (b) AZ31/Cu, V,=530.1ms™, @ = 15°
Fig.1 Metal jet generation (5mm-thick and 32mm-diameter discs) (t = 8us)
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Abstract: The alloys of W-Cu have been growing industrial interest for superior thermal
managing and as microwave materials due to the high thermal conductivity of copper and
the low thermal expansion coefficient of tungsten [1]. W—Cu alloy parts are generally
fabricated by Cu infiltration into W skeleton or liquid phase sintering of W—-Cu powder
mixtures [2]. However, because of the W—Cu system exhibits mutual insolubility, W—Cu
powder compacts show very poor sinter ability [3]. The Physical-mechanical properties of
the composite largely depend on both microstructure and composition relating to
fabrication methods and synthesis conditions.

In this work a new approach for the preparation of Cu-W composite materials was
proposed, the essence of which is the joint reduction of tungsten and copper oxides by
energy saving combustion synthesis or self-propagating high-temperature synthesis (SHS
process) method [4] using Mg+C mixture as combined reducer. The latter will allow
controlling the reaction temperature in a wide range, and performing complete reduction
of both oxides synthesizing W-Cu composite powders in a controllable combustion mode.
The combustion experiments in the CuO-WO3-xMg-yC quaternary system were
performed based on the preliminary thermodynamic calculations made for that system, as
well as considering the experimental results of binary and ternary systems. It was shown
that at certain amount of reducers and slow propagation of combustion wave, it becomes
possible the joint and complete reduction of both oxides. According to XRD analysis

results, at optimal conditions combustion products contain only - W, Cu and MgO. After
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the acid treatment (10%wt. HCI) of the product obtained at optimal conditions, it
represents a desired W-Cu composite with particles submicron sizes. EDS analysis
certifies the homogeneity of obtained W-Cu composite material with similar distribution
of both metals.

W-Cu precursors developed by CS process were subjected to consolidation into
cylindrical rods using hot explosive consolidation (HEC) technology and hot vacuum
compaction (HVC) process. The consolidation temperature was changed up to 1000 <C at
the shock wave loading intensity under 10 GPA. The investigations showed that fine
W-Cu precursors obtained by combustion-coreduction process and their further explosive
consolidation allows to fabricate high dense cylindrical billets near to theoretical density
without cracks and uniform distribution of consisting phases. The consolidated samples
are characterized with good integrity, which depends on the distribution and size of the W
and Cu particles. It was further established that the electrical properties (resistance and
dependence of the susceptibility) of the consolidated W-Cu composites are changed
depending on phase content and density of the consolidated samples.

It was demonstrated that combination of CS and HEC undoubtedly has advantages
compared to other technologies and may be considered as an alternative way to fabricate

novel Cu—W composites with enhanced properties.
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ID004: Numerical Investigation of the Influence of Axial Length on Liquid-fuel
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Abstract: The application of detonations for propulsion has received widespread
attention recently. Compared with the conventional combustion mode, detonation is an
extremely efficient combustion process, it contributes to higher strength, faster
propagation speed, and higher thermal efficiency. Various ways have been used to control
detonations in detonation-based engines, among which the continuous rotating detonation
engine (CRDE) may be the most suitable for space launch due to its unique advantages
compared to other detonation engines. In order to Two-dimensional Conservation
Element and Solution Element(CE/SE) method is deduced to calculate the detonation
process of continuous rotating detonation engines using gasoline as fuel, the effects of the
axial length of combustor on the flow field and propulsive performance of CRDE are
numerically investigated. Results show that the CE/SE method is quite efficient to capture
discontinuities such as detonation waves, the flow field structure of the combustor (shown
in Fig. 1) is qualitatively consistent with the experimental results of kerosene/air/oxygen
mixture detonation. With the increase of axial length, the length of oblique shock wave
increases, the fluctuation at exit is reduced, the peak values and average values of the exit
pressure and exit density decline, while the peak values of the axial velocity first increase
and then decline, the average values of the axial velocity increase. The centrifugal force
leading to vibration is generated by the circumferential velocity at exit, thus the
performance of CRDE is lost. With the increase of axial length, the circumferential
velocity decreases, then the vibration weakens and the lost of the CRDE performance
declines. In addition, the mass flux remains constant and is not influenced by the axial
length of combustor. When the axial length increases, the flow field needs more time to
reach quasi-steady state, the specific impulse first increases and then remains constant.
Through the numerical investigation, the detonation process of the liquid-fuel CRDE may

be better understood, and the numerical results provide guidance for experimental study.
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(a) Computational result

(b) Experimental result

Fig.1 The flow field structure of CRDE;1)is the detonation wave, 2) detonated products, 3)
oblique shock wave, 4) the discontinuity between freshly detonated products and older
products, 5) fresh mixture layer, 6).contact surface between fresh mixture and detonated

products.
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Abstract: The aerospace structures and equipment experience severe shock loading
during the inter-stage separation, which is conducted by the high energy explosion of the
pyroshock devices. Therefore, it is important to determine the shock response of the cabin
structure, which is typically a cylindrical shell, under separation shock loading. The
separation experiment of a cylindrical shell is performed, and the shell is cut into two
parts along the circumferential direction by the flexible linear shaped charges. The
influences of the charge amount and the distance from the explosive source on the
response of the structure are investigated. The transient problem of the cylindrical shell
under shock loading is also modeled and simulated numerically, using LS-DYNA. This
research is helpful for the prediction of the shock response and the damage estimation of

the shell structures under pyroshock loading.
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ID006: Optical Method for Studying the Corner Turning Performance of TATB
Based Polymer Bonded Explosive at Different Temperatures
Wei Cao, Yong Han, Xiangli Guo’, Jianlong Ran, Luchuan Jia, Xiaojun Lu
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621999, Sichuan, China

Abstract: To study the effect of temperature on propagation laws of detonation waves of
explosives, the corner turning performance of TATB  (triaminotrinitrobenzene) based
polymer bonded explosive (PBX) was studied by mushroom test apparatus at three
different temperatures.The breakout image was recorded by a high-speed rotating mirror
streak camera, the first breakout angles, failure angles and delay times of hemispherical
explosive were obtained. Results show that the first breakout angle, failure angle and
delay time varied with the ambient temperature. The delay time was lower at lower
ambient temperature. The temperature will influence the chemical reaction rate of
hemispherical charge at the initiation stage.

Keywords: corner turning performance, temperature, optical method, TATB based PBX
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Abstract: Zirconium dioxide is an important ceramic with a variety of excellent
properties including high melting point, high resistivity, high refractive index, low
thermal expansion coefficient, etc. [1]. So it can be used to enhance the electrochemical
stability of lithium ion battery [2], manufacture high-quality semiconductor [3] and
improve the strength of hydroxyapatite bone cement [4]. Therefore, it is meaningful to
search a high quality and efficiency preparation method for the broad application
prospects and development potential of nanosized zirconium dioxide.

Electrical wire explosion (EWE) method is recently applied to produce nanosized
powders, which is categorized in the gas phase methods [5]. There are studies on the
dependences of the particle properties, productivity, and product yield of Zr upon the
explosion conditions to optimize their selection in a device with a simpler separation
system [6]. However, most of the researchers were focused on the stage after explosion.
The process before explosion and the influence of deposited energy on particle properties
were rarely discussed.

In this research, Zirconium dioxide nanoparticles were generated by electrical
explosion of zirconium wire in the air. The current, voltage and deposited energy
waveforms of wire explosion process were used to analyse the dynamics of particle
formation. It was analysed that the arc discharge resulted in an explosion and stopped the
energy deposition in wire. The oxidation reaction was completed in the stage of explosion
expansion. The morphologies of synthesized nanoparticles were nearly spherical with
diameters ranging from 1 nm to 100 nm, which were obtained by scanning electron
microscopy and transmission electron microscope. The phase compositions of crystallites
determined by the x-ray diffraction shows that the ratio of the tetragonal and monoclinic

phases increase with the increasing charging energy of storage capacitor.


mailto:awjx@njust.edu.cn

Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China

0
o

>
IS

Highvoltage  Gap switch —— S -7
generator — b -
[ e Explosion chamber 27 # — — Energy

'Inductor‘ =——Air inlet & ——— Voltage
T ook B Current
T r wire
High voltagg;; ‘ 9 1.6
} probe /' .
Capqcitor Powder 0 -0 00

bank = collection
‘ LM " e

»
o

Charging ‘
switch |

3.2

Energy (J)

(A7 v) 8BeyoA 7 ueung

\: ____4_3 i mmscope L4 Rogowski coil Sl Tiz:;e (fs) il
Fig. 1 Schematic diagram of Fig. 2 Typical voltage, current and
the experimental setup deposited energy waveforms across a

Zr wire during explosion

a5

Fig. 3 (a) SEM and (b) TEM images for samples obtained by zirconium wire explosion in

the air

Intensity

A 4kV

3kV

20 3 40 50 60 70 80 90
20 (degree)

Fig. 4 XRD patterns for samples obtained with zirconium wire explosion in the air

Table 1 Phase composition and average crystalline size of explosion products

Charging Phase composition (Mass %) Average Size (nm)
voltage (kV) m-ZrO, t-ZrO, m-ZrO, t-ZrO,
3 38.9 61.1 62.7 30.6
4 32.2 67.8 66.7 35.8
) 26.6 73.4 67.3 36.2
6 21.1 78.9 69.4 43.5
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Abstract: Due to the high strength and excellent durability, concrete has been wildly used
in many fundamental constructions.The concrete structure would bear not only the static
and earthquake loading but also the anti-penetration and blasting effects in the war and
terrorist attack. Penetration process is a problem of transient contact that projectile
interact with target. Nowadays, many studies have been conducted by means of the
theoretical, simulation and experiment analysis [1-5]. In the present study, the random
model of three-phase heterogeneous composite was used in the modeling of concrete,
which consists of aggregate, cement hydrates and the Interfacial Transition Zone (ITZ)
around aggregates [6]. Both the uniform model and mesoscopic model of concrete was
used in the numerical simulation to analyze the normal penetration mechanism of rigid
projectile (Fig.1) . And the ballistic trajectory deflexion was studies by the mesoscopic

composition analysis.

1=0.20ms 1=0.40ms 1=0.60ms t=0.80ms t=1.00ms

t=1.20ms t=1.40ms

(a) Concrete target with uniform model
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t=1.10ms t=1.20ms t=1.30ms

(b)Concrete target with mesoscopic model

Fig.1 Comparision of penetration process of uniform model and mesoscopic model
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Abstract: Titanium alloy was widely used in the aerospace industry owing to its low
density, high strength and corrosion resistance [1,2]. Metastable B titanium alloy
Ti-5Mo-5V-8Cr-3Al was used in solid rocket engine shell, pressure vessels, star-shaped
connectors and rivets, screws [3]. However, it was inevitable for titanium alloy being
subjected to impact loads in their serving conditions. Given this, the dynamic responses
including dynamic mechanical properties of titanium alloy under high strain rate became
very important. Recently, the investigations on Ti-5Mo-5V-8Cr-3Al alloy were
extensively in certain aspects. But the influence of heat treatment on the dynamic
mechanical has not been studied in details. Therefore, the influence of heat treatment on
the dynamic properties of Ti-5Mo-5V-8Cr-3Al titanium alloy was systemically
investigated in this work.

The Ti-5Mo-5V-8Cr-3Al alloy plates was aging treated in this study. The value of Mo
equivalent was 22.2. The beta-transus temperature determined by differential scanning
calorimetry (DSC) was 1027 K. The alloy was solution treated at 973 K, 1003 K, 1073 K
and 1093 K for 30 mins, followed by air cooling. Then, each sample was aging treated at
813 K for 480 mins, followed by air cooling. The results of dynamic compression tests
which using Split Hopkinson Pressure Bar (SHPB) indicated that, the dynamic strength of
Ti-5Mo-5V-8Cr-3Al alloy improved when the solution temperature was lower than 1073
K. The results of dynamic shear tests showed that, the adiabatic shear sensitivity
decreased with the solution temperature increased when the solution temperature was

lower than 1073 K, the sample of 1073 K solution and aging treated presented the best
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resistance of adiabatic shear.
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ID010: Effect of Post Weld Heat Treatment on Al 5052-SS 316 Explosive Cladding
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Abstract: In explosive cladding, the chemical energy released from an explosive pack
is employed to develop a metallurgical bond between two similar or dissimilar metals.
This study focuses on effect of post weld heat treatment (PWHT) on interfacial and
mechanical properties of Al 5052-SS 316 explosive clad at varied  loading ratios and
inclination angles. The use of interlayer is proposed for the control of kinetic energy loss
to alleviate the formation of intermetallic compounds at the interface. Vickers hardness
variation along the thickness of the sample was measured and type of intermetallic
compounds formed at the interface is investigated by optical microscope (OM) and
Scanning electron microscope (SEM). The post clad Al 5052-SS 316 clads are subjected
to PWHT of 300°C-450°C and the results are presented. Increase in PWHT temperature
enhances the tensile strength of the composite, whereas, the tensile strength decreases at
elevated temperatures due to the diffusion of Al and Fe elements and the formation of
detrimental intermetallic compounds.

Keywords: Explosive cladding, dissimilar metals, PWHT, intermetallic, strength
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Citrus fruits are widely cultivated in regions between the tropical and temperate
zones, and they are some of the most important commercial crops. Citrus junos Tanaka
(yuzu), a sour fruit, is cultivated mainly in Japan and Korea. In Japan, its annual
production amounted to approximately 25,000 ton in 2009. Yuzu has a strong
characteristic aroma compared to that of other citrus fruits, and its juice is widely used in
Japanese foods. In the standard juicing process, high pressure is applied to the flavedo
and/or albedo of the yuzu fruit, resulting in the extraction of ascorbic acid and flavanone
glycosides into the juice. Owing to the high pressures employed, over-extraction of the
bitter components (e.g., naringin, neohesperidin, and limonoids) often occurs; therefore,
the pressure must be carefully controlled.

In shockwave-treated plants, the cell structures are split and crushed, resulting in
multiple cracks generating on the cell walls through spalling destruction [1]. The effect of
the instantaneous high pressure produced by the conventional mixer blending extraction
method contributes to increased yields of the tomato saponin, esculeoside A, from
tomatoes [2] and increased extraction efficiency of lipophilic gingerols and shogaols from
ginger [3]. In a recent study, we showed that multiple cracks generated by underwater
shockwaves acted as a permeation pathway, increasing the extraction ratio of essential
oils in steam distillation processes [1]. This observation indicated that the implementation
of an underwater shockwave treatment as a preprocessing step was useful in the
extraction of functional components from food materials. In this presentation, we
introduce a novel application of this pretreatment process, resulting in the improvement
of the scent of yuzu fruit juice. We also evaluated the contents of volatile compounds
present in the juice to determine whether such a pretreatment method affected its

characteristics.
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The processing equipment for the pretreatment of the yuzu fruit using underwater
shockwaves was developed, consisting of a pressure vessel, high voltage power supply
unit, and a high voltage regulator. The high voltage power supply generated energy up to
6.4 kJ; an underwater shockwave was generated instantaneously within the vessel by
electrical discharge. A whole yuzu fruit was placed in a silicone tube, which was
separated from the source of shockwave generation, and subjected to the instantaneous
high-pressure load produced by the underwater shockwave. This processing equipment
continuously produced an instantaneous high-pressure impulse force, which crushed the
cell walls within the yuzu sample. Based on prior study [4], pressure produced by the
shockwave generator at 4.9 kJ was 40 MPa. The samples were subjected to the high
pressure produced by the underwater shockwave discharge of 2.5 kJ or 4.9 kJ.

The materials were subjected to shock wave pretreatment or left untreated before
squeezing, and the juice was extracted by hand pressing using a hand-operated citrus
juicer. The volatile compounds in the juice were analyzed by head-space
gas-chromatography-mass spectrometry, and identified by the peak areas and mass
spectrometry libraries. We identified 20 compounds in the juice, and the major
compounds detected were limonene (72.5%), y-terpinen (14.7%), B-phellandrene (4.1%),
myrcene (1.9%), B-pinene (1.8%), a-pinene (1.1%), and linalool (1.1%).

Employing shock wave pretreatment at 4.9 kJ resulted in an increase in the contents
of the most abundant compounds in the juice, compared to those obtained from the
untreated yuzu, by a factor of 10.6. Moreover, contents of trace compounds such as
B-phellandrene, myrcene, and a-pinene also increased, along with the major compounds.
This treatment could also improve the beneficial properties of the juice, as determined by
the analysis of the functional compounds such as ascorbic acid and flavanon glycosides.
These results suggested that the flavor of the juice could be extracted more effectively

through underwater shockwave preprocessing treatments.
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ID012: Numerical Simulation of CL-20 Underwater Explosion Performance of
Shock Waves and Pulsating Bubble Phenomena
Song Feng, Guoning Rao, Jinhua Peng
Department of Safety Engineering, School of Chemical Engineering, Nanjing University
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Abstract: This paper describes numerical methodology to model and investigates the
shock waves and bubble dynamics produced by an underwater explosion when it happens
under limited waters. The nonlinear dynamics results were calculated by
ANSYS-AUTODYN explicit software. CL-20 was studied as basic research object in
underwater test. It was shown that pressure and impulse histories for simulation are in
good correspondence with the data calculated by empirical formula. The results
calculated by empirical formula and AUTODYN was compared in order to corroborate
the accuracy of numerical results.

Keywords: AUTODYN, CL-20, underwater explosion, shock waves, bubbles.
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Abstract: Carbon-coated nanomaterials have broad application prospects in the field of
energy, magnetic storage, chemical catalysis and bio-medical. Generally, carbon-coated
nanomaterials can be fabricated by different methods such as arc discharge [1], pyrolysis
[2], CVD [3] and detonation [4] et al. In this paper, the method of electrical explosion of
metal wire in organic liquid was adopted to prepare carbon encapsulated nanoparticles. In
the medium of absolute ethyl alcohol, under the high-voltage pulse current (HVPC), the
high purity zirconium wire became fusion, gasification, expansion and explosion and then
nanoparticles will form. The energy, voltage and current in the experiments were
measured to analyze the influence of them on the products. The products were analyzed
by X-ray diffraction technique (XRD), transmission electron microscopy (TEM) and high
power transmission electron microscopy (HTEM). The results show that the carbon
encapsulated Z,C nanoparticles were fabricated successfully. The diameter range between
10nm-150nm. For the voltage of 4kv, 8kv and 12kv, the average size of the products is

24.9nm, 41.4nm and 43.9nm, respectively.

