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Abstract

[he Modilied Steven test geometry was used to investigate the Tow velocity impact
hehavior and response ol artthicially aged PN 93501 The tests were designed to probe the etfect
that & deercase in the molecular werght (ML), of the binder component Fstane 37 on the
low veloenty mmpact threshold for violent reaction. Theh explosive targets were pressed and
”lil\h“]’\'tl [ty ”ll_' tl('ﬁl['('!i /¢ (RN thcation and ther ol redd or ditlerent perniods ol Unwe m
temperature and hunidity controlled chambers. Threshold velocities tor tour different unus of
aged PBX 9501, representing difterent leve - Estane degradanon, were measured  and

compared to baschine measurements of pristine PBX 950
Introduction

I ow-velocity mechameal mmpact leading w unmtentional reaction s of concern n
acerdent scenartos imvolving the handbing, ransport, and storage of legh explosives. While
pristine PBNX 9501 has heen well characterized by Tow velocity mpact tests  aged materids
have not been thoroughly characterized A potential aging mechanism of PBX Y301 s the
decrease ot the molecuiar werght, due to chinn scisswon, ol Fstane, A reduction of molecular
weight as been shown 1o adversels allect the mechanical properties of PBXN 9301 | thoueh
fittle =+ known about how this nught attect neh explosive (HE) sensiuviy

[he Modified Steven test s a low veloety impact test It provides a measure ol the
sensttivaty o o material i that an mpact veloaty threshold tor Iigh explosive violent reachon
(HEVRY and the relative (to an mientional target detonanon) violence ol the reaction are
mesured. Fhe resubts are specitic to the test contiguranon and depend upon a number of
varrables, mctuding T composivon, density and porosity as well g mmpactor geometry and the
degree ol continement. Low velocity impact tests have been used to mvestigate the mechameal
loadine hehavior and response of basehne ' and miroplasticizer (NPa-depleted © - tanother aging
mechansm) PBX 9301 lots, as well as other HMN based formulations © For the NP-depleted
stuares. 3t was tound  that the velociny threshold tor JIEVR decrcased  quadrateally with
decrcismg NP

ere we present the results of Maodilied Steven weats onartticnadly (massivelvy aged PN
301, Four difterent uns ot aged PBN 9201 which ditter m average M, of Estane, were studied.
Our objectives tor these expermments were to evadwite the HE reaction threshold behiavior as a
Punction of M., and to charactenize the degree of reaction violenee

Experimental

Spigot pun desigu, mount, and cliaracterization rests
Fhe spigot vun design, mount, and characterizaton tests hanve been deseribed
previously L Two Krdogrimy muld steel projectiles. with i 3.0-mn. diameter hemisphernical

nosc, were uscd for these tests.



Targer desiens

Ihe basic target design stiarted as a modification of the target assembl sed in the
angimal target series' and those used by Chidester et [he design, as depicted in Figure
consisted of a holder, cover plate, and retaning ring. The PBX 9501 high explosive specimen was
centered and covered with a 0.0204an. thick Sylpard 184 laver and the cover plate. The design
allowed tor an annular gap ol 0.125-m. hetween the HE outer diameter and the holder inner
dhameter. The targets were assembled and secured to o muld steel backing plate, 12 O-in square
by 3.0-n. thick with a 0.75-1n. deep cavity, which served as a high-mpedance boundan

Artificially-aged PBN 9501

PRX 9501 was formuliated, pressed and machmed mtor disks, 57 i diameter and 127
thick at PANTEX lor use in the Maodified Steven tests PBX 9501 s compaosed ot THIMN (a three
w-one ratio ol the Class  1:2 prades), Estane 5703, a4 cutectic mizture ol is(2,2
dimitropropyhacetal and bis(2. 2-dimtropropyDtormal (either BDNPA-F or NPy and the frec
radical mhibntor, Irganox 1010 The disks were placed inside speaially designed “aging cans
held at 707°C and 74% relative humidity i order 1o promote degradatton of the M, of Estane. The
mtertor witlls of the aging cans were coated with mitroplasticizer i order to mitigate NP loss (rom
the binder. Five units of aged PBX 9501, consisting ot Hive disks cach, and aved between 74 and
433 days, were dehivered o Los Alamos Natonal Laborators (0 AN ) tor testing purposes « Lable
). As scenan the table, siemhicant degradation ol the T stane molecular werght occurred atter only

74 davs ol aeing
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Figure I Basie NModitied Steven target

