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PREFACE

This program was conducted by Mr. Jolm Corley. of the Annament Directorate,
Energetic Materials Branch (WLIMNME), Captain (CAF) Dennis J. Desprey and his successor
Captain (CAF) Alan Stewart of the Armament Directorate, Fuzes Branch (Wl.lMNMF). The
program was conceived as a technology demonstration program integrating what appeared to be
relatively mature technologies. The objective of the program was the weaponization ofan
insensitive high explosive for genenl purpose bombs. During the course ofthe investigation. it
was detennined that significant alterations ofTNTO IV (later called AFX-644) were required to
"·~~ie\'e a reproducible. qualifiable explosive fill (desipated AFX-64S). Modifications to the
J\1K-82 bomb lmd the FMU-139 fuze "rere demonstrated, completing the drmonstration program.
Testing showed the feasibility offielding a sao lb. aeneral purpose bomb vlhich can be stored
and transported as an 1.6 Hanrd Classification ordnance ~kage. In a fu7.ed state the weapon
passed fast cook-off and sympathetic detonation tests making it a candidate for 1.2 Ho.ard
CIassification.
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Fuzed Insensitive General Purpose
Bomb Containing AFX-645

Section One: Introduction
The u.s. Air Force Wright Laboratory, Annament Directorate recently completed an in-house

teChnoiu&)' demonstration program. The prosram objective was to develop a ,eneral purpose bomb
which can be stored as an InSCDJitive Munition (1M). The system developed inte-grates a modified FMU­
139 fuze and a modified Mk·12 (SOO lb.) bomb containing the iMlDlitive high exploti\'C AFX.64S.
Goals of the proaram include demonstration ofa fuzed bomb which achieves 1.2 hazard classification
and a non-f\ad bomb which achieves 1.6 hazard c)Usification while maintaininl the lethality of
tritonal. These goals were realized recently m full·scale teslinl usin. prototype hardware in the Fuzed,
Insen.itive, General Purpose Bomb (F10PB)prosram.

Wright Laboratory has developed an insensitive high explosive for scaenl purpose bombs,
designated AFX·64S, which is nadlly initiated by a modified version dthe FMU-139. AFX~64S is a
quaJi:fisble insensitive: high c:xplosfye bomb fill. Explosive performance is approximately 95% that of
tritonal. Fully Issembled, fuzed bombs can be .fely !t1ored snd transponed usin, this explosive fill.
This paper discusses improvements to baseline AFX-644 which led to the development of AFX-64S.
1be results of an extensive ~ies of performance and safety tests are documented as wen as the initiation
experimenbl to produce a viable explosivt train. The paper 1110 details the FMU· t 39 fuze Ind Mk·R2
bomb modifications required to achieve a Fuzed. Insensitive, Gmenl Purpose Bomb (FlGPS).

1.1 lat:kflfOund

Thr. technololies dC'Veloped for this proaram were a hiah priority durina the Cold War when the
USAF l'Clquired a high del'" of Nadinesl for conventional warfare in Europe. The Iysienl of' centralized
munitions depots. with quantit)'/distance (Q/O) reflbictions usociated with huard cllllldivision t. t
muni1ions. limited trlftspH'tlttm and .....of txplolivea at ......aIn operadaa buea. ne liability to
preposition ordnance wa' viewed u. m-vor opera1ional deflciency. At mID)' fnJcallationl, storqe
ialcol de'llIled to hold 250.000 lb•. ofmunfltou contained only IlIIIall tnetion ofth. capacity.

Benefit. llIOCiaced with mduc:ina the hazud clauifteation ofnaunittonll)'ltln'ls CUI be
quantified ift tmn. of reduetd ...,...Iem di.....cea and/or inmIIed .mUzadoa ofavanable storaae
volumes IS illustrated in Table J. Ten and criWIa for achi.vin. hUlld c.lanifiQtion t.2 and 1.6 of'
cxplC'live filled articl...... provided in Tul.1I from J.efereace 2.

Table I: Storalt Adv••ta"1 lor Hlllrd Clullllcatio. 1.2. 1.6 Mualtlo... Sylte...
(Euaaple: s..o",., 1.100 wltll capacity 01300.000 lb. HE)·

Sa_....... a-HIcadoIa 1.1 1.2 1,6

DllUlnct to lDhlbtttd ButkttnS @ )620 Feet with IOOF. widt .95F.wlth
,,100 tOld of: 60,000 lb. 240,000 lb. 300,000 lb.

(20~) (80~) (100 ")



L'SAF interest in insensitive munitions declined with the reduced emphasis in I:ombat in the
European theater. US Nav)' interest remains high due their unique storage requirements aboard ships and
aircraft c:arriers. Should future conflict require storage of munitions in a theater which mandates the use
of munitions which meet the Unit~ Nations safety criteria, tbe technologics have been developed. The
Gulf war brought to the forefront othe1' issues such as time and labor constraints associated with bomb
build-Up. These issues are also addressed with ;nsensitivc: munition concepts as they lend themselves to
aU-up-round (AUf() ordnance ~lIckages which can be stored and sh;pped as pre·assembled units.
Technolog)' developed in this program would allow future bombs to be !Itmed fully assembled, closer to
delivery platronns. This eliminates the cumbersome last·minute build-up ofmuaitions during wartime
operlltions, reduces time-consuming transportation of the munitions. and makes them less vulnerable to
attack.

Insensitive muni,ions require the employment of less sensitive explosh'cs and explosive
formulations. The Los Alamos National Laboratory (lAl\1.) has demonstrated that 3-nitro-l.2..4-triazol·
S-one (NTO) possesses both inscnsilivit)· and high ene1gy". NTO is an off··white, cf)'stalline solid
particula.te tlxplosive that decomposes at 270~C to :278°C and has no stable low melt point. I'TO is
easily synthesiled from two low cost ingredients, formic acid Uld sc:micarbazidc (aminourea), to form
the intermediary) ,2,4..triazol-S-one (TO). TO can then be nitrated in 70% nitric acid at SO to 600( to
produce NTO. Yields are favorable in both !rteps, from 80 to 90 percent. NTO has favorable
performance: pcrlormance properties. Its detonation velocity ill 8.2 mmlflsec. at B density of 1.85 8k.m~.
The impact sensitivity ofNTO is 291 em using .. 2.5 kg weight (type 12 tool). Tnerefore, r··an
represents In atuactivl.: candidate 8S a ba!:e to form an insensitive composite C'xplosh'e.

~eh cust systems are the most suitable for loading larae quantities of items, an ess;ential need
with general purpose bombs due to their high demand and large sizt!o Therefore 8 suitable melt Cllst
binder is necessary to procc55 the solid particulate NTO. Such a melt cast formulation will "tiIi7c
existing Ann)' Loading-Assc:mble-Pac:kin, f.cilities, which we the capacity to fulfill general purpose
bomb requirements. TNT is most S\litable .... thut melt cn5ltable binder since it h.s a stahle low melt.
thermal stabilit~" and I long history ofUK in such applications. TNT and NTO, dosipaated TNTO when
combined, provides a slurI')' when beated, which rift be cast into warheads). Additi"'es such as
particulate alun"inlam and descnJitizina wax can then be added tu obtain the dnired Itv,I of sensitivity
and efter,y output.

Two retormulation efforts wen undc-naken using TNTO JV (buleline AFX·644) as a starting
potnt. The first eft'ort lOutht to re"llce the low melt wax (D2) aftd the nitrocellu'ou5 swfac:tant. The
produ,. of this work was AFX-644 Mod () wllich wa. 111 extremely inMlnsitive yc1 pool' performing
explosive:. The performance parameters rtfthi. fonnulation were enhanced in the' second reformulation
effort h)i incrcasina the percentuae ofeneraetic inaredientJ to Il5 high as pouible and .till PI"
insensitivity tests.

Ine insensitive hiah explo!live developed durinB this proaram, ArX·64S. is easily processed in
exiltiftllnch/cut, Load.A5s.mble..Pa~k fac:ititiCtlluch II thOle at McAI.sler Ann)' Ammunition Plant
(MCAAP) in McAlester, OK. Furthermore," domestic production source ha5 betn developed for
nftrottllzolone (NTO), the expIOli\'e InaNd~tmt which ,'v,. tltt formulation ita unique oombination of
in~n"itivit}.and hiBh performance. A stlnd.trdization ap'eement (STANAG) Iptteiflcation for NTO is
being dratled amona the nationfi of the North Atlantic Treaty OrlUll1ization (NATO).

l



1.2 Uyout ofReport

The program was orilinally p1aMed to be a reJati"el~' short technology dcmonSo1ration of several
'nearly mature' technoloaies. 1\ was believed at the begiMina ofthe program that TXTO IV (baseline
AfX.644) explosive (a mix\ 1.U'e of TNT and NTO), a modified FMU·139 and a sliahtly redesigned Mk·
82 bomb could be easily integrated into an ordnance package which could achieve the insensitive
munition criteria. As the program prosressed. it became apparent that considerable reformulation work
was required for TNTO IV. Also. numerous iterations of boostinI schemes were tried Ilnd a plethora of
perfornumc~ and ~.nsitivity tests \\We required. The span of work reported here is apprDximately four
years.

Th;s report is organized to asitt the reader in understandins the loak: ofdecisions mede
throuahout the pro....m. The tests are not explabled in chronoloJicaI order. Section Two of the report
will explain tM development, CharlcteriZltiOll and teltin. of TNTO IV, the haeline AFX·644
fonnulation. The first refonnulation coffort will be explained in Section Three. Numerous proccsRing
parameters were altered and the result on sensitivity will be explained. Althouah the formulation
percentages for M'X·644 Mod 0 were identical to those fllr baseline AFX·644. AFX·644 Mod 0 was Jess
sensitive and yietded tower performance "'11II.'1. A I«lOIJd refonnvtlttoft effort WII Uftdeftlken to
trade some ofthe extra insensitivity of AFX·644 Mod 0 for performance. This second reformulation
yielded the final product of the investiaation. an inr.enlOitive high oxplosive which uses the same
ingredients as AFX·644 Mod 0 but in different quantities. 'This final product has. been designated AFX·
645. Much of the discussion and conc:lusions relatin, to AFX-644 are equally applicable to AFX·64S.
Section I;our explains the second reformulation u well as the performMCC tests fo:, both reformulation
efforts. Section Five (overs the- booster and fuze hardware configuration dclianli which spenned the
entire program and were tested alainst a ~ariety of AFX·644 formulations. Section Six coven the full
scale hl2'.lnU t('.sting of tile fuzed bombs which were the tinal proofClfthe viability ()fthe concepts
demonstrated ill this pro8ram. The' report wraps up with • list of well s.ub!ltantiated conclusion,.
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Section Two: 8.s.Une AFX-644 Formulation Characterization and
Evaluation

Tne development of the baJelinc AFX-644 (also referred to as TNTO IV) insensitive high
explosive is detailed in Reference 3. AFX·644 is a melt·castable, "'8x"desen5iti1.ed. nitrotriazolone
O'TO)-based explosi\'e formulation which employs TNT as an enersctic binder material and aluminum
powder to enhance blast perfonnance. TIn, ~TO, Wax. and AI powder are mixed in proportions of 30.
40, 10 and 20%, respectively. I~aseline AFX·644 meets the United l'ations' (UN) criteria for Extremel)'
insensitive Detonating Substances (EIDS) and full scale testina requirements for fast cook-off, slow
cook·off and bullet inlpact. Mixed I'e!\ulu were o~ined in full-scale sympathetic detonation testing
with the baseline formulation. Mk-82 pressure arena tests for baseline AFX·644 yielded performance
parameters similar to those obtained for tritonal·fiIled bombs.