Fig. 1 (a) the TEM image that zirconium wire exploded at 8kv voltage . (b), (c), (d) is the

HRTEM images that zirconium wire exploded at 4kv, 8kv and 12kv voltage, respectively.
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voltage, respectively.
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Abstract: The dynamic properties of an ultrafine-grained (UFG) Fe and an intercritically
annealed 0.2C5Mn steel with UFG austenite-ferrite duplex structure were studied under
dynamic shear loading. The formation and evolution mechanisms of adiabatic shear band
(ASB) were then investigated using interrupted experiments at different shear
displacements and the subsequent microstructure observations. The evolutions of ASB in
both materials were found to be a two-stage process, namely an initiation stage followed
by a thickening stage. The shear bands in both materials consist of two regions at the
thickening stage: a core region and two transition layers. The increased micro-hardness in
ASB and TEM observations inside ASB for UFG Fe indicate that grains in the shear band
are further refined. The dynamic shear plastic deformation of the 0.2C5Mn steel was
observed to have three stages: the strong linear hardening stage followed by the plateau
stage, and then the strain softening stage associated with the evolution of ASB. High
impact shear toughness was found in this 0.2C5Mn steel, which is due to the following
two aspects: the strong linear strain hardening by martensite transformation at the first
stage, and the suppressing for the formation of shear band by the continuous deformation
in different phases through the proper stress and strain partitioning at the plateau stage.
When the adjoining matrix is localized into the transition layers for the 0.2C5Mn steel,
the grains are refined along with increasing fraction of austenite phase by inverse
transformation. However, when the transition layers are transformed into the core region
for the 0.2C5Mn steel, the fraction of austenite phase is decreased and almost disappeared
due to martensite transformation again. These interesting observations in the core region
and the transition layers should be attributed to the competitions of the microstructure
evolutions associated with the non-uniformly distributed shear deformation and the
inhomogeneous adiabatic temperature rise in the different regions of shear band. The

0.2C5Mn TRIP steel reported here can be considered as an excellent candidate for energy
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absorbers in the automotive industry.

-
Fig.1 The phase distribution maps by EBSD within ASB for the 0.2C5Mn steel. The red

area is for austenite phase and the rest area is for ferrite and martensite phases. "C"

denotes the core region and "T" denotes the transition layers.
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Abstract: PELE (Penetrator with Enhanced Lateral Effect) is a new type of ammunition
based on physical effects [1-2], it is mainly used for light armored targets and concrete
works. Large diameter PELE is used to carry out the opening of the brick wall, concrete
and reinforced concrete and infantry can from the opening into the interior to suppress
enemy during the street-fighting. This paper make a primary study on progress of PELE
penetrating concrete target, explore the influence of materials on process of PELE
penetration into concrete target, and provide some reference for the practical work of

PELE. The method of numerical simulation is adopted in this paper.
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Fig.1 Numerical model for the AUTODYN simulation
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Abstract: Four different grades of Silicon Carbides (SiC) from 3M were investigated
with respect to their ballistic performance against tungsten alloy long rod projectile using
module test method. This study provided a comparison of the ballistic performance of
different SiC tiles under actual armour application conditions, i.e. a finite thickness
backing, lateral confinement, and a thin cover plate. The metal-encapsulated ceramic
armour modules were tested against 969 tungsten alloy long rod projectiles at a nominal
velocity of 1250 m/s. A witness block was placed behind the test module. The ballistic
performance was compared using the measurement of depth-of-penetration (DOP) in the
witness blocks. The grades of SiC assessed were Grade F, Grade F-plus, Grade T, and
Grade T-plus respectively where the F series were solid state sintered to achieve higher
hardness while T series were liquid phase sintered to achieve higher fracture toughness.
The plus indicated that the ceramics were post hot isostatic pressed (HIP) to achieve
further densification and increased bending strength. The F series SiC performed better
than T series while the post-HIP SiC performed better than their non-post HIP
counterparts. The results showed that the increase in hardness and flexural strength of SiC

enhanced the ballistic performance.
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Abstract: Ultra-high molecular weight polyethylene (UHMWPE) fiber reinforced
polymer matrix composites have been widely employed into anti-ballistic armor systems
because of their high ratio of longitudinal strength to density [1]. Failure mechanisms of
the composites impacted by a sphere projectile have been studied, including indirect
tension and membrane stretching [2]. In this study, Dyneema® UHMWPE fiber reinforced
cross-ply laminates (HB26) with four kinds of thickness ranging from 2 to 8 mm were
impacted by a 12 mm diameter, 90 ©conical-head projectile. The ballistic limits for these
laminates decreased in order: 8 mm, 2 mm, 6 mm, and 4 mm. The unconventionally high
ballistic limit for 2 mm laminates was attributed to much more serious plastic bulging
because of membrane stretching, compared with the thicker laminates. However, the
absorbed energy for the laminates impacted at projectile velocities higher than the
ballistic limits basically increased with the panel thickness. Ply lateral displacement and
perforations with ‘round-star’ shape were observed. These failure characteristics were
consistent with the low penetration resistance of the laminates impacted by the
conical-head projectile compared with that impacted by other blunter-head projectiles.
The laminates showed higher penetration resistance impacted obliquely compared with
the normally impact results at similar initial velocities, which provided an alternative way

to design high-performance composite armors with UHMWPE laminates.
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Fig.1 (a) The residual velocity and (b) the absorbed energy for differ-thickness HB26

laminates plotted as functions of the initial velocity of the projectile.
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Fig.2 The (a) front view and (b) back view of the perforation in a 4mm thick HB26

laminate impacted at the initial velocity of 169 m/s
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Abstract: Tungsten carbide is widely used in industries as a cutting tool because, it has
high melting point, high hardness, high modulus elasticity and wear resistance. WCj.x also
considered as a good superconducting material and electrode catalyst [1]. Therefore in the
present study, a novel method is proposed to synthesize WC;.x using wire explosion
technique.

In the current investigation, WC;.x was synthesized in liquid paraffin as a source of
carbon using wire explosion. When a high rate energy was injected by a pulse with high
current, tungsten will get superheated and evaporates with an explosion. This
phenomenon makes tungsten to react with carbon easily. In this study, energy of 10kJ is
added to tungsten wire from a condenser. Tungsten wire of diameter 0.3mm having
lengths of 100mm and 200mm also, diameter of 0.5mm having lengths of 100mm and
200mm were used in the study.

The experimental results indicate that WC. can be synthesized under liquid paraffin.
To analyze the synthesized WC;., X-ray diffraction (XRD) and Scanning Electron
Microscope (SEM) were used. In order to look at the phenomena, optical observation was
carried out by using high speed video camera and voltage measurement was also done at

the same time. The energy which it was given during the tungsten explosion was clarified.
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Abstract: In National Institute of Technology in Japan, the food processing device using
the underwater shock wave has developed [1]. The processing mechanism is crushing
with the spalling phenomenon of shock wave. The effect is extraction improving,
softening, sterilizing etc. with non-heating. The pressure vessel for crushing for the
processing of the variety foods has been designed and manufactured. We need a pressure
vessel for food processing by underwater shock wave. We propose making the pressure
vessel by the explosive forming. Only a few of these pressure vessels will be made. One
design suggestion of the pressure vessel made of stainless steel was considered. The
pressure vessel is needed that the length, thickness and depth of it were 500mm, 8mm and
200mm, respectively. It is possible that a metal plate is formed with simple supporting
parts. However, the forming shape is depend on the shock pressure distribution acting on
the metal plate. This pressure distribution is able to change by the shape of explosive,
mass of explosive and the shape of pressure vessel. The numerical simulation was carried
out. Two kinds of numerical simulation models are considered. One is a model to
compare with pressure profile by an experiment. Another is the explosive forming model.
The explosive was detonating fuse (is described as ‘DF’). The distance between DF and
the stainless steel plate was 50mm. We know the special quality about the explosion of
DF. An equation of state of the pressure and the specific volume which can often indicate
its special quality is used. The equation of state (is described as EOS) was JWL
(Jones-Wilkins-Lee) EOS [2]. All models were calculated as plane strain and
symmetrically. Basement of simulation method was ALE (Arbitrary Laglangian-Eulerian)

method [3], because on the numerical simulation is able to solved the interaction between
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liquid and structure. Mie-GrUmeisen EOS [4] was used as the equation of state which can
solve the shock properties of water. Because the metal plate is involved high strain rate,
Johnson-Cook Equation as material model [5] included the effect of strain rate was

applied in this simulation.
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ID020: Research on the Synthesis of Carbon-coated Cu Nanoparticles by Gaseous
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Abstract: Using acetylacetone copper as precursor, H, and O, are used as the explosive
source, and Cu @ C core / shell nanoparticles with the grain size below 10nm are
synthesized by the method of gaseous detonation. Under the condition of satisfying the
negative oxygen balance, the influence of hydrogen, oxygen ratio toward the generated
carbon-coated Cu nanoparticles can be explored by varying the amount of explosive gas.
XRD, Raman spectroscopy and TEM are adopted to test the generated products, and
found that the best result can be achieved when the hydrogen oxygen ratio is close to 2: 1.
This conclusion has provided reference for the selection of explosive gas ratio of
carbon-coated Cu nanoparticles that synthesized by gaseous detonation method.

Keywords: gaseous detonation, Cu @ C core / shell structure, nanoparticles
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Hua Cheng*? , Huang Heng-jian?
1. Institute of Chemical Materials, CAEP, Mianyang 621900, China
2. Robust Munitions Center, CAEP, Mianyang 621900, China
Email: huac1988@126.com

Abstract: A new machine and method for testing a series of friction factors between
Energetic Materials with rubbers and some material was reported in this paper. The
relations between friction factor and H50 was also explored , the principle and results of
the test of friction factor among plastic, rubber and explosive were reported.

Using the instrument, assigned mainly to test the frictionfact between plastic, rubber
and explosive and to test the frictional temperature, test the friction factors. The
instrument consisted of a normal pressure sensor and a moment of torsion sensor,
mechanical system and a velocity adjustable system. The measure extend of the pressure
sensor was 0~300kgf and 0~2N.m for the moment sensor. The relative precision of
them is 5%o.

In the test, usually made®10x4mm sample frictionize with rubber or other materials
that was rounding, except in few testing of friction factor, other size of the sample may be
used. Meanwhile the results of friction factors were measured by the instrument. the
friction factors between the two materials was calculated, according to the principle of
moment equation, namely the moment of torsion equated to the frictional moment. There
are varies hypothesis in the load distribution on the working surface of frictional sample.
Usually, two hypothesis, namely cosine distribution load and even load distribution was
used.

Let Qm, &, h and S express melt latent, friction factors, hardness respectively, and
spreading coefficient. Melt latent heat and hardness of additives as well as friction factors
between additives and RDX, spreading coefficient for additives on RDX affect the
sensitivity of explosives. So these data was obtained to find this influence. The value of
critical height Hsp was measured by carster Drop Hammer ( the weight of Drop Hammer
is 5kg, the weight of sample is 50mg)

Then the relations of them can be assumed according to contributions of these
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parameters to Hso.in the last, we gave a function between them. The following function
can be assumed according to contributions of these parameters to Hbsy.
Q:s’

uh®

Here, k and c are constants , k=0.27, c=6.58; a, b, d, and e are 0.37, 1.86, 0.10, 0.30

Hgo = 1(Qq, 4,0, 8) =k

+C

Keywords: energetic material, frictionfactor, calculating method
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Abstract: Titanium alloys mostly deform by twinning, deformation-induced martensite,
dislocation glide on slip planes or even their combination [1]. Ti-10V-2Fe-3Al is a typical
metastable beta titanium alloy, in which the retained meta stable  phase may transform to
stress induced orthorhombic martensite, o, when subjected to an external stress [2].
Dynamic mechanical properties and “B-to-a”” phase transformation of Ti-10V-2Fe-3Al
with different heat treatments were studied in this paper, in which Split Hopkinson
Pressure Bar (SHPB) technique was employed. The B transus temperature was measured
to be 78535°C, and the heat treatments were shown in table 1.

Table 1 Heat treatments list

Piece number Heat treatments procedure
ST1 830°C/1h/AC
ST2 830°C/1h/0Q
ST3 830°C/1h/WQ

Optical microstructures of Ti-10V-2Fe-3Al alloy after different heat treatments are
shown in Fig.1. The only difference among heat treatments is cooling mode, the optical
microstructures, however, are significantly different as we can see from the pictures.
There is a mass of fine o phase appeared inside p matrix when the specimen was air
cooled, as indicated by arrows in Fig.1 (a). But when the cooling mode turned into oil
quenching, the morphology of a completely disappeared and the only thing we can see
are equiaxed [ coarse grains (Fig.1 (b)). As the cooling velocity further increased, namely
employing water quenching, there are some quenching martensite (a or a” laths)
generated inside B matrix (Fig.1 (c)). In a word, the cooling mode, also corresponding

cooling velocity, has a great influence on microstructures of Ti-10V-2Fe-3Al alloy.
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F|g 1 Optlcal microstructure of the Ti-10V-2Fe-3Al samples with dlfferent heat
treatments: (a)ST1; (b)ST2; (c) ST3

Fig.2 shows optical images of Ti-10V-2Fe-3Al after being loaded by SHPB, and the
strain rate is all about 2000s™. There are many «” laths appeared inside p matrix in all
three kinds of specimens. In addition, the amount of a” laths generated in air cooled

specimens is apparently less than the ones cooled by oil quenching and water quenching.

Fig.2 Optical microstructure of the Ti-10V-2Fe-3Al samples loaded by SHPB: (a)ST1
2000s*; (b)ST2 2000s%; (c) ST3 2000s™

The dynamic compression true stress-strain curves of Ti-10V-2Fe-3Al alloy are
shown in Fig.3, and the strain rates are all about 2000s™.The yield strength of ST1 is
1501MPa, as indicated in the curves, which is much higher than the ones of ST2 and ST3,
850MPa and 895MPa respectively. That is mainly because a great quantity of fine a phase
appeared inside P matrix in ST1 after heat treatment, and thus the second phase
strengthening effect improved the mechanical properties of Ti-10V-2Fe-3Al.
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Fig.3 True stress-strain curves of the Ti-10V-2Fe-3Al alloy.
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Abstract:In this work, we carried out small angle x-ray scattering (SAXS) measurements
during detonation of cast trinitrotoluene (TNT) charges of different diameter (30 and 40
mm). Registration of SAXS signal during detonation of high explosives (HEs) allows one
to measure the distributions of density. In the case of oxygen-deficient HEs, it is related
with the carbon condensation process.

Our experiments with use of synchrotron radiation (SR) were carried out at the

SYRAFEEMA (Synchrotron Radiation Facility for Exploring Energetic Materials) station
at the accelerating complex VEPP-4M (Budker Institute of Nuclear Physics, Russia,
Novosibirsk). This new station (built in 2015) allows one to increase the mass of the
explosive charges by 10 times (up to 200 grams) in comparison with the similar station
“Extreme states of matter” at the previous accelerating complex VEPP-3 [1].
We also carried out computer simulations of SAXS using real x-ray spectrum. We took
into account the spectrum of viggler radiation, TNT absorption and absorption of the
DIMEX-3 detector. Comparison of simulated and measured SAXS distributions allowed
us to recover the dynamics of average size of nanoparticles behind the detonation front
using the “pink” SR beam.

Similar experiments have been conducted at Advanced Photon Source (Argonne
National Laboratory, USA). These studies have shown hexanitrostilbene detonation
produces carbon particles with radius of gyration of 2.7 nm, which corresponds to the

7 nm diameter of spherical particles, which was registered in 400 ns after detonation front
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and remained constant for following several microseconds. It should be noted that small
charges of 6 mm in diameter were used in their study [2]. Dynamics of carbon
condensation in large charge is more actual problem.

Earlier, the dynamics of carbon nanoparticles growth at detonation of different
oxygen-deficient HEs was obtained in [1]. For all HEs there is identical dependence:
initial size = 2 nm, then it increased and further remained to constant. The size of particles
increased up to = 5 nm within = 1.5 ps for press charge of TNT of 20 mm in diameter.

We observe that the time of nanoparticles growth behind the chemical reaction zone
depends on size of initial charge. It increase with increase in diameter of charge.

This work was supported by Russian Foundation for Basic Research (project
No. 16-29-01050).
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Abstract: The AICoCrFeNi high-entropy alloys (HEAS) were prepared by Bridgman
solidification with different solidification rates. The microstructure and mechanical
properties of the alloys were investigated over a wide strain rate range between 10s™* and
10°%™ at ambient temperature. With the solidification rate increase, the microstructure
evolved from columnar crystals to equiaxed grains accompanied by a decreasing grain
size. Under low strain rate, the alloys exhibited both increased yield strength and fracture
plasticity with the solidification rate increase, while under high strain rate, the alloys
exhibited increased yield strength but abnormal fracture plasticity, a dramatic fracture
plasticity was observed in the alloy with low solidification rate. All of those alloys
exhibited positive strain rate sensitivity. Moreover, the fracture mode under low strain rate
changed from axial splitting to a mixture of axial splitting and shearing fracture with the
increase of solidification rate.