Diaguosricy

A Light box photodiode systen was used for determinmg the projectile veloeny, Three
hatogen ights, cach weriy a corresponding photodhode, were spaced at three-imeh miervals m a
wooden rame for this purpose. The data records vield three hight protifes producing two
mdependent veloaity measurements. A polyvinyhdene Huoride (PY DEY pavge was attached to the
front surfice ot the tarect o record the projectle mpact ume. The impact tming provides an
addinonal data point to evaluate the projectile velocity This datam s averaged with the velociy
data from the photodiode box

I'wo  MicroMeasurements EA-06-300BH-120 stram gauges. amphiticd with Vishay
model 23T signal condinoners. were mounted on center ot the target's rear surtuce o record the
deformaton relative to the time of mpact. The two stram gauges were onented with the
clements at right angles to cach other



able | Average My ol Estar ind [arget [y ! of Aged Unit

LUnnt Days Aged My (KD)*® Mean Density ot
at 70°C and 74% RH HE Target (2cm )
| . i | TR X9 - 0001
2 | 36y . ") | 829 - 0001}
‘ 178 108
} ‘ )y () § il | X+ AR
. 131 1 55 86 - 0003

“ My of new Estane 100 KD

A ballistic pendulum and blast overpressure pauges were used o evaluate the energy
release relative w0 a PBX 9501 steady-state detonavon - Pressure and tuning calibrations were
accomplished with four PBX 9501 calibration charges. The dearee ol pendulun displacement
was measured using bwo independent passive measurements. the angular displacement of a
friction pivot-arne. and the lincar displacement ot marker cable Blast overpressure vauge data
were obtamed with two O 200 psy ransducers, e fce-on mode posttioned at 45 oft of the
projecitle axis. at a distance o 10 11 ¢ 35.05 m) from the tront target tace. Pendulum and blast
vauge data swere aseraped to determine the enerey release relatve to a full detonation. Tests that
did not result ina violent reaction ot the N were deseribed as quenched and or damagced.

Results and Discussion

[Five targets cach Trom Ues 1030 b and & were tested Fhirteen of the twenty targets
reacted viodenty i siy tareets were damaged and quenchied. One test result was classitied as a
partil  The shot numbers, average ML projectite mipact velocitios, and average encrgy release
data are provided for comparison in Table 11

a) b)

Figure 2: 1) Modified Steven target tollowimge an HEVR (shot KS-6737 05 m s | 13%) by PBX 9301
fragments recovered from the tiring mound

Violent reactions resulted i complete removal ol the cover plate Jrom the target
assembly . Cover plates Ukt were retrieved were signilicantly detormed. The inside surface ot the
holder and the retaming ring were found to be signiticantly deformed at the hizhest impact
velocities. only. Inspection o the Tiring mound tollowing an THEVR typreatly srelded lTarge 11

-

fragments (1-27 0 length). HE fragments were also found in the sample holder (Figure 2y and on




three separate (Table ) occasions this remaiming HE ignited and burmed mediately tollowing
the HEVR event. These were the first instances of th havior tor the Mothified Steven test
Fable 11 Impact Veloony and Average b v Released o an HEVR
Shot ¢ . [ nnt M kD Impact Velocn Freregy Release
(s} (%)
KX-60)54 ' | | AR IY) 7 ) . |
K8-6051 . I . ") ] [ i
KX-6045 } | A IR | .
KX-605 ‘ | ') 90 o) | ' 10 2
K&-6075 ‘ | | M) 90 110 ¢ 3 [ X6 ¢ 7
f = ! 1 ! = I -
K5 660 ! 1 (s $7 ¢ | 0
KNGO04 . ! b OX . | ' .
K5-6069 ' ‘ 108 ' 6l ¢ 1 ' 'EEE
KA 6066 ' ! A4 0K . 62+ | ' 14 2
K&-6O72 . i ' 1.0 » [0S ) . 48 ¢ 0
| - F | I I v
K567 ‘ ! 1 S0 w 0
‘[ K8-6743 ' | ' 4 I 9 [ 0
; Ks8-6710 [ i ' b [ TR [ )+ 2
I K8-6737 | ' 3 44 ' 63 ¢ | ‘ i3+ 2
' KN-67-46 r. ! ’ 144 ' 105 + 2 ' v 2
},,‘,,‘,‘,t, E= = e I e & —  — —
[ K809 71 [ ) .55 | sy | 1)
Ka 0971 h i85 My ¢+ | 2 &8
E KX-6979 l 5 339 63 ¢ | TR
| K& ' S ‘ 33 7 65+ | . EREL
i KS 7294 5 {35 110 ¢ 3 6l ¢ 9