table D: BasellDe AfX-644 FormwalioD Raulta3

Strffalal
'------------..-,...----'---!"""-'---------I

Tesl Criterion ReHlt

lmDltet Scnsitivil\' (H-SO~', SKa) ;. 200.~ em
~~~~~~~~~.;.;;-.:~I-----,----I--;;;.;..;..;~---------I

Frict!on SensitivItY(BAM) 6.2 KI
Thenna. SfnnUirY (CRT) 0.37 cm'/a
f1rc:tro5tatlC Disch.rie 0.040 Joult's
Sman S~lc Bum MUd num
(TtJTlNTO/Wox 4215:2/6)

Uaited SatioD' Crttula for Ixtremely 11IIe.....ve Deionatlna Subllaatl (EmS) for
1,6 HUMrd ClauHleatloa

Tt5t Criterion

<":IP No on

Rnalt

No Rtaction

No 'lCiion
PNl 1'&"

PrcMure'" 17 tpa
dP1I ... O.n ....,.

Buffet l'nPict No £MPloaion
,.·..tem.1 Fire No V.IIM RIIC'lOft

~ Pnuurt < 27 kPI
• ilP7iti < 1~ MhII

&1)\\' Cook-orr No,Throw_.
t1altlKl N.. " :111 1.2 lIad 1,6 H.,..rd CI....lnc..t.OIl Artlele T.... ,a Mk-l2 BoIDb

Ttl' erle.rIGa Re.ult

No on ( 1.6) Bum nnly (2X)
~ ---:-a,t ':oclk·ofJ

·0." tMekneu criterim ifll flUlC'hm 01donor outpul prtIMI":
P(7Omm. rtntollt.)wp(I2mm. Comp B)~ p(76mm. RDX/Wax) •• 34 Kbar,



f{e'lilts of ~r('enillg tC5t~, EIDS t~sts and full scnle (Mk·S2, art ide- 'iympathl.'1ic detonation and
slow ('ook-offtcsh conducted for the baseline AFX·,M4 fonnulalion have been rc:pol1eo J'lr~\iol1sl~ 3and
,1re summarized here also in Table Ii. The results ofadditional 510\\ cnok-off. fast c'"IOk,·off. bullet
impact and ~Ylllpathetic detonation tests art also provided in Table II and described in the Il:XI thaI
follows, All tests in Table II dCM:rihe the criteria for achic\'in9 1.6 hazard classification with some
exc;eptiom. Screening tests have 110 hard criteria as they are intended fOf ident ificatioll of promising
form ulatiollS. The 1.2 nalllrd c1assificmioTl d~s not require the use c.lf FlDS qualified c;.;plol\j\,es. The
article \c!>\ing for I.:! hazard classification include!> only 'he fast cool\-off(with a relaxed pass criterion)
and the s~mpath~tic detonation tCl\t.

2.1 S•••lIne Slow Cook-off TNt/ng

2.1.1 BaseliDt AFX-644 Slo'" Cook-Off Te!lt 1

The tirst sk"v coo\o.-offtest on the ba~lil1e AFX-M4 formulation \\as described in Rcf~rence J,
TIl(.' item WIiS placed in An aluminum oven equipped with thl'rmoC'ouple~. controllilblc electrical heat
tapes, exudation troughs. circulatins air and insulation (figure I), The fi~t 510w c:ook-offtc.$t conducted
on ba!>.:line AFX·644 in RstRndard Mk-82 bomb resulted in mild burn ins ofthc explosive contents with
reliction products rc)ca~d upon rupture of the nose fuze well. No case fragmentation wus obser\'cd
(F igurc 2), 'Jhe 0\(0 wmperature at the time of reaction was 161 C' C. and the internal bomh temperature
\\It' IQn~ c.
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filur. 1: Slow Cook-off Teat Set-Up
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"'iaure 2: "a..line AFX-644 Slow ('u()k-offTt~t J Re,ult

2.1.2 naselinc At"X-644 SlOW Cook-oft' Tl'~t 2

A sec'ond MI..·M2 !;low .;ctQk-offte..' \'as l:onducted for 'he baseline AFX-M4 fnnnulation. ~h in
the fir!" teM. the iteln \'tnted mildl:,' through the nOSt! fUlcwell and burned non-propubiHI>' (Hgure 3).

rhe test itcm had thel'm()(ouples por-hj( 'Oed in tht:' bomb. on th~ bomb skill and in the ovtn frct air. Jhe
(l\cn tnnperat\lrt: was initially raised from 281'e to 100°C at ftlllT'Prl'lximate hutingltAtc of \OJu(ltlr.
The item was slluke.... at this condition for app"I\ximatcir I";'.~ hours until equihbrillm bcrwctn the m'en
~tir lcrnreraturc und the internal rome. tcmperwtuu WIS BChie\'ed. The <wen temperature \\'11\ then raiwd
lit " ra\ll of 'Ll~CIhr to )40"('. A, tt.i!I roint in the- n~imt.nt. there "'II • power ourn~e for
appro... iml1fely 8 hours. '1 he ~"'I'n c~led to apprl ,xim.t.l~f 40uC and the intemal bomb tl:mprrarures
t~cre8r.ed to "s ICI\\' as '14°C. Once power re:;umed, I"e o\'(n air Will hfAted to IOO~(' lIlt rate of
\3.3"C/hr. h 'Ml~ or.li" loak(d I' th is conditlclf\ (or upprox:ma'fl~ 6. ~ hours .110\\ ing the tntem,'
tcmpc:r;aIUfC!'I '0 c'qui librate.

HeatinM t.hen ruumtd " an I1pproximme fate of) ~"('It1r lIttfO reaction occurred at an (\\'(':1 IiI'

IcmptmtUl'1 of approllimll"lf If)i(lC and an intern'" item tC1llpt"'Urc: "car 190°C. Su~utnt'). fire
ensued II molt.:" cl\plu,he frIJnt the t\udatiun trcuahs i,"iltd. The item \,¢ntcd ",ilul~ "r("l'" tile oosc
and burned nCln-rrOpU laoivcly. The ilem tfll from the Ml\fld durinll the- \elil. II "iJ'I nc.toed priC'f '" 1C'·,1tnll
that the bom'" wus rt:~lin~ Of'l the exudatiun Irour-tls. "U~Il\:ndl:d ahO\'f the" mcoJiI stand. The IlOSt! fllzc\\cll
W,t" hllrieet in Mhes ...nd re~idue.' tnnkinp tllSpcdilln diffic"lt Tl\t tail (u/lt,.. ell wo~ in\'cJ'\:~: .lll~ ha"e
"Tulf ~al" Cl\ lIdution wa, ob'cl'\C'!lf ..hout che c.il rinf. Th" bumh c:ne rcm1incd intllo:l throllpht\lI' ,hc
ellpc1riment.
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Figure 3: Baseline AFXa644 Slow Ce:tOk-offTellt 2 Result

2.2 Saseline AFX·644 F••t Cook-off rest
A single item wood bonfire test was conducted for a Mk-82 containing the bascline AFX-644

formulation. T!lC item was placed on the bottom section of a standard metal storage pallet. Tht pallet
and item wert.? stmpped loosely to a steel frame stand (Figure 4,. The- item was surrounded by woc:xJlm
planks (Figure 5) soakd with IS gallons of diesel fuel and ignited u~ing thC11l1ite grenades.
Thermocouples "ere place.d in and around the item to monitor the corre!tponding temperatures
throughout the tC:5t.

HIe.: item vented m.ildly and burned in place upproximlltcly 10 minutes after the fire staned. II
n:mained nn the stltnd for the duration of the test (Figure 6). Reaction occurred when me flame
[emperature was fluctuating bet\"ern ISOOltF and 2000°.=. The internal thennocouples registered
:cmpcratures \\oell ht:lo'" !0(' 'F prior 10 reaction indicating reaction initiated near thC' surface aoS would
he exp(~ted in 8 fast cook·off ~cenario. Venting occum:d from the nose firs.1. EVC'1\tuaJly. combustion
products ""crl~ cmitll:d frnm lhe lUi! fuzewelJ and the charging well at the center of the bomb also, The
position!' (Iftl~ thermocouplc$ were similar to th(lSe of the slow cook·offtests.
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Figure 4: \Vuod Uonfirt (Fast Couk-oft) TeAt Set-Up

.-
Fi2ure~: "'oud Bonfire (Fast Cook-off) Tts. Btf'ort ',nitiuo
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Fipre 6: Sa_iDe AFX-644 Fa.t Cook-off Rauh

2.3 Baseline AFX·644 Bullet Impact res"
Two Mk ·82 bombs cc.'\fltninin@ baseline AFX·644 were subjected to bullet impact testing using

0.50 cal AP ammunition. The items were at a standofT distance of 6(\ fect from the muale~ of three
~1ann barrels (Figures 7,8). Each item was impacted with three separate three·rolmd bursts delivered at
~n icC' vclocity with 100 millisecond intervals bet\....een rounds. Prior to firing into the live munition
items. rounds from each Mann barrel were fired individually through Hght screens to obtain an a\erage
delivery \'tla<:ity. The fir!-1light screen was placed approximatel)' 10 feet from the barrel and was five
tect in front of the second screen. The average velocities were 2947±33.~ f\/sec, 29S4±26.4 ftl'Cc and
2932i 15.0 ft/sec for barrels 1,2 and 3. respectively. ";0 siHnificani reaction or humin. rc:sulted from an)
ofrnese impact!'i and the items remained intact.

Mirror

Hiih Speed Camera

m..
,I

60 Fe~t

I hield---------t

C
0.50 Cal. Mnnn Barrels

Figure 7: Schematic or Bullet Implet Test Set·(Jp

Hill.h Speed Camera

11m,
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Fi~ure 8: Mann H:arrel~ Used for 0.50 Cal Runet Impact Testing

2.3.1 Bullet lmpact 'hst-ltfJn 1

The aim point for the firr.\ three round burst in the first item \'lias the side of the bomb. orthogonal
to and "entcred hetM~en the lugs. Two of the founds completely penetrated the item llnd exited the
backside nfthe bomb. di~placing the internal explosive. creating a hole in the bomb. The impact holes
\\ere grouped c1l' sely t0gether with the edges (lfthe center h()l~ contacting the othrr two boles. No
sign ificant blJl"ning was otN~ned and the item remained completely intact (I~illure 9).

The st:tond thlU round burst in the first item was deliured alon, Ihe same: side o(lhe item as
the tirst hut at a point len inches in front of the forward lu~. ASlin. the rounds entered the test item in 8

closely ,roup«! prell.:rn, with two of the entry holes overtlppin~ and the third Incated approximate I)' I
inch from the cluster. None of these rounds exited the bomb case. but they did transverse- thi: entire
dinmeter of explusive a50 indiclltcd b)' the: slight Clse defllrrnaliun (In the htlcksidt: of the test item. I'\u
react Km occurred from fhe~ impncts (Figures c" I0).

Th~ Ihird three round burst in the first item was deli\'ercd into the tail fuzcwell, One round
p~nctrated the fU7:ewell alol18 the top edge. TIle s(.'Cond round pen~r8led tht! ,enter ofthc fuzewell and
the third entered Ihrou~h fhe bonO'll of the fUlcwell. Again. '1(\ significant rtaction was (lbst·l'\'td.
although there wns some: mild smoking for ,) short time anrf the impacts (Figur~ 11).
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Figure 9: DueliDe ,o\FX-64.f. Bullet Impec:t, Item It SbotH I and 2 Rrsults

'f

Figure 10: Blselioe AFX-644 BuDet Imp.d, It,. It Shot 2 Rear Side

II



fcigure 11: BU5t"line AFX-644 Build Impact, Item 1, Shot ~ Result

2.3.2 Bullet Impact Tes(--Item 2

Tht: aim point for the first three round burst in the second item was. again. along the sidc at tht:
L'ent~r point between the lugs. T".;o of the rounds impacted c1osel~' together. resulting in over-lapping
cmry holes. The third round apparentI)' tunlbled upon exiting the barrel and impa'-"1ed the test item
upproximatel~ ten inchC'S fi'om th~ aim point. Thc' penetration ofthis round resulted in an oblong hole.
The bul lets from these impacts bC\::8mc lodged into the tcst item and did not penetrate the item
completely (Figure 12). The seal around the tail fuze~e" was compromised ti'om the pressure release
and minor reaction induced by these impact". The! fUlcwen wa~ slightly crushed and ruffseal was
observed exuding from the case. Th~ nose fuzeweU was ,Ii~tly crimped and hoth nose and tail
fuzewells were coated with explosivCl residue (figure 13). lJnr¢aclcd high nplosi\c \\as \'isible in all (II'

tne impact holes. Most of the explosive chnrge appeared to be intact. so it wa" decided to continue
tntina with this item.

Till: aim poirlt for the s.eccmd three round bur!tt into the secor.d item wa~. auain. in the side ofrhe
item It It point ten inches in front of the forward lug. Two of the rounds implcted the bomb case ncar the
Him point. pcnetratins within 1\\'0 inches of each other. The third round impactoo near the for"'ltrd lug
position in a giancinp blow fashion. (amna to pent,otrate the casc wall. One ofthc: two ~netr~tin, rounds
exited the beck of the bomb case (fi@ure 14). There: wa" some mild smokiull initially and morc residue
was observed in the 1I0st: iuzewell. Llnrcactcd explosive was visib\e inside the bomb via the penetration
holes. ~o significant renetion occurred And the charge remained essentially intact.

The third thrt.~ round burst into the second tC$t item was delivered into the nost fUlc:well since
the ta.il fUlcweU hid bten compromised. Smoke: exitf!d the charginll well and nose: fUlcwell when the
bullets implil:tc:d. After the shot. unrncted, damaged explosive could be sten at the base of this fU7cwell
(Figure 15). !'<Io char,ing tube damll~e was observed.

/2
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Fi~re 12: B8foieliuf AFX-644 Bullet Impact, Item 2, Shot J Result
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Fiaurr. 13: nasellne AFX-644 Bulltt Implct. IttlD 2, Shot I Fuzfwell Rupture
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Figure J": Ba~cline A.·X·644 Bullet Impad, Item 2, Shot 2 Result
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"'iaure 15: BaBeline AFX·644 Bullet Impact. Itrm 2. Shut 3 Rtllult

2.4 S•••lIne Sym".thetlt: Detonation T••t.

2....1 B•••llne At·,X·(t44 Sympatbetic Detoaltioa Tflt 1

The first full flea Ie (MK·82) sympathetic detonation test on btiscline AFX·64t1 was de5cribed in
Ref~rencc 3. 1\ summary dcs<:riptioll is prnented here, The standard metal pallet contained three inert
BDC·50s Hnd three MK·82s conl.inintt baseline AFX-644, The old s,'lnd.rd metal pallet which hIlS
"crtical and horizontal ~in-Io-skin sepalation distances ofllpproximHlcly O.~ inches was employed for
Ihe test (Fiaure 16). The donor bomb w.s located in the bottom row, ~enter po~iti()n nfthe pallet
between II ti\'f' acceptor bomb .nd a BOt'.~O. Th.: top row ofthe pallet con!listed of a BDU~50 between
a li\'e Rcceptor bomb and another BOC·SO. The live acceptor bombs \\ere on 0Ppo$it. sides of the pallet

'"



h) 311n\\ individual assessment (l(the ~()l1ditions at the adjacent and dia[t!onal acceptor positions. Th~

items were indh·iduall~· stamped for positivc po~1 test identification of the recovered remmmts.
The loaded metal pallet was positioned above a 6 ft x 6 ft. 1·;nC'h thick armored steel witness

panel. A wirness plate: ofthe same dimensions was supponed abo\e the pollet on a wooden stitnd at a
h('isht of approximately 6 feet. A quantit~ of sand hags. were placed on the top plate. Additional 6 ft x
I~ ft. }·inch thick panels wen: positioned on both side~ of tile pallet. The donor bomh was initiated from
the nose using C-4 and an RP·8j boostered detonator (Figure J7).

....

"
. '

. . • .. ----------

Fipre 16: Old Staadlrd Mk·82 Meta. Pallet

---- -----
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Tht' dl'tonmioll of the donor bomh did 1101 rropagatC' to either oftht' li\e accept ..1r htlmbs. The
rcco\t'red pieces ofthe live dia£l.onal acceptor bomb \\ere large EUld plate.like. The ~harging well and
lu~ \\,<."1) were also reco\'cred fonn this item indicating this item did not detonale. The i1em Wil!> broken
up sc\erely from the jet-like impact of the donor fTCIgrnents and its (I"'n subsequent 10'\ ordcr rea"inn.
lhe remnants of the adja,:ent lin acceptor homb also included hea\·~. plate-like piecc~. llnreacted
e'plosive was reco'tered from the arenll. [vidence ,'rom the witness plate" confirmed that no 5o(:condary
detonatinn occurred.

1.4.2 Baseline AFX--644 S)'mpathetic: Detonation Test 1

The !oecond sympathetic detonation tcst on Mk·82s containin~ the baseline! ArX-644 fomlulation
also resulted in no propagatioo of the donor detonation. The set-up for the ~econd sympathetic
detonation test was the same as that of the first test. lhe donor oomb was no~ initialed using C-4 and nn
RP-83 detonnf<.H. Piezoelectric pins. were rnsitioned at $-inch intervals along the donor bomb to \'Crif)
complete detonation of the donor bomb.

Ponions of aI/test he-IllS were recovered lloll¥- with the pin dllta and witness plate markings. The
duta confirmed prompt detonation ofthe donor bomb with no propa~ation to the surrounding items. The
donor bomb promptly transiliom~d 11..'1 an average me3sl1~d detonation velocity of 7.01 ±,O.45 km.\ec.
The hottom witness plate \\'8S cracked and se\'erdy stalTed by donor fragments. The markings were
symnlctri,:al about the center of the plate. with no markings from the acceptor items (figUrt~ '8). The
~idt· panels wer~ clean except for some minor markings from donor fragments (Figures 19.20). The lOp

plate was defomlcd from impact by the top, center item and mildly scarred by donor fragnwnts (Figure
~ 1). Large. plalt~.like pieces "ith liner material still attached were rC'Co\'ercd fmm the live adjucent item
(Fi!!ure- 1: I. Two small. thick pieces of the Jive. top row acceptor were recovered (Fi,ure 23). Th~