Keywords: High-entropy alloys,Solidification rate,Microstructure, Mechanical properties,

Strain rate
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Abstract: The reaction energy, impact sensitivity and mechanical behavior of
W-PTFE-Mg, W-PTFE-Ti and W-PTFE-Zr composites with the same W and PTFE mass
ratio are compared. The effect of active metal species on the reaction energy of
W-PTFE-active metal mixtures at both oxygen and argon atmosphere are investigated.
The role of W in the reaction of composites in oxygen is revealed. Besides, the effect of
active metal species on the impact sensitivity is studied. The reaction time, reaction
degree, completeness and absorbed critical energy before reaction of all the three kinds of
W-PTFE-active metal composites are determined. Moreover, quasi-static compression
behavior of W-PTFE-Mg, W-PTFE-Ti and W-PTFE-Zr composites is compared and the
corresponding failure mechanism which is responsible for different mechanical behaviors
is revealed. Furthermore, dynamic compression behaviors at a temperature range from
288 K to 573 K with 100K intervals are investigated. The effect of active metal species on
the dynamic response of W-PTFE-active metal composites at elevated temperatures is

compared and the corresponding failure mechanisms are revealed.
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Abstract: The safety and reliability of fuse are the decisive factors, which guarantee
whether the targets are destroyed accurately or the rate of accidental explosion is reduced
during storage, transportation, and handling. The structure model of fuse explosive train
was determined and reasonably simplified on the basis of typical medium and large
caliber munitions. To observe the reaction state, a related finite element model about fuse
explosive train in actual charge condition was established with Lagrange elements by
AUTODYN. For modeling of air and donor charge (TNT), the Euler elements were
utilized. The JWL parameters were used for TNT and the identical ignition and growth
reaction rate parameters were set for JH-14C booster with 1.65 g/cm®. The fluid-solid
coupling method was applied to fuse explosive train on the condition of sympathetic
detonation. Through adjusting the distances between TNT and fuse, the pressure histories
was analyzed in the reaction of the JH-14C explosive train in fuse, and the two critical
distances of sympathetic detonation and safety were gained for the fuse explosive train.
The results show that the critical sympathetic detonation distance is 23mm and the
corresponding incident pressure is 5.4GPa; the safety distance is 760mm and the
corresponding incident pressure is 2.5e-4GPa. The results of this study provide useful
information to ensure the reliability and safety of fuse as well as avoid unnecessary
explosive accidents in the modern weapon system.

Keywords: Explosion mechanics, Fuse, Sympathetic detonation, Ignition and growth
model, Critical distances; Numerical simulation

References

[1] Weijun Tao, Shi Huan. Study on state of the two-dimensional shock initiation of
RDX-8701[C].8th mechanics of explosion academic meeting.2007:58-63.

[2] He Zhang, Haojie Li. The Fuze Mechanism[M].Beijing: Beijing Institute of
Press.2014:1-9.

[3] Manlin  Wu, Yucun Liu. Numerical Modeling of Shock Sensitivity
Experiments(SSGT)[J].Initiators&Pyrotechnics.2004,(2):16-19.

44



Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China

ID027: Production of Wire Mesh Reinforced Aluminum Composites Through
Explosive Compaction
K.Raghukandan® S.Saravanan?
'Department of Manufacturing Engineering, Annamalai University, Tamilnadu, India
Email: raghukandan@gmail.com Phone: +919443488265
?Department of Mechanical Engineering, Annamalai University, Tamilnadu, India
Email: ssvcdm@gmail.com Phone: +919443676936

Abstract: Aluminum based fiber and/or wire reinforced composites are extensively
employed in aerospace, space, automobile and other structural applications. This study
pertains to the microstructural and mechanical properties of explosive compacted
aluminum composite produced by alternatively placing aluminum foils and stainless steel
wire meshes. Stacks containing three to four layers of aluminum foils (0.3 mm) and wire
mesh are explosively compacted subjected to varied loading ratios. Microstructural
characterization of clads reveals the significance of kinetic energy spent at the interface.
Mechanical Testing viz., Vickers hardness, Ram tensile tests are conducted on the

aluminum wire mesh reinforced composites and the results are presented.
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Abstract: Some risk has been increased in industrial products due to the high energy
concentration in products that brings us high performance and high efficiency. And
flammable refrigerant used for prevention of global warming also has a risk to cause the
huge accident at compressed condition. High pressure vessels are normally designed by
using data from static compressing examinations, but impact stress and high strain rate
deformation induced by explosions require the special design manner.

In this study, SPHE cylinder (Steel plate hot-drawn extra) that was a carbon steel and
had large ductility was used for our study target, because it was used to be a compressor
shell. PETN explosive and smokeless gunpowder were adopted as impact loads
realizing high pressure rise-up rate and relatively slow pressure rise rate respectively.
Through the results of experiments and numerical simulations, the expansion behavior of
SPHE was investigated and the designing manner was discussed including the estimation
of strength of the cylinder and crashing timing. The test conditions and schematics are

shown in Table 1 and Fig.1. The deformation behavior of the expanding cylinder was

Explosive dil‘ectionl? Detonator

observed by a high-speed camera.

. Water | Polystyrene
Table 1 Test conditions = g ;)/
g::zy
Test no. Load method g%?
1-1 . q ) .U mm
e |iom {70
2-1 IMR4227 gunpowder 6 34 mm J S 111‘1"6: 3]1'11
2-2 IMR3031 gunpowder ) "‘_ i ) cylmnder

Steel pipe (De=111 mm. =2.0 mm. L=180 mm)

Fig.1 Schematic and photograph of explosion test
Histories of circumferential mean strain showed that the high dynamic effect in the
load of PETN explosive accelerated the cylinder wall abruptly and the cylinder was
cracked at 7-13% strain value under the 10%/s order strain rate, while in the gunpowder,

the accelerate began more than 2ms after and the fracture appeared at 10-13% strain value
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under the the 10*/s order strain rate. It can be considered that those facts were caused by
the difference of the fracture developing mechanism between each load feature and
deforming behavior. In initially accelerated cylinder the cumulation of damage depends
on the expanding time. On the other hand, slow pressurizing cause the rapid deformation
after exceeding some critical pressure such as the static critical pressure.

These results lead new aspects of our industrial design for products related to impact

load phenomena.
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Abstract: In the flow field generated by the shock tube with the elliptical cell, there is the
interaction between the vortex ring and the supersonic jet [1]. However, there has been
little effort to investigate the interaction between the vortex ring and the jet. The purpose
of the present study is to investigate the effect of the vortex ring on the supersonic jet.

The experiment and numerical calculation were carried out by schlieren method and
by solving the axisymmetric two-dimensional compressible Navier-Stokes equations,
respectively. The experimental flow was visualized by the schlieren method using the still
camera and the high-speed camera as a continuous light source with a metal halide lamp.
The parameter was the pressure ratio of the shock tube.

Figures 1(a)~(c) show the calculated vorticity contours and computer schlieren
images for Pp/P,=22.6. The time shown in each figure denotes the elapsed time from the
moment of the jet injection. Figure 1(a) shows the vortex rings and the jet discharged

from the cell exit. We refer to first generated vortex ring and second generated vortex ring
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as "VR;" and "VR;", respectively. The distance between VR; and VR, have decreased in
Figs.1(a) and (b). Figure 1(c) shows the deformation of the jet and the moment when the
deformed jet and the vortex rings are at the same position. It is found that the deformation

of the jet is due to the interaction between the vortex ring and the jet.
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Fig.1 Vorticity and computer schlieren variations for Py/Pp=22.6. (VR;: First generated

vortex ring; VR2: Second generated vortex ring; J: Jet head)
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Abstract: This presentation aims to introduce new approaches being made by Explosion
Processing Group in the Institute of Pulsed Power Science, Kumamoto University, trying
to find out new applications of the explosive welding technique. Two major approaches
are demonstrated.

One important method developed by the group is “underwater explosive welding
technique” which renders it possible to weld various difficult-to-weld materials [1-6]
under controlled energetic condition. Encouraging positive results have been confirmed
for various hard materials such as ceramics, tool steel, rapidly solidified foil, tungsten
sheet and others. Besides, the method is also good to weld magnesium alloy and other
materials, which may cause melting or reactions easily. By using the method, the final
surface facade of the welded surface is kept clean and the method is considered beneficial
for the welding of thin plate - which is generally considered difficult to weld by
conventional explosive welding technique.

The other recent approach is the making of unidirectional pored structure (UniPore)
through explosive welding using well known cylindrical geometry. The process is simple
and executed by using many small pipes inserted solid paraffin. The small pipes are filled
in an outer pipe, and the pipe was compressed by the detonation of an explosive placed
outside of the outer pipe. The recovered samples showed quite uniform pored structure,
and each channel was isolated by the wall of the small pipes welded tightly to each other
even by using a thin pipe whose thickness was only 0.2 mm [7-8]. The mechanism of the
welding is considered to be achieved by the activation of thin metal surface (atomic
order) by the metal jet between the small pipes, because jet trapped region was confirmed
at the triple point of the small pipes. In the presentation, an alternative method making
similar UniPore structure is demonstrated using rolled thin metal plate with spacers as
well [9]. These materials are expected to be applied for energy absorption material having

un-isotropic mechanical property and for heat-exchanger or other related purposes.
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Abstract: A method using a self-designed continuous resistance wire sensor has been
developed for measuring the detonation wave and the near-field parameters in a single
underwater explosion. The new sensor improved from the conventional permits
measurement in underwater explosion test, wave discontinuities like gap and jump being
relieved with the interference suppression from electromagnetic wave, advanced air shock
wave and metal jet. Underwater explosion parametric test systems in near field for
Cylindrical and spherical charge have been carried out. The time-history curve of oblique
shock wave generated by the cylindrical is analyzed, from which the parameters of the
JWL EOS can be determined via a fitting and calculating process. By compared with the
simulated result from coefficient-revised AUTODYN program, the present method may

provide a feasible and reliable means for underwater explosion measurement.
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Abstract: Aluminum tubes are efficient energy absorbing components and are widely
used in the automobile industry. Many studies on the deformation of a circular tube have
been done, but there are a few research reports on a square or polygonal tube deformation,
such as the experiment of axial dynamic deformation and bending stiffness [1,2]. In the
previous report, the authors experimented on axial impact squeezing test of square tubes
that had the reinforcing ribs in the cross-sectional [3]. The influence of cross-sectional
shape on axially compressed aluminum tube (square, pentagonal, hexagonal, heptagonal
and octagonal) was investigated by compressive tests and numerical analysis [4].
However, there are only a few reports on length of aluminum tube [4,5].

This paper deals with the influence of axial length and reinforcing rib on dynamic
axial compressed aluminum polygonal tube in order to obtain the basic data of buckling
and impact resistance. A numerical analysis of the dynamic deformation process of the
polygonal tube was made with a finite element method. The specimen used in this
analysis is an aluminum polygonal tube (JIS A6063-T5, 40 mm wide, 1 mm thickness,
300-500 mm length). The cross-sectional shapes are square, hexagonal and octagonal, and
the reinforcing rib is used to bind in the center from each corner. In the analysis, the
deformed tube is assumed to be composed of bilinear four-node shell elements, and the
weight is assumed to be a rigid body of three-dimensional with eight-node, isoparametric

element. An example of analytical model is shown in Fig. 1.
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Weigh T

Fig. 1 Analytical model of hexagonal tube (I=300mm).

The results were summarized as follows; even if the axial length was changed, there
was no difference in the trend of the load-displacement curve in each cross-sectional
shape. However, the maximum load part on load-displacement curve was changed. Also
the trend of the load-displacement curve was affected by the reinforcing ribs. The
buckling was generated partially and the deformation was larger at the corners in each
axial length and cross-sectional shape. In the case of square tube, the deformation shape

has concave-convex in adjoining surfaces, and crushed in a bellows-like.
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Abstract: The National Institute of Technology, Okinawa College has developed the food
processing machine using the underwater shock wave by wire discharge.Those effect
were sterilization, milling flour, softening, extraction, and so on[1-4] .In this report, we
examined the conditions for the food of softening experimentally. The pork was been
selected for target of experiment. Figure 1 shows an overview of the experimental

apparatus for the grinding of pork.
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Fig.1 Experimental equipment using underwater shock wave
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The pork was been selected for target of experiment. The relationship between the
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results of soften and the distance of shock wave generation point, and a number of

shockwave is revealed.
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Abstract: The National Institute of Technology, Okinawa College has developed a
milling flour machine of rice using the underwater shock wave. The rice flour by this
method was high quality compared to the general milling method[1].The rice flour
production machine is composed by the pressure vessels for milling, and the high voltage
generator, the circulation and filtration device of the water. In this report, in order to
realize a highly efficient milling, the propagation of the shock wave in the pressure vessel
was analyzed by computer simulation. The experiment and the results of the particle
velocity of rice for analysis is shown. The results of numerical analysis based on the
particle velocity is shown.
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Abstract: When a strong shock wave leavesa metal, flows of particles of different sizes
are ejected from the wave’s free surface (shock-wave "dusting”, ejecta) [1,2]. Unlike a
cumulative jet, such aflow consists of separate particleshaving a size of a few microns to
hundreds of microns. It was assumed that there are also finer particles in such aflow, but
the existing techniques are not able to resolve them.

This report presents the results of experiments using SR from the colliders VEPP-3 and
VEPP-4 at BINP. Precision measurement of transmitted SR (of an energyof 2 GeV on
VEPP-3) was applied to exploration ofmicroparticle flows from a free surface of various
materials (copper, tin, and tantalum). Mass distributions along microjetsoriginating from
micron-sized slits were obtained. Dynamic detection of small-angle X-ray scattering
(SAXS) of synchrotron radiation (SR) from the collider VEPP-4M (energy of 4 GeV) was
implemented on the facility SYRAFEEMA (Synchrotron Radiation Facility for
ExploringEnergetic Materials). A technique of SAXS measurement on this facility
enables detection of nanoparticles ranging in size from 4 to 200 nm. Flows of
nanoparticles of about 100 nm in size from a surface of smooth foil (tin and tantalum)

affected by compressed HMX were detected for the first time.
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Abstract: Explosive cladding, a solid state metal joining technique suited for bonding
metals having varied physical and metallurgical properties. In explosive cladding, the
controlled energy stored in a chemical explosive is used to create a metallurgical bond
between two similar or dissimilar metals. Explosive cladding has been applied to
fabricate the clad materials and some composites such as multilayered and
wire-reinforced materials. The process has been fully developed with large-scale
production in the Manufacturing sector for various kinds of applications. In particular,
aerospace industries relay on the specific applications related to wire mesh/ceramic
reinforced aluminum based composites.

In this study, dissimilar aluminum plates were explosively cladded by placing wire
mesh/ceramic particle between them. The stainless steel 316 meshes were placed at 3
different orientations (30°, 45° and 90° respectively) with SiCp (0%, 5% and 10%
respectively). The wire mesh and the ceramic particles were used to improve the
Mechanical properties of the explosively cladded aluminum composites. Toughness,
tensile strength, hardness and microstructure of the explosively cladded composite
materials were evaluated. Significant improvement in the mechanical properties of the
wire mesh/ceramic particle reinforced explosively cladded dissimilar aluminum

composites is established.
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Abstract: Cellular materials have attracted much attention in the applications in energy
absorption, heat exchange and light weight load-bearing, due to their excellent properties
combining light weight, outstanding mechanical behavior and low thermal conductivity
[1,2]. With the rapid development of additive manufacturing technology, periodic
micro-lattice structures have attracted much attention due to their better properties than
stochastic foams. Titanium and its alloys, which have higher specific strengths, modulus
and melting temperatures than aluminum and steel, exhibit a promising prospect in
applying as the matrix of cellular materials [3].

In this paper, Electron beam melting(EBM) method is adopted to fabricate the
Ti-6Al-4V micro-lattice structure (Fig.1). Dynamic experiments are performed to
investigate the mechanical properties of the specimens by SHPB apparatus. In order to
reveal the effect of surface imperfection on the dynamic properties, finite element model
considering the surface quality of struts (Fig.2) is built and numerical simulation is
conducted to exhibit the stress distribution and deformation evolution of the lattice

structures under different impact speeds.

(b)
Fig.1 Micro-lattice specimens fabricated by EBM: (a) unit cell size of 3mm:; (b) unit

cell size of 3mm
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Fig.2 3D FE model of Ti-6Al-4V lattice structure
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Abstract: It introduce the constitution and the action principle of individual SEFAE
rocket, the parts of individual SEFAE rocket lose effectiveness easily under the influence
of environment and it would result the whole ammunition become invalid, by way of
analyze the parts of the individual SEFAE rocket ,such as shell case, Fuel Air Explosive,

detonator,primer, propellant.
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Abstract: The Aluminum has higher electric conductivity and thermal conductivity than
iron. Welding of aluminum sheet is difficult because of low heating efficiency. Therefore,
various joining methods are studied. One of the joining methods of the aluminum sheet
includes friction stir welding or explosive welding. Magnetic pressure seam welding
attracts attention as a new welding method [1]-[4]. Magnetic pressure seam welding is a
collision welding process, similar to explosive welding, utilizing electromagnetic force as
the acceleration mechanism. Magnetic pressure seam welding uses electromagnetic force
to accelerate one metal sheet (flyer plate) onto another stationary metal sheet (parent
plate). Welding principle is shown in Fig. 1.

This paper deals with dynamic deformation process on magnetic pressure seam
welding of aluminum sheets. Numerical analysis of the dynamic deformation process of
the aluminum sheets is made by a finite element method. In this analysis, the aluminum
sheets (100 mm width, 1 mm thickness) were assumed to be composed of 20000
plane-strain quadrilateral elements. Discharge energy was each in 0.8kJ, 1.0kJ and 1.2kJ.
Gap length between flyer plate and parent plate was 1.0 mm.

The result shows that when a collision angle becomes bigger than a constant value, the
collision frictional stress increases. In addition, the increase in collision frictional stress is
proportional to a collision angle. The maximum of the collision frictional stress is

proportional to discharge energy.

