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Introduction

The U.S. Air Force Wright Laboratory,
Armament Directorate recently completed an in-house
technology demonstration program. The program
objectivewas to develop a generplrpose bomhwhich
can be stored as an InsensitManition (IM). The system
developed integrates a modifigeMU-139 fuze and a
modified Mk-82 (500 Ib.) bombcontainingthe insensitive
high explosiveAFX-645. Goals of theprogram include
demonstration of a fuzed bormhich achieved.2 hazard
classificationand a non-fuzed bomlwhich achieves 1.6
hazard classification while maintaininghe lethality of
tritonal.

The goals of this technologydemonstration
program have been achieved. Wright Laboratory has
developed an insensitivegh explosivefor generalpurpose
bombs, designated AFX-645, whichreadily initiated by a
modified version ofthe FMU-139. AFX-645 is a
qualifiable insensitive high explosiv@omb fill. Explosive
performance isapproximately95% that oftritonal. Fully
assembled, fuzed bombs can Isafely stored and
transportedusing this explosivdill. This paperdiscusses
improvements to baseline AFX-644 which led to the
development of AFX-645. The results of an extensive

series of performance and safety tests are documented as

well as the initiation experiments toproduce aviable
explosivetrain. The paperalso detailghe FMU-139 fuze
and Mk-82 bombmodifications required to achieve a
Fuzed, Insensitive, General Purpose Bomb (FIGPB).

Baseline AFX-644 Formulation Characterization
and Evaluation

The development ofhe baseline AFX-644 (also
referred to asTNTO V) insensitive high explosive is
detailed inReference 2. AFX-644 is a melt-castahiex-
desensitized, nitrotriazolone (NTO)-based explosive
formulation which employsTNT as anenergetic binder
material and aluminum powder to enhanceblast
performance. TNTNTO, Wax, and Al powder armixed
in proportions of 30, 40, 10 and 20%gespectively. As
shown in Table |,Baseline AFX-644meets the United
Nations' (UN)criteriafor Extremely Insensitive Detonating
Substances (EIDS) arfdll scale testing requirements for

fast cook-off, slow cook-off andbullet impact. Mixed
resultswere obtained irfull-scale synpathetic detonation
testing with the baseline formulation. Mk-82 pressure arena
tests for baseline AFX-644 yieldg@érformance parameters
similar to those obtained for tritonal-filled bombs.

Reformulation of Baseline AFX-644

A reformulation strategyor TNTO IV (baseline
AFX-644) was developed tominimize exudation, improve
processing parameters, andimprove survivability for
sympathetic detonation scenarios.Two reformulation
efforts were undertakenThe first effort sought toreplace
the low melt wax (D2) and thenitrocellulous surfactant.
The product of thisvork was AFX-644Mod 0 which was
an extremely insensitive yet pogerforming explosive.
The performance parameters of thfermulation were
enhanced in the secomdformulationeffort by increasing
the percentage of energetic ingredients to as higlossible
andstill passinsensitivitytests. The product ofthis work
was AFX-645.

AFX-645 is a melt castable formulatiomhich
could be easilyprocessed inexisting high-rate loading
facilities. It employs a well specified grade of
nitrotriazolone (NTO), and other components fowhich
detailed material specifications already exiShe AFX-645
wax/surfactant system isuitable for use in military
environments. When comparadgth the conventional D2
wax system, thd-800/Ganexmix in AFX-645 minimizes
exudation and off-gassing and enhances the TNT/wax
emulsion characteristics. It also dramaticadffects the
shock sensitivity, critical diameter and energy of the
aluminized TNT/NTO formulation. AFX-645 was
developed byalancingenergyandsensitivity requirements
for surviving synpathetic detonation ithe new standard
metal pallet. AFX-645 blast performance measured in Mk-
82s approaches that derived from tritonal filled Mk-82s.

AFX-644 Shock Sensitivity

The shock sensitivities of several TNT/NTO
compositionsvere measuredsing the Modified Expanded
Large Scale Gap TEHELSGT). The results of this testing
is presented in Table II.
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Table I: Baseline AFX-644 Formulation Result$?