remaining inen items were hroke1t apart and showed evidence ofse\'ere donor impacts.

F'Rure 18: Bottom Wltn", 'I.te from BafitllDf AFX·644 SylDpatbetlc Detonation Telt 1
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"'igure 19: Lh'e Adjacent Acceptor Side Witneas PlaCe from BaseUne AFX-644 S):mpathetic
Detonation Tel' 2
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Figur(: 21: TOI) \\'itness Plate '.'om But·Jine AFX-644 S~·mp.thetic Detonation Test 2

F1aurc.' 22: Lin Adjacent Acceptur Remnant from Baseline A.·X·644 SylDpllthetic
Detunation 'feRt 2
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Figure 23: th'e nia~nhal Acnpte.· Remnant from 8a~eline .4.rX·'4~ S~'mpatheti(

DctoliadoD Test 2

2.4.3 aaseline AFX-64.t S~·mpatbl.'tit Dcto••tioD Test 3

At thiS \x>int in the rrogrnm, Mk-82 loadjn~ of baseline: AFX·M4 \\3~ trnnsiliollcd to the ~a\'a'

Ordnance Slalin" Detachment C'lOSDET) at Yorktown. Virginia. The trAnsition WIS made- I" validate
\C;ale-lJp of the baseline formulatiori procnsing paral"" dtl'S (I;,lio's 100 pilon melt kettle was n~ yet
activated) and t(\ cspcdite '(liUJing (.,f large- numbers oftest items, Explosive weighls for the 11 bombs
'aaded at Yurktown were lower than for any of the charies loaded previously It [,lin (183 :t 0.38 Ibs,
vcuus 188,8.~ 1.5 lbs,). The homb, loedcd at Yorkto\\ n ",eN nClC watcr-weiihed prior to explosive
loading. Usin~ the 8H•.,apc volume obtained for the bombs lo.dC'd at Eglin. the a"era~e charS': d~nsit) ,If

the bombs loaded at Yorkto'''ll is estimated tu have been 1.61 glcm) venus 1.66 uJcm for Lhe bombs
loaded at Eslin. A compositionnl .n.I)'Si~ WPS performed .t Yorkto~non I sinale samJ1l. c:olletttd near
the end of the mi~, -rhe 100 I.IIM kenln at YorktClWn mlpt)! frum 1M bottom, 10 this sample' wu from
the "h~ad" of the biueh, The aample was rich in wax Ind deficient in aluminum, indleatinalOlne settling
may hIve ()(t:urred Tbis may have NMlh.t in WlX .flcient bomb. \oacltd first with incnmsinll}' wax
rich lxHnbs produc,-'(j Ih,r••fter, Sample. were not ;:ollectfd prior to loedina and the order of loadlna
"'11.., not recorded, It is polSlble that bombs of varyi«lac:ncfJies .nd !'ie"!Iiti"'it}' II"el, weft to,ded, but il
is impossible to ..sian thue 'evels to ind,\,id...1bumbi. lhi, WI' discovered prior to tutilll the item".
Th~: dt'cision was made: to proceed ""ith additionnl I)'mpethetic dl.'1ollition teitinv,

'} he next experiment in .he test plnn WII an .11 ii",~. MkmK2 to)'mplclletic detonAtion test in thc' old
scandard metal pallet Wilh O.~ inchu of s.cplrati(lln between al) adjacent 'terns uliina bombs load('d I'
Yorktown, The test set-l'l' WI!' identical to that Clf'the previou, sympathcti(,; dc:tunatilin lelit with Ihe
exception IbM all acceptor' bombs e.ontained beseUnc AfX~644, 'the donor bomb detonoted, achievlna l

detonation velocity of 6.42 ':~0.38 km/scc, 11le detonation ofthe donor bomb did not propqatt 10 either
of the accept..:lr bombs adiact<nt to the dono, on the kinom m'o' of th..: pallet as evidenced h)' the larl~

p'ate-Iike remnant!' recovetred from theM item. (Figute15 2",2S) and the ab.ence of wltne!l5 markln85
trm'n thut '.emf; on thl: bottom plate (Fiaure :26), The two .c.:cplor bombll originally in the dia;on.1
positions ofthe pallet propalued the donor cMtanation IS indicaletd It), tht multiple (rllton.nt markin8"
and pcnctrationll on the upper porti("4'l northe vertical wlm.", plltn (Fiau!'tll 27,28), Tht ,,·ktenee
reMarding ':'c tn" centff acceptor i. Inconclusive but tends to indicltt nu d<.1oNtinn nf thiK ittm. No
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pl"l~iti'd.:l: idenliti;lhlc pici:~~s Ilf ~hi:-, itC'1l1 "crt: r':(,(l\er~d, Till: Illp wim' ,~ panel '\ a, hl:ll\ i:~ riJdkJ
with hole" and imp.lct~ (rum the dillgllnal ",erlor bOlllb~ \.i~ure ~()) :\ddili\mall~,Ihel~ Wt;f( ~,,\ll1C

'I:I) tint fragment 'Impact... in tht center "tction (If tht: 1pr platt' h is <,p,;,c\llated \hc~c nrc frlllTl small
di.'n\'\f f·a~m~nt~ \\hkh werl' ah~e to <;m:ulll\ ~nt 7he \\lm:acling till' (enler IX"lm~ h\\d~ prior to i~, initial
m\'\cme~'t
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Fi~u ..e 26: Bottom Witlle~~ Plate from Ba!ieline AFX·644 S)'mpathetic DetoDation Trst 3
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Section Three: First AFX·644 Reformulation Program
The response$ observed in bv..ards testing ofthe baseline AFX·644 formulation were promising.

The results ofsympatbetit detonation testing were mixed. The scaled up mixes o(baseline AFX·64~ had
lower than expected chuge densities with an attendant rise in shock sensitivity. The ingredient
suspected ofcausing the inconsistencies in processing was the 02 wax. Other parts of the formulation
were also sautiniz:ed. Several shortcmtings of the 02 wax composition were revealed during
characterization and evaluation of the baseline fonnutntion. These shortcomings were sianifi~t CDOUah
to prevent AFX·644 from becoming a qualif1&ble bomb fill. A refonnuJation strategy was developed to:
minimize exudation, improve pro«ssin3 parameten. lind improve AFX·644 survivability for
sympathetic detonation scenarios.

Several varieties ofwaxes in numerous concentrations and wax to surfactant ratios were
evaluated. An improved formulation ....ith the same composition pelWntaaes as the baseline formulation
(rnTINTO/wax/AI 30/40/10120) was developed and designated AFX·644 Mod O. AFX·644 Mod 0
employs I hip melting microcrystalline wax, called ludramic-lOO and In altemative surfllCtant called
Gilnex WP·660 in the percentages reported in Table 111. The objectives of the reformulation strateI)' and
the rC'$1Jlts of formulation changcs are discussed in thc fo11o\\;og sections.

Table III: AFX·644 Was Compotitions

Base".e U2 Wax Improved Wu
Melt Point. • 62.7°C Melt Point • 83.9°C

IndnmlC·17OC 14% lndramic:·lOO 98.'%
Nitrocellulose 14°,.i Oanex WP-660 J.,%
Lecathin 2'At

3. 11tf/nlmlze Exudation

Althoup D2 wax containioa1ndramie-17OC is routinely WIed in Compolition B
(RDxrrNTID2), the pert*ltaBe employed is very .Ill (0.'%). Also, the influcnce of wax miarltion
and exudation are not In issuo for Comp B. AFX.fi44 cannot tolerate tnipatioa and exudation ofthe
wax, since this may dramatically influence its reaponsea to bazanloul stimuli. Stud... on the baseline
AFX..644 fmnulation determined tha1 at least 1% (predominantly wax)ofthc formulation wa exudins
during presfftlrized ten'petratun eyelin, bctMen -64°C and +74°C ..an unaceeptable findina·

The- stnte.r selClcted to minimize ,xudation wu to replace the D2 with I wax pot..sinl a
higher melting point. Rcdu '"<:d wax and waxle.. formulations \\-e allO ItUdied. The exudation
measured for AFX·M4 Mod 0 sarnplesllUbjected to preasuriad temperature eyelin, wu 0.43"'"
Acceptable arowth characteristics wen .110 obltCr'\'Cd with expansions of 2.56% in length and 2.:34'.. in
diameter for the I.. inch by I·inch (:ylindricalsamples••typical for TNT system•.

3.2 Improved Proc,,"ng Para",.""
For an .xplolrivc (oftllulation to be via~. for qualification, contisten1 liquid viscosities and

char,. dons;ities mUlt be achievable. Balch vi"OIiti.. of the buelm. AFX-644 mixtutel ranl.d from.
very cutable fluid to thick/pasty c:ompoa.itionl. Resultin. chirp densititlrMpd from ~Iow 90% of
the theoretical maximum dmsity (TMD) to p.ater thon 96% TMD. Sevenl factor. wllicb cmtributed to
these larae variations in procelsin. paaramtttri were identified and elh1linated.
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3.2.1 MinimizatioD of ~itro«lluh)se

It was determined that nitrocellulose d«:omposition from the 02 wax is a source ofoff-gassing
which could result in micro-void fonnatton as the molten .:xplosivc cools and freezes. Steps were taken
to reduce the: pcrcentase of nitrocellulose employed in the wax fonnulation. The D2 formulation
contains 14~'t nitrocellulose. It was determined that stable l:'Tiwax emulsions could ~ formed using as
little as 2% nitrocellulose in the wax formulation with 1-170C. Other mineral and petroleum waxes
required onl)' 0.5% nitrocellulose tn fonn TNT emulsions.

It was also learned that the influence of nitrocellulose decomposition on charge quality could be
minimized by preprocessing the waxlnitroceUulose formulation to remove any gases formed by
nitrocellulost decomposition. This is accomplished by melting the wax mixture nnd applying a vacuum
to the roeh kettle for approximately 1S minutes.

3.2.2 Alternative Surfaetant SYltem~

Alternative surfactant s)'Stems were also studied to replace completely the nitr()l;elhalose/lecithin
s)o'stenl employed in D1 VI/IX. MACH I of King of Prussia, PA, under contract to the USAF, cooducted a
sys.tematic investigation of ntdrly 300 processing aids using nitromethanc as a TNT simulant. Ganex
WP-660 was recommmdt:d for Irials with '}lI;T and the 1-170C wax. Ganex is a poly·(vinyl­
pyrolidone/t ·triacontene) dispenin, agent commonly used in the cosmetics induhtry to fonn stable
emulsions4

• Th~ USAF performed TNTIl-J7OC/Ganex trials and found the emulsion characteristics of
this system to be significant!), improved when compared \\oith the nitrocellulos.e/lceithin system.
Subsequent shock sensitivity testing and critical diameter experirnents of AFX·644 Mod 0 with this wax
indicated increased critical diameter and dramatic r~duction'S in shock sensith'ity when compared to the
baseline formulation. It was .Is<> determined that the emulsion rcdul."Cd eneru)' relea!'C as mes!t-ured by
cylinder expansion tests.

3.2.3 NTO Speeift~atioD

ft was detennined that lot to lot variations in the nitrotriazolone (NTO) purchased from Olin and
Dynamit 'Nobel influetad eOO-of-mix (EOM) viKosities. Sieve and scannina electron microscopy
.nrdyses were performed to determine the panicle size distribution and crystal mcwphology for each lot
ofNTO. The results of these analyses led to the de\'elopment ofa sioale parameter~ packina density~

which KcommodatCi all oftbc observed variations. Packin, density is dctcnninod by mildly vibrating a
known mass ofpartielc:s to a final volume. It was d4:termined that an NTO packing density of treater
than or equal to 0.9S alec is required to achit;vc~blc viscosities (or AFX-644. The specitk.ation for
NrO wu altered as follows:

'artldt Size: No more than 20% of the ma.eril1l will pass through a 212 micTon (70 mesh) sieve;
3

'.lda. Duslty: Greater tban or equal to 0.97 .rams/em ; amd

Method: A know mIss ofmaterial is vibrated mildly (so I' DN to crush Of mechanicany damage the
crystals) until. mininlUm volume is achieved. The pKkina density is then calculated with this flnal
volume.

A STANAG II3Ccification iii in prc:pantion with consideration ofthis data. This specification
was achieved in I recent procurement (,fNTO from Dyftanlit Nobel \'ia GiNndus Corporation, and end­
of-mi" viscosities are consiltently cattablc with this material. The 14 lOIS rec:elvC'd from Dynamlt Nobel
in FY93 had the partic\e size distributions shown be'ow:
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Iahle IV: Particle Size Distributions of~TO Lots from D~'namit :"obel

Particle Size (mkrons) Pucent. % M.lat , It/.

>600 11.3:: 10.2 0.2·29.5
600-425 32.8 ± CD 16...·46.1
425-300 ~8.3 :t 6.9 20.5-4.4.6
300-:!12 15.2 :t 6.7 9.2·28.7

<:212 12.3 ± 3.9 7.1·18.4
The pac:king densities of the lots received "'eN: 104 i 0.02 fl.:,e.

3.2.4 Vacuum Processin&

Entrapped air "'hich enters the molten explosive during n'\ixing was. determined to be another
smlrce of charg.C' density variations. A pro<:essinr. step of applying vacuum (2R inches Hg) on the melt
k(:ttle for apprl'ximately 15 minutes during mixing was added. The kett\e atmosphere is slowly (so 8S
not to drive air back into the mixture) returned to ambient pressure prior to casting. Charge densities for
Mk·82 hombs ICtaded with AfX·644 \1'od 0 usinp this technique have betn VCI') con~istent. The average
density for the first nine bombs loaded with this formulation varied by only 0.4%.

3.3 Improve SUlVlvabll1ty for Symp.th.t/c Detonation Scenarios

F'lure 30: Medlftecl F..xp.ndtd Lara' Seale Gap Teat Set-lip

A ....adet)' ofTNTINTO formul.tions were studied for comparison with the baseline AFX·644
formulation. The .hock .cn,itivities ofsevenl TNTINTO compositions were meuured usins the
Modified Expanded Large Scale Gap Telt~ (ELSOT)(Figuru 30). Reduced wax. and WI)(I.ss
fonnulations were studied to minimi2e exudation IS memjoned above. Altemative wnxcllind surfactant
"ystemfO were also employed. The J.I()()IOnne:t \\'P·660 wwsurnM:tant system wu most effective in
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reducing '!l,C ~h(lcl.: sensiti"it) of the AFX·644 formulation. The result~ of this te~lil1g is presented in
Table \. ,Itt' last three f(lW, of TlIblc V concern explosi\(~ developed in tilt' second reformulation effort
\\ hich is disc-us5.Cd in Section Four.

Tabl\! V: Expanded Lnrgt Scale (,ap Test Results for Various AFXw 644 Formulations

NOles. I. Vacuum MIX, Ambient Cast (Vo " 6.82 ±0.12 k.m:~. 2.0 In :::.,0, $. 2.S m.)
~: Vll~uum Mix, Vacuum Ca.4;t
).' D2 wax is 84% Indramir 17OC. 14% l'.'itrCK'ellulo5e and 2% lecithin (melting point 62YC)
4: 98.So·o Indramic gOO wax and 1.5% GlIftCX surfactant (melling ""int 8~.9"C)
5: 94% Indramk 800 wax, 4% Nitrocellulose and 2~·' L~cilhin

6: P\\'"" Pol~'Wa"

Af'X·644 Formulation D('n!Ji~' ELSGT

. Variant!> TNT NTO Wax and T)pc Al k:cC TMT> Go (In<;he~) No Go Oncht'~}

~a~c:linc )0'% 40% 10%D2 20l!o 1.68 94.4% 1.91 1.94
Other 30% 40~·o 1O~-n 1·800 . 20°'0 1.69 96.0°"0 ~.44 ~.4i

Iterations 28% 40% 12% 1·800 . 200/C1 1.68 96.~% 2.32 2,35
2~/o 40% 4%PW·~OO 28~;0 U4 96.3% 2.1~ 2.19
26% 40% 4% PW·~OO ,. 30~o 1.84 9~.3~~ 2.07 2.09

I
26% 40% Me. P\\,·500 ,. 28% 1.8: 96.711 0 1.94 2.00

I 26% 4~'o 6~~ PW·600' 28~o )'7~ 92.0% 2']6 2.13
Wa.... \tss 30% 40% l'ont' 30% 1.92 96.~'O 2.:!4 2.~5

\1od 0 30% 40% 10% 1·800" 20% 1.71 9".2~o 1.50 1.63

ModO' 3U~'G 40'/0 10% 1·800· 2Q% ill ~.4% 1.2~ UI

Mod 1 30% .45% 10% 1-800 IS% 1.68 97.4% 1.76 1.81

fI fod 2 32°'u 45% 8% 1·800 ~ IS'!.;' 1.64 93.4% 1.94 2.00
ArX·645 32% 480/. 8% 1·800 ~ 12% 1.63 9.3.6% 1.95 2.01.

3.3.2 l'ie\\' Metal Pallet

Suppression of s)"mpathetic detonation was achieved through optimill\tion of eandidate
explosh'c formulations and containc:r design. Most munitions are stored in containc" where the
pac~8ing material and container. by design or coincidence, pNwide consider.hle pro.ection in a
\)'mpathetic detonlltion scenario. This is not true for general purpose bombs which are slacked in Jroups
of silt in simple. open pallets (~'i,ure 16). Uowever. durina the ~ourslt of the FIGPB pr0tnm. a new
siandard meta' pa)let wos introdu~ed. The new design wa$ ,,"omphshed to enable munition haRdieR
using forklifts to dissect bomb pallets for maneuverin,ll as Itt"rec.p"(',,.~" or "six~packs.· The ICparation
distance bet\\t:en rows and columns in the old standard metal pall<1IS apJlroximatdy O.S inches. The
new pallet provides ,I huril.untal distanc~ bc1ween bombs of approximatel)' 0.75 inches and the IUp row
of bClmbs has been raised to a !\pac:ini.Z \',f approximately 2.88 inches (Figure ~ 1). In th is case. the
sur\,i\'ability of the bombs il.id~d b)' the chanlc.

As reponed h>' Glenn, er. al. 6. pallet dimensions dramaticnlly influence tht: response ofthe items
to deton.tion e'\'cf1ts. The response of the acceptor itcom!! to the donor stimulus is a complicated function
or ~asewall thickness. velocity and sba,", at the point ofdunor casewa\l il1\~t with the ateeptor tK'II1\b.