Fixture Fixture
Electromagnetic Force
Metal Sheets Metal Sheets
£ Va2
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[\
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Coil Flux line Coil
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Fig.1 Metal sheets with coil and magnetic flux lines (cross sectional view)
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Abstract: Cellular materials have been increasingly used in modern engineering
applications over the past decade due to their unique mechanical and thermal properties
which depend on their cellular structure [1]. The presentation focuses on geometrical and
mechanical characterization and modelling of three very different cellular materials (Fig.
1): Advanced Pore Morphology (APM) foam [2, 3], open-cell aluminum foam [4, 5] and
Metallic Hollow Sphere Structure (MHSS) [6].

Fig.1 APM foam element, open-cell foam and MHSS.

The geometrical characterization is based on proper recognition of their internal
cellular structure reconstructed from micro-computed tomography scans, taking into
account the statistical distribution of geometrical parameters (topology and morphology).
The conducted geometrical analysis provided means for methodology development for
representative 2D and 3D geometrical modelling of irregular cellular structures and
consequent formation of parametric numerical models. These were then used to study the
dynamic response of analyzed cellular structures by means of advanced nonlinear
computational simulations using the ABAQUS and LS-DYNA code. Computational

results were compared and validated by experimental testing program.
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Abstract: Composed of two strong face-sheets and a soft core, sandwich structures are
popularly used in energy absorptions, especially under dynamic loading. In this study, the
energy absorption properties of sandwich plates with metallic foam core under dynamic
loading are numerically analyzed, considering the difference of boundary conditions and
shapes of plates. that is, part of the flat plate, cylindrical plate or spherical plate. The
deformation profile and the energy absorption efficiency are discussed.

(a) (b) (c)
Fig. 1 The sandwich plates with different shapes: (a) planar; (b) cylindrical; (c) spherical
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Abstract: Carbon fiber-reinforced metal laminate (FMLS) is currently the growing trend
in lightweight protective structure design in the military and aerospace fields[1]. A new
type of carbon-fiber-reinforced aluminum alloy laminates (CRALL) was designed in this
study for high speed impact protection of intercontinental missiles and spacecrafts.

In this study, the mechanical properties in 0 <and 90 <direction of the unidirectional
carbon fiber (CFRP) were obtained through the material test. The tensile energy to break
of the CFRP, Al2024-T3 aluminum alloy and CRALL were compared in Fig. 1(a). Results
showed that, CRALL is a strain rate sensitive material and exhibits significant
ductility[2,3], especially under high strain rate tensile impact. The deformation energy of
CRALL 3/2 before rupture is less than CFRP and Al 2024-T3 at quasi state rate, but much

larger than both when reached strain rate 600 s™.
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Fig.1(a) Tensile stress—strain curves of CFRP, CRALL3/2 and Al2024-T3 ; (b) Kinetic
energy loss of projectiles after impact
Then in the high-velocity impact test, the plate deformation, failure modes and ballistic
protective properties of CFRP, Al2024-T3 and CRALL targets were investigated under
flat nose, hemispherical nose and sharp nose projectiles impacting. Results of this study
show that, CRALL targets have significant advantages in mechanical performance, layers
damage, ballistic limit and the impact energy absorption capability than carbon fiber
composite materials (CFRP)[4]. CRALL targets the strongest impact resistance for flat
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nose projectile impact than hemispherical nose and sharp nose projectiles. At similar
thickness, the ballistic protection performance and energy absorption capability of
CRALL targets achieved same level with aluminum alloy Al2024-T3.

This study provides the theoretical basis and reference value for the optimal design of
lightweight protective structure under high-speed impact, has the important value in
engineering application.

Keywords: Carbon fiber reinforced metal; ballistic test; failure mode; impact resistance
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Abstract: The mechanical behavior of nanofoam aluminum with low porosity (~3.3%)
subjected to high rate (~2x10%™) uniaxial compression was investigated using molecular
dynamics (MD) simulations. The deformation was applied along the [100], [110] and [111]
crystallographic orientations. At the onset of plastic deformation, pores acted as the
source of dislocation nucleation, the leading Shockley partial dislocations nucleated at the
same strain (3.8%) independent of applied loading directions. Due to the emission of trail
partials, the accumulation of dislocation density can be divided in slow multiplication
stage and fast multiplication stage by the dislocation density multiplication rate dpg/de.
There is a post-yield softening corresponding to the onset of rapid dislocation density
multiplication at higher dislocation densities. When the loading direction was in [100] or
[111], the dislocations were mainly consist of mobile dislocations, while when subjected
to [110] compression, the mobile dislocation density was about one magnitude lower than
the total dislocation density. Prismatic dislocation loops were formed gliding along
loading direction when the loading was in [110], probably because of sufficient space for
prismatic loops formation. These results reveal the significant influence of loading

orientations on the patterns of dislocation movements.
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Abstract: Three point bending test of aluminum tubular structure with hat cross-section
was carried out under impact condition. The central portion of the structure was impacted
at 10 m/s by the upper anvil attached to the drop-weight. The tubular material was an
aluminum alloy A5052-H34 sheet with 1 mm thickness. The structure consists of a
hat-shaped part fabricated with V-bending operation and a flat sheet. They are adhesively
bonded at the flange with a thermosetting epoxide resin. In addition to the aluminum
structure (standard structure), the structure with carbon fiber reinforced thermos-plastic
(CFRTP) sheet was also tested. The sheet was also adhesively bonded. The objective of
the present study is to exhibit the effect of such attachment on the deforming behavior in
the bending.

Figure 1 demonstrates the collapse patterns for the standard structure and those with
the CFRTP attachment at hat-top or hat-side. Different collapse modes are observed such
that two buckling lobes caused by compressive force develop at hat-top in the standard
structure, on the other hand, a large lobe is observed at the center in the CFRTP attached
structures. The frictional coefficient affecting the deformation constraint at the interface
between the upper anvil and the structural surface possibly dominates the mode, because
it was measured to be about 0.5 or 0.2 for aluminum to aluminum or aluminum to CFRTP
contact. The CFRTP sheet peels off and partially fractures in the case of hat-side
attachment. Such behaviors also absorb the impact energy in addition to the plastic
deformation of the aluminum material.

The anvil force during bending is exhibited in Fig.2. Peak force followed by the
sharp decrease is observed for the case of the standard structure, which is a typical
manner in bending collapse. The structural strength is increased in the early deformation
stage by attaching CFRTP sheet compared with that of the standard structure. It is more

prominent in the structure with hat-side attachment. Judging from that the sharp force
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drop is not observed in the sheet attached structure, such attachment contributes to
prevent catastrophic behavior, though the absorbed energy in 0 - 80 mm anvil stroke is
almost equivalent for that of the standard structure and the effect of the attachment

thickness is not clear.

(a) Standard (b) CFRTP at hat-top (c) CFRTP at hat-sides

Fig.1 Examples of collapsed structures in impact 3-point bending
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Fig.2 Anvil force variation in impact 3-point bending
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Abstract: A novel plate joining method was proposed by one of the authors. It makes use
of the thermally activated cut faces obtained by high-speed shear. The joining process is
illustrated in Fig.1 [1]. A pair of metal plates to be joined is simultaneously sheared along
the dotted line under high-speed condition. The material temperature elevates remarkably
and it softens in the adiabatic shear band. The lower plate is stationary. The upper plate
continues the downward motion, thus the cut face of the upper plate immediately contacts
the lower cut face with slight overlap. The joining process is completed when the upper
plate reaches the prescribed position. The present joining method is a kind of diffusion
bonding which is known as solid-state welding technique.

In the present study, the test materials were a mild steel plate SPC with 3.2 mm
thickness and a pure titanium plate TP340C with 3.0 mm thickness. Their tensile
strengths were 303 and 401 MPa, respectively. The shearing punch was driven by the
drop-hammer with 10 m/s impact velocity. The order of the strain-rate was roughly
estimated 10 /s in high-speed shear. The combinations of SPC + SPC and TP340C + SPC
plates were tested, where the overlap length was varied. Examples of joining boundaries
are exhibited in Fig.2. Joining is achieved at the central portion in both cases, though the
gap opening is observed near plate surfaces.

Applying the tensile force normal to the joining boundary plane, the joining
efficiency a was evaluated by the following equation.

a = [Fracture stress in tension] / [Ultimate tensile strength] <100 (%)
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A pair of plates
to be joined

@ Sliding contact with
=  slight overlap

7% %
7 Completed

Fig.1 Impact joining process Fig.2 Joining boundary

The average joining efficiency is higher in the case of SPC + SPC joining than that
of TP340C + SPC, as shown in Fig.3. The appearance of cut face obtained by high-speed
shear was smoother in the SPC material. On the other hand, it was rather rough in

TP340C. Hence, this may cause large scattering in TP340C + SPC joining.
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Fig.3 Joining efficiency (0.2 mm overlap length)
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Abstract: The pipeline explosion produces the damage effect, and the air shock wave
will cause damage to the surrounding buildings. In some cases, the limited space of gas
explosion is equivalent to the rationality of the TNT equivalent, and the corresponding
numerical simulation model was established based on AUTODYN. It provides a new train
of thought to buried pipeline explosion simulation. It Uses the established model to
analysis the pipeline failure process under explosion load, damage rule and the
attenuation law of explosion wave in the air of different buried depth and different wall
thickness to establish a comprehensive index system of urban underground pipeline risk
assessment and determine the safety standard to provide the reference. Get the following
conclusion: TNT equivalent weight method used for buried pipeline explosion numerical
simulation is a feasible method. Basing on the analysis results can effectively simulate the
buried pipeline blast damage consequences; With the increase of buried depth, formation
damage in the air damage range smaller, every 0.1m increase of buried depth, its air ultra
reduce 4.5% - 5.1%; Every increase of pipe wall thickness 5mm, its air ultra reduce 8.3%
-12.1%.

Keywords: Buried pipeline explosion,numerical simulation, AUTODY N,security distance
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According to the Zeldovich — von Neumann — Doring (ZND) theory, detonation
wave consists of the thin (several intermolecular distances) shock wave region, the
chemical reaction zone, the Chapman — Jouguet plane (CJ point, CJP, in one-dimensional
case), and the Taylor rarefaction wave. It is commonly accepted that the CJ point which
divids the regions of subsonic and supersonic flows corresponds to the ending of the
chemical reaction zone. However, a strict validation of the link between the ending of the
chemical peak and the CJ point is absent. Since the chemical peak in the ZND model is
defined as a region of high pressure, it is investigated solely using the time dependencies
of the pressure obtained by different methods. Many authors note the difficulty to set the
CJ point which is explained, for example, by an incomplete chemical reaction.

Data on the duration of the chemical peak show large scatter (for a review see [1]) as
well as the different dependence on the charge configuration, density, length and diameter.
This could be due to the absence of the universal way to find the singularity (the kink
point) at the pressure profile, and also it indicates the methodical difficulties with the
notions used.

Neither density nor pressure give the direct information on the chemical composition
of the matter. Zeldovich and Kompaneets noted in their book on the detonation theory [2]
that the detonation velocity, the mass velocity of the explosion products, and the pressure
do not depend on the speed of the chemical reaction if the reaction mechanism ensures the
tangent condition of the Michelson line and the Hugoniot adiabata.

An alternative method of diagnostic of detonation is connected with electrical
conductivity.

In 1965, Hayes [3] proposed the correlation between the maximum value of the
conductivity at the detonation and the free carbon content in the detonation products. The

density of condensed carbon was obtained numerically taking into account the
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compression of the medium in the detonation wave. The density was taken in the CJP, and
the maximum value of the conductivity was used. In the works of Gilev [4,5], the relation
between the maximum conductivity and the total carbon content was mentioned. There,
based on the percolation model, the carbon content was claimed to be insufficient for the
explanation of high conductivity in TNT (250 Om™cm™). The necessary existence of long
highly conductive structures already in the chemical peak was pointed out.

In the work [6], the maximum value of conductivity for five HE is connected with
the total carbon content, and the conductivity in the CJP is connected with the free
condensed carbon. The correlation obtained from the experimental data allows us to claim
that the conductivity in the whole detonation wave is provided by the carbon nets in
conductive phase except the cases with low volume fraction of carbon (less than 0.07).
Thus, the dynamics of conductivity tracks the evolution of carbon nanostructures.

In this work, a new method was proposed for the diagnostics of the state of the
matter in the chemical peak region. The method is based on the link between the
magnitude of electric conductivity and the amount of carbon condensed to nanostructures.
The spatial distribution of conductivity provides the real time information by the tracing

the carbon transition from a nonconductive state to a conductive one.
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Presence of free electrons can be detected investigating the electric properties of the
medium.The question of high electric conductivity at the detonation of condensed high
explosives occupies brains of researchers for more than 60 years. A model explaining all
the experimental data is still missing.

There is a significant progress in understanding the electric properties at the
detonation of gas mixtures. In the work [1], the electric conductivity due to the thermal
ionization is considered. The model from [2] is used improved with the quantum
mechanics. A comparison with experimental data is performed, and a good agreement is
achieved. The model used is based on the presence of free electrons in detonation
products. The formula used was derived in the approximation of rare collisions. This is
valid for the detonation of gases but not applicable for condensed high explosives which
have density three orders of magnitude higher than the density of gases. Despite the
superficial similarity of the detonation process in gases and condensed explosives, the
nature of electric properties is different, and the values electric conductivity differ by
three orders of magnitude.

Hypotheses on the nature of electric conductivity in the chemical peak (von
Neumann peak) and behind the Chapman-Jouguet point consider following conductivity
mechanisms: thermal ionization, thermal emission, thermal ionization in a dense medium,
chemoionization, ionic mechanism, contact mechanism, ionic mechanism due to
ionization of water. Except the contact one, all these mechanisms are related to the
presence of free electrons.

The analysis of data on the electric properties of four individual condensed high
explosives (cyclotrimethylene-trinitramine, or hexogen (RDX), cyclotetramethylene

tetranitramine, or octogen (HMX), pentaerythritol tetranitrate (PETN), trinitrotoluene
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(TNT))bases on the experimental results of works [3-8] and the calculations of Tanaka [9]
demonstrated the absence of free electrons at the detonation both in the region of the

chemical peak and in the Taylor wave.
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Abstract: We report on the dynamic behavior of a polyurea-coated 6061 aluminum plate
under hydro dynamic loading condition. The plate’s deflection was measured using
ultra-fast stereoscopic photography, and analyzed using 3D-DIC (digital image
correlation) technique. The residual deformation of the plate after several shocks was
measured using conventional cameras and the DIC technique. The experimental results
show the benefits of the polyurea coating, and clearly show that polyurea will better
mitigate the shock if positioned on the side in contact with water. Preliminary numerical

results are shown to shed some light on the experimental results.

1. Introduction

Wave slamming endangers the structural integrity of planning boats [1]. The eventuality
of hull breaching increases significantly with the speed of the boat, and therefore becomes
a prime concern for the design of fast vessels. To reduce the risk of hull breach,
lightweight and flexible polyurea coating of the aluminum hull plates can be considered
as a means to keep the vessel impervious for some time.

This experimental study examines the performance of polyurea coated aluminum plates in
comparison with uncoated aluminum plates. The study shows the potential of the
polyurea as an active load-carrying member in case of hydrodynamic loads. It is also
observed that the nature of the fluid-structure interaction, between the water and the
tested plate, affects the overall momentum history absorbed by the plate due to shocks in
the water. This interaction emphasizes the importance of the selection of the coated side
of plate. We will characterize the resultant structural behavior when hydrodynamic loads
encounter a layer of (initially) soft polyurea, or the tougher aluminum side.  We will
show that, just by changing the coated side, one can significantly improve the
performance of the hull plates. The study consists of experiments aimed at simulating

violent hydrodynamic loads that mimic wave slamming at high cruising speeds.
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2. Experimental and results

A compressed air gun was used to accelerate a steel projectile onto an incident bar
(Hopkinson bar setup). The impact induces an elastic stress wave which propagates
along the incident bar. The latter is positioned in contact with the back side of a piston
confined by a pressure cylinder. ~ As the stress wave reaches the piston, it compresses the
water inside the cylinder to create a hydrodynamic shock wave. The shock wave
propagates through the water, and the pressure history is measured via a fast response
pressure sensor. It then hits almost immediately the target plate. The hydrodynamic shock
was inflicted onto three aluminum alloy plates. The deforming plate was photographed
with video cameras at a rate of 2 fps. Those "static" images, showing the plate between
consecutive shocks, were taken with aims to measure the accumulated deflection of the
plate as a result of repeated shocks. To record the dynamic behavior of the plate, A Kirana
ultra-fast camera, equipped with Loreo split lens was used. the Kirana camera was
triggered to record 180 consecutive photos of the deforming plate. The Loreo split allows
capturing a stereographic image with the use of a single camera (similar to the
technique described in [2]). The images obtained from both sets of cameras were
analyzed using Match-ID 3D-DIC [3]software to measure the three dimensional full field

strain and plate deflections.
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Figure 1. (a)pressure history recorded during shot 03 with all three specimens
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Figure 2. Deflection of a cross section of the plate as it changes during the shock
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3. Conclusions

Full field recordings of deflections and strains of the deforming plates were obtained with
the use of a single camera 3D-DIC technique. Results show both different behaviors of
the coated and uncoated plates, as well as the change in overall performance after 11
consecutive shots. A significant improvement in performance can be achieved just by

selection of the polyurea coated side of the plate.

Acknowledgements
The authors would like to acknowledge the financial support of the MAYMAD program
under grant 2020391.

References

[1] O. M. Faltinsen, M. Landrini, and M. Greco, “Slamming in marine applications,” J.
Eng. Math., vol. 48, no. 3/4, pp. 187-217, Apr. 2004.

[2] K. Genovese, L. Casaletto, J. A. Rayas, V. Flores, and A. Martinez, “Sterco-Digital
Image Correlation (DIC) measurements with a single camera using a biprism,” Opt.
Lasers Eng., vol. 51, no. 3, pp. 278-285, Mar. 2013.

[3] P. Lava and D. Debruyne, “MatchID2070 ”,.