Screening
Test Criterion Result
Impact Sensitivity (H-50%, 5 Kg) >200.5cm
Friction Sensitivity (BAM) 6.2 Kg
Thermal Stability (CRT) 0.37 cnilg
Electrostatic Discharge 0.040 Joules
Small Scale Burn Mild Burn

(TNT/NTO/Wax 42/52/6)

United Nations Criteria for Extremely Insensitive Detonating Substance (EIDS) for
1.6 Hazard Classification

Test Criterion Result
Cap No Detonation No Reaction
Gap (Comp B Donor) No Go @ 82 mm* No Go @ 41 mm
Susan Pressure < 27 kPa Pressure = 17 kPa
Friability dP/dt < 15 MPal/s dP/dt = 0.3 MPa/s
Bullet Impact No Explosion No Reaction
External Fire No Violent Reaction Pressure Rupture
Slow Cook-off No Fragment Throw Deflagration
United Nations 1.2 and 1.6 Hazard Classification Article Tests in Mk-82 Bomb
Test Criterion Result
Slow Cook-off No Detonation (1.6) Burn only (2X)
Fast Cook-off No Detonation (1.6) Burn only
No Mass Explosion (1.2)
Bullet Impact No Detonation (1.6) Burn only (6X, 3 round bursts)
Sympathetic Detonation No Propagation Adjacent:
(1.2 and 1.6) No Go (5X) @ 0.5 inches
Diagonal:

No Go (2X) @ 5.16 inches
Go (2X) @ 5.16 inches
*Gap thickness criterion is a function of donor output pressure:
P(70mm, Pentolite)=P(82mm, Comp B)= P(76mm, RDX/Wax) = 34 Kbar.

Table II: Expanded Large Scale Gap Test Results for Various AFX-644 Formulations

AEX-644 Formulation Density ELSGT

Variants TNT NTO  Waxand Type Al | glcc TMD | Go (Inches) No Go (Inches)
Baseline 30% 40% 10% D2 20% | 1.68 94.4% 191 1.94

Mod 0* 30% 40% 10% 1-808 20% | 1.71 97.2% 1.50 1.63

Mod 02 30% 40% 10% 1-808 20% | 1.75 99.4% 1.25 1.31

Mod 1* 30% 45% 10% 1-808 15% | 1.68 97.4% 1.76 1.81

Mod 2* 32% 45% 8% 1-800 15% | 1.64 93.4% 1.94 2.00
AFX-6451 32% 48% 8% 1-800 12% | 1.63 93.6% 1.95 2.01

Notes:1: Vacuum Mix, Ambient Cast £\ 6.82 +0.12 km/sec, 2.0 in B.<2.5in.) 2: Vacuum Mix, Vacuum Cast 3: D2 wax is 84% Indramic
170C, 14% Nitrocellulose and 2% Lecithin (melting point 82)74: 98.5% Indramic 800 wax and 1.5% Ganex surfactant (melting poin€33.9

New Metal Pallet FIGPB program, a new standardnetal pallet was
introduced. The new designwas accomplished to enable
munition handlers using forklifts tdissectbomb pallets for
maneuvering as "three-packs" or "six-packs." The

Suppression of sympathetic detonation is
achieved through optimization of candida&xplosive
formulations and container design. During the course of the



separation distance between roarsd columns inthe old
standard metal pallet is approximat@lyp inches. The new
pallet provides a horizontal distandeetween bombs of
approximately0.75 inchesand the top row of bombs has
beenraised to a spacing of approximatedy88 inches .
The survivability of the bombs is aided by the change.