It ha~ ~n detcnninC'4 experimentally and by HULL hydrocooc calculationl" that the diagonal
p05itions Are the wor!Sl B~c.ptor poaitions for survivin. s~m""thetie detonation in the old pallet ",hem the
bottom. center item is employed a. the donor. The acceptor bombs directly abo\'e and adjac:ent to the
donor bomb prOVide a symmetrical passa~e alonio the dialonal for the expandins donor cosewall, The



dooor casev.'I11 impacts both top and adjacent acceptor simultancoosly causing bolh cue fnAZture at the
impact points IDd 8 ~spondinaKruse in pressure at these points. This ~su1ts in a fral,nent which
does not thin appm:iably IS it accelerated further towards 1he diqonal acceptOr. More imp)l1ll1tly. the
edIeS of this cuewall passina between the top and adjac:ent tonb accelerale more than tile center thUs
creating I newly Olt plate to impact the dialaW acceptOr.

The shock wave from the ftyina c&Sewall of the donor can be reduced by 1aleral release WIVes as it
travels throu&h the case of the accepcor. These lateral release waves will affect 1M pressure It the
explosivelcue interface to varyiq degleeS cIependIna m the cIancJo CIIe 1bicknea and shape _Impact.
The dlagonaI bomb in the old metal pallet wu beinglU'UCk by afairly flat wewaU which increasa the
impact IIU IIld reduces the eft'ect orthese IaleraJ prtSSu~ release waves. 1bis combb1atlon ofpulse
ciJratim and hiah peak pressure I110w the diqonIl bomb to dctanIte when 1boIe doIer to the doncI'do not.

When the tKlnb leparatkln distances are increased aliBbt1Y•• with 1m: adjacent and top bcmbs in
the new metal pallet. the peale pressure in the ICCeptOl1 wlll tncrease due to the added I'OCID the cuewaU
has to acc:elente. As even more separation is provided. as with the diaaonal bcmbs of the new metal pallet,
the c..-aU dUns further and the pille............due co lateral·...WI¥OI. The ......
of the acceptors depends on both peak Jftsswe and puJ:se duration. This dependence on pulle duration is
due Ultwo phyACIl effects: the lateral release waves mendoncd above and a phenomenon ofdctcmtion
referNd to as critical eneJ'IY. The pulse ooration. in the ex~osive will effect the amount racted ifsufficiuu
eneraY is not available to create I prompt dctmatian. For example. I 65 kbIr pulse d very Ihon dul'lltion
may result bl only a min repon ofexplosive reacdnl wllile Ilmpr duradon pWle of the same peak
pressure would allow the~or to run up into a full self"1USlaininS desonation.

To illu!II'IIC this complex interrelldon of pressure. veJoc:ity and inpalse. calculazions and _
results few AFX-II00 c:lpIoadve are Jiven. Table VI ahow& abe vdodlies. pcasures and impalle inride &he
acceptOr ,enerated by an AFX- J100dcnor It the point of tJnt cuewall impact wUh die lCCCPCa for the
old standard pallet mel pallets in wlich the top rrNI ofbambi wu railed. ThilII~e il .-rated (10m

HUll. calculations. The resultl of MK-82 l)'IIlplthede demldon teItinI d AFX-l1oo lit provided in
TabJe. vn for the old..dint pallet and pI1Jetamwtadllhe 1Gp row olbalDbi was railed. AJ Ibe top row
is 1'Ii1l:d. thr. cuewaD acc:eJeflteS to I hlahervdocic, and the peak pna:ure Increua in the lOP cenaer
bomb and~ in die eli..... bclmb. 1beiIDpulIo impIned \0 &he ...... boIDbdiml...... wIiIe
the that It die lq)center bOmb pIIICI thIOUIh I maximum due 10 In ..optimal" cue d*:Icne&IIYeIoclty
comb1nadon.

HULL caJculadona were ar., perfanaed for donor bomb. cauamJnll 3G'«)f2I28 - TNTJNTO
wu/AJ APX·644 fonnulutionl• Allboup thil purdcula~fmnuladon WIW not apkJnd f\u1her. Ihc ireDell
of praaure diltllbudoD within the .-nelldurInIa .ympJlhetlceIdonldm tat are vllkL '!he PftIIUI'e IDd
velocity distributions in the dclltlDdard pillet and the new Itllldard pallet _ shown in TIble VIII. 1be
maximum il'ftpile in the old Itandatd pillet is obIerved by 1he ad..... and top banbL With tbiI donor
system. the dlqonal bomb is subjected to I vay larp peak pnalUle reJldve to the other item•. The peak
prell" diIIJiblIIi(lIl is mlch more uniform in tM new IIIandard pallet cmftJW1don, In the new l&andard
paUet. the crttical postdon for IUIVIvlnll)'lDplthedc deIDMdon flu stdfIed to die~ bombl. 'I1Ie
donor cueWllllmplcU theIClltem. ftnl. 1be expwIofIat Impact with 1heae accepcon .........ler1Mn the
cxpanlion II. the pobU &be donor e-wall implCtt the Iq) center tonb or the diqmaI bClmbi. AlIo. the
ClleWaIlllsomewbat 1hIc*er _ the potU d impact with the IdJar.ena bomb. CNadn,1 IonIU dul'ldon
pulse In this location.
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Table VI: PressurelVeloc:ity Calculation.Ii for MK·82s Containlna AFX·ll00 with O.5·inch
Horizontal Sepantlons at Various Vertical Separation Distances'

AcUaant Bomb

Top Row Position Dis&ance from Donor CLlllewall Velocity Peale Pressure Impulse
mm mm4tsec kbar tbat*secXI0'

All PaUtots 13 1.04 28 1.27

Top Bomb
Old Slalldard 13 1.04 28 1.27
bited to11Dches 51 1.33 36 1.40
Raised to 3~he5 76 1.37 38 1.48
Railed CD S Inches 128 1.44 4~ 1.45

Dlaaonal Bomb

Old Standard 133 1.~ " 1.30
Raised to ~ Inches 159 1.58 47 1.29
Raised 10 3 Inche.~ 177 1.63 44 1.12
Raised to ~ Inches 219 1.73 39 0.84

Table VII: AFX.. l100 MK·82 Sympathetic Detonation Test Results with 8.S-lnch
Horizontal Separations at Various Vertical Separation Distances'

Top Center Separation Dlaannal Separation Dlaaonal Acceptor Retponae
DI....ce(mm) Dfuaee (mm)

Old SWldard Pallet 133 De&cNlion
41 160 DetonIIJon
76 180 No on
83 200 Nn
133 ~30 NoDetOllldon

Table VIU: 2,. Wax AFX-644 PrellureNeJodty/lmpuile DlltriHtlGns tor Aectptors In
Old And New Standard Metal PaUet Cunflluratlona'

Pullet and Acceptor Po.lllon Dlatance Cuewall Puk I......
fmm) Vtlodty Pr.....e (kblr·.~lo')

(mmltuee) (kb8r)

adP", lomb 13 1.29 S8 2.76
ad Pallet Tao BCIIlb 1~ 1.29 58 2.76

Old PaUet .,..0IIII Ibnb 133 1.69 92 2.11
New PaIle~ & •• .lIamb 19 1.47 7j 2.74

New PaDet 1mBcmb 73 1.60 72 2.24
New PilletDieBomb 179 1.73 75 1.72
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"lure 31: New Standard Mk-82 Me.al Pallet

Several storage: pallet contiBUrations ,,"-erc tested to determine their influence: on thr- survivnbility
of AFX-644 filled bombs and to establi~h safety margins for the standard pallet configuration. As
discussed prcviousl)', the haseline AFX·6« formulation survived consistently in the adjacent position
",heon the bottom center item in the 1)llIct was detonated as the donor bomb. Mixe-d results were
observed for acccptor bombs in tne diagonal position. An lJSymmetric palltt test was designed for testing
to allow more infonnation to be gathered from a single test and to provide design safety marlins. The
asymmetric pall.:t test is descTibt'.d in the next suo-settion.

.3.3.3 S)'lDpatbetic Detonation TudDa ofFlnt Reform.latloD Candidates

A series of s)'mpathetic detonation experiments emplo)'ing In a!'o)'mmetrical pal1et conf'i,u'ation
WIS cond~ted for three ditTerent TNTINTO fonnulations. The separation distance between the center
column of bombs and one of the adjacent columns wu 2.0 inches. while the: ..paradon diatan" between
the ccnter column and the other edjac:ent column was 4.0 inches. The separltion distance between the
fOp And bottom rows of the pallet Will a.s ineM,. The donclI' bomb wu the bonom item in the c:enter
column. Uvc acceptor bombs were placed in the top position OfNCh adjacent column (fiaUrt 32).
Witness plates surrounded the- te!il pall'llnd served II a mcanli of data collfttion Rlona with the pre­
$tam~d cases. Ihis confiJuration enabled the: ,ianultaneous evaluation oftbe wont CAse donor/aeceptor
orientations for two distinctly different paUel designs. A substantial marain of lI(et) is establilihed for
the 'Vulnerability of formulations which lurvive the Mk·S2 ~pat.hetic detonation test at I ser....tion of
:! inches. Thr re~ults of this testing ililiumman7ed in Table IX.

Table IX: Rnulta of A1y•••tric Pa.1te Tlld••

AF"X-6.... Forlllulation R"ult @ 2·IMh Spatln, RIIult C 4-lnr. Spacl••

nn,~lO/AI 3(\1401)0 (-'1);,",) 00 (t"""re 33 Left) 00 (fo'9&n 33 RApt)
~-- No (Jo (Fiaure )4 lipl)'r""T,~TO/PW-~OO/AI26140:4/30 (low \.1)(1 Go (Flpr. 34 teft)

T.",T''''''TO/1·IOOI(lIl'lQ/AI No 00 (FI.ure 35 ltft) 1'000 (F1lurc 35 Jll.ht)
30/4019.85"0, 15/20 (.~~·X~ Mod 0)
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f'it=ure 32: As~·mme.ricaJ Pallet l!sed to Evaluate ('.ndit~ateElplosins in S)"mpathetic
Detonation

...
~ .

.. ~iu' J S••r• ...,. b )'

"lure 33: Side Witness Plates from AFXoo644 Wlxl.1II Alymmetric:al Pallet Sympat~etit
Detonation Ttl'
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..

Figure 3~: Sid~ \\-'itueu Pl.te~ from AFX·644 Mod 0 Asymmetrical '.lIet S)'mpathetic
Detonation Tnt

~.J.4 AF.X..fi44 Mod 0 All Li,'e S)'mpathedc Deton.tioa Test

An allli\'e ~~YfTlpathetic detonation test of Afo'X·644 Mod 0 WIS also conducted in the nfW

~1undard metnl pallet. All items \\-ere ILlUded usina 130 laUon kettle. Prior to casting It ambient
pre!>.c;ure. the inlZredients wcrt:' mixed under vacuum conditionfi (28 in. H,> for IpJ:"Oximatel)' 15 minutes.
This proccs~inl4 procedure was employ.:d (or alll\Ub~que"t loadings of AFX·644 muditK:8tions. The
(mly exctlxion wen;' the vacuum cast liplit molds used in the 4·inL:h diameter cop~r cylinder expansion
'C5t~ discuss~d ill section 4,1. The don()I' bomb wall placed in the bottom. ccnlc:r p<lsition ofthc! six­
membrr pallet and was initiated frorn the nosC! fuzewell using composition (,·4, The usc of non·electrk
initIation and deleti«)n ()fthe piez:oclcctric pin~ WIS done to reduce the cost ofthc: u~riment. As in
previous Mk..8~ sympathetic detonation tests, '-inch thick armor pl.tes lunoundtd the pallft l'f bombs
us witllCU panels.

The: venical scpamtion heh\oetn Ihe FClWS of bombs was appl\'lximatc:ly 2.83 inches. while: the:
~epnration between clllum.,s walapproximately 0.99 inche~. Th. detonation ofthc donor bomb did nor
propohtate to uny of the ac\:eptor bombs a.o; evidenced by witnc:ls platl:s. ~asc: remnanu llnd residual
<,'xploiive recovered after the test. The bottom witner.s panel exhibittld the t)'piul ~rring yen.rltted by
donor bombs (F i,ure 36). No fiCllrrin@ of the c:dpes. typical o( adjacent bomb detClnationl was observed.
The top witncss panel was recovered as a sinvlc piece with minor scarrini from d,)flor fratlo""nts Ilnd

.12



mild dCllting.:deformation from the impact oftl1r top-cente," acceptor bomb (Figurc 3i). The rei.:O\cred
wilnes!' pands from the: sides of the pallet were c:sscntially identical to eac~ other (Figure 38). They
were both smooth with the exception of mild impacts from donor fragments. Unreacted explosive
residue \\as found in and about the test arenn, Large. thick. positively identified pie~c:s ofall of the
acceptor bombs w~re recovered (Figures 39-43). One of the diagonal acceptor homhs was almost
entire!)' r:cO\'cred. Many of the rc:co\-ered pieces were !tlillcd with explosive residue. One of lh\:
adjacent homb remnants contained si~nificanl amounts of unreacted high explosi\'c. Although extremely
successful from an in~ensitivit)' standpoint. the relati\-el~ low damallc to the acceptor bombs was (ill bind
si@ht) indicative that performance of the don<'r was les5 than had been obst.t,vcd with baseline AFX·644 .

..
... ..-=, .

,.....

.... ~.. ~ ... e -/I. .._.... :--.... ':....

. .... ....

- .... ' •."" • 'p "','

'. " ...
..-
~~ .. '.

Figure 36: Bottom Wit1lf~S Plate for All Lh'e AFX..644 Mod 0 Sympatbetic (ktoDAtlon Test
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,. .., ...c. ••
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Filure 37: 1'op WltDesl Plate for AD lJvt' AFX-644 Mod 0 Sympathetic Detonation Ttlt
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Section Four: Second AFX-644 Reformulation Program
After the all live AFX-644 Mod 0 sympl\thetic dctona1ion test a Mk-8~ blast ar~na test was

condudcd to all~mcnt the data from a baseline AFX·64-4 hlast performance test. This AFX-644 tvtod 0
test showed that the pertonnnnce of the exph'si\'e hod suffered fwm the reformulation dtspite ha\'jng the
same percentage of energetic material. HowC'ver. AFX·644 Mod 0 is far less ~m;iti\'e than W8_S required
to pass the sympathetic detonatiL'lD test as sho\\-n in Table IX. A second refomlUlation stratel!)' was
devised to node some of this additional insensitivity for energetic material to C'flhnncte performance. This
~cli{)n explains the performance measurcl1tents for all AFX-644 variants tl.~ted. tbe results of the second
reformulation and the sympathetic detonation testing of these newer formulations. AFX·645 was the
product ofthis secClnd reformulation efTon.

4.1 Four-Inch Dlamet.r Copper Cylinder Expansion Tests
Copper cylinder expan:;ion tests (~·inth diameter) were conducted for the baseline AFX-644.

AFX-644 ~1rd 0, AFX-644 Mod I and AFX-64S in addition to tritonal. Procedures described in
Reference 9 were employed in these tests. The test s.et-up is sllO\\n in figul't 44. A low-oxygen, high
(,ollducti\iit~, .copper n,he with 8n inner diameter of 101.6 Mm. a wall thickness of 10.16 mm and a length
of 604 mm contained 6 cylindrical pellets of the candidnte explosive. Each pellet had a length (If 101.6
mm and ,,"as machined to tit within the cylinder. The pellets were stacked within the cylinder. The
initiation train consisted of an 1£-:23 electronic bridge .....;re (EBW), a P·040 plane wave lens
(Tl\'T/CaCO:!o)' and a 101.6 mm diameter, 50 8 mm long cylinder of comp B.

•"Iure 44: Four JIC. Copper (')liIlder Elpanllol T•• Set Up

The radia' motion of the copper wall WIS measured Ihadow••raphlcally usina a Cordin model
132A hiah apcoed streak camera with. 400 mm focal poi_t lena. A wrilin, speed ofapprtlXinaately 2.0
km/sec was used tor the baseline AFX-644 shot. A \\Titin, speed ofapproximately l.~ km/ltc was
employed for the other formulations. The camera slit was pOJit~~ed 177.' mm from .the bottom ofthe .
c)'linder. Hack-lightina wa. provided b)' two arion undies posltluned behind the c)·lInder. The argon In
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the c31ldles ',as illuminated h~ st!och cre:u..:-d b~ 100 tnl11liquarc. ~.' -I mOl thick octol (75/':;~) pads Thl'
pall!' were Inltimed smlllhall~"lIsly "Ith separate 25-1mm d.amct~r. ~~ .~ mm l(lng comp A~ pcllet~ :ltld RP­
1 EBW dct<....ators. The lIIUnlmlmnr, rod of the argon candles 'Hl~ fined with a () mm thick "hite Dc\rin
fllasll:: ~hffiJser and placed appr"xilllatcl~ 40(\ mm from the r~r surface of the copper tubr 1m' c~hndcr
\\a~ placed apprO''!matel~ 41~ em 110m the camera. pro\iding a lidd of ,'.("\, ofapprOXlnlatcl~ ~fl6 mm m
"Kilh 10 obtmn readings beyond 12\i mm on loaeh SIde (If the cyliJldn

As 500\\11 an figure "'4. an aluminum alignment fixture is U~l--d 10 position the cylinder A
graduated sleel ruler is attached to the aJjplUn~nt fhturc for dctenninatioo oft~ (lptl'~1r magnifICation from
iI Sl,ttlc photO£raph Doth edges of the fi1m record werc :1O:1I~ zed on an Opt.caIGaug ing Products \1C'del
XL·14C cornparitor to obtain the c:l!\cwall positloo 3S function of time The optical comparitor rl~~ults
"ere transp~ to tht~ displacement domain and then cur\'€: fintd to 3 nonlinear fonn emplo"cd by Dn\ is h'

( r- \

l3 'X x I

. A 2{jJ'+ 11;
/ =---_...-

· (I+~;J
,\ht:rc v, is the wall \c\ocity (mm.'u!:ec) at an~ gi"cn displacement x emm) and A and B are filling
constalltc; (;unley constants were dcri\cd from the cur..-e fit "clociti::-s at a cost.'waJl dISplacements of 24
rnm. 76 mm and 120 mm usmg:

.. - I . f}..f / ' ~
( , 1(. - 7' 'r Ie· ..

w'lcre (j •. , is the Gum~ constant (kmisec) calculated using the- \'eloc.~· at 76 nun (equivalent to 19 mm for