84



Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China

ID051: Development of High Voltage Pulsed Power Device Using Compact Marx
Generator for Food Processing
Osamu Higa“??, Kazuki Tokeshi'®, Shoichi Tanifuji*®, Kazuyuki Hokamoto®? and
Shigeru Itoh"%*

1 National Institute of Technology, Okinawa College, 905 Henoko, Nago ,Okinawa,

905-2192, Japan

2 Kumamoto University, 2-39-1 Kurokami, chuuou-ku, Kumamoto, 860-8555, Japan

%osamu@okinawa-ct.ac.jp, "ic121226@edu.okinawa-ct.ac.jp,

“tanifuji@okinawa-ct.ac.jp, hokamoto@mech.kumamoto-u.ac.jp,

‘iton_lab@okinawa-ct.ac.jp

Abstract: We have been researching generating technology of underwater shock wave
using high voltage discharge in water [1]. Additionally, we aim to apply the underwater
shock wave to a food processing [2]. However, our device have disadvantage such as a
slow generation cycle, excessive discharge energy. Therefore, purpose of this reserch is to
develop the shock wave generating device such as lower charging energy and faster
operating cycle. We developed the device based on Cockcroft-Walton circuit and Marx
generator. The device have capacity of charging energy of 0.3kJ, operating cycle is 30
shot/minutes. In experiment, the voltage current characteristics was measured, and the
underwater shock wave visualized (Figure 1) by schlieren method using a high speed
camera for the purpose of to estimate the peak power and the shock wave. As a results,
the peak power of 3.2MW was rapidly applied to the underwater electrode, the shock
wave was observed such as that the propagation velocity of 1490m/s and the shock
pressure of several MPa. It was shown that the device is benefit to the food processing.

Shock wave \ -

Electrodes ¥~

Fig. 1 Photograph of under water shock wave caused by spark discharge
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Abstract: Explosive loading was one of the loadings of warship structural under anti-ship
missile. The computing method of explosive loading inside closed cabin was the key of
accurate calculating the response of stiffened plates. Warship cabins were made up by
stiffened plates and stiffeners on one side of siffened plate, so buikheads were palte or
stiffened plate. Numerical method was used in studying the influence of flat steel on
loading of ecplosion inside closed cabin. Flat steel has obvious influence on explosion
loading inside cabin, converging shock waves were formed on the side towards blasting
source. The diffraction effect of explosion shock wave on another side of flat steel was
analyzed, and reflceted shock waves of bulkheads were propagating between buikheads
until the pressure of cabin become equivalent .

Keywords: Explosive inside cabin, stiffened plate, converged shock wave, reflected

shock wave

Introduction

The environment of warship cabins was closed, the research of shock wave loading
of explosion inside cabin was the key of calculating the response of warship cabin
structures. A series of experiments and simulations of explosion of TNT inside cabin were
researched [1], shock waves and reflected waves were analyzed. Experiments of
explosion of different equivalent TNT with different shapes in closed cabin were done [2],
the experiment results showed that peak pressure of axial shock wave was larger than
peak pressure of radial shock wave. Experiments of explosion on the ground were studied
[3,4], and explosive loading that act on structures on the ground was obtained.
Experiments and numerical methods were used in studying the explosion loading of
explosion inside cabin with vent [5], and a simplified calculation method of pressure of

explosion inside cabin was present. A experiment of explosion in scale model of typical
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ship cabin was researched [6], converging shock wave and intensity of shock wave in
cabin corner were analyzed. A seriesof experiments of explosion of different equivalent
TNT in closed cabin were done [7,8], characteristic of explosion loading inside cabin and
three different transition corners effect on converging shock wave in cabin corner were
researched. The above processes were explain by accurately numerical calculation. Based
on the reliability of numerical method, the influence of bulkhead with or without flat steel

on explosion loading inside cabin were analyzed in this paper.

1. The verification of numerical calculation
In order to research the peak overpressure of shock wave, impulse and arrival time

of shock wave of explosion inside cabin, series of experiments of explosion inside closed

or unclosed cabin were carried out [9], see Fig.1, fully-closed, 3/4 closed, 1/2 closed and

1/4 closed conditions were considered in this equipment, the influence of close extent on

pressure of measure points were explored.

q@_j 35

140
>
85 %

40 F ek
.25 4 60 |
Fig. 1 Experiment equipment Fig. 2 Arrangement of points
The arrangement of measuring points in experiment could be seen Fig.2, the position

of the larger circle(B S) was blasting source, measure point A, B and C were set on the
deck. The respective distance between measure point and blast source was Ra=241mm,
Rg=251mm, Rc=235mm. TNT mass in blasting source was 0.106g. The dimension of
equipment was 400 X 320 X 250mm, walls of equipment was rigidity fibreboard in 16mm.
Numerical method was used to simulate experiment conditions, simultaneously, pressure
of points were compared and analyzed.

The state equation of ideal gas of air inside cabin in numerical calculation was:

p=(r-1)pe )
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7, p ande, respectively, was specific heat ratio, density and internal energy of air.
Correspondingly, the value was y =14, p=1225x10°g/cm’, e=2.068x10°xJ in
numerical calculation.

JWL state equation of TNT in paper was:

p=C, (1—?“\’/}&“ +C, [1—%]@2” + % @

C,, C,, r, and r,were constant and concrete parameters can be seen in Tab.1.

Tab.1 Parameters of state equation of TNT

Detonation CJ

(1:11 (1:12 r ry Dens“g’ velocity ~ Pressure
1
(10~'Pa) (10Pa) p(kg/m?) D(m/s) (10“Pa)

3.738 0.03747 4.15 0.9 0.35 1630 6930 0.21
Euler-FCT method was used in numerical calculation. The shape of explosive TNT

was spherically cylindrical. Firstly, explosion process was calculated in two-dimensional
space, the calculation was stopped before shock wave arrived at the cabin wall. The result
in two-dimensional space was mapped to three-dimensional space and the computation
continued. Take computing power and computational accuracy into account, selected
4000 as grid density in two-dimensional space after multiple computations. Selected
65>80>50 as grid density in three-dimensional space, and the total amount of Euler
element in three-dimension space was 260000. Flow-out boundary was set in simulation
model with open boundary.

Pressure curves of measure points were given. Under several typical conditions,
pressure curves of measure point A were seen in Fig.3-Fig.6. The contrasting results
between simulation and experiment can be seen in follow figures.
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Fig. 3 Pressure of point A(Wall 1) Fig. 4 Pressure of point A(Wall 1, 2)
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Fig. 5 Pressure of point A(Wall 1,2,3) Fig. 6 Pressure of point A(Wall 1, 2,3,4)

Pressure curves comparison between simulation and experiment of measure point A
can be seen in Fig.3(condition: Wall 1), arrive time and peak pressure of initial shock
wave were simulated in simulation method. Peak pressure between experiment and
simulation only was separated by 0.3 percentage points. Pressure curves comparison
between simulation and experiment of measure point A can be seen in Fig.4(condition:
Wall 1 and2). Except for simulating arrive time and peak pressure of initial shock wave
well in simulation method, also arrive time and peak pressure of reflected shock wave on
wall 2 well was. Smaller reflected peak pressure for the long propagating travel was
captured by measure point A. Pressure curves comparison between simulation and
experiment of measure point A can be seen in Fig. 5(condition: Wall 1, 2 and 3). Arrive
time and peak pressure of initial shock wave and reflected waves of other walls well were
simulated in simulation method. Pressure curves comparison between simulation and
experiment of measure point A can be seen in Fig. 6(condition: Wall 1, 2, 3 and 4),
simulate arrive time and peak pressure of initial shock wave and reflected waves of other
walls well in simulation method. Except for very small difference in arrive time of shock
wave, pressure temporal curves of simulation and experiment overlap well. Simulation
results were less than experiment results after 1.25ms in Fig.3 and Fig.4, and simulation
results were less than experiment results after 1.5ms in Fig.5. This phenomenon could be
explained as follow, flow-out boundary was the model boundary, while air can’t flow in
the model, so low pressure aroused after initial shock wave. Simulation and experiment
had almost some peak pressure, because this case was in enclosed cabin air can’t flow out
or flow in, in other words, simulation and experiment have some boundary.

From the comparison between simulation results and experiment results, the
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numerical method of simulating impulse, arrive time and peak pressure of shock wave in
explosion inside cabin well was verified. This method was better in simulation of

reflected shock wave of various walls.

2. Analytical model

The stiffened plate specifications could be seen in reference [6], in this paper, three
dimensional spatial domain model was selected, which was 600mm>600mm>600mm.
Supposing explosives were placed in the middle of the cabin, considering XYZ
symmetric, take 1/8 space of the computational domain. Calculation stiffened plate was
showed in Fig. 7. Consider only unidirectional reinforcement stiffened plate, there are two
single reinforcement in space of 200mm. To study the shock wave propagation

characteristic on the cabin, the reinforced rib is flat steel and the size was 60mm>3mm.

600
200 200

600

Stiffened plate with flat

Stiffened plate without flat

Fig.7 Two different stiffened plates

Explosion shock wave in closed cabin was calculated by using Euler-FCT solver in
Autodyn code. Explosive was spherical and the equivalent mass was 2.24 kg, the
spherical radius was 68.98mm. The mapping techniques was applied to calculate shock
waves. Firstly, the spherical explosive in one dimensional space was simulated. The
calculation was carried on until the blasting shock wave was close to the ground or the
reinforced. One-dimensional result was transformed to three-dimensional space by
mapping method and the calculation continued.

The distance between explosive source and stiffened plate was 300mm. The shock
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waves propagated in near field of space, follow-up pressure accuracy depended on this
result. Firstly, the calculations of different mesh density in one-dimensional was
compared, on this case, one-dimensional wedge radius was 300mm and explosive was
placed in the center. Pressure measuring point was arranged in axial direction, see Fig. 8.
The surface explosive load was particular concerned, the measuring point nearest wall
was selected to assess the pressure. Therefore, measuring point 9 and 10 were selected to
compare the measuring pressure, the corresponding numerical results were shown in

Table 2.

Fig.8 Shock wave in one-dimensional space Fig.9 Simulation model of shock wave
Table 2 Pressure peak under different mesh sizes

Condition Charge Mesh Point 9 error Point 10 error
mass(kg)  density (kPa) (kPa)
1 2.24 2000 7098.7 - 6350.9 -
2 2.24 5000 8167.1  15.05% 6419.6 1.08%
3 2.24 10000 8243.8 0.94% 6493.2 1.15%
4 2.24 25000 8255.5 0.14% 6537.1  0.68%
5 2.24 50000 8324.2 0.83% 6601.6  0.99%

With the increase of the mesh density, the computation accuracy was increased.
However, with the mesh density increased, the computing consuming-time increased
significantly. So peak pressure of different measuring points in different mesh density
were compared. According to result comparisons and analysis, the calculation result of
mesh density in 25000 was selected as the mapping load. Compared result of 20000 mesh
density to 25000 mesh density, the error percent was smaller. The calculation results in
one-dimensional space was mapped to three-dimensional space, The size of calculation
spatial cabin was 300mm>300mm> 300mm, and 100 > 100 < 100 mesh density was
selected as three-dimensional grid and the number of total Euler-element was one million.

In order to better simulate the coupling between shock wave and stiffened plate, stiffened
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plate was modeled by solid element. Relationship between Euler of air and Lagrange of

stiffened plate was fully coupled, numerical model was shown in Fig. 9.

3. Analysis of shock wave propagation in cabin

Shock wave propagation screenshots were extracted on working conditions with or
without flat steel. Fig. 10 showed shock wave propagation at 0.055ms, at this time the
shock wave had not yet reached the bulkhead, but the shock wave had reached the upper

end of the flat steel.

[ = [

Fig.10 Shock wave at 0.055ms in closed cabin

Since the steel flat blocked the propagation of shock wave, explosive shock wave
reflected on the side direction to source, while the another side was facing the diffraction
shock wave, the pressure values between two sides were different largely. The condition
without flat steel, shock wave was distributed evenly at the same place. Fig. 11 showed
the propagation state of shock wave at 0.065ms, at this time, shock wave had reached the
bulkhead and shock wave reflection had happened. The existence of flat steel resulted in
the gathered shock wave, which was at the place of root of the flat side toward the
explosion source. Since the flat steel blocked the propagation of shock waves, wave

pressure on the other side of flat steel could be negligible.

) |

Fig.11 Shock wave at 0.065ms in closed cabin

T
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Fig.12 showed the propagation state of shock wave at 0.085ms, shock wave between
flat steels propagated back and forth. Shock wave gathered gradually along the direction
of height of flat steel. At this time, shock wave arrived at the plate that between flat steel
and bulkhead, and shock wave gathered at the connection of the bulkhead and plate. Fig.
13 showed the propagation of shock wave at 1.405ms, the shock wave gathered at the

intersecting of flat steel and plate corner, another stronger shock wave was formed again.

| @

o =

Fig.12 Shock wave at 0.095ms in closed cabin
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Fig. 13 Shock wave at 1.405ms in closed cabin

Initial shock wave propagated from the explosion source outwardly in spherical
shape, when shock waves arrived the bulkhead wall, the shock waves continued spreading
along the wall. For stiffened plate, when the shock waves encountered flat steel, the
converged shock wave was formed in corner between plate and flat steel. Since the shock
wave propagation was blocked by flat steel, shock wave diffract along the stiffeners ,

which resulted in lower shock wave peak pressure behind the flat steel.

4. Analysis of shock wave at typical region

In order to analyze the influence of the stiffener on shock wave loading of explosion
in closed cabin, 7 measuring points were selected on explosion source plane. The
distribution of measuring points were shown in Fig. 14, the measuring points A and B

were below the explosive source, meeasuring points C and D were on the side of flat steel
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that toward to blast source, measuring point C was located at the top of flat steel and
measuring point D was located at the corner of flat steel and plate. Measuring points E
and F located at another side of flat, measuring point E located at the top of flat,

measuring point F located at the corner of flat steel and plate. Measuring point G located
on the plate.
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Fig. 14 Arrangement of points Fig. 15 Pressure curves of point A

Fig. 15 showed time-history pressure curve of point A, mapped region took 200mm
over the measuring point A, so the initial shock wave can’t be captured. The reflected
shock wave was captured at 0.065ms, for the reason of shock wave meet no structural
barriers, the arrival time, peak and attenuation trend were the same between two
conditions. The maximum shock values were captured both on two conditions at nearby
0.3ms, because of the shock wave back and forth propagation in the cabin, this peak
pressure was formed. Which phenomenon would continue until cabin pressure become
evenly. Therefore the peak pressure captured by point A at 0.75ms was oscillation shock

wave, this pressure peak had been reduced substantially comparing to peak pressure at
0.3ms.
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Fig. 16 Pressure curves of point B Fig. 17 Pressure curves of point C
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Fig. 16 showed time-history pressure curves of point B, measuring point was located
at the center of stiffened plate. Pressure curves were consistent in 0.08ms on conditions
with or without flat, at this period time, the reflected wave on the plate wall were
measured. Because the shock wave was subject to no blockage, two pressure history
curves were fully consistent. After the initial peak pressure, pressure captured by
measuring point B was decreased exponentially. Pressure peak was captured again near
0.1ms, this peak pressure was reflected on sidewall, then the reflected wave was
weakening in the condition without flat. Pressure peak was captured by measuring point
B once again on the condition with flat, the peak pressure was reflected on flat web, the
propagation distance from flat web was relatively shorter than reflection shock wave on
sidewall. Therefore, reflection shock wave on flat web had a larger peak pressure. Two
pressure curves were different after 0.08ms, especially at nearby 0.3ms, from upper
segment that point A know that this peak pressure was reflected pressure of bulkhead,
point B catch the reflected shock wave from bulkhead on the condition without flat steel.
On the condition with flat steel, point B didn’t catch reflected pressure because reflected
pressure from bulkhead was blocked by flat steel. On the condition with flat, the captured
peak pressure was smaller than with flat. The pressure at nearby 0.76ms could be explain
by the same reason.

Fig. 17 showed time-history pressure curves of point C on two conditions. Shock
wave arrived measuring point C at 0.065ms. On the condition without flat, measuring
point was located in air field, the captured pressure was the initial shock wave. On
condition with flat, measuring point was located at the place toward to blast source end of
flat steel. The pressure captured by measuring point was reflected on flat. On two
conditions, although the shock wave arrived simultaneously, the types of captured shock
wave varied. So the peak of pressure curves were completely different, the peak of
reflected wave from flat was bigger. At about 0.107ms, the peak pressure was captured
once again by measuring point. On the condition without flat, reflected shock wave was
captured, due to propagation distance increased, its peak pressure was lower than initial
shock wave peak pressure. On the condition with flat, the captured peak pressure was
greater than the initial shock wave peak pressure, for shock wave collect between flat

steels, shock wave captured by measuring point was converged shock wave.
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Fig. 18 showed time-history pressure curves of point D, reflection shock wave from
wall was captured at 0.075ms on the condition without flat. Converging shock wave form
at the corner between plate and flat steel. The measuring point was located at the corner,
converging shock wave was caught by point, and this peak pressure was larger than the
condition without flat.

Fig. 19 showed time-history pressure curves of point E, shock wave arrived at
measuring point E at 0.046ms. The condition without flat had no blockage, the incident
wave was caught by measuring point. The condition with flat, shock wave cannot directly
reach the measuring point, so the diffraction pressure was measured, which was lower
than the pressure of condition without flat. However, due to the presence of flat steel, the
converging shock wave was formed at the corner between plate and flat. Therefore,

converging shock wave was captured at about 0.06ms after the initial shock wave.
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Fig. 20 Pressure curves of point F Fig. 21 Pressure curves of point G
Fig. 20 showed time-history pressure curves of point F. On the condition without flat,
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reflected shock wave was captured at 0.062ms. However, on the condition with flat,
shock wave was captured at 0.067ms. The reason for the longer time was the existence of
flat which had influence on the propagating of shock wave. The diffraction shock wave
was measured on the condition with flat, so peak pressure of condition with flat was
smaller than peak on condition without flat. Shock wave peak pressure was captured once
again about 0.3ms, the shock wave was propagating back and forth. Because measuring
point F was located at the intersection of flat and bulkhead, shock wave was propagating
back and forth between flat and bulkhead, so shock wave of back and forth was captured.
Fig. 21 showed time-history pressure curves of point G. Flat had no influence on the
initial shock wave of measuring point G, so the initial shock peak and arrival time were
the same on two conditions. However, due to the presence of flat, the shock wave
between the flat and bulkhead was converging and propagating back and forth. Finally, a

larger converging shock wave was captured at 0.3ms.

