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Abstract : A long-pulse low-veocity gas gun with a gas buffer is used to induce impact damage in cast Compostion

B and hot pressed PBXN-5. To obtain different damage states, a range of projectile velocities are used by control-

ling the launching pressure of gas gun. The stress history during impact loading is recorded. Various methods are

used to characterize the damage state of impacted explosve sanmples. The microstructure is examined by use of

scanning dectronic microsoopy (SEM) and polarized light microsoopy (PLM) . The densties and ultrasonic attenr

uation are d measured. The results show that both Corrpostion B and PBXN-5 exhibit some damage character-

igicsof brittle materiads. However , due to the difference in conpostions, PBXN-5 exhibits better resstance to

impact loading than Compostion B.
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Explosves may be subject to shake, impact or
shock in manufacturing, trangportation, storage,
launching and penetration. Dynamic loading will , in
return, induce different forms of damage including
microcracks, microvoids, crysta fractures and even
ome chemica reaction. Damage not only deteriorates
the mechanica properties of explosves, but ds inr
fluences the sengtivity , combustion and even detona
tion behavior of explosves. Damaged energetic mate-
rials have higher risks of the formation of hot gots,
combustion abnormity and even deflagration to deto-
nation (DDT)!*2!,
ergetic materia s are more vulnerable to externa lic
itations. Delayed detonation (XDT) remains to be a
top concern for along period in this regard.

It is recognized that damaged en-

The regponses of explosves to dynamic loading
are extremely complex, involving a coupling of me-
chanica , therma and chemical reponses. The char-
acterization of the damage state, including the sze,
number and distribution of microcracks and other
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formsof damage, and their evolution law is a key to
the study of dynamic damage. The low strengths and
risks of combustion and exploson bring additional dif-
ficultiesto the study of mechanical damage of explo-
sve materiads. Drop weight can be used to produce
damage at median level strain rates?=!. The damage
produced at high strain rates can be achieved with
When
conventional gas guns and explosve-driven flying

high-peed projectiles and flying plates” ®!.

plates are used in dynamic loading , it is generdly dif-
ficult to control the stress amplitude and duration of
dynamic load , thus to control the damage extent. To
overcome this, we developed along-pul se low-velocity
gas gun with a gas buffer. In thispaper , we use this
gas gun to agpply dynamic load and induce impact
damage. The explodves used include cast Compos-
tion B and a hot pressd plastic bonded explosve
(PBX) . Microsoopic examination, densty and ultra
nic attenuation measurement are carried out to char-
acterize the damage state of impacted explosves.
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1 Experiment

Cast Compostion B and hot pressed PBXN-5 are
used in the experiment in order to evaluate the influ-
ences of compostion and shagping methods. Compos-
tion B contains TNT 40.0% and RDX 60.0 %.
PBXN-5 contains HM X 94.5 % - 95. 0 % and fluorin
rubber 5.0% - 5.5%. The presing pressure and
temperature are 200 M Pa and 100
tion of presingis1.5 h.

and the dura

The gas gun used in our experiment is developed
to gpply long-pulse dynamic loading. The diameter of
the gas gunis 56 mm. To extend the duration of dy-
namic loading , a gas buffer is developed and ingtaled
on the gun. The duration of dynamic loading can be
adjusted by filling the buffer with different pressures
of gas. The duration of direct impact between two
metal plates usually lasts only about hundreds of mi-
croseoonds. However this can be extended to severa
milliseconds by use of a gas buffer. The impact veloc
ities are controlled not to detonate the samplesin or-
der to examine the evolution of microstructure.

Figure 1 is a schematic diagram of impact load-
ing. The sample is constrained in a sted tube. Two
polyethylene cushions are placed between the explo-
dve sample and two sted rods. The diameter and
length of projectiles are 56 mm and 110 mm. Both
sted projectiles and duminum projectiles are used.
The weight of a sted projectile and an a uminum pro-
jectile are 2. 00 kg and 0. 72 kg repectively. A sress
gauge is mounted on sted rod 1 to measure the stress
higory during impact. The sample dzesfor FBXN-5 and
Gompostion B are PO mm x 10 mm and €P0 mm x
20 mm regpectively.