tht: I inch diameter lesf), V~... IS the wall \'c1oclt~ at 76 Jrln ofexpansion and M/C is the ma.'iS ratio of metal
to &:.\plosl\'c (iumcy tnergics were calculated using

l
:t 4Pw.1

l:: : AlE . \I '2A,(1
l,fj 1~ W

where E, is the (ju",e~' energy (kJ/c:nr'). E" ill the l~iflC kinetic energy Ctf the casewall (1/2 V'I\=) at 16
nml of expansion. M is the mas!! of the cylinder ",aU per unit ICftgth. W i. 1M volume: of the c,'linder \\-all
per unrt Img1h. and p., ..,; the initlltl density orthc t."'Cp\osive Data for each of the fonnulations te$led is
pro\'lded In '('able X. A comperison of the penonnanee for each formulation with the performance of
tritona' is also provided.

Table X: 4·lnth Diameter Copper C)'linder Elpanslon Datil for Tritona. and AFX..644- C.rney Gul'My

FOMllu",lcln CI,",.II Ve.l.,dt), (KIa/ltc) I.~· V.ltctty
Ratiol ~·I.h Tnt..nal(KJ/aa) (KMlIeC)

VJ.4 v,. Vln £,.,. C,. ~t".<T) G,.tG,6CT)

'TritonRI 1.12.!$J.(~L ~!1:*:o,oo ..14J;±O.tll 4.:23"'.01 2.2l+0.00 1 1
8n.eHne AFX-:6.:!:' I. JO~:."J J.29-+tI.O:\ 1.:\~~O.l~ 3.94-+ .19 2.16-+0.06 O.9~"O.O~ 0.9;-+0.03
AFX06440 i.OI+O.03 J. 14-Hl.04 1.18-tO.04 3.09-+.19 1.9O±O.06 O.1J--o.O~ 0.84+0 OJ
~-M41. 1.04+<»-02 1.I9+O 01 124'+(),OO l~~+.O~ •.99+0.01 079+0.01 O.8!J+O,OI
AFX-6.s.a ~ 1.10+0.01 1.28+003 1.33'''0.0l 3.'5+.16 2.14"'0.05 0,91+0.004 O.9~+O.O2



4.2 S.'.nc/ng PerfortrMnce with S.".ltIvIty

Development ofan insensitive high explosive rcquim achi\."Ving the appropriate balance of
sensitivity and performance while maintaining 8 reasonable level of initiability. All AFX·644 Mods are
readily initiated as explained in the next section ofthis report. Maximum perfonnance is desired while
!ltm achie\'ing the criteria for passing the sympathetic detonation test. EnergyfSmsitivit)' ntios for
various fannulations were determined usina the Gurney Energy It a case wall expansion of 76mm. Ei76
and the calibrated pressun corresponding to the minimum bamer thickness in the modified expanded
large scalf' gap test required to prevent detonation ofthe acceptor charge, PNOGO' Given two
tormulations withiA tht same ramily of formulations which yield different sympethetic detonation
resul~. (i.e. one propeptes and one does not propagate) one am add enerptic material to the non­
propapting formulation until the enerlY/senlkivity ratio epproaches that of the propaptin. formulation.
This is the approach used to develop AFX·64S as shown in Table XI. The energy/sensitivity ratio for
AFX·644 Mod 0 which survived sympathetic detonation testing in the asymmetrical panel Is 0.0351.
The enerlY/sensitivity ratio of the waxless formulation (TNTlNTO/AI.30/40/30) which failed to survive
sympathatie detonation taMing in the Mymmetrical metal pallet i. 0.0624. A taIpt value for
reformulation of AFX·644 Mod 0 was provided by the baseline AFX~644 fannulation (0.0533) which
yielded mix~ ~'ympathetic detonation results in the old standard metal pallet. AFX-645 was selected
based on its enerIY/sensitivity ratio of0.0543.

Table XI: EDtl'lfY to ScDJitivity Ratio, lor VariousAFX~ FOnDUlAtioDI

AIrITO WI._1)optTNT

Fona.latlo8 0..,1+0.
t-_--r__-.- --r__-+-__.,....n_:--4 S,..p. £,,.1

lice TMB Ott..... 'IiIOGO

AFX~4

VlI,rtanti

Tritona'
Baseline

MooO"
Mod ,e

80%
30%

30%

32%

none DOlle

40% IO%D2
40% None
40% 10% )·800

1.73 96.6"

1.71 90.2'
1.61 ,.~~

00
MbclCl

100
No 00

NO CO

0.0533

0••.;D

o.~ 43

4.3 BI••t """'re TNfI",
Mk...2 prcuure __ tats wm c:onduc!:d for the baHline AFX·644 formulation. AFX~

Mod 0, AFX·64S. H·6 and tr1tollll. Data for each ofthete teta are summlU'iztd IleJow. The transducers
weft placed in two ndiallm)'ll at ... feet iftcerval. in a .... of25 to 6S feet. Por.,h Ihot. the tilt
Item was positioned horizontally on I wooden ItInd, with its centerline 54.0 inch.. above around level.
The stand wu positioned above. two S ft x fCit x 4·inc:h tbick. rolled homogeneous armor plates butted
lOijether a108' the 10ft edge:. The bomb stand atrr.Jdled the joint between thf' pi... The preslure
transducers were positioned I5l1how\1 in the layout di1anm (PilUre 45). Por the AFX-645 telo1, rrapent
velocity ICI'eeftI were plaoed It I dislanc:e of45.' ft. ftom the lett item for comparilon wi1b previoul dati
fimI tritona" A total of 12 OICb,4 ft wide X. ft ta1ltcre1111 weN poaitionld to reaister time-of·arrivall
(TOAJ) for fragmmtl from SO polar zone increments ran,in, from 65·12$· (i.e., panel ) realstered
fnlsments from 65·70°, ptneI2 rqiltaCd fnlmtntJ ft'om 70-75°, elC.). The multi preeenced in thi.
section were ptbered over a span of four yean. The tat lit up, Inltrumentation, data c:olltction and data
anaJYlis wen Npeated II identically II possible for these tests. Triton.lahots were conducted towarda
the end of the propanIlUi .rlier data were not ,~lIl1Ctcd identically. 11ae ..,lIer tritonaJ data are not
reported here.
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Fieure 45: .o\reaa Layout for Mk-82 BI••t Pressure Te.dDI

figure 46 displays the time of arrival of the blasr wa\'t plotted Isahst pressure 8"uge location.
This 2J'aph @ives a good idea of relative performance as the strongest pressUP-! W8Vf~ should travel faSoler
in air of the same tem~rBture. These data were \lken on several diffcrellt days and n"t corrected to a
standnfd day. In order from most powerful 10 least, this graph would rank the explosivn as: H·6. then
baseline AFX·644 Ind Triton,1 tied for second, then AFX~645 then AFX·644 Mod O.

..0 .....1--

3S ~

DIttIInce (ft)

'lpfe 46: Blut Pl~ontTime ofArrival VI. Dln,nee for Five EsplMlva in Mk-82 Bombs

Fiaure 47 displaylthe loprithmic lcaled plot of peak pressure Vlrlus.aua' location. It too is a
1000 method of rankins the relativd JX'Wcr of an explosive. Ilo\\'Cver. with thesc data. the PUJCf arc
often sent into resonance aftc:r the initial positive: pressUfe pulJt palsel and the associated rinainl makes



it difficult to determine tbe exact peak. The 'goodness' ofthe curve fits thus drops from an average of
0.99 as was seen in the flJ'st plot to an "'erage of0.93. The relative raokiug from this measure of
per(onnRncf is: H·6 and baseline AFX·6-44 tied for first, then tritonal, then AFX·64S then AFX.644 Mod
O.

80
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eo
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~O

20 30

o a....ne AFX-e44
G AFX-&U Mod 0
fA AFX~5

\[/ H-8
~ Triton.,
-- Curve Fits

50 eo 70 80

' ....re oC7: Slut Peek Preslure v•• D....net for Five Explo.iv. iD Mk-8% Semba

The shock WAVe expandin! out from the Mk·82 ~lb is. po.itive pressure followed by.
neptive pressure pulse. The integation ofche positive ~ul;e with time yield.1D impulse value which is
another load perf'onnanc. pIrIJIleter. nil tion inherently etimlnttet IftCertaiftty from pup
rinaina but bas • different UDCeftaint)'· u tho preuuro pup calibntion is often .rrected by the .bock
event. Belt judpnent i. UICd to determine lithe pre- or post.shot calibration..... ulld to read the
results. The aoodnes. of the curve fit. fel'the dill plotted in ftJU1'e .a .wrap 0.13. This parameter
ranks the baseline AFX·6.c.c· u the most powerful with tbt ranlJDcltr ranked .. WON. It should be
noted that. II the data presented in filUNI 46-41 i. a quite close rankina fa thIt 1hty art .n Mll'1)' the
same in perfonunce. The Bample .ble for tbis uta i. vel')' low: two bombl each widl1WO fOWl of
pressure .......1. A lummary compariloa oftho data obtained for the formulationJ tHtecI ratioed with
thlt ctbtllined for tritoftll is pro'\'lded in Table XU below. The ratiol prtIIfttid in Table XlI were
calculated h)' fltioing the fesulu from each oftht 12 gau••s and then bulk averaaina til... mults.

Table XII: Mk..2 p.rlorm.ace Co..p....... with Tntoa.1

PI......., ......~ An....Med 0
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Fllure 48: Bias. Impulae VI. DlltlaCf lor Fh'f Explosives ID Mk-82 Bombs

4.4 AFX·8U Second Reformul.tlon Sympathetic Detoutlon T..,.

.,....1 AfXoo64S (l-Body) Sympathetic Detoa8tioD Test

A full-~Ie (MT<.-S2) sympathetic detonation test of AFX-64S (lNTINTOIl-800 CJ&I1cxlAI­
32.148/8/1/1:2) was conducted. The detonation of the donor bomb did not propapte to the single. live
acceptor bomb. The donor bomb was placed in the bottom, cortter position of the new standard metal
paUet between twC' inert BDU-50s. The IICCc:ptor bomb wu placed in one ofthe outer columns of
bombs. above ono of the BOU-SOs on the bottom row. The ocher two poaitiona C'{d.. top row wore filled
with BOU-SOs as welt The donor bomb bad an explosive wciaht of 189.8 lb. and a cherae d.sit)· of
].66 g/er. (95.6% TMD). The acceptor bomb Ud an '.011"1 weight of 115.' lb. aDd a charge density
of 1.61 glec (92.se~ TMD). The a5Mlftbltd pallet was positioned above a 6 ft. x 6 ft. x 1 in....1annor
plate to obtain siplltUres from the donor fraamCfttJ u wen u any atnerlttd by the acceptor bomb. A
second armor plate (12 ft x 12 f\ x 1 in.) wu placed upript on die 11m. ,ide ofthe pallet. tM Un
ac~eptor bomb at a distance of approximately 6 feet from the center of the pallet ~ obtain Sipaturell
from the Jiv.e acceptor bomb in the event ofa detonation (figure 49). The dODOr bomb was initiated
usinB 2.50 lb. of C-4. The inert nccepwr bombs were Itlmped with letters for easy identification after the
test. The bomb next to the donor and beneath tho acceptor was Iabc-Ied u item "T." The item dirKtl)'
above the donor bomb was labeled u item MA." The bomb on the adler .ide ortbe donor bomb wa, item
"c." TtHr I... bomb wu item M8." 1be live acceptor bomb wu not stamped.

A luae projectile wu leen departing the test lite on the aide of the live ecCc:ptClf bomb after the
detonation of the donor bomb. Upon retuminl downranl', BOD prnonnel diSQOV....d smoklnl
remnunts from the tos. It various points lumlUndina the .ren.. The debri,.; from the telt WI. recovered to
aSlIClN the mults 0( the tat. The bottom witness ptate W81 heavily lC.rrtd and cracked from the
detonation orthe donor bomb. The Ifpature was very symmetrical to the center point ofthe armor
plate. spanninal8 inches on either side orthe crack. The scanir110n the Hide wimeu platt wu minnal



(,,,'ept for "peppering" f/'{lID small donor fragments along with a few larger impacts. ?\o perforations
were observed in this plate (figure 50).

,..... :. -:--.'

, ... . ..
." .'" -

Figure 49: Two Live Body AFX 64S Sy.patbetle Detonation Test Set Up

Fllure 50: Side Wlt"n. Plate froal Two Lt"e Bod)' AFX.64S Sympatbetic Detonation Telt



l\\'o large. unl.lbeled case remnllnts with impact signaturt.'\ reS(,:'llblilHl thos£' obscn~d on item!'
r~c0vered from ~omer (diagonal) acceptors in previous tt'sls ''Ierc collel:l~d (F'jaurc 511. This .and other
post ,est t.'vidence was suflicient to determine the fate l,frhe live ac~eptor in th~ l\\O·hody ex~riment.
1 ht rase remnants recovered fr,,'lm th" inen acceptor bombs \\ ere small relative to the whole bombs
rCl,;o\ered f"om tesl-i- with the AFX-6"4 \-tad O. Qualitatively. the pertormnncl: of AFX.64~ "as judged
10 l:'!e greater than that of AFX·644 \1od O.
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Figure 51: Oiagonal Acceptor from '1''''0 "in Bod)' AFX+tS S)·mp.th....tic Drtonation Tot

4.4.2 A'X·64S Symp.thetic Detonation 1,•• 2

A flill-scale (MI'·82) synlpllnelic detonation tesl ofAFX·64~(ll'TINTO,1·800 Oanex/.o\I­
12/4818/8/12) wa", conductc.d. All of the bombs in the standard metal paUet were flUed with explosive.
There was no cviden~e ofdetonation from four of the fi\!e acceptor bombs; howevCf. the fifth ,otem
,,-.acted violently elf' partially delonated after a sub~tftnrial run·up. The resuhs o(this test are considered
as a positive indicatielfl oCthe low vulnerability of this formulation.

The dr"'or bc.tmb WIIS placed in the hottom. center p~\Sition ofa 'tandard mc.1al pallet It had a net
cxpfnsive \\~ig:ht (NEW) of 189,3 lb.. rcsulfina in a char~e density of 1.68llcc (96.2~" IMD). lhe:
donor bomh was placed next to a oomb with Ii NEW of 187.5 lb. and a charge dcmsity "f 1.63 stce
(93.(,% TMD). This adjacent bomb WIiS labeled a~ item "&.." The acceplor bam'" nn the other side of the
ut-mor lxllt\l1 had a l'EW of 188.2 lb. with. charMc densiry of 1,65 JI~c (94,8% TMl». This bonlb WitS

labclc:d us item "A." Thct acceptor bomb above the' donor bomb. in the' top. center position oftne pallet
had an expl4)sive weight of 186.2 lb. with charge denslt)' wa~1 1.63 glee: (93,8% TMO). This bomb was
labeled as item "B." The: bctmb above item "&''' was libeled u item liP. t. It had an cxplo~ve wtoilht of
186.5 lb. with u charic denslt)· of '.62 IIcc (93.2% TMD). Th. bomb abo,·c item "".. wa,l.beled as
item ··K.·' 11 had an explosive weight of l1S.8 lb. with 8 l:h0tlf density of 1.66lJ1cC' (95J'YII TMO). The
osscmbl,,'d pallc:t was po"iti{lned on a 6ft. x 6ft. x I in. IteclamlOf plate to obtain !li~alurtS (rom the
donor frLtlrmtnts a~ well as nny jcnerated hy the acceptor bombs. An identiul witness ,,1.le WAS placed
abovf' the pallellt a hei,ht of6 feel. It WIS covered with AandbllClIlnd suppmted on a wooden "\and.
Vcnical annor platel (12 ft X 12 ft x I in.) w.... placed uprtlht on both .idet of the pallel lit I distance of
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approximate)y 6 fect from the CCJ1ter of the pallet to obtain signaturc-s from the acc&:ptor bombs in the:
event ofa detonation. The d0l1l1r blJmb was initiated uf!>ing 2.~ I~. 0(C·4 and;) hlasting cap fired from Cl

non-electric timed fUlCO.
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rhe bottom witness plate was hea\'ily scarrC!d and cr"kcd from the de-tonatiol\ \,l{the donor
bomb. A I ft by 2 It section ofthe plate "a~ removed from the main remnant oCthe plate in the center
rc£ion (lfthe plate where the bomb tails originally resided. T'hc signature (roR) the donor detonation was
\,e,:' symmetrical to the center point of the armor plate, spanning 17 inches on either side of the crack.
Besides this donor scarring. H few fragment markings wert' observed be,'ond the original position of item
"A," They were isolated to the last 21 inches (If plate in the region originally covered by the tails of the
bombs (Figure 52), The side wimess platt's were rec{)\,cred at a distnnce approximately 100 )'ards
beyond the edie of the arena. Both plates were ben. severely by the impact of the diagonally positioned
ac:ceptor bombs as they were accelerated by the detouat ion of the donor bomh. The .scarring on the side
witness plate closest to items "p" and "ct." \\:15 minimal except for "peppering"' from small donor
fra.gments along with one perforation (Figure S3 Let\). The plate WI!! deformed (folded) with a creast at
approx.imatel) 65 inches fronl the bottom oflhe plate. The side witness plate closest to items UK" and
..;\ .. (Figure 53 Right) showed heavy scarring below the crease at 60 inches from the boltom of the plate.
in the region spanning the half of the plate eOlTesponding to the original tail position of item "A." Ten
perforations were e-.ide:nt in this region, The top witness plate (Figure 54) was deformed due to the
mechanical impactl..)fthe top Center bomb as it was accelerated by the donor detonation. I\lso, there WI!'

olle perforation llnd a few frasm.:n. impacts in the region of the top plate originally positioned above the
tail region of items "K" and "A:'

•

figure! 52: llottom Wita"l Plate from 6 Live Bomb AFX"'S Sympathetic DcSoaa"on Ttlt



PC\siti\'c1) identifiable case relllnants \\ere recoH'red from nil ofth" test items. Substantial
pieces of tlw nose section!' were recovered for all of the items origina") pI)sit iontd \,111 the tl111 TCI\\' of the