5. Conclusions

Firstly, an experiment was carried out to verify the reliability of numerical method
that computed the shock wave inside cabin. The influence of flat steel on the propagation
of shock wave was analyzed. The time-history pressure curves of measuring point in
typical area were compared and analyzed. The conclusions were as below:

1. The presence of flat has a significant effect on shock wave propagation in closed
cabin, which could block shock wave propagation along the bulkhead and shock wave
converged at the connection of flat and bulkhead.

2. After shock wave arrived at the bulkhead, shock wave oscillated back and forth
between flats or between flat and bulkhead, finally converged at the corner to form a
strong shock wave until pressure evenly in cabin.

3. The flat steel in cabin had a certain influence on oscillation time and pressure peak

of follow-up shock wave in cabin, especially the pressure distribution nearby flat steel.
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Abstract: Dynamic response of polycrystalline metals is very complex which includes
many mechanisms and effects. Polycrystalline texture development under dynamic
loading attracted much attention because of interesting phenomena and great challenges
to experiment and simulation. The objective of the present work was to gain insight into
the inelastic deformation mechanisms that govern the response of shocked single and
polycrystalline aluminum. We improve the elasticity, dislocation dynamic and work
hardening formulation in the crystal plasticity model to suffice for the microstructures
development at high pressure and strain rates. Strength data of polycrystalline under high
pressure are used to calibrate model’s parameters. Taylor hypothesis and crystal plasticity
finite element method (CPFEM) are used to model the texture development of
polycrystalline aluminum under shock wave loading separately. The calculated results
indicate grains have an obvious rotation especially at high pressure. The velocity profile
of polycrystalline Al/LiF calculated by the thermoelastic-viscoplastic crystal plastic

model shows a phenomena of quasi-elastic releasing which is close to the experiment.

5,=43GPa 0,=114GPa

Fig.1 Texture evolution of polycrystalline Al at high pressure and strain rates
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Abstract: Except for rock mass quality, blasting load and in-situ stress are the two main
factors for rock cracking and blasting damage zone developing. To reveal the rock
cracking process during pre-split blasting, the numerical simulation model of damage
zone around a single-hole and double-holes are analyzed through ANSYS/LS-DYNA.
Various kinds of cases with different in-situ stress levels and states are discussed. A
simplified empirical equation (1) is established to describe the correlation between peak
particle vibration (PPV) and damage extent index, and the linear charging density under
different in-situ stress levels is also evaluated. The result indicates that the damage zone
decreases with increasing of the in-situ stress level. The damage zone mainly develops
along with the direction of major principal stress, which has been verified during the
excavation of abutment slot in the Baihetan Hydropower Station in China. Thus, to
increase the effects of presplit blasting, linear charging density should be reasonable and
the connection line of presplit blasting holes should be parallel to the major principal
stress.

Equation: The relationship between PPV and damage extent index:

D :1—(V°V_V J
° (1)

Where D is the damage extent index, V is the peak particle vibration (PPV), Vy is the PPV

on the blast-hole wall.
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Fig. 1 Damage zone area when the lateral pressure coefficientsi=2.5
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The study of damage characteristics of concrete gravity dams subjected to underwater
contact explosion is a critical issue to assess the dam’s protective performance. The
process of underwater contact explosion always accompanies with strong nonlinearity,
such as the discontinuity and jump of fluid dynamics, the large-deformation and fracture
of dams. In this paper, a fully coupled numerical approach with combined Lagrangian and
Eulerian methods, incorporating the explosion process, is performed. To verify the
feasibility of the numerical simulation and calculation method, the performance of
reinforced concrete (RC) subjected to contact explosion in free air is simulated and
discussed as a comparison with the published experimental results [1]. In order to
evaluate the dynamic response and damage characteristics of concrete gravity dams
subjected to underwater contact explosion, three different blast points are considered in
this study, i.e., upper blast point, middle blast point and lower blast point. Shock wave
propagation characteristics of underwater contact explosion are investigated. The
dynamic response and damage characteristics of concrete gravity dams subjected to
underwater contact explosions with different blast positions are compared. In addition, the
damage characteristics of the dam subjected to underwater contact explosion and
non-contact explosion (with 10m detonation depth and 10m standoff distance) are also
compared and analyzed. The results show that the blast position has a significant
influence on the damage characteristics and dynamic response of concrete gravity dams.
Compared with underwater non-contact explosion, underwater contact explosion causes
significantly more damage to the dam head while nearly equivalent damage to the dam

heel and even less damage to the change in upstream slope.
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Fig.1 Damage characteristics of dams subjected to underwater contact and non-contact

explosions.
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Inevitable man-made or natural disasters such as explosion, impact, earthquake, etc
often cause the failure of a large number of civil engineering facilities, hence rock
breakage behavior under dynamic loading has become the focus of special attention.
Dynamic fracture toughness of rock is the material parameter for characterizing its
resistance to dynamic crack initiation, propagation and arrest. Developing the method for
testing rock dynamic fracture toughness constitutes high demand for research on the
related theoretical basis and experimental technique. Rock dynamic fracture toughness is
classified into three kinds: dynamic initiation, dynamic propagation, and dynamic arrest.
Although there were some achievements for studying dynamic initiation and propagation,
the study on rock dynamic arrest, being a puzzling problem, has been so far almost
ignored. In the present research, the single cleavage drilled compression (SCDC, Fig. 1)
specimen [1,2] of rock was impacted by split Hopkinson pressure bar in the model-I
dynamic fracture test, where a crack propagation gauge (CPG) was glued on the SCDC
specimen, the CPG was used to monitor the whole fracture process, including dynamic
initiation, propagation, and arrest. An experimental-numerical-analytical approach was
adopted to determine the dynamic initiation, propagation, and arrest toughness of rock
material. Especially worth pointing out is that the dynamic arrest toughness of rock is
measured for the first time. The CPG signal indicated that after the arrest of the crack in
the SCDC, the stopped crack initiated again for the second time, and propagated out of
the CPG monitoring range. This dynamic arrest process is analyzed from an energy

perspective, and some required attentions in determining the rock dynamic arrest
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toughness are pointed out. The results show that the rock dynamic initiation toughness

The CPG alued at crack tin

Fig.1 Sketch and photo of SCDC specimen

and propagation toughness increase with the increasing dynamic loading rate and crack

propagation velocity, respectively, and the dynamic initiation toughness is larger than the

dynamic arrest toughness.
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The unsteady supersonic jet and the shock wave were formed by the shock tube with
small high-pressure section. We examined the effect of the length of high-pressure
chamber and gas pressure on the behavior of the jet and the shock wave. The visualization
was carried out by background-oriented schlieren (BOS) method.

Figure 1 shows a schematic diagram of the experimental apparatus. The high and low
pressure chambers were separated by the lumirror film. The high pressure air was
discharged into the atmosphere by the bursting of the diaphragm. The flow was visualized
by BOS method using high-speed camera as a continuous light source with a metal halide
lamp. The simple open-ended shock tube had a diameter, D, of 10mm. The dimension of
the high-pressure chamber was 10 and 100mm in length. That of the low-pressure
chamber was 12mm in length. A sheet of Lumirror (polyethylene tereph-thalate) was used
as a diaphragm. In order to change the pressure ratio, the pressure ratio of shock tube was
defined by the ratio of the pressure in the high pressure section Py to the low pressure P,
Pw/Py, which corresponds to the film thickness, T,

Figures 2(a)-(h) show the typical flow fields for L,=10mm, Py/P,=50.2. Figure 2(a)
shows the moment when the diaphragm bursts at t=Ous. The stripe pattern is the
background for BOS method. Figures 2(b) and (c) show that the jet reach x=20.7 and
37.6mm respectively. The underexpanded jet is observed in Fig.2(c). Figures 2(d) and (e)
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show that the jet reach x=52.0 and 62.9mm respectively. In other words, the distance
between open end and head of the jet is short with the lapse of time. This is because
propulsion force is shorter than a general shock tube by the small high-pressure section.
For this reason, the jet is decreasing in an early stage. We found that the injection period
of the jet is short by the shock tube with small high-pressure section. We visualized the

shock wave and jet.
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Fig.2 Sequence photographs for L,=10,L,=12, T; =100pum(Pn/P,=50.2)
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Explosive welding is one of the methods to bond different kinds of materials. This
method uses an intense dynamic energy driven from an explosive to create a tight
bonding between metals surfaces. In general, explosive welding is performed parallel
assembly using flyer and base plates in air atmosphere. However, the bonding of thin or
brittle materials is difficult by such a regular method. In such a case, explosive welding
using underwater shock wave is very effective for good bonding with clean surface [1].
The underwater explosive welding is possible to accelerate a thin plate uniformly within a
very short distance to achieve a high velocity enough to satisfy the condition of bonding,
but the method is slightly difficult to industrialize due to the use of water as a pressure
transmitting medium. Therefore, authors tried to obtain similar joints by using gelatin
plate instead of water. It is known that the gelatin has similar shock wave response with
water [2], so, the designing the experimental conditions seem not quite difficult. In this
research, 200 um-thick stainless steel flyer plate was welded on 2 mm-thick copper base
plate, where 10mm-thick gelatin plate put above the flyer plate using PAVEX explosive
(detonation velocity 2-2.5km/s). As a result of experiments, the bonding of stainless steel
and copper was successfully accomplished with waves and the recovered surface was
kept clean.
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Abstract: Explosive cladding employs a controlled chemical explosive detonation to
craft a metallurgical bond between similar and dissimilar metals. In this study, aluminum
5052-copper and pure aluminum-aluminum 5052 plates were explosively cladded by
placing a steel wire mesh having 90° orientation between them by varying the process
parameters viz., loading ratio (mass of explosive/mass of flyer plate), preset angle and
standoff distance. Microstructural, corrosion and mechanical strength of the clads Viz.,
Vickers Hardness, tensile and shear strength were evaluated as per relevant standards and
the results are presented. The introduction of wire mesh interlayer enhances the

mechanical strength of the dissimilar explosive clads.
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Abstract: Steel box girder bridge structure, which can reduce dead weight and improve
construction speed, is widely used in city bridges. Both the transportation of dangerous
goods and terrorist attacks are major risk factors to the steel box girder bridge structure
operation. As a special and different effect, explosive can generate strong air shock wave
in a short time and destroy the key components of bridge structure [1~3]. Seriously this
effect can cause continuous collapse of bridge structure, highway transportation
interruption and secondary disasters. The current domestic bridge design specifications
don’t contain guideline about explosive effect in China. The foreign bridge specifications
also lack the detailed provisions. One of the most important reasons is that the lack of
experimental studies. Because of experimental expensive and explosives scarcity, bridge
engineering researchers focus on the numerical simulation by FEM. Sometimes the
experimental studies is still required for objective recognition and model verification. The
research group designed a flexible and removable explosive experiment platform for
bridge structure. The scale model of single box with three rooms is made of Q235A steel
from Taiyuan Steel Group. Model dimensions with width of 0.48m, height of 0.15m,
length of 1.8m and plate thickness of 3mm are employed. The mechanical properties of
Composition B explosive and Q235A steel should be calibrated respectively. With the
different locations and the same explosive equivalent, the local failure characteristics and
global deformation are examined under the nearby blast wave. The failure type of the top
plate, the bottom plate and the internal structure are measured through the blast wave

propagation process. This experimental design, including steel box girder, experimental
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process and platform, can provide verification model for other researchers who are
interested in explosive load effects on structures.
Keywords:steel box girder,explosive effect,blast load,scale model,failure characteristics,

Composition B explosive; bridge engineering.

Fig.1 Failure characteristics of top plate of steel box girder
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ID062: Surface Coating of Tungsten Carbide Particles on Metal Plate by
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Shigeru Tanaka® ?, Kazuyuki Hokamoto® °, Hayato Oda?
YInstitute of Pulsed Power Science, Kumamoto University, 2-39-1 Kurokami, Chuo-ku,
Kumamoto, Kumamoto 8608555, Japan
?Graduate School of Science and Technology, Kumamoto University, 2-39-1 Kurokami,
Chuo-ku, Kumamoto, Kumamoto 8608555, Japan
*tanaka@mech.kumamoto-u.ac.jp,

"hokamoto@mech.kumamoto-u.ac.jp

Abstract: Some techniques of explosive materials processing have been industrialized
such as explosive forming and welding, shock wave compaction of powder. A new
method for surface coating of an aluminum plate by diamond particles is developed by
authors [1]. In this study, stainless steel and copper plate surfaces were coated by angular
shaped tungsten carbide (WC) powder using above cited reference technique. The metal
plates were accelerated by explosive explosion, and then collided to the WC powder. The
particles were stuck into the metal surface easily. In a cross-sectional observation, it was
confirmed that the particles were strongly held by the metal substrate. Furthermore,

crashed particles were surrounded by melting substrate in part.
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ID063: Detonation Wave on the System Consisting of Explosives and Various Gaps
Shiro Kubota®™?, Tei Saburi *', Kunihito Nagayama®
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Abstract: The experimental and numerical study for the detonation propagation on the
system consisting on the explosive and various gaps was conducted. The experimental
system consists of the pellet explosives and the gap materials, PMMA pipe, and two
grams Composition C4 booster”. The sample explosive is a composition A5 (RDX
98.8wt%). The thickness of the explosive is 5 or 10 mm, and the radius is 20mm. The
gap materials are air, PMMA, and SUS304. The thickness of gap is 5 or 10 mm. Two
PVDF gauges (Dynasen PVF2-11) are set to measure arrival time of the detonation wave.
Using the arrival times and a distance between two gauges, the average velocity of the
detonation wave is estimated. The numerical simulations are carried out and are compared

with the experimental results.
References

[1] S. Kubota, T. Saburi, Y. Ogata, Y. Wada, and K. Nagayama: Journal of Physics:
Conference Series 500(2014) 052022

114



Fifth International Symposium on Explosion, Shock Wave and High-strain-rate Phenomena
25-28 September 2016, Beijing, China
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Abstract: Experimental study is performed on the production of the bio-diesel emulsion
fuel. In this research, a bubble pulse caused by an underwater explosion is used to
emulsify samples, i.e., water (in the range of 5-20%) and bio-diesel fuel with
two-different specific surfactants. This mechanism of the emulsification is observed by a
high speed video camera and calorimeter (SHIMADZU CA-4AJ) and Zetasizer Nano ZS
(Malvern Co.) are employed to measure heat value and particle size of the emulsion fuel
produced here, respectively. It is found that (i) the process of generating emulsification
under the underwater explosion is disclosed, (ii) the stable emulsion fuel and water
particle size in it are affected by HLB, i.e., the ratio of two-different specific surfactants
and the timewise stability of the emulsion fuel is attributed to the scattering intensity of

the measured water particle size (Fig. 1).
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Fig.1 Particle size distribution of emulsion sample
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ID065: Preparation and Characterization of Metalized Explosive Containing B and
Al Powder
Song Qingguan® 2", Gao Dayuan®?, Zheng Baohui*, Cao Wei'?, Cao Luoxia™?, Tan
Kaiyuan™?
1. Institute of Chemical Materials, CAEP, Mianyang 621900, China;
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Abstract: Metallized explosives achieve both excellent power ability and high blast
energy. In this paper, new HMX based explosive formulations containing B and Al
powder, AP were developed and (seen in Fig.1), effects of the component content and the
B and Al powder size on the properties of metallized explosives were discussed. The
morphology of B, Al and B-Al compound powder was observed by SEM and the SEM

images at different sizes were obtained (seen in Fig.2).

(a) explosive containing Al (b) explosive containing B (c) metalized explosive
powder powder containing B and Al powder

Fig.1 Appearance photograph of metalized explosive

(a) Al powder (b) amorphous B powder (¢) Band Al compound
powder

Fig.2 SEM of metal powder
Effects of HMX and AP on oxidation properties of B and Al powder were
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investigated with thermal analysis method, which lead to a better understanding of the
reaction Kinetics, ignition and combustion conditions and self-sustaining combustion heat
release mechanism. The characteristic spectrum of combustion and detonation products of
metalized explosive containing B and Al powder was measured by means of the
spectroscopy technique and ICCD system, characteristics of microscopic reaction were
studied. The impact sensitivity, friction sensitivity, electrostatic spark sensitivity and cap
Initiation sensitivity were measured with the drop hammer device, WM-1 friction device,
electrostatic spark tester and cap sensitivity test respectively, which did fully
acknowledge of the safety of metallized explosives under different external energy
stimuli. Based on plate dent test, the ignition and propagation properties of metallized
explosives were investigated, and the detonation propagation and power ability of
metallized explosives containing B and Al powder were understood (seen in Fig.3 and
Fig.4).

(a) device of test (b) witness plate under layer

Fig.3 Photograph of plate

Fig.4 Photograph of cap sensitivity test
dent test

The results show that the Al powder are 1-5pm spherical particles, and partial
particles have agglomeration. The structure of B powder is amorphous flake crystallite
shape whose sizes are between 1-5pm. For the B-Al compound powder, there are many
little amorphous flake B powder on surface of Al powder. In condition of room
temperature to 500°C and N, atmosphere, although heat rate and pressure have effects on
thermal decomposition peak temperature of HMX and AP, Al powder and amorphous B
powder occur to partial oxidation but no combustion. In condition of room temperature to
1100°C, Al powder and amorphous B powder occur to combustion no matter in air, CO,
or O, atmosphere. Furthermore, metalized explosive containing B and Al powder was

ignited by nanosecond pulse laser with energy of 0.02] and duration of 9ns, and the
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characteristic spectrum of metal powder combustion reaction was obtained. The impact
sensitivity, friction sensitivity and electrostatic spark sensitivity of metalized explosive
containing B and Al powder are between 60%-80%, 100% and 3.83kV-6.40kV
respectively. When insensitive HMX and AP were used, impact sensitivity and
electrostatic spark sensitivity are reduced obviously. The metalized explosive containing
B and Al powder with density of 0.90g.cm™ to 1.35g.cm™ and diameter of ®50mm has
cap ignition sensitivity, and can propagate stable detonation. The high-temperature and
high-pressure detonation products not only blast upper 1 mm thick Q235 steel into debris,
but also blast down 8mm thick Q235 steel with a 90mm diameter hole. It is indicated that
metalized explosion containing B and Al powder has strong after-effect power ability.