* No blast gauge data
“HE burned brgluls
* partial

Quenched tests resulted in the simple indentanon ot the cover plate as a result ol the
projectle mpact. Uhe target renimed mtaet an attached o the backing ple. The term
“quenched™ 1s used o deseribe these results s posttest exanunation ol previous shots has shown
evidence ol reaction that was mitreated betore an explosion resulted. In shot KR-6063 0 fow Tevel
ol energy refease was measured by the balliste pendulum. but the cover plate was nat completely
removed from the target As this result was qualianvely ditterent from both an HEVR and a
“quenched ™ result, twas classilied as a “partial” reaction

An o exammation ol the stram caunyge records provides addimonal msight regarding the
reaction behavior, Representative stram gauge records are shown i bigure 3 and display the
tvpical behavior tor the Moditied Steven test. The explosive minally behaves as an clustie-solid.
tansmitting loree to the back plate. Neiar - 2000 puerosirnn at the back plate. the explosive starts
to crush and tlow radiatty, The torce fevels ot and then starts 1o deerease as the explosive crushes
anttl the annular gap s Nlled, atier which, the pressure on the crushed explosive begins 1o
TIGTCINC ag N

Velocity Threshold

Freure 4 shows a plot ol the velociny threshold data measured for all tour unis. In all
cases, the threshold behavior demonstrated  the same sharp behavior as seen with previous
Modificd Steven test seriess' . No evidence of muxed zone (crossover) results, e violent
reactions at lower velocities than the thieshold, or nonviolent events at higher velocines that




exceed the threshold was found. As seen by the tght grouping of the pomts, all umits showed

similar velocity threshold for violent reaction. Figure S shows a plot of the measured velocity
threshold as a function of the average My, of Estane, where the data point at -~ 100 kI represents
unaged Estane and thus pristine PBX 9501 As seen in the hgure, there s no significant change it
the velacity threshold (as measured by the Modified Steven test) for HEVR, as a Tunction ot the

average molecular werght of Fstane

— K8-6072. HEVR 1 18 O
- KX-69 HEVR, 2l )

1)

.
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Figure 3: St pauges records ron backside o et

Encergy Release

While we have found no signilicant change e the veloeny threshold tor THHEVR as a
funciion of My changes i the relative energy release, of an HEVR, have been seen. Near the
threshold, we have measured smaller energy releases ¢ N'0) than have been previously seen.
Mechameal testing has indeated thar the aged PBN 95071 1« weaker and less ductile than pristine
PBX 9501 and henee s reduced o rubble more readily & 0 This reduction o rubble may hinder
enerey ranster and the development ol shear bands (an important ignition mechanism i this
geometry). thus feaving nwore unreacted high explosive.

Above the threshold, as seen m the Figure 4, the relative energy release shows a dip,
anlike prisiine PBN 9301, which shows a broad platcau followed by i gradual increase i energy
release. Interesungly. this dip has also been observed m studies of other aging mechanisms '

At our Lastest impact veloerty, the energy release s significantly higher (+ 61% for unit
3) thar pristme nuaterial. much like Moditied Steven tests of fow -NP materals A\t the tastest
impact velovines there s higher energy mput. wlhich can cause more extensive rubhle. The rubble
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Figure 4: Veloonty thresholds tor Dons T8 4 and S determimed by the Moditied Steven esr

will expose more surface area lor reaction and at the same tme may act to trap the evolving gases
and thus wive a higher energy output

Summary

Fhe response of aged PBN 9301 has been studied usimg the Modified Steven test
NMachined targets of PBN 9301 were aved at elevared temperature and hunmudity lor dilterent
lengths of time i order o simulate aging ot the binder The average molecular weight (M) off
the I'stane conponent ol the binder was tound 1o decrease dramatically over the course of the
study (433 davs) lrom - Lo0.S KD o 355 kKDL sugpesung sigmibicant chan scisstoning had
oceuried.

Four units o PBX 9301, ditTering i the average molecutar weight of Lskine were
investigated i order to deternune the velocity threshold tor HEVR and the energy released in
such an event. No sigmificant shitt i the veloeity threshold was tound as a tfunction oi the
molecular weight ol Estane and henee aging ume. Al thresholds were within the expected linmts
lor pristine PBX 9501,

Ihe aged units did show ditferent levels of energy release than pnistine PBX 93501
Lxcess PRX 9501 remarming e the target atier an HEVR was seen to burn on three separate
occastons, Near the veloenty threshold, unusually low energy releases were measured and above
the threshold, a decrease m energy release was abserved with mereasing impact velocity. Such a
hehavior has been seen in other artinhcally aeed materials, The highest energy velease ol 617
measured for Unit 3 wos significantly ligher than that measured tor new PBX 9301 and agam
stmilar o what has been seen for other aued materials,
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Fipgure S: HEVR velocity threshold as a tuncuon of the molecular weighr ot Fsung
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