panet. Appro\ Imatel~ one third of the case from the top, center Item (B Figur~ S5) wa!' re~(I\'cied as II

single picce. The nose s~ti(\ns of items "p" (Fj~lJre ~6l and "K' n i!lure ~") were 5oewrd) scarred b)
frag.ment impacts from the done'r bomb. Other remnanls from these- items e:\hibited the se\'ere impact
and flow-like characte-ristics typical of the region directly impacted by th~ premalllrtly fra"'ur'ed donor
bomb fra$lncnt5- 3!. \\ell as those re,1ecled from the items adj'lcent tl) the donor bomb. ~umerous large,
plate·like- pieces were reco"ered from item ..&. ... (Figure 58). Fewer of the..e 'yp~ of frctitments \,ere
recovered for item "A" (I:igure 59). Sdme unreacted mclt·ca!\t type expiosivC' W8!t ~cll\'~redncar some
of the recovered case piece~, but its. origin could ')(" be pl.'sitivcl~ identified.
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"'lgure ~3: '''' aad 'A ~ Side Wltrle.. Pilltes (rom 6 Live Bomb A.·X..64~ Sympathetic

Dtto.adon Test

The cvidcm:e ftom this ,,,'St reveals. that four of the five ac-.ceptofl if) this test did not react
violent!) ~'\r detonate. These: included hoth of the diagonally positioned items. Ont of tl~ ilems "djacent
'0 the don()f bomb (WAft) did result in a non-prompt, vio'ent reaction or a p.rti.' detonation. Ho,,,c,,cr.
tht .:ncHI\· emittt!d tot\' this reatetioo WI!! not 9ubst"nti.1 cnough (or prompt enoueh) to propagate 0

rCB\:1inn i~ its neRrest neishOOr homh. item "K." (which W:tr. (,riQinnlly positioned diag('Mnll~' with rc~pccl

to the donor bombl.
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Figure ~4: Top "~itDes8Plate from 6 Lh"e Bo..b AFXu 645 S~mpatlaetic Detonation Test

figure S5: 'fop ·8' Acceptor from 6 Live Bomb AFX-64S Sympa,betJt Detob.finn Tflt
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Section Five: Initiation System for the Fuzed Insensitive General
Purpose Bomb

5.1 Strategy For Boost.ring Tear. and Fuze Hardware
T'nt pro!ram goals included the demonstration of advanced insensitive high ~xplosivc (llIn

technology in an existing ' ..capon system. An ohjectivl:' was to 1I~ the FMr-1J9 fuze with as few
modifications as p0ssihle to dct(lnate th~ IHE. TIle strategy for achic\ing this was tll first determine the
bCloster size and mnteriallleeded to detonate the .~':X-644 and then determine th~ best fuze confi[luration
to house this booster. Thi!- strateiY was followed by first testing several inventory booster~ against the
11I1:. Aftt.'I' tiles!.: test.; proved unproductivt, 8 booster materia' wa~ d'105en such that it could be stored in
the weapon if needt"d and maintain the desired '.6 hazard dassifi~ataon. A serles of1csts. supplemented
with h~urtlcode modeltng wcre performtd to 5i1.e' thlS boo~\er. This wa~ ftJUowed by a series of
detoml1ion tests of this insensitive boosler material hl silt and select a lend material and configuration.
The fUle hardware was examined to configure a syst~m which '\'lUld be compalible with the FMU-139
fUle. These 5-teps are explaiMd in grcah:r detail in the following sections and are summari1.cd in Tabl~

XllI.

Concurrent with this program.:t contracted effort with AAI Corp. of Hunt Yalle~'. ~fD called
Insc-nsiti\ l~ \1 uniti,,!) Fuze Technology (lMFT) produced a fUle which was tested against AFX-644. Thi!'
rrogrum is fully descril~d in References 13 and 14. The layout of that explosive train and a summar~ of
its characteristics is included belC'\\' for c:ornpleteness. Not coincidentally, tlJe lMFT explosive train is
ver) sitnilllr tl) the modified FMU·' 39 expklsi\'e train de\'e'o~d in this prolram.

\105t of the boostering tests against AFX·644 were conducted in an 8 inch diameter by 16 inch
long str~1 can filled with the candidate explosive and employing mock fuze hardware. The IMFT
hooSfcr te)\s were conducted with lh~ front half of an acttlal :\tk-82 bomb. As can be seen in Table XIII
lx'iow. several \'C1'sions of AFX-644 were tested. Most "fthe booster te!lting was cor;dueted concurrent
"ith the tirst reformulation effon. However. comparing the booster lesls with the lemitivit)· tests of
Tahle V shows thaI the least sc:n!litivf AFX·644 formulation, AFX-644 Mod 0, was successfully
dttonated h)' the modified FMl:-139 explosive train at -67"'F.

5.2 Ex/.llng 800llt.,..
Three inventory booster designs WCTC tested against baseline Af'X-644 and the morc s~nSili\e

n:TO II f("""ul81ion~ (TNl NTOl{)2/AI 32/4:217119',. It W,iS postulated that the standard FMlJ·139 with
an annular CH.6 b(\(..~te' of i .25 gm would be incapable of detonating baseline AFX-644, This was
proven as sh(mn in Fi@.ures 6(\ and 61. The M·14S auxiliary booster with 182 SOlS of tet!')'1 was tested
againf>l TNTO 11 !iuc-=essfully. The 284 1m tetryl T·I.' bouster Wit t,lttd successfully qainst lNro II
and lInsucc(,~llrull~ against baseline AFX·644. The.c tests showed that no inventory booster Wtll capable
of iC tiably detonating thc very insensitive baseline AfX·644. Two additional cxplosi\'cs were test~-d as
cand idale boo!o1ers: PBX·9502 and PBX..9503. In app-opril. dimensions. both thew explosives had
suOicient power to detonate baseline AFX-644 and its modificutions. P8X·4)S02 was selected due t(l its
e~treme insell~iti\'it>· and ,,~epcal1ce within the weapons community. These'! telt1S funher proved '\O"lt
hod lani been lIu§pected: an annular booster would not perform well against AFX·644 due to its
rC;"'ivcl~' larllt' criticill diameter. An lHE with a htr8e critica' diameter i~ more easily det~n.ted with a
.;ylindrical 'end li~ht' ho05tin8 scheme. The tC1foidal hOl.litt'l' in many bomh fuzes results In • pecuU.r

so



detonation front shape. The detonation front in the booster is shnped by the hl'lle of the toroid such that
the peak prc50sure i~ experienced on th" side of the fuze at n point furthest away from thedetonator j

').

Table XIII: SummaI')' of AFX·644 Initiation Test Results

IL'mpcTlIture 6! \'Itlow w~ the 8011~ .11 co)d tests. Hoftvtf, MIme tests WI:!'C rondKted In the heat nf ~Im,"er wMrt' the
freu.cr WIIS inc.pilhle of ,,~II illS thaI (·old.

Test )tera (Donor) Taced AIAlnsl (Attepl6. j Test Result
CODdilion"

nil'· J39 (Annu!ar-.12~! {·H.M Basdin(': AFX-644 I\mhiem 1'\0 GO

1·14; Auxiliary 8no~ter (Annular 284& TC~'I) nlTO IV (Baseline AFX-644) ·6S'·F 1'0 GO

1·1-17 Au'\i'la~ BO\l~IC't (."nnular 284r, Te~ryl) 'J;lJTO II ·6~ ~F GO

PBX·9~(13 (Annulilt SOO e) Base-line Al-X·M4 ·6Sor: GO

1\1.148 Auxiliary Booc;te1' (""n\llar 182 ~ Tnl)'il Tt\TO II -6S "F GO

PBX·9S02lCyhndricllJ )" X 3") Flal B~ol'll foUl.ewell DlSCline AFX-644 Alllbienl (jO-
PHX·II~03 (C~Jindrital )" X 3", Baseline AFX·M4 Ambient (iO

PBX·9~(l2 (Cylindrirlll 2. '" Dill X 3") I~~t:line ArX-644 ·6S '·F GO

I'nX·9~02 IC)h:ldrical 2.4" Dia. X,") Baseline AF X-644 -S8"F NO 00

I'BX·9S02lCylindriCIlI 2"" 011\. X 1.8"15") Hascline AFX·f14.. -M"F NO 00-
I'BX·9Sn2 (C) Iindriclil 1,'" Di" X 205") Oascline ,'\FX·644 -6~"F GO

PBX·95112 (Do~d Share 2,4" WQ. X2.2n 8aseline AFX-644 -6S"r GO

i'S J>tllet (C:-Iindriclt (IS" X0 S") Off Ce"ter PBX·9502 ( 'ylinder 2.44 Oil x 3) ..fl~cF LAn. GO

/\5 and PRX·9~{12 (C)'lindri,al Z.4"" l>it X,") Baseline AFX-M4 ~~l'F GO
-

p~>.'}.;., ,C)'linder 2.... Dil X 1.1 ThrouGh Metal Plate PBX"9502 ·6'" "000

PBX'S- 'ICylindrlcall" X.") PBX·9~02 ."of GO
with 0.01 "'Iyer PlMc anll 0.04 Air Gap

P~XN.7 (C) lindrital J" X I") PBX,,950Z AJ'Q~iml 00
'" ith <103 r1) er Plate and /I. 12~ All' Gar ••

•• MudUled F'MU, 139 end PRX -11502 Aux lloolter AFX-644 Waxlc5$ ·~7~F (iO

~- --Modified fM\1·139 lind PBX·9,02 Au" Boolter AFX-644 ..." Wax ·6,°t: 00

Modified FMU· )9 Wid rOX·9S02 Aux Booner A.fX·-64.. ModO ·l\,"f GO

IMrT Fuze AfX·644 "IY. Wax Ambient 00

IMr.,. fu,.e AfX·644 4,. Wax ·S\"'" 00

IMn FUle with AJIM 011 Tuuwell ATX.644 411~ Wall .~"F 00
~---.--.._.

Tritonll .SO°f" GOI~U T rUle in Stllldard fuuwell wit. AHM

• Cold teN ~I)ftdltion. WilN Ichjrv.d by ~in, the tal itemJ until Iqullibtil." wu tclcllecf with me pre·1I( treeIC,

SI
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Fiaurc 60: FMU·139 Fuze to AFX·644 Boollter Test Set Up

."tlure 61: FMt:..139 Failure to Detonate A.'X·644

5.3 PBX..t502 Boo_.Slzln,
PBX·9S02 (95% 'I ATB, 50/0 Kel·F) was ..elcc:ted a... the auxilial)' booster C'xplnsi"e due to its

cxlremtt ins~n.ilivity and demonstraccd effectiveness as an initiating malerial. Aseries of five
detonation tests were: cond.,ctttd to detel'mine the quanti!)' of PO:<·9S02 needed to reliabl)' dt:lonate
baseline AfX·644, The diamcler ofbo<lSler c.:hostm to test was :t~4 inches which concsponds to the
diametrr ofthe booster cavity in the FMU.139 fuze. Testing detenninedthat the minimum 'enlth



needed was between 2.5 and 1.875 inches. If the shape was changed to domed instead ofcylindrical, a
slightly smaller quantity of booster could deliver a biaber peak pressure into the main charge. This was
proven with hydrocodes and experiments. Hydrocode sample outputs for the 2.5 inch cylindrical and
domed booster configurations are shown in FiBurcs 62 and 63. The domed booS1Cr has several
advantages which were not fully explored in this test pt'Og1'Ilm. The obvious advantage is that less
cKplosive is needed and thus it provides a more elelant b<lOStennl scheme. The shape ofthe advancina
detonation front closely matches the shape oftho hardware and pro~;des efficient entI'IY transfer into the
main char&c. Another advantap is that the domed fuawell is SIrOnpi' in the axial and lateral directions.
This could be. signifteant advantaae in hard taraet penetration environments. Despite lIlete advantages,
cylindrical boosters of2.44" dinner by 3.0" lenlth we~ ustd mroup out the remainder ofthe
program. This cheision was made for ease ofmac:hining hardware; the 3.cr lenath provided lome design
mqin.
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'leure 62: Hydrocecl. Output 2.44 Dia. by 2.5 CyUadrical Booat.r
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Fi.....re 63: Hydroeode O.tput 2.44 Dla. by 2.25 Doaaed BOOIter

The booster tt$ting was ccnducted in an 8 inch diameter by 16 incb Jong steel can called an
enginetrina IcaJe unit which was usually conditiont:d to -65°f (Figure 60 and Figure: 64). The
instrumentation included piel.oelectric time-of-arrival (lOA) pins to measure shuck and/or detonation
velocity us well u armor witnesa plates to detennine No 00 or Go (Figure 65).
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Figure 64: Ealmeerin. Scale Ualt for Booster Telt Conditio.eeI to -65°F
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Filure 6~: Wltnell Plate .nd rriJlmentl for a Prompt Detonation

5.4 Critical Dlame", r••tln,
Conical chwge-s ,,-ere- used t.o estimate: the critkal diameter of baseline AFX·644 Ind AFX·644

Mod OIS. The l.:unes tapered from an initial diameter of 4 inches '.0. flnal diametar of 1 inch. The bast
of the ~oncs were 4.. inch diameter x ~·inch long cylindC!f5 ()(the formulation bein, tested. 'fh;s base was
initiated ulinj 4-inc:h di.meter x ~·inch lonl cylinder ofComp B. Piezoelectric pm. were positioned at



inten'nls of 30 mm 10 determine the vdocity offh~ reaction wa\e: as. it propagated thrflllt!h the cone. The
critical diameter is the diameter It which the \el()cl.~ l'fthe reaction wave mt:asured in ;hc cone i ... 9()l\';'
\If the detonation velul:i!y measured in the c~ lindricai base of the cont:. One cone of each formulation
was tested. 'fhe: result~ arc presented in Tablt XIV.

Table XIV: Critical Diameters of AFX·644 Vuriations Oettrmined from Cones

Paramtter Dftlsity
,

Dc

Baseline AfX·644 t.n J:cm 33-39 mm
Baseline AFX·644 \ .70 t:cm 4\·43 mm
AfX·644 Mod 0 * 1.6S I"cm 44·49mm

• 9.~DD 1·800. O.~% Cianex WP·660 \'S.

9.&5% l·tIOO. 0.)5 C'Jlnex WP-660 in final formulation

5.5 L.ad Sizing

PBX~9502 rcquirt~s II larger diameter fuze Ie-ad than the :\1k-8 found in the- FMl:·! 3910
accc.1l~1Odatc its larger critical diameter, A OS' Oia. X OS' cylindrica' pellet of AS explosive proved
",afJ.ahle of ,~etonatillg the bOo~ter at ·6S~ F. Ho\\-t:\'cr, the TOA pin data from thi~ test indicated that the
dCt<';\.dtion in tt<::- PBX-9S02 WaS stilt a~elera1in~ at thf.' end of the booster. To ensure that this 'late'
det~matiC'n wos aC"~quGt.:, Ihis \\-hole eX.l'llosivc train was. tested against baseline AFX·64~ al-65c F. This
les, was ~ clear I Go I. At tn;, POIllt 'he e.,plostve train. configured as a large booster inside a redesigned
fUle. was Judged to b excessi':ely long. Jt WIlS decided 10 change the confiauration 10 that of an

auxiliary t'()ostcr' which ' ...·ould r... mllm with thlP boo;-') and to use a small boosler in the F~1t:-139 which
"ould permit rclati·..ely simple fuze hardware modWlCntionl>. Thl: ,tBX·9S02 auxiliary boo!>1er was. from
rhis point onward. placed lit the /Y,tORl of a lor.g flat tvlnomed fUleweli and covered with II O.OOS"
qain/e~!i steel cover as a weather ~:d (Figure 6»

PBXN·7 explo5ivt~ materi,l was chosen to suppktnent th~ FMlI·139 detonator and lead. This
~xpfo:'ive was c:hose1l as it is 8 qualified material ill use wi,!; several fuz;:s. Funhermore. this explosive
d<lCS pass cflOk-off tcs.~ ctlt.huug,il it is t<:'O shock sensili\'~ !:J :neet the t,6 hazard classification ~'fiteria.

The fir!"! tcst "fthis material proved that even alargc quantity of it ~ .)UI~ n~ detonate: the PBX·9S02
will; a .ttetal attenuator between ,t and the booster. l.es!OOns It4m~d from other detonation transfer
prot-lems suggested that if a layer of metal ;s impedina delOOllioo. lhat ,netal should be made to fly
IF. 'O!l~; .10 air SIP to enhan~ detonation reliability. The neXf cor.fl~urationItsttd had a much smaller
PBXN- i bad (~3 ~ ~nslead of 137 a) which accelerated a 0.010 inch tUck or7S" dianaeler saeel plate
across an (J.O~W inc" air aap. HULL h:!ti"ocode modeling suggested that this scheme would fail to
tl'an~.fer detonation at ·65° f yet tbe test did pro,,"!' to be d 'Go'. The fl)er plate boostlol Kheme for the
auxiliary boo!'tcr was explored r:,!ffin'ically in ~rutcr detail wi1~ the sMF.RF co(k a~ described below.
lh~ dimensions ('(the flyer and air ."ap we~ tlip/cd 10 0.030 inch ll"d 0.125 inch. r"sJ)Cvtivcly.
Mod;:linr. sulteslcd higher "hock pressUfeIl and lonser duration pulses into the booster with this
cOlifiauration. The (1.125 inch air liP is much easier to achieve Ind less tolerance seusnive in
rc:prcsentB,r'c hard\ure as!tCmt ~y. This. 'flyer plate' broiting scheme formed the: bpsiK of the FMU·139
and M......2 bvmb modifications in thill program.

5.' SMERF Simulation of the FlfJPS Flyer PI.,. Initiation Syatem
JZydrocode elllculationK emjJoying Softw"f: for Muhi..Euleriao Reacthe now (SMERF) were:

ptrfomled by Brumback and \vO()' 10 detennine the effectiveness ofthc:- n)'Cr plat'e dt'~ign for Inililltinl(
PBX.95J2. In these calcul.ttions. a I'BXN·7 booster was initiated. iaunchin, a steel nyer pllte Icross an
air saf) and into a Itcel plale whic" cov.rs the PBX-9S02auxmaf) booster. Prasure aod~ ftv '.he



...

calculations were placed along the path ofthe shotk front in the various materials. An illustratioo of the
flyer plate initiation train is provided in Figure 66, In the calclliations, the aiT gap thickness and the flyer
plate thickness were \llried independently to detennine which combination was most effective in
detonating the PBX-9S02 auxiliaJ;' booster. The cover plate thickness was constant at 0.005 inches.

IJ,r

PBX·9S02
COVER PtATE

_-...-+---1f- I

PI.YO rl.A1£

,It' o.r
,..

L meL

All

.....n ,,: Flyer Plate ........ Tram. Sillnalatlclia SMEaF Cain.......

The h)ldrocode calculationa confirmed 1ba1aU.ixteen combinations of the tbickneaa are
effective: at aulltaininl a detonation in the PBX·9502 auxil'-'Y booster. 11ae detonation wave detennined