Keywords: explosion mechanics, metalized explosive containing B and Al powder,

preparation, safety, laser ignition, power ability
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Abstract: In this paper, the mechanism of damage on the structure of an explosion pit A
belongs to the Institute of Pulsed Power Science, Kumamoto University is investigated.
The authors have been studied on optimizing the design of an explosion pit made by
reinforced concrete structure covered with a steel plate based on numerical simulation
using Autodyn code against impulsive load like explosion. So far, a simplified model of
the pit is analyzed [1], and the simulation revealed that the vibrations of the reinforced
concrete wall caused by impulsive pressure result in the damage at the side wall and top
of the egg shaped pit. In this study, three-dimensional model with square opening (door)
is used to simulate by numerical simulation. The result implies that firstly the cracks were
occurred at the corners of the door and were grown larger. The numerical result is in a
good agreement with the distribution of the cracks on the pit. The numerically simulated

results for a spherical pit are also demonstrated at the time of the presentation.
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ID068: Dynamic Response Analysis of Mortar Block Under Blast Loading Using
Digital Image Correlation
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Abstract: The dynamic strain distribution behavior of a mortar block blasting was
experimentally investigated. A development of countermeasure technique against
environmental impacts such as ground vibration and flyrock in mining field is become
important as well as economical and efficient aspects. The understanding of the fracture
mechanism in blasting is essential to optimize the blasting design. However, it is
inconvenient to conduct investigation in field experiments because that experimental
rock/geological condition is difficult to arrange in actual mining field. In this study, a
small-scale blasting experiment using a mortar block with well-defined property is
conducted and dynamic strain distribution on the mortal block surface is analyzed by a
Digital Image Correlation (DIC) method. The block was blasted by an electric detonator
and 3g of Composition C4 explosive, and the behavior of the block surface was observed
by two high-speed cameras and a strain profile was measured by a strain-gauge. The set
of two high-speed video image sequences were used to analyze the three-dimensional
strain distribution using DIC method. A point strain profile extracted from the analyzed
strain distribution data was compared with a directly observed strain profile using the

strain gauge.
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Before the shot (b) After the shot

Fig.1 Example photos of mortar block
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ID069: A Fast Method for Preparing TiO,/Na,TigO13 Powder
Tiejun Zhao!, Honghao Yan?, Xiaojie Li*, Yang Wang®
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Abstract: An easy and fast method was design to prepared TiO,/Na,TigO13 powders,
which by using vacuum detonation method. The mixed explosives were prepared by
usage of Ti-Na-contained precursor, ammonium nitrate, hexogen and a certain mass of
polystyrene foam ball (EPS) in beaker, and they were detonated in a vacuum detonation
reactor to synthesize powders. The prepared frech grey powders were characterized by
powder X-ray diffractometer and transmission electron microscopy to ascertain the phase
composition and morphology. It found that the powders were consist of TiO, and
Na,TigO13, and the TiO, almost was rutile phase. The intensity of Na,TigO13 peak was
enlarged with increase of EPS mass. The TiO,/Na,TisO13 particles were irregular sphere
or long rhombus, and some particles were 10 nm. In generial, the dispersity of the powers
was decreased with the mass of EPS increased.

Keywords: Na,TigO13, TiO,, detonation method, vacuum
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ID070: Comparison Between Simple Seam Welding and Adjacent Parallel Seam
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Magnetic Pulse Welding (MPW) is an impact welding process analogous to explosive
welding. In the MPW process, electromagnetic forces are used to weld metal work-pieces.
Its technique is based on discharging a high pulse current through a coil to produce
electromagnetic forces. For a long time, MPW has been used for welding tubular
work-pieces [1-3]. Recently, this method is applied to flat work-pieces [4-8]. The
mechanism and the features of MPW are considerably well known.

In the case of flat work-pieces, the most common configuration consists of a lap joint of
similar or dissimilar sheet metals. At the high-speed collision, two metal jets emitted from
Al-Al sheets were observed by us [4]. The jets emitted brilliant lights in the air. The
length of the observed lights was 1~2mm. The weld interface can be cleaned by the
emission of metal jets. Usually, two metal jets occur near to the opposite direction each
other. The sheets are welded in two narrow weld zones (seam weld zones) [4-6]. Two
metal jets do not collide. We decide to call such a welding “simple seam welding”.

On the other hand, four metal jets can occur when the simple seam welding is carried out
in two parallel. If such parallel seam welding accompanied the collision of metal jets, the
increase of seam weld zones were observed [7,8]. The increase of the parallel seam-weld
zones is not sufficiently understood yet. We decide to call such welding “adjacent parallel
seam welding”.

This paper describes the comparison between the simple seam welding and the adjacent
parallel seam welding for Al-Al sheets. In the case of the parallel seam welding, the
sheets collided at high speed in two parallel along the narrow central part (5 mm wide) of
the coil. The central part had two parallel upper parts [8]. The width (5 mm) of the central
part was same as that of the simple seam welding. Four metal jets can occur near to each
other and two metal jets occurring in the inside can collide if the experimental conditions

are suitable. We observed and confirmed the increase (more than double in total) of the
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parallel seam-weld zones in comparison with the simple seam-weld zones.

Weld zone Weld zone

() —  ———————

e

Central part of coil (one upper part)

|

Weld zone Weld zone Weld zone Weld zone

Central part of coil (two parallel upper parts)

Fig.1 Cross sectional appearances of weld interface of seam welded Al-Al sheets.

In the case of (a) simple seam welding, (b) adjacent parallel seam welding.
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Abstract: A subsurface magazine has an explosive storage chamber, a horizontal
passageway, and a vertical shaft for vent. It was proposed and legislated in Japan. The
authors found that small amount of water on the floor of its storage chamber mitigated the
blast pressure remarkably [1]. The mechanism of the mitigation has been studied. In this
study, the explosion experiments in a transparent, square cross section, and straight tube
were carried out to examine mechanism of mitigation. The blast pressure in the tube and
around the tube was measured. A high-speed camera was also used to observe inside the
tube.

A specially designed electric detonator with 100 mg lead azide was used as a test
explosive. The tube was made of PMMA plate, thickness of 10 mm. The length of the
tube was 330 mm. The cross section was square, whose length of a side was 30 mm. In
case of experiments for examination of water effect, tap water was poured into the tube.
The water depth was 5 mm. The water did not contact with the explosive. The detonator
was fixed at 10 mm from the base and detonated. The blast pressure on inside surface of
the tube was measured at four points, 80 mm, 140 mm, 200 mm, and 260 mm from the
detonator. The blast pressure on the extended line of the tube axis was also measured at
four points from 4.3 mekg™® to 30.2 m*kg™?. A high-speed camera was used to record
inside the tube to observe the interaction between explosion and water. The frame interval
was 16 ps or 32 ps.

The pictures obtained by the high-speed camera showed that water inside the tube do
not move apparently during the period of recording. The difference was not clear in cases

of the tube without water and the tube with water.
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The measurement of the blast pressure inside the tube is summarized in Fig. 1. The water

inside the tube mitigated the peak overpressure and reduced the propagation velocity.
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Fig. 1 (a) Relation between peak overpressure and distance from the point of explosion.
(b) Relation between time of shockwave arrival and distance. Shock velocities obtained
by linear fitting are also shown.

The blast pressure outside the tube is depicted in Fig. 2. In accordance with our previous

study [1], the water mitigated the peak overpressure and the scaled impulse.
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Fig. 2 Relation between (a) peak overpressure and (b) scaled impulse and scaled
distance from the exit of the tube.

The results of this study suggest that the mitigation of blast pressure by water is due to the

interaction between the explosion and the water near the explosion point.
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Opposing unsteady supersonic jets are suddenly injected into a flow field having
shields with shock waves. The jets collide with each other, pass shields and impinge on a
substrate. This kind of flow field is complication by the interaction between jet and jet; jet
and shock wave; shock wave and shock wave. The purpose of this present study has been
to establish the behavior of the jets and the shock waves.

Numerical simulations were carried out by using the ANSYS Fluent 14.0.0 code. In
this numerical calculations, we used the axisymmetric two-dimensional compressible
Euler equations and solved using the finite volume method. Figure 1 shows the flow field
for the computation and boundary condition. The initial injection velocity of Si and Ge
jets were given by 18000m/s. Helium gas was introduced as background gas and initial
temperature was set at 300K.

The calculation results are shown in Figs. 2(a)-(h) for the substrate-shield length
L/D=3.0 and the background gas pressure P,=1000Pa. The He mass fraction and density
contours (black line) correspond to the Si and Ge jets and the shock waves, respectively.
The arrows indicate the direction of the shock waves propagation. The shock waves are
generated by the sudden injection of the Si and Ge jets. The shock waves radially
propagate together with the Si and Ge jets at t=145ns after the jet injection as shown in
Fig. 2(a). Figure 2(b) shows that the opposing shock waves collide on the center of the
flow field and Si and Ge jets progress toward there. In Fig. 2(c), we can observe that the

shock waves reach the substrate. The jets that collided on the center of the flow field
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change the direction toward the substrate. In Figures 2(d)-(e) show that the jets are forced

back by the passing of the reflected shock waves from the substrate. Subsequently, the

shock waves impinge on the outside walls of the shields. Figure 2(f) shows the moment at

which the head of the jets arrives at the substrate. Thereafter, Figs. 2(g)-(h) show that the

jets impinged on the substrate spread radially along the surface. It was found that the

shock waves affect the progress of the jets.
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Abstract: The accurate control of transmitted pulse wave plays an important role in the
area of shock initiation, which involves in a series of physical process like the deviation
of Hugoniot curve after shock compression, shock wave interaction and the propagation
of rarefaction wave. In this paper, we respectively obtained the analytical solution of the
transmitted pulse wave in PBX-9404 explosive generated by aluminum flyer, polyimide
flyer and aluminum-polyimide multi-flyer with different thickness ratios. Numerical
simulation of shock initiation was carried out systematically. By comparing the
simulation result impacted by different flyer (monolayer or multi-layer), the influence of
maximum pressure, impulse duration and the secondary compression wave to chemical

reaction rate and growing distance to detonation was studied in detail.

Fig.1 Aluminum flyer Fig.2 Polyimide flyer

() 11 (b) 2:1 (c) 1:2
Fig.3 Aluminum-polyimide multi-flyer of different thickness ratio
Structures of different flyers are shown in Figure 1~3. Grineisen EOS based on
experiment Hugoniot[1] curve is adopted for aluminum, polyimide and unreacted
PBX-9404, Grineisen coefficient and a first order volume correction factor are
introduced to describe the dynamic characteristics of the material.
It is convenient to establish a Grineisen form of equation of state based on the shock

Hugoniot:

P-P,(v)=

< I

(e-e.(v)
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The first order volume correction factor is as follows:
¥ =7,-all-1/n)
Where, 1= p/p,,and material parameters is shown in Table 1.

Table.1 Material parameters of aluminum, polyimide and unreacted PBX-9404(kg, m, ms)

Material Po Co A Yo a
Aluminum[2] 2703 5.38 1.339 1.97 0.48
Polyimide[3] 1360 2.62 1.25 2.1 0.0

PBX-9404 1867 2.71 1.61 0.675 0.0

Hugoniot curve will deviate from the original one after going through a compression
process. Formula 3 shows the P-v Hugoniot relation of a subsequent compression process
on the basis of the previous shock Hugoniot curve, the analytical solution of the
transmission wave generated by multi-layer was obtained by combining conservation
equations and interface continuity conditions.

P— 2P, _7(PH - Pl)(VO _V)/V
2—y(v, —Vv)/v

Table 2 shows the analytical pressure, specific volume, specific internal energy and
particle velocity of polyimide material during multiple compression process when the
impact velocity is set to be 2000m/s, table 3 shows the analytical pressure, specific
volume, specific internal energy and particle velocity of PBX-9404 during multiple

compression process.

Table.2 Variables of polyimide material during multiple compression process(Kg, m, ms, MPa)

pressure  specific volume  specific internal energy  particle velocity

The first compression 6399.6 0.000526 0.6695 0.8428
The second compression ~ 10440.0 0.000420 1.5659 1.3780
The third compression 11960.0 0.000415 1.6140 1.2980
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Table.3 Variables of PBX-9404 during multiple compression process(Kg, m, ms, MPa)

pressure  specific volume  specific internal energy  particle velocity

The first compression 6399.6 0.000425 0.3552 0.8428
The second compression 11960.0 0.000387 0.6967 1.2980
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Abstract: In-situ dynamic cracking inside opaque geomaterials is desired to be
understood but cannot be visualized using traditional optical imaging methods. In this
study, the in-situ internal dynamic failure mechanisms in a concrete and Indiana
limestone under dynamic loading was studied using high speed synchrotron X-ray phase
contrast imaging. Dynamic compressive loading was applied using a modified Kolsky bar
and fracture images were recorded using a synchronized high speed synchrotron X-ray
imaging setup. 3-D synchrotron X-ray tomography was also performed to record the
microstructure of the specimens before dynamic loading. In the concrete, both straight
cracking and angular cracking with respect to the direction of loading were observed. In
limestone, cracks followed the grain boundaries and voids before ultimately fracturing the
specimen. The effects of the microstructure on the observed dynamic crack behavior are

discuss

50 100 0

15(
Bar end displacement (um)

Fig.1 Force histories over displacement with corresponding high speed X-ray images for

two representative concrete experiments.
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Abstract: This paper proposes a method to sintering tungsten-copper alloy coating layer
to copper plate surface. Sintering in the hydrogen after pre-compacted tungsten-copper
alloy powder to the surface of the copper plate, compacted the pre-compacted powder by
explosive sintering. Diffusion sintering at last in order to improve the coating layer
density. The coating layer was up to 99.3% of the theoretical density. Microstructure
characteristics indicated that tungsten copper powder well mixed. The size of the tungsten
particles is larger than copper particles. The SEM fracture surface analysis is different
from traditional fracture. Tungsten copper joint surface, analyzed by SEM, indicated that
tungsten copper alloy sintered on the surface of the copper.

Keywords: Tungsten copper alloy coating layer, Explosive compaction, SEM fracture

surface analysis
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The aim of this work is to numerically study the pre-detonation ignition of gas-liquid
two-phase Pulse Detonation Engine (PDE). Based on the two-dimensional Conservation
Element and Solution Element (CE/SE) method, different models of dual PDE and
crossover tubes of varying configurations, using gasoline as fuel, are performed to find
out the properties of detonation wave propagation in the whole system as shown in Fig.1.
Compared to the driving PDE ignited by a traditional spark plug, the driven PDE achieves
detonation with shockwave transferred from the crossover tube. Results show that at the
entrance of crossover tube, detonation branching occurs. The shockwave pressure in
crossover tube is higher than 0.8MPa and its velocity is about 1000m/s. When shockwave
propagates into the driven PDE, its reflection on the detonation chamber wall generates a
local high pressure area, which will affect oxidizer inflow in practical use. Detonation
re-initiation accomplishes at the end of main detonation tube by pre-detonation ignition
method as shown in Fig.2. Although different structures of crossover tube have little
impact on the parameters of detonation wave achieved in the driven PDE, the detonation
formation time and DDT distance can be shortened in varying degrees. Overall results
and analyses show that to create the most efficient detonation ignition process, larger
diameter crossover tubes should be used together with shorter length to decrease the total

working cycle time of the driven PDE to perform at high frequency.

Reactants Driven PDE

Crossover

Lisevies Exit
tube Tube SRRk boundary

k/:(>

1 X

Ignition

. Reactants Driving PDE
region

Fig.1 Simulation model of the dual PDE with crossover tube system
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Pulse Detonation Engine (PDE), as one of the most promising propulsive device in
this century, has attracted a great attention due to its simple structure and higher thermal
efficiency compared with existing aero engines under constant pressure combustion.
Many researches show that a single pulse detonation tube would be insufficient to propel
an aircraft alone, and multi-tube PDE would form a more practical propulsion system
with higher overall engine frequency and the possibility of thrust vectoring was compared
with which of the PDE with a single detonation tube.

The system with triple-tube PDE was designed and three tubes were arrayed as
regular triangle, filled with the mixture of stoichiometric gasoline-oxygen. The
space-time conservation element and solution element (CE/SE) method was deduced to
simulate the flow field inside and outside of the PDE. Then, four firing patterns were
performed to investigate the peak pressure of shock wave outside of the PDE. The three
tubes were fired with different time delays in each firing patterns: (a) 0-0-0 ms, (b) 0-1-2
ms, (c) 0-2-4 ms, (d) 0-3-6 ms. The calculation result shows that the vortexes, shock and
expansion waves were obtained in the flow field outside of the triple-tube PDE. The peak
pressure of shock waves was largest when the tubes were fired simultaneous and

decreased when each tube fired with longer delay time.
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Abstract: In this study, the titanium matrix composites( TiMCs)was fabricated by adding
graphene nanoplatelets (GNPs). The dynamic compression test was carried out to study
the effect of strain-rate and the GNPs content on dynamic mechanical properties of
GNPs/Ti. Results show that the GNPs content (0wt%~0.8wt%) correspond to specific
microstructure and affect the dynamic mechanical properties of the composites. Under
high strain-rate (3500s™), the 0.4wt%GNPs/Ti has the highest dynamic stress (~1860MPa)
and strain (~30%). The adiabatic shearing band (ASB) microstructure of GNPs/Ti with
various GNPs content has been observed under 3500s™ strain-rate and the ASB
microstructure evolution of 0.4wt%GNPs/Ti under different strain rate is investigated in
particular. The strain-rate sensitivity is also studied and results show that thermal
softening paly a leading role to the composites.