Different methods are used to characterize i mpact

stress  polyethylene

gauge  cushion

anvil buffer | projectile

steel tube

steclrod | sample

Fg.1 Schematic diagram of dynamic loading
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induced damage. The sample dengties before and &-
ter impact are measured by usng Archimedes
method. Scanning electronic microsoopy (SEM) and
polarized light microscopy (PLM) are used to exanr
ine the microstructurad evolution under impact load
ing. An explosve usudly has an exceptionaly low
toughness. Palmer and Field'”? | for instance, quoted
a toughness of 0.05 MN- m”¥2?for PBX9501 , four
ordersof magnitude smaller than typica engineering
aloys. In addition, explosve materials have risks of
combustion and exploson. These bring difficulties to
the preparation of microscopic samples. Inour experi-
ment , samples arefirst ground with standard fine sli-
oon carbide papers (800 grid) to obtain aflat surface.
Final polishing iscarried out in an automatic polishing
machine with 14 m dpha alumina powder , at a load
of 50 g, while being lubricated with ditilled water.
To avoid bringing additiona unexpected damage to
impacted samples in polishing, samples are first pot-
ted in commercia low-visoodty epoxide mounts with
traditional amine hardening agent and then cured. To
better revea the details of the microstructure, is>
methyl butyl ketone is sdlected to etch the surface.
The polished and etched samples are directly used for
PLM examination, while they have to be coated with
a thin layer of goldfor SEM examination. The whole
polishing process can be monitored by usng a CCD
camera. To avoid the accumulation of friction heat
and causng fata accident in the polishing process,
continuous distilled water is required to cool the sam-
ples Figure 2 shows a schematic description of an
impact damaged sample. Three representative fields,
including near-field (A) , midfied (B) and far-fidd
(C) , are chosen for examination.

Fg.2 Schematic of view fidds
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Ultrasonic attenuation is measured before and &-
ter impact by use of pulse through-transmisson
method!®! | in which water is used as a coupling medi-
um. The attenuation coefficient is calculated by

c+

Ry RECY
whered isthe attenuation coefficient , disthe thick-
ness of samples, Ap and A are the amplitudes of ul-
traonic wave pulses before and ater inserting samr
plesinto water ,p and c are the density and sound ve-
locity of samples,p  and c, are the densty and ound
velocity of water.

2 Resultsand Discussion

Figure 3 shows a recorded stress history of
PBXN-5 sample impacted by a sted projectile at a ve-
locity of 109.0 m/s. The peak stress and duration of
stressimpulse are about 264 MPa and 3 ms repec-
tively. It is clear that the buffer plays an important
role in extending the duration one order higher than
usual. Figure 4 isa micrograph of undamaged PBXN-
5, showing some microcracksin explosve particles as
aresult of hot pressng. Figures 5 - 7 are plar-view
images of damaged PBXN-5 impacted at a geed of
109.0 m/ s. Figure5isanimageof near-field, while
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Fg.3 A typicd stress history of impact loading
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Fg.4 Pan view of undamaged PBXN-5
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Fg.7 Far-fidd region, damaged PBXN-5

Fig.6 and Fig. 7 are mid-fied and far-field repective-
ly, with the projectile incident from right (The inci-
dent directionin Fig.8 and Fig. 9 are the same) . The
damaged PBXN-5 shows more microcracks than un-
damaged samples. The midfield and far-field regions
show even more particle fracture than near-field re-
gion. A larger crack is present in midfied regon,
showing the coadlescence of microcracks. Some trans
granular cracks can be clearly sen in the micro-
graphs.

Figure 8 and Fig. 9 are images of near-fidd and
far-field of damaged Compodtion B impacted under
the same condition. Though some transgranular mi-
crocracks are a9 preent in RDX particles, the
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Fg.9 Far-fidd region, damaged Compostion B

number of microcracks and fractured explosve parti-
clesis much lower than damaged PBXN-5 samples. It
is worthwhile to note that the substantia preferred
orientation of the microcracks and the coalesced crack
in midfield andfar-field isin the vertica direction for
both PBXN-5 and Composdtion B samples. Figure 10
isafractograph of Compostion B , demonstrating that
intergranular fractures are the main fracture mode for
Composdtion B. Some extruding RDX particles and
ome pits due to the pulling out of RDX particles can

be clearly seenin the picture.
e AR )