in the calculations i. presented in Fi.... 67 for I flyer plate 1bidcneu of0.030 iaches _ an air pp
thickn•• of0.125 inchts. The IlUUUlaUIII flyer plate ""'lock)' Cllculatad for each pl_pp thiebea.
combinlltion and the muimum JIfIIIIft ....ted in the PBX.9502 auxiliary booIter for each p1lteJpp
thk:knll. QOIIlbination aN provided in Table: XV.

Table XV: MuJ_•• Plyer ,late Veloetty ••d Pml.n lD tla. PBX..'S02
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Flpre 67: SMERF Results 010,038 Flyer aDd 0,12~ Air Gap

5.7 FMU·13. ModHlc.tlon.
The initiation tnin for the FIGPU is derived from the fMU·139 fuze which. at pmaram -rt. had

only ~ntly entered 1M munition. inventor')'. The .Itctronic lIlfeIarm mechanism, rotor. dnmator and
Icad were not ch.nged in this proaram. However, the new conf'launtion I. required to initiate reliably
less senstti\'t explosiv" ha\'inslarpr critical d.iamttm.. inhiation preuu.... than the current bomb
fills. Specifically, the output from the booster explosive must he greater than the initiation prelSUn: o{
the main charle expl()Si"e when the aenmt~ Iihock wive po". to the crital diamet.r of the mlin
charge explosive. The standard fuze conf'iauration with tbt olec:trical connector enterin; the center of the
fuze thmuah the hole In the boostC'f requires. series of plates, pads and structural features to supp"rt the
cha'lling tube dnd protect the boo.fer. T1Ine pi'MS miti.... tM prtIIUN OU11"It tTcwn the CH-6 or
PBXN·7 booster hefCft the pressure patte rceebes the main ch..... txpIGliYe.

The! re-desiar1 of the FMU·139 involved replacement of the annular CH·6 booster with I smaller,
c)'lindrical PBXN·7 tOy•r pllt.:' Ic=ad. The W" IOlid cylindrical PBX·9~02 IU:tttliary booster requires
the relocation oft", fUl.e electrica1 connector wttle face plate orth. fuze It the rear of the bomb. This
hal some structurAl adYlft"'" and v,tstly improvCI the sbock impedance mltchina between the booster
and the Inain cbara" The modified FMlI·1 39 is thown in Fiaure 61. ThiJ ftpre shows th. cavity (or
the 1.0 inch dillmclter cylindricall PBX'N·7 boos.r and tho new bottom pllte of the f\aze with. reetssed
..... which forma .. ftyer plat•.
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Figure 68: 'FI)'er Plate' modified FMlJ-139

5.8 Bomb Modifications

The bomb'5 rear internal charging tube nlust be moved such thaI it tunnels from the charging
well to the aft closure ofdae bomb. Prototype versions ofa modified Mk-82 bomb aft closure have been
fabricated. The aft closure is removed from the folandard Mk-S2 bomb and the new aft closure is welded
on allOWing tbe charaing tub\: to exit the tail ofthe bomb beside the fuzeweJl (Figure 69). Explosive
}oldina with this bomb is accomplished b)' fiUing the bomb throuah the larje hole in me aft closure to a
predetennined level ftnd then insertin. the new fuzcwell into the molten explosive and attKbinl it to the
aft ,1000re with. sc:rew lockin. rins. The fur.ewelJ witllauxililry booster alreldy in".11ed i. pre-beMed
to sooC prior to insertion. The liquid explosive is di.placed by the fuzeweJl upon Insenion. The
procedure allows for the inspection and cleaning of"'" aft clOlUre prior '0 iAltftins and Iockin. the new
fuzcwell. Thi. en.urtl that no e:<plnsiv. is present ia the area of111. 1hrads. The it.1n is capped off
with a "tuffseal" pad b)' il\iectin, this fluid throuah ports ie the aft etasUN. These ports~ then filled
by threaded bolts. Thili prooedure iii considered ...itr tltan that used for ItIIIldIUd hombfl where the rear
fuzcwcll must bt: pushtld tiide inside the else then repositioned after filling and re·attached to the aft
c10~'U1't:. The modified bomb is robust enouah to IccomruodatAe fuze deaips up to •.0 inches in diameter.
allowing '~lJstom initiation schemes (or various explosive fllls possessin. ditTe~nt criticlli diametffs n•.,J
initiation Pl't'ftSU,'cs. NI) special bomb ventina features were built into this aft c: losure, The resultl of
tome of the ras' cook-off tests indicated that such a fea'we would be desirable. Schemes fO' mC:Ufrina
the aft closure ofalar•• weapon to P'O"ide ventin••", been inveatip1ed by NAWC China Lake' .

A new fuzewell was built and tested. It hal fj 2.44 incb diameter by 3.0 ineh 10nl cltvity !Ii the
bottom for the PBX..9502 auxiliary booster and I Jar,er cavity forthc modified fMU·139 (Piaure 70).
One.. the PBX-9S02 booster is inscrted, it is rJVered by I thin (0.005 inch) stainless iteel shim stock to
pro\'ide a weatbC'l' seal. Thil is done- befont th, fUZlw.1I i. inlcned i. the bomb. The- step cbanae in
inlide diameter provides a 1* pith for the mUI ofth. fuze durin. bomb impact. The w.ight of the
fuze does not bear on the .",iliary booIIt,r. The thickness ofth• .:nd o( the fu:r.ewelland the sides
rourroundina the booIter W'I made to be the same IS coIWentional fuzew.lI, (0.040 inch) 10 I. to provide
a standud deton.tion impcclance. The thickness oft'" side wall in the vicinity ofth. tuM was mad.



th;ckl:r (0.0:0 iach) t ...) pnwide he"er load eanying capacity. Dc:tai led streng.th analysi5 of this fll/~well

\\as not carried Ollt. Should such an analysis pre'\(' that more men!!th is nC:t'ded. the side \\~III thickness
of both cross sections can be incrt'ased wilhom an~ effect on the detonation transfer reJiabiHt\' a<; 'hi:'
t~plosi\c train couple~ energy primarily througn the bottom (11' the fuzewcl!. ;-.Jo asphaltic hOI ·melt liner
{A~n was used on these fuzewelb alth('lu~h later l(!oJb with the critlca\ module pro\'ed that such a Iint:r
would not prevent detf·natinn {""lfthe main thar~e,

AFX-644 EXPLOSIVE

An PLAT! AND
REAR FUZEWUL

CHANGED

FMU-139 MODFIED

CONNI!CTO" TO 'ZU*••

'"'" lEAL
'LLlHG HOLf
(I)

......- ..0(1{ RlNO

PeW
IlieTfllCAL
CONNICTION

f'icure 69: Mk-82 Bomb ModificatioD••

".ure 70: Fuze",,11 for F1GPB



5.9 .tn.ensitlve Munition Fuze Technology Expl08ive Train Tests
The 1\1FI program U produced an espl0sive train quite similar to the modified FMlJ-139

dc\'ek'ped in thi~ pro(;!ram. :Figurt il ~hows the satient features of this des.ign. As it is not 'Ja.-.ed 011 :my
t:\lsring fuze. this design had ,'he freedom to package the explosive train differently and not be concerned
with length constraints. The n~ur half of the 1\1FT nose fUle concept (referred tn as the critical module)
contains the explosive train and the time delay circuitry for post impal;t functioning. The front half.
which \vas not developed in the JMfT program. will enntain the electrnnic safe/ann, wind turbine power
suppl:-. and proximity sensor. Thl: critical ml)dulc c:xp'o~i"e train i!o started ,,,ith an exploding foil
initiator (EFl or !,Japper detonawr). The slapper detonator is adjacent to an INS tv pellet which
launchc~ a very small flyer plrjtc into tlle PBX~~ '7 lead which is in intimate contact with the PBX·9S02
blloster. The ex,:,losives in this fuze are sized nearly the smne as the modified fMU~ 139 ye:t no flyer is
needed between U,c lead nnj boow.:r as the)' nave ,10 interfering melal to attenuatt the -.h04:k front.
Pr\·.\'i~iom for venting the exp\osi';~s in n cook-off are bui\t into the design and have been pro'len. The
crtlicn~ module has undergone a large ~.tqlience nffunclional and hazard tests under the au~piees "fthc
tMFT prn~mm. Some ofthese test5 are outlined here.

VI"'''''" -'

FiauR 71: IMfT Critical Module

The critical module \\ as tested acainst AfX·644 I.ow Wax version IS 1l>llmmlll'ized in Table XIII.
The tcst unit wa." the: forwllrd half of a Mk~82 Bonth with a special n.tt bottom no~ fuzewell and nlled
wilh only to tbs. of explosiw. It WlIS positioned above arlllor witness plate and instrumented with TOA
rin~. The entirt explosive train fron, the hiah voltaiC ldapper detonator to thc AFX-644 WII functioned
ill four tesb. The first wa~ a~ ambient conditions. the seeone! at -S ItlF. the third at ·S4°F with AHM liner
Oil the fuzewe:lI. Ind the final Ihot was IIpinst a tritonal filled half bomb with the ~tlndard fUlewt'\1 with
AIIM und inlcmal conduit. All shots were prompt detonations. The lAlt Iho~ "'Ii C\)nducted to prov~

that this flUe could be llsed in a standard bomb if de~ired.

f-l



Section Six: All-up Round Hazards Testing
Wi,hill this report the t-:(m AIl·llp Round ha5 ;1 specitic mtaning. Th~ slorage of munitions is

dri\'en b) i-afety j;sues. Missiles and duster bombs arc' stored in an all-up state in that the: entire round
I:an he tnktll from storage to the aircraft with link lIr no maintcnancf/;lsscmb\y action. Gcner..1purp0!\('
bomb!' ha\'t~ ~o ~ built up from IS many a!; r.\·enty pieces ~uch a, fuzcs and guidnncc kits. The major
reao;on for this IS that the hazard of the weapon from accidental fire l.lT detonation is increased when th('
fuze i:i installed The safe ~t(1rage of an an-up ~eneral purpose bomb does ntll depend on the presence (If

the ~uld8ncc kits or other ancillary pieces. illc hazard testing reported in this section was accolIIJllish"d
in fUled warheads withoul tht ancil\ary pieces.

6.1 All-Up Round Fa.t Cook-o" (Wood Bonfire) Test

A fa."t c(\()k·off{"'.(lod honflre) test wa~ conducted on tlm:t AlI·Llp Round (AL!R) Mk-82 bombs
cO"laininl! AfX·644 Mod 0 and a modified ft..ru- t39. The results (If thi~ test mC1 the i .2 Hazard
('Iassification critcrin prcscrihed by th~ United Nations.

• •
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Fiaure 72~ Tbm 80mb FICPI FU7.1d Fa:.. Cook-olrT.... Stt Up

The bombs were situated on a new standard rnetal plnet as .oown in 1-'i'1Ir'e n. Thc! lx~om
position of the center coJunln (Item "S") Ind both pmdticms of'one of the outer columns (Top: Ittnt It::",
Bottom: Item liB") were meed with live. runy auembJed bombs. The other positions in the pallet
contained BOO-SOli. Each ofrhe live! tx""M WIS c:ontijurtd as. a F\lZ(d tn!it'n<titi\'c General Purpose
Bomb (FlGPR), incorporating I modltled 1ft closure, ful.well lnd FMU· t39., pre\'ioUld)' described.
TIl&: (U/C1 ''''as confiaured as it would be in sloruge with the Mk·8 h:ad ira·\in\~ with the PBXN· 7 'Oyer
plate' lead and the: luxiliar')1 PDX·QS02 t-.oolter. The de,~n8tor was rtmu\,c<., simulatina the out-of-line.
stora,e condition. The fuze WII5 heJd in the ~mb with a rctainin, de.. iet' This L-,haped piece of ItC4:1
was bolted to the ftlodified aft ~Iosurc ulini one cf the thR'. th...e"*i "tuff Hell" inJection port,. The l­
shaped pitte pressed I circulu wuhc.r apin" mv face pbtte of the t\aac tQ hold it ia p,," (f ilUN 73).
This retaining c:lalnp Is not intt'11dC!d to R."lace • prop.t fUlt lockin& ring but was 'ju~' rig,ed' f"r testing
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onl). The pdlct ot bombs was plac~"d Oil a steel stand approximmely 1 meter above the gwund.
Therrmx:ouplt:s \\ere pla(.~ed in nnd around the test items. Planks of '·inch x 4-inch lumber w('J'e placed
IIndcr. around and above the pallet to a di~tance (If approximately 1 meter. AppwxiUlately 20 gallons ()f

di,·scl fud \\ ere applic-d to the s[lIck. The wood and fuel \\-ere ignited u~inl-! thermite grenades.

r*,:1
FiJture 73: Ckt1;e tip o-(FJGPB ModiOed An Clolure Ind FMtJ·139

F1aur• '4: 'IGPD FII' Cook-off Wood Bo.ftn Tat

lllC fire hurned for 8 minutes and .0 seconds hefon: the first fClCtion occurred. The first item
("B") vmted and left the test ttand. ~min" tu rest approximatel) 4S feet from its initial position (Fiaurf

63



"51 The final position \\ as III tht directiclfl "f the bomb tal k lndkClting a 111''< \'enting pwpdlcd 11It;"
item lr()m ir5- initial position The internn) and external te"'pcratur~ .. at the time of venting \\t'rc 8~O·

l)OOcc. hem ,. B" rcm:sincu s1ationnr~ and int lIet Mltr the 1nilia I venting, Suh-,cquenl burning ,)f ,11"
e\.plosiw \\a~ evidenced b~ names protruding fn,ltn the orifice;;. in the nose a/ld toJil rhe r';i:oyt'red
homb case \\a~ filled with charred c:xplosi\c residlll: \\ hid was abo rreSel)t outsid!;' lhi.; Item ncar tht'

no<.c and tall orifices. Tht fuze was expelled \\ ithJut rc:a;;tioil when tht h(lmb vented and \\if;;

sllhscquently re~oHred. The auxihaf)' boo~ttr \\·ltS also I"("co\cred (l"iiure "6).
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The sc;;ond Item \"S") rcul;;ted I ~ minutes and 10 ~l;0nd~ after the firt started. The third item
I "K" I rca,red -+ ~ecl'nd<; later Both it~~ms ruptured ill response Ie' the pressure build-up from r~action on:·
!!Za~es. The c<lses \\cr\: split and art cll)Sures. charging. wells and fuz.: "plumbing." fixtures were ex.pelled.
Item 'S' wa~ rel'O\ crcd appro:<\imately ol5 feet from til(.' le~l stand in the direction of the bomb noses
(filture 77), Item 'X" was recoY~lcJ approximately 115 feet from the test stand in the direction Clfthe
bomb nose~ at n hcadinl! of ;~ppr{lximntely45 degrees from the original position (Fig:urc 78).
Appwximately :0 lb. of bascbal\-~i/..c:di:hun\.;s of 1I1\reacted explosive were recoHred from the area
surrounding the tes.t stano (Figure '79), The fuzes from nOlh items "S" and "K" were recovered
approximately ~OO fcct froUl tht' leM stand. They remained inside the fuzewelliincrs after beit')g expelled
frl}n1 the bornbs with no ("\idence of reaction from cithl!f the P8Xl\· '7 or PBX·9S02 booster~ (Figure 80).
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}o'igure 79: Ra\\ AI;X-(i44 High E~pJosi\'e Reco\'ered (rain FIGPB Fast Cook-Off Test

rieurt 80: .IS","K" lad "S" rUZeA from 'IGPO F••t Cook·O" Te.t

The l 'nired ~.t)ons criteria for aSSi'nll1ent of .rlicles to division I,~ hued upon bonfire resting
slltte "if explosion of the: total contents doefo not occur pnctically instsntnneously. but ...any metallic
projcction with mass. exceeding' 50 J is thrown morc: thin \5 m from the: cdKC ofthe stack. then the
product. as packa,cd. ilC .s~igned to division' .2." The results of this All-Up Round M"-82 test met
thes(,' criteria. Hud all three bombs n:acted as the: first did, a.nd had the explO!oivc Irain in the fU7.eS
conta;n~d only EJDS explosives. the results would mut the more ~tringent J.6 huard classitic::ation.



The ,.,rtS~UTe rUplUrC$ llbscY\ed in this test nppeared to b~ more "iolent than the mild venting
(Ibsen:ed for unfuzed MJ..·R2s containing bas~lint AFX·644. In the ACR cOllfi~lIrati(\n. one oftht major
\~nt paths is occupied hy a fuze. ".,ilder re",ults could he obtained using an aft closure ring mechanism
for the bOO1h as developed b~ Koontz. et. al at NAWC\7. These closure devices had the ability tn open
the bomh m(\fC' completely to aHo\\' beul:r warhead "e01in~. This improvement j" re(omOl~ndtd for any
AllR bomb S)'Mem whieh would enter ful\·scale produ(;tion.

6.2Insen.ltlve Munition Fuze Technology F••' Cook-Off

rhe IMFT cIitical mt.'tiule had previousl,,. underl!onc fast cook-off tests as a bare fuze. Thre~ of
these tests were successfully conducted. The baseline AFX-644 loaded Mk·8~ had also survived such a
test by venting and burning out of both fuzewells. The combination of fuze and bomb had the potential
to C'Xhibit worse reaction ns the ,·cntin@. for both warhead and fuze was restricted b> the presence "fthe
other. A single fUled ~fk~8:! bomh was loosely strapped to a metal stal1d and surrounded b,· at leftst a
meter of kerosene soaked wood (Figur(~ 81). At seven minutes into the test. the bomb pressure ruptured.
This pressu~ rupture was a result of off-gASsing ofthe ·4% pol)'Wlx AfX·644 and was not a denalration.
A large quantity of txplosivc: wa" recovered from the test and one piece of easing was thrown more than
100 feel. At approximately 15 minutes into the bum the wood pile had burned low eoou¢1to see that the