Keyword: titanium matrix composites; graphene nanoplatelets; dynamic mechanical

properties

GNPs is a two-dimensional nanomaterial which has been considered to be one
potential new carbon material in the field of material science and engineering due to its
remarkable electrical, thermal and mechanical properties [1-3].Powder metallurgy method
was used to fabricated the GNPs (0wt%-0.8wt%) reinforced pure titanium matrix
composites (GNPs/Ti)[4]. GNPs distribute uniformly in titanium matrix and combine
firmly with a-Ti grains when the GNPs content is less than 0.4wt%. The 0.4wt%GNPs/Ti
displays outstanding compression mechanical properties at high strain-rate because the

GNPs can refine the grain size and block the deformation of the matrix at high strain-rate
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[5].

(b) after dynamic compression test.
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Abstract: The thermal cook—off response of fuse explosive train is not only important in
the view of safety point, but also challenges our understanding of the explosive materials.
When the explosive material was ignited, it was different from the primarily chemical and
physical state in the case of slow and fast cook-off. To investigate the characteristics of
the thermal reaction for JH-14C in the fuse explosive train, multi-point measured
temperature cook-off tests were carried out at different heating rates. A 3D model of the
fuse in medium and large caliber munitions was developed to simulate the thermal and
chemical behavior in the thermal ignition at different heating rates which were calculated
by FLUENT. The results of these numerical simulations are presented, together with
some possible explanations of the behavior and discussion of the implications to
modeling this response. The results show that the ignition temperature of the fuse
explosive train is not much different and the ignition position is at the inner of booster
charge of fuse explosive train on the condition of different heating rates. The ignition
time decreases and the ignition position moves from the center to the end of the booster
cylinder edge with the increase of the heating rate. The useful information can be
provided to ensure the thermal reliability and safety of fuse in the storage and
transportation.

Keywords: physical chemistry, fuse explosive train, Thermal decomposition kinetics,

numerical simulation
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Abstract: The process of Laser Impact Welding is that thin metal plate accelerated by
laser-induced ablation collides with another plate at high speed having a collision angle
similar to explosive welding. Recently, X.Wang et al. [1] suggested the possibility using
such technique to weld a spot area for bonding dissimilar materials. In their experiment,
two plates were fixed inclination angle for a making proper collision angle. On the other
hand, our experiments tried to weld a thin aluminum foil (thickness; 50 and 100 pum) onto
a copper plate (thickness; 1mm) with parallel set-up with a fixed stand-off distance at 50
and 100 um, which means that there is no initial inclined angle between the two plates.

As a result of microstructural characterization, wavy interface, showing the evidence of
tight bonding based on explosive welding mechanism, was confirmed at the edge of the
welded spot area, and flat interface was confirmed at the center of the welded area. At the
beginning of the welding at the center, collision angle is not high enough to cause waves,

besides, the angle is considered more close to the edge of the welded spot area.
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Abstract: The overpressure of shock wave in a certain distance for the blast-resistant
experiment of steel box girder scale model was measured. The TNT equivalent of the
homemade composite explosive (TNT/RDX=40/60) and the overpressure values of
corresponding location was analyzed and calculated (1,2). The reasonable formulae of the
calculation of shock wave overpressure for the experiment was found(3); the overpressure
of shock wave of corresponding location is simulated by the finite element software
AUTODYN, the measured values were compared with the theoretical calculation values
and simulation values. Thus verified throung the rationality of the theoretical formula and
the simulation parameters selection. Further, the condition 1 of the explosion test for steel
box girder scale model was simulated, and a basis for the numerical simulation was

provided for the next step to carry out the Steel box girder of blast-resistant performance.

@ | (b) ©

Fig.1 Experiment and simulation results

(a)Relative location of the overpressure sensor and explosive on the test site

(b)Breakage of Steel box girder (c) Stress nephogram under blast load
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Abstract: Nano diamond coated /nano aluminum oxide composite powders were
prepared by detonation using Nano-diamond, boron anhydride, aluminum sols in this
article. The testing ways as XRD, TEM, and SEM were brought to observe and analyze
the detonation products. As the result of the high temperature and high pressure produced
by the detonation of the explosive, the particle size of composite powders which have
nano diamond in the center and nano aluminum oxide coated outside exist 40~130nm

and the balls are uneven distribution.
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Abstract: Dynamic tests of high-nitrogen austenitic stainless steel (HNS) with strain rates
of 10°~10%™ were performed by split Hopkinson bar apparatus under different
temperatures from 293K to 873K.Combined with quasi-static tests, strain rate effects and
temperature effects of HNS were analyzed. The results show that dynamic mechanical
behavior of HNS is great sensitive to strain rate and temperature. The increasing of flow
stress over strain rate become strongly when strain rate reached 440s™ or more; and also,
as temperature decreases, the flow stress increases rapidly. The couple effects of strain
rate and temperature to plastic behavior of HNS are investigated; and the results depicts
that the thermal softening effect acted a key role in dynamic deformation under high
temperature. Based on the classical Johnson-Cook constitutive model, a modified
Johnson-Cook constitutive model was acquired. The modified Johnson-Cook constitutive
model can describe the dynamic mechanical behavior of HNS correctly.

Keywords:High-nitrogenaustenitic stainless steel, strain rate, temperature,Johnson-Cook

constitutive model
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Abstract: The metal would overheat and even burn under the thermal shock arisen as
laser drilling, which causes micro damage inside the metal. Void damage is the most
important origin for crack propagation and failure of metal. To understand the damage
mechanism in the heat affected zone of the high temperature nickel based superalloy DD6,
a microvoid nucleation experiment was designed and implemented by laser drilling in
DD6 sheet. The complex characteristics of micro-damage including micro-voids near the
perforation were observed by scanning electron microscopy. An analytic solution of the
temperature field in DD6 sheet for thermal shock arisen as laser drilling was obtained on
the basis of the non-Fourier heat conduction theory. As a result, the minimum of peak
temperature during the thermal shock in the zone of microvoid nucleation was estimated.

Keywords: microvoid damage, thermal shock test, laser drilling, non-Fourier heat

conduction, analytical solution

Experiment for Microvoid Nucleation

The perforation at the center of a circle sheet made of high temperature nickel based
superalloy DD6 was implemented by laser drilling. The diameter and thickness of the
circle sheet are 50mm and 5mm, respectively. The light spot diameter of laser beam is
2mm, the power of fiber laser is 2kw and the irradiation time to is 0.8s.

On the longitudinal section along the perforation, the micro-topography in the heat
affected zone (HAZ) near the perforated surface was observed by scanning electron
microscopy (SEM). As shown in the figurel, the complex micro-damage, such as
micro-voids clusters, micro pits and micro cracks were found in the HAZ by SEM. It is
clear that the HAZ with 100um width is divided into two distinct areas: 1) the area of
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30um-50um distant from perforated surface is oxidized, in which microvoid with bigger
size distributes intensively and homogeneously and there are much more damage of micro
pits and micro cracks. 2) the rest area has large number of sparse microvoid with smaller
size and a few larger isolated microvoid. During the laser drilling, the DD6 material near
the drilling position is suddenly heated up to a quite high temperature, meanwhile it
would melt and vaporize. Such thermal shock will cause larger temperature gradient and
higher triaxial thermal stresses, so that the nucleation and growth of microvoid occur in
HAZ [1].

Figl. Scanning electron microscopy of the HAZ near the perforated surface

Analysis of Temperature Field

For the ultrafast and ultra-conventional heat conduction like laser drilling, non-
Fourier effect will be crucial. The mathematical modeling of the problem was built for
temperature field, in which the governing differential equation contains a relaxation time
[2]. The initial temperature in the sheet is the environment one, and the boundary
conditions are adiabatic apart from the perforation surface where the change of
temperature  difference  induced by laser drilling is  described as
T="f@t)=(,-T,)(t/t,)exp(l—t/t,) (the DD6 melt temperature T, =1370°C ). The
Laplace transformation solution of the temperature field was obtained analytically by

using the Bessel functions as follows:

7 _ 1o (@D)Ko (6or) — Ko (G0)1,(41) 7(s)
I(’) (eob) Ko (eoa) - Kc,) (eob) Io (eoa)

By applying numerical algorithm of Laplace inverse transformation, the curve of the
temperature versus time is plotted. As the edge of HAZ is about 100um from the
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perforated surface, the minimum of peak temperature in the edge of HAZ can be
estimated roughly as nucleation temperature. The curve in Figure 2 indicates the
nucleation temperature for DD6 sheet is about 1270°C, this result might be helpful to
investigate the micro-damage of high temperature nickel based superalloy DD6 under

thermal shock.

The cune of temperature in the perforated surface and edge of HAZ versus time
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Fig2. The curve of temperature in the edge of HAZ versus time
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Exploding foil initiator, also called slapper detonators as a new igniter for insensitive
high energy weapons, is highly insensitive to mechanical shock and electromagnetic
interference because a special high pulse current is needed for initiation. This paper
briefly introduces the physical model of EFI, then systematically analyzes the relationship
between each component of EFI and the ability of flyer which is driven by EFI system. A
new structure of foil is designed ( Fig. 1 ). Based on this new structure, our team has done
a series of experiments to analyze the ability of flyer driven. Compared to the classical
bridge foil with a quadrate shape, new experimental results show that annular foil need

lower ignition energy and can generate stronger shock wave pressures.

Fig.1 Structure of annular foil

Table 1. The comparison of annular foil and classical foil

N | Diameter of | width | dimensio | area  of | velocit | kinetic

0. | annular of n of | explodin |y of | energy
exploding annul | barrel g foil flyer of flyer
foil ar mm mm ms* | mJ
Mm mm

1# | 0.4/0.8 020 | ®0.8x0.4 | 0.6>x0.6 |4137 |0.304

2# 1 0.4/0.8 0.20 | ®0.8x0.4 | 0.6>x0.6 |4163 |0.308

3# | 0.6>0.6 - ®0.8x0.4 | 0.6>0.6 | 3027 |0.163
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Meanwhile, as we all know that meshes generation is the key to numerical solution
of partial differential equations. The quality of meshes undoubtedly affects the simulation
results. In terms of numerical simulation, adaptive grid method ' Delaunay algorithm *
( Fig. 2 ) has been applied to mesh for the purpose of precisely catching the
transformation of each variable during the whole process of exploding foil initiators '
burst.

Fig.2 Voronoi (dotted line) and Delaunay triangle ( solid line)
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Fig. 3 Delaunay mesh grid result Fig. 4 U-I relationship during burst process
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One way to characterize the sensitivity of explosives (in the sense of reaction rate) is
through size effect tests. Using cylinders it is called diameter effect test, and using plates
it is called thickness effect test.

From the equations of motion for the two test configurations it can be deduced that
the two test configurations scale as:

d(D) = 2h(D) or r(D)= h(D) 1)
where d=rod diameter, r=rod radius, h=plate thickness, and the scaling holds for the same
steady detonation velocity D.

But tests with various explosives show deviations from the scaling expressed by Eq.
(1) (perfect scaling) [1-4]. The results of these tests show that sometimes r/h<1 and other
times r/h>1, and that deviations from perfect scaling may be as high as 10%.

Until now no explanation to these deviations has been given, and here we suggest such an
explanation. Our explanation is based on our work in [5], where we show that a boundary
layer of partial reaction usually forms for a detonation wave grazing a free boundary.
Denoting the equivalent thickness of such a boundary layer by A, for a rod, and by Ay for

a plate we have:

r—A -1 r -1 — 20p—Ay (2)
h—Ap h h
So that:
r(D)
) <1 for 20,>A,
r(D)
") 1 for 2A,<A, 3)

On this basis we suggest that scaling deviations of the diameter effect from the
thickness effect are related to the partially reacted boundary layer phenomenon. To further
establish this suggestion we run direct numerical simulations with our reactive flow code

TDRR [6]. As shown in [5] TDRR reproduces the partially reacted boundary layer. It
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follows that if TDRR reproduces the scaling deviations as well, this would strengthen our
suggestion for the origin of the scaling deviations.

The material parameters in our simulations are those of PBX 9502, but without the
slow reaction component. This is why we don’t quite reproduce diameter effect data. The
rod radius is between 5 and 10mm, and the plate thickness is between 5 and 12mm. We

show the simulation results in figure 1.
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Fig.1 Simulated radius and thickness effect curves
We see from Fig. 1 that r(D)/h(D) is between 0.78 for the highest detonation velocity and
0.9 for the lowest velocity, which is the correct order of magnitude.

In figure 2 we show maps with lines of equal reaction progress parameter after
60mm into a rod of radius 10mm and a plate of thickness 10mm, where we lowered in the
simulations the reaction rate by 22%. The plate run is for half the thickness because of the
symmetry.
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Fig.2 Maps with lines of equal reaction progress parameter after 60mm into the rod or

plate, and for a reaction rate lowered by 22%.
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To clarify the shock characteristics of Okinawa’s unique soils “Jahgaru” that is
widely distributed in southern part of Okinawa Main Island [1], an experimental
investigation of dynamics properties such as shockwave propagation, pressure and
particle velocity have been performed using impedance matching method [2]. Therefore,
we have also obtained the Hugoniot date of “Jahgaru”. And then, to reveal a validity of
the material characteristics, a computational model for the experimental procedure using
ALE simulation [3] have been developed. A comparison between numerical results and
experimental ones, the capability of proposed method through the numerical simulations

have been confirmed.
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Underwater shock wave phenomenon is applied to various fields such as
manufacturing, food processing and medical equipment, and has been investigated with
many experiment and numerical analysis in the past [1]. The underwater shock wave is
produced by various methods e.g., underwater wire explosion and pulse gap electrical
discharge. Therefore, it is extremely important to clarify the shock characteristics
depending on the stored electrical energy, wire dimension and material. However, it is
hard to predict a pressure and its distribution induced by underwater electrical wire
explosion because the phenomena associated with an elementary process is significantly
complicated.

In this study, to predict a discharge characteristics induced by underwater electrical
wire explosion, the numerical simulation based on the "simplified model of underwater
electrical discharge”[2] has been performed. The numerical results show good agreement

with experimental ones.
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Abstract: The discontinuous deformation analysis (DDA) method is adopted to
numerically simulate the dynamic Brazilian splitting test of rock. When trapezoid
dynamic compressive loads with different amplitudes are applied to the rock disk, the
splitting failure process of the disk shows different features and forms different ultimate
failure patterns. It is indicated that the failure pattern and failure mechanism of rock under
dynamic loading is closely related to the propagation of the stress waves in the rock. The
numerical simulation results are beneficial for the study of the failure pattern and failure

mechanisms resulting from the propagation of stress waves in rock-like materials.
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Abstract: Asymmetrical initiation is an effective way to alter the lethality direction, but
the aiming precision is still not enough and it may cause fuze/warhead corporation
problems. For more precise control of the lethality elements, numerical simulation is used
to study the influence of circumferential delay initiation and axial delay initiation on the
cylindrical and hexagonal prism warheads’ lethality distribution. The results show that as
the circumferential initiation delay increases, the aiming direction changes much. The
maximum change of cylindrical warhead is considerable, but that of the hexagonal prism
warhead is only 2.3 due to structural constraint. The axial ejection angle similarly
changes along with the axial initiation delay, and the maximum angle changes of
cylindrical warhead and hexagonal prism warhead are 6.6<and 8.4 respectively. The
delay initiation of multi-point is proved to be an effective way to re-aim the aiming

direction of aimable warhead.

(@) Cylindrical warhead (b) Hexagonal prism warhead

Fig.2 Detonation pressure of multi-point delay initiation
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Abstract: The fabrication process for making unidirectional porous metal using explosive
compaction has been intensively investigated over the recent years [1-3]. The high
pressure induced during explosive compaction results in welding between the surfaces of
tightly packed small pipes inserted into a larger outer pipe.

In the present study, the fabrication of unidirectional porous copper by inserting thin
spacers between the outer and inner pipes was attempted to improve the quality of
explosive welding. The spacers contribute to obtain higher collision velocity between the
pipes. Metallographic analysis and mechanical tests of produced samples suggest that the
quality of explosive welding seems to be improved by inserting the spacers. The
compression tests showed high value of the plateau stress, indicating improved quality of

the explosive welding.
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Abstract: Munroe effect has been more and more used in blasting engineering and most
assembling energy technologies use shaped charge device to achieve detonation wave
collision. In this paper, a new method is used to achieve detonation wave collision by
detonating cord initiation common ammonium nitrate explosive. A numerical simulation
using LS-DYNA on Munroe effect is implemented, detonation wave propagation and
collision process caused by different initiation forms are compared. Numerical results
show that peak pressure by this new  method can reach 2.42 times than traditional
method, and the growth of specific impulse at the explosive bottom is 49% compared to
early results. Based on this numerical simulation, an experiment of
explosive-determination of power be implemented, the experiment result can verify the
simulation result well.

Keywords: Munroe effect, Detonation wave collision, Detonation wave, Mach reflection,
Lead block method
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Abstract: High-energetic materials are used widely in industrial technologies, because
even a little explosive releases powerful energy instantly. After an explosion of
high-energetic materials generates a shock wave inside a tunnel, it propagates in a
passageway and expands as a blast wave from the exit into an open space. It is well
known that the shock pressure at the exit determines the blast wave strength. Therefore, it

is important to reduce the strength of the shock wave inside a tunnel.

Homae et al. (2016) conducted the explosion experiments of a magazine and showed
that some water inside the magazine remarkably reduces the peak overpressure on the
ground. However, in this study, shock wave complexly propagated between the wall and
water surface, and water splashed inside 