Fig.10 A typicd fractograph of damaged and fractured
Compositon B

Few vighle cracks can be observed in damaged
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PBXN-5 impacted by a sted projectile at a geed of
109 m/ s. However severa visble through cracks ver-
ticad to incident direction are present in damaged
Composdtion B impacted under the same condition,
and ome large fragmentations on the opposte dde of
impact plane are produced. The results show that
PB XN-5 possesses better res stance to impact loading,
while Compostion B is more brittle than PBXN-5.
The compostion difference between the two explo-
sves may be the main reason for the results. Both
RDX and TNT crystadsin Compostion B are brittle.
Though the viscodastic binder content in PBXN-5 is
relatively low , only about 5%, it ill enhances the
res stance of the whole materia to mechanical loading
noticeably.

Table 1 shows the dendty variation before and
ater impact under different impact conditions. Due to
the formation of extensve microcracks, the dendties
in damaged samples are reduced. The higher the im-
pact stress is, the more the dendty reduces. When
PBXN-5 samples are impacted by duminum projec-
tiles at geeds of 60.4, 125.4, 147.8, 191.4 and
194.1 m/s, the dendties decrease by 0.214 %,
0.273 %, 0.525%, 1.082 % and 1.114 % respec
tivdy. When the samples are impacted by a stedl pro-
jectile at a gpeed of 109.0 m/s, the dendties of
PBXN-5 and Compostion B decrease by 1. 820 % and
0. 420 % repectively. Table 2 ligts the ultraonic at-
tenuation coefficients of undamaged and damaged
samples. It isa 9 shown that higher impact velocities
and shock stress cause more severe damage and larger
ultrasonic attenuation. The attenuation coeficient of
undamaged PBXN-5is2. 60 dB/ mm. But the attenu-
ation coefficientsof the damaged samplesimpacted by
aluminum projectiles at eeds of 60.4, 125.4,
147.8 and 191.4 m/ sincreaxe to 2.85, 3.55, 4. 67
and 4.72 dB/ mm, showing an increase of 9.6 %,
36.5%, 79.6 % and 81.5 % regectively. The re
sults demonstrate that the variation of attenuation co-
eficient is much larger than the dendty for impact
damage. The ultranic attenuation coefficient seems
to be a more sendtive variable than dengty.
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Tab.1 Density variation of undamaged and damaged expl osives

Apl %
materids projectile velocity/ (m-s™ %)/ peak stress MPa
60. 4/ 56. 3 125.4/113.3 147.8/ - 191.4/212.5 194. 1/ - 109.0/ - ©
PBXN-5 -0.214 - 0.273 - 0.525 - 1.082 -1.114 - 1.820(264 MPa)
Comp B - - - - - 0.420(283 MPa)

*ged projectiles, the rest are duminum projectiles

Tab.2 Attenuation coefficients of undamaged and damaged expl osives

projectile velocity/ (m- s~ %)/ peak stress’ M Pa

acoustic properties

undamaged
60. 4/ 56. 3

125.4/113.3 147.8/ - 191. 4/ 212.5

attenuation/ (dB- mm~ 1) 2. 60 2.85

3.55 4.67 4.72

3 Conclusions

The long-pulse low-velocity gas gun used in our (2]
experiment proves to be an eficient loading apparatus
in the study of dynamic damage and mechanica prop-
erties of explodve materials. Both PBXN-5 and Com-
podtion B exhibit damage characterigtics of brittle
materiads. Impact induces a large number of microc

racks, which causes the dendty to decrease and ultra

(3]

Dnic attenuation to increase. Higher projectile veloci-
ty and higher impact stress cause a larger extent of
damage, alower densty and a larger attenuation co-
efficient. Compostion B appears to be more brittle
than PBXN-5. The compodtion difference between
them may account for that. A few percent of binder
in PBXN-5 can noticeably enhance the redstance of
the whole materia to impact loading.

(4]

(5]

6
The impact stress generated in our experiment is !
not high enough to induce chemical reaction in dam-
aged explodves. To characterize the microstructure of
explosves with local impact-induced chemical reac
tion, larger projectile velocities or a gas gap are  [7]
planed to be used for further study. This may deepen
our understanding of theformation mechanismsof hot .
goots under impact loading.
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