most of the oomb mnnined on the stand (figure 82) and was C'.ompJetely empt,· of explosive except for
the fu!..:, At ~2 minutes the critical module could be seen to vent ,'cry mildly for approximntel)' five
minutes with smoke and name spouting frCom the bomb nose (Figure 83). Althou8h the one frqment
thrown was outllide the 1S meter criterion for 1.6 hazard classification. the lest easily met the J.2 hazurd
classification criteria. Ver~!:ng imprOVC1Uent to the warhead would surely aHo\\" the weapon to meet the
J.6 level. n.is test proved thnt the fuze does degrade the bomb's response to the fist cook-off lest and
that the fuze is less sensitive to this thennal stimuli than is the bomb.

...

~-' -,

Filure 81: IMFT Fuzed Mk-82 CO.'lini•• 4CJIe Was AFX-6+t F.,. Cook·OffTtlt Set Up
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Filure 83: Vl~' of Buraed out Cntlcal Medule from IMFT Fa.t Cook-OIfTtlt

1.3 In.en.,t/v. Munll/on Fuze Technology Slow Cook..Off
As with the ftit cook-off, both the fuze and the warhead had pre\'iously passed the slow cook·off

rest B~ blocking the bomb's favorite vent path, the f1l1e could exac,erbate tht responsf to the tcst. A
~inglc: nose·fhzcd item was pJacni insjde an aluminum oven as was explained in !oection 2.1. In both the
prevjou~ lest!\. the: items; \'ented from the: nose: flu.ewell und burned in placr:. non-propulsive)' at an oven
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temperature of appr(\ximatel~ 165<>( with internal temperatures of 190cC, In this te~t. the tail fuzewell
experienced a mild pressure rupture at 13~:C which moved the bomh a few inches, At an oven
temTlerature of 163:-C tht! 4~/, po!y\\'tx AFX~64'1 ignited and burned eomp\etd~ and non-propulsive1)' out
the tail fUlcwell. The oven temperatures reached a plateau of 11 :!2' (' ouring th(' combustion of the
AfX-644, Throughout this event the thermo.=ouple inside the critical module peaked at 13 ~"C which is
well ~Io\\' the le....el a1 which rt~ction occurred in the 5olow cook-off test:; of toe (Ult:. Th~ bomb case
was intact fol\owin~ the test (Figure 84) as \-\-IIS the critical module in the nose fuzewell (Figure 85).

I.

,

F.pn SoC: IMFT , .... Mk-82 SImv Cook......_1t
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6.4 All-Up Round Sympatiletic Detonation r9.t

:\n nll·live. fuzed. full-scale (Mk-8~ I r;ympnthctic detonation tcst of ArX-645 \\a~ cundll~t('d to
demonstrale the: survi\'abilitv of this svstel'll a~ a full\ assembled munition in a st"O(: 'rd stora~e

• ... <u

clllfigurntion. In I.,;, lest all ofthc bombs wcre filled ",ilh AFX·645 and placed in the new standard
metal pallet. All of the acc~ptor bombs COlli.. ,:neJ prototylX fuze" and auxiliary hoos.ters. There was n0

evidence of df'\Onal iOIl from fe.,;r oftht> fin a~c~ptor bom ~s: howl,'\'r:r. l!l(' fifth item reacted violentl~ or
partialty detonated after a substantial run-up.

fhe horizontal distance between the column:. of bmnb~was appro"immel~' 0.88 inelles, The
vel1ical distal'lce between rows was approxima'iely 2.75 inche~ The dooor bomb was placed in the
bottom. center position of the patlet. It had a net explosi\'e wci@hl ('"jEW) llf 185.8 lb.. resulting in It

charge density of 1.62 ~/cc (92.7 % TMD). The donor oomb was l:ibeled as item 'l.~ The donor bomb
\\as plact:d nex' to a bomb wit~ a \lEW of i&O.5 lb. and a charge density of 1.61 glee (9:.5% TMDI.
This adjaccllt bomb ":as labeled Ol:il item "r' and conlained a modified FMU·139 tail fuze with Mk-8
lead. PBA~-7 lead und PRX·9502 ~.uxiliar) boos~er: the FIGPR tail f\.llC. The acceptor bomb ()n the
oth" side of the donor bomb "ad a l'EW of !84.~ lb ......ith a charge: density of 1.6J g!ee (93..5% T\1[)).
This homo wus labeled as item "A" and contained the nose fuze dl:'vclopet' during the Jn~nsiti\'c

.•111nitil.ln~ FUle TechnClI(/g)·IJ (I~fFT) program. This fuze is ar intrinsically safe. in. line, slipper
detonlltor s~'stcm with an H~S IV pc.-lleL PBX~·7Iead and a P8X··9502 booster. The: acceptor bomb
above the donor bomb. in the top, center position of the pallet .lad an explosive \\'f:'i~ht of 168.5 Ibs. The
char~e density was J.57 glec (90.2% TMOl This bomb was labeled as item "X" and contained the
F1tJPB tail fuze. The bomb ahove item "T" was labeled as item "&:' It had an t:xplosive \Veight of
180.5 lb. with a I:hllr!le tt!nsit)' of 1.60 glee (92.0% lMl». It also contained an flors tail fUle. The
bomb above irem "A" wa!\ labeled as item "0:' It had an explosive weight or 189.} lb. with a charge
density of J.6Q g/ee ('96.9% TMD) and C'..ontained an i~ffT nose fU:lc.

Filun 86: NOH View 0'All-up Rould SyDlpl'h,dt netoDlttoD Test Set lip

Tht' ISHmblC'd ptUm WI' positioned on • 6 ft x 6 ft ~ I an Me,larmor plate to obtain ,i,Dltures
from the donor fragments 89 well as In)' .enerated by the adjattlftt aecept-:r bombs. A 6 ft K6 t\ x O.7~
in witnes.o; plate WAI placed above the panet at a height of6 feet. It wa, c:overed with sandbags and
ftUpported on I woodm sllnd. Armor plates (12 ft x 12 ft ,,0.75 in) wore placed updaht on both ,ides of
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the pallet at a distance of approximately 6 feet from the center of the- pallet \n ohlain signatures from the
acc~ptor bombs i~ the. event ofa detonation (Figures 86.8i). Onl)' a single 1 inch thick plate was
I\',ulable for \ISC In thlSlest. The donor bnmhwas initiated from the nose fuzeweU usin~ :2.5 lb. ofC-4.

Fi&~n 87: TaU View of AD-up Round S)'.pathetic Detonation Tet. Set Up

The bottom witness plate was heavily scarred and cracked from the detonation of the donor
bomb. The si@nature from the donor detonation was very symmeuicBI about the ecnter point of the
annor plate. Besides this donor scarrin... fc\\ (rillment markings were observed beyond the original
position of item "A" (Fiaure 88). They were isolated to the last 3().40 inches ofplate in the reaion
oriQinaJly covered b)' the tails of the bombs. Both venical plales ,",'Cre bent severely by the impact ofthe
diason3U>, positioned acceptor bombs as the). were accelel'Afe6 by the detonation ofthe d:>ncr bomb.
The scnrrin@ 00 the side witness plale closest 10 items uT' and "".. WLfI minimal except (or "peppning"
{rom small donor fragments alons with a few minor perforaiofts (Filure 89). The 'ower region was
coated with explosi\'e residue. The plate was deformed (folded) with a cfease at approximately 6S inches
from the bottom of the plate. Th~ side witnesS' plate closest to items "0" and "A" was cracked int<l two
piece" in the repion correspondin, to the crase Oll the other plate (Fipre 90). The brctom se<:tion of the
plate was f;Caned heavity in the ""gion (lfthe plate tOO'csponding tu the original taU position of item "A,"
The top sectiC'l1 of the platc. was scarred nellr the crllck, but unscathed in the uppermo~t rqions. ~ top
witness plate ....ali alSl.) fractured into two pieces due to the mechanical impact of the top centcr bomb as it
\\'as a,,:eleratc:d hy tbe donor detC)flatioll (Figure 91). Also, there were a few impact markinlis and
perforations of the top plat. oriainaHy positioned abcwc the tail AI.ion of il.ms "0" and "A'". It should
be noted in these figures thlt wblltafttiaUy 1110re witness plate dama. th." prior tefts is evident because
these plates were 0.7S inch thick instead of the- standnrd ).0 Inch. PositiveI)' identi liable else rnnnants
were: recovered from all of the- Icceptor Items. Spoc;ificallYt the nose ponlon of item hA" was n:covercd
a10ng \\ith another IlIrle, plate-like remnant (Figul't' 92). A'so. a 3 ft x 0.5 ft pi..ce of ilem "0" W85

recovered indicating no high ordrr detonation oftbis item occurred (Fiaure 9). Larle, plat("-lik&: pieces
o(all of the other items were recovered 15 well (Figures 94.96). None of the fuzes were recuvertd.
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Figure 96: Item fiX" Piece8 (r'ma An-up Round Sympathttfc Detonation Te~t

nle rcsuhs of thi .. test were essentially identical to ttlnse reported for Ih~ unfuzed, oil-live,
.~ympathetic detonation test ofMk·82s containing AFX-64~. Th( evidence from this tcst reveals that
(our \"If the five acce-p\OfS in this test did not propagat~ the dt"t,'nation t:tf the dt1nor bomb, Thc!'e inc!uded
ooth of the diagomd'y positioned items. One of the items adjacent (0 the donor bomb (HAJJ) did result in
n n('n-prompt, viol~nt reaction or ~ panid detonation However, the energy em\tted b~' this Tfaction was
not EUMlantial enough (or prc."n1r"t f.11OUah) to propagate I rClction ~n its nearest i1etilhbor bomb. item
"0" (whiclt was also originally pcsitiomd d,aJonatl~ witt\ respect to the donor bt~mb). Most
significantly. the preaenc. of the funs did not .xaceTbate the rtlC1ion of the acceptor bombs inctudina
item "A" which. ba!oC:d on the case remnants, WI." n01 initiated by the tMFT fute it contained, but in a
delayed r~.spons~ to thlle impact of tile donor bomb.

1.



Section Seven: Conclusions

General

The objectives of this technology demonstration program have been achieved. Full s(ale testing
results for AFX-644 nnd suhsequently AFX--64S have demonstrated the fe-asibility of fielding a Mk-82
bomh with a hazard c1usification of 1.6 and a full)' assembled Mk-82 bomb with a 1.2 hazard
classification. Minor modiflC&tiol» to existing fuzes cen allow reliable initiation of in~n!dti"ehigh
expl05iv~s without degrading the response to hazardous stimuli. Although the blastJfragmentation
performance of the system is slightly less than that of tritonal filled bombs, the effectivcnc=ss in temls of
sillile shot probability of ki II should be unchanged especially if used in a preciJion ~ik,. manner. The
operational and safet} benetits ofan an-up round system derived from larger quan,it)· per distance
aUOv.1U1ces and minimal build-up activities will far out-weigh the sman loss in perfonnance. The
technologies developed ill this program ate ready for transition into the next ~entration of munition
systems.

Insensitive High Explosive Development

AFX-645 is a melt castable formulation which could be easily pf'(lCc~sed in existing high-rlue
loading facilities. It cmp!O)'S a we-li specified grade of nitrotrill1.olone (NTO). and other components for
whicb detailed material specifications already exist The AFX-64S wax/surfactant ~'stem ":s suitable for
use in military environments. "ihen compared with the con.'entional D2 wa:'l system. the ~-800/Ga:llex

mix in Af'X-64S minimizes exudation and off-gusing and enhances the TNT/wax t~mulsio:'l

characteristit;s. It also dramatically effects the shoek ~nsitivity. critical diameter and energy of the
aluminized TNTINTO f()rmulll~ioll. AFX-64S was devch>ped by balancina energy and sen!litivity
requirements for ~r\'iving ~)'nlpathetic detonation in the new standard mew pallet. AFX-645 blast
perfC4'1T1ance mealt'Urcd in Mk-82s approacht!s that derived from tritonnl tilled Mk-82s.

The bweline f~rmulation for AFX-M4 achievod the UN criteria for extrem.ly inunsitive
detonatina sub.tance~ (F1DS) amd insensitive article tltSt requirements for fD1 cook·off••Iow cook·off
and bullet impact testine. AFX-64S is less sensitive iD shock and~.. not propaplO the det.onation of
ncare.st nei[thbor dOllor bombs ill n symp.thetic detonation test. The new pallet for Mk~82 bombs
introduced to the USAF indtprndt!ntly of this pro",am has shifted the mOlt ,oulnerable position for
sympathetic dctonatiOt1 from the diagonal acceptor to the adjac,,,t aceeptor, '11M cook·of'f response of
bnse-line AFX-644 and low WI., AFX·644 wallo mild. Based on this evidence and the similarity in
formulations. Af'X-64S is very likely to meet FJDS and 1.6 hazard clusification crheria.

Fuze Development
Th&: baseline AFX-644 formulation had a critical diwnc1er approaching ·Wmm an<l cnnno.

initillted by the !t.lIndard FMU· 13c) fuze. Afo'X-644 Mod 0 hu n critical diameter approaching SCh.
The critical dlBmc;1er of J FX-64S i. estimated to he 4Oml'1 and it i.lell ",,"'tiv. than buchne ,. .­
644. Ii 2.44 inch diameter. J.O inch lorag belOster ofP8X·9S02 can detonate 'oueline nnd AI:X·1 I Mod
o AFX·64S is bt1Wcen these two in liP ~r.st relul.s. Thus by interpolation. it too can be detonaced by
this booster at Ae. vir~ conditions.

A c:ylindtt' of PBX··9S0" ""'as selected 115 the Iluxiliuy \'toollter coaftgur.cion dlK Co iti eue of
tnbricati< n. Hvdrocode calculatioos.how th.t a smaller booltC1 is feasible If the shape is. changed to a
hem'sphere:. Adomc,<f booster can he: designed Hch that itl cUlvature approaches chat of the .dun;in~
detonation fran: for on cflicient transfer of tmera&)". A domed fuzewell is also atrfllllClr thIm the



cylindric~1 fuzewell used in this program. The material savings wi~h the domed desi@n may be lar@er
than the e~:tra fabrication cost.

The detonator and small i~i) j in the FMU·13Q can be easil) augmenh:d with It PBXl'~7 booster
ro launch It small flyer plate ear,3h~ of detonating the harge PBX·9502 au~ili3ry booster. This concept is
tolerant to dimensional inaccurd\.)' in assemhly. The electrical connector for the FM1:·139 can be
n:loc.lted tn the fu/.e {ace-plate. This is required to employ a cylindrical ("'5. toroidal) booster. The
rek>cated electrical connector allows the chargins tUM to be mO\'cd to the aft closure of the oomb which
has sc:veraf ad\'Ll'lt&@cs: it simplifies explosive loading procedures as the fuze~eU can he inserted after
fining; the flat bonomed fu7.e\\'ell provides for better shock matehina between tlx boofOtcr and main
I.:harge; and the blind ca\'ity pro...ided by the fuz.ewell Ctluld he used as th:: storag.: can for the fuze: as it is
easily henneticilly sealed. 'This fast feature is a key element an achieving an all.up round gcncral
purpose: bomb.

AII-up xoufP'l Demonstration

AItt.-rat ion 5 ofthe Mk·K2 to accommodate AFX·645. a rt-collfigured funwellind moditied
FMLJ -139. are modest. The new design faei hlates klading in high.rate productioo facilities. HI7.ards
(C~illg of hoth fund and un·fuled modified Mk·82s has been accomplished. In an unfuzC"d state.
baseline AF X-644 bomh5 have met all criteria for EIDS and 1.6 huard c1assificatioo except for the
sympathetiC' detonation teSi. AFX·645 \\'a5 nor put through the gauntlet of prior tests but docs pass the
!-ympatheti(· detonation criteria There is no reason to believe it would not pass the other insensitivity
rests equally well IS the baSteline formulation.

In 8 fUled state. a 40/. poly-wax version of t.:=X-6« has pa~ed the slo\\' cook·ofT lest to the 1.6
hazard classification criteria and the fast cook-off to the: f.2 hazard classiflCltion levcl. Fuzed \t1k·82
txlmhs loaded with AFX·64 5 hl\'e pawd fast cook-ofT to the 1.2 level and have pa'5Cd !he s~mpathetic

dctuoatic)O test. Beat:r homb case \'entin, would a\low the fuzcd bomb to mt.~t the \.6 hazard
classification crittfia.

Fin. Sum",.ry
Baselinc AFX·644, an insensitive hip explosive for general rurpose bomhs. has been tailored to

provide I qualifiable .xplos;"·c designated AFX·64S. This new formulation elinlinmes the poor
processiog characteristics ofbueHne AFX·644 and improves upon the perfomullcc of AFX-644 Mod O.
ArX.64 5 provide:, the proper balance" of insensitivity, petfonnance and iniriability required for ~ie
sto,age. safe httndlinN. rt~liabilit)' IJld lethafity in operational en,,·ironments.

AFX.645 ha~ been succeufull)' integrated with a Mk·R~ bomb and a fUle system dc:ri\'ed "rom
the I·MlJ·1J9. The fuzed insensitive leneral purpose bomh (flGPA) !'o)stem integrates an insensitive
booster. allowing fully a!lsemhkJ munitions. to be ilfcly stored and trnnsponed.

7'
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