HULL calculationswere performed for donor
bombs containing a 30/40/2/28 -- TNT/NTO/widst AFX-
644 formulatiorf. Although this particular formulation was
not explored further, the trends of pressuwistribution
within the pallets during a sypathetic detonation test are
valid. The pressure andvelocity distributions inthe old

standardpallet and the new standanghllet are shown in
Table Ill. The peak pressuralistribution is much more
uniform in the new standard pallet configuration. The
critical positionfor surviving synpathetic detonation has
shifted to the adjacent bomb%he donorcasewall impacts
theseitems first. The expansion at impact with these
acceptors issmallerthan the expansion ahe point the
donor casewall impacts the top center bomb odikgonal
bombs. Also, the casewall is somewhat thickethapoint
of impact with the adjacent bombgreating a longer
duration pulse in this location.

Table Ill: 2% Wax AFX-644 Pressure/Velocity Distributions for Acceptors in Old And
New Standard Metal Pallet Configurations

Pallet and Acceptor Distance Casewall Peak Impulse
Position (mm) Velocity Pressure (kbar*sec*10°)
(mm/usec) (kbar)
Old Pallet Adjacent Bomb 13 1.29 58 2.76
Old Pallet Top Bomb 13 1.29 58 2.76
Old Pallet Diagonal Bomb 133 1.69 92 2.11
New Pallet Adjacent Bomb 19 1.47 73 2.74
New Pallet Top Bomb 73 1.60 72 2.24
New Pallet Diagonal Bomb 179 1.73 75 1.72

Four-Inch Diameter Copper Cylinder Expansion
Tests

Copper cylinder expansidests (4-inch diameter)
were conducted for the baseline AFX-644, AFX-644 Mod
0, AFX-644 Mod 1 andAFX-645 in addition to tritonal.
Proceduresdescribed in Reference 5 were employed
these tests. Gurney constants wegdvedfrom the curve
fit velocities at a casewall displacements ofr2d, 76 mm
and 120 mm using:

V2E = Gyg = Vi | ML +5

where Gg is the GurneyCharacteristicvelocity (km/sec),

also calledv 2E calculated usinghe velocity at 76 mm
(equivalent to 19 mnfior the linch diametettest), Vg is
the wall velocity at 76 mm of expansicend M/C is the
massratio of metal to explosive. Gurney energies were
calculated using:

in

Egre = ME;O——— =10
= =

where F is the Gurneyenergy (kd/crf), Eyg is the specific
kinetic energy ofthe casewall (1/2 V,%) at 76 mm of
expansion, M isthe mass of thecylinder wall per unit
length, W is the volume of the cylindemll per unit length,
andpy is theinitial density ofthe explosive. Data for each

of the formulationstested is provided in Table IV. A
comparison othe performance for eadermulation with
the performance of tritonal is also provided.

Balancing Performance with Sensitivity

Development of aninsensitive high explosive
requires achieving the appropriate balance of sensitivity and
performance while maintaining a reasonablelevel of
initiability. Al AFX-644 Mods are readily initiated.
Maximum performance is desiredghile still achieving the
criteria for passing the synpathetic detonation test.
Energy/Sensitivity ratiosfor various formulations were
determined using the Gurney Energy at acase wall
expansion of76mm, Egs and the calibrated pressure
corresponding tothe minimum barrier thickness in the
modified expandedhrge scale gapest required to prevent
detonation ofthe acceptor charge,n\Bco Given two
formulations withinthe sameamily of formulations which
yield different sympathetic detonation results, (i.e. one
propagatesand one does nopropagate)one can add
energetic material tthe non-propagating formulatioontil
the energy/sensitivity ratio approaches that of the
propagating formulation. This is the approach used to
develop AFX-645 as shown in Table V. AFX-645 was
selected based on its energy/sensitivity ratio of 0.0543.



Table IV: 4-inch Diameter Copper Cylinder Expansion Data for Tritonal and AFX-644

Gurney  Gurney
. : Energy  Velocity . . .
Formulation Casewall Velocity (Km/sec) (KJlem)  (Kmisec) Ratios with Tritonal
Va4 V7 V120 Eg76 Grs Eg7e/Eg76(T) G76/G76(T)
Tritonal 1.12+0.02 1.34+0.00 1.41+0.01| 4.23+.01 2.23+0.00] 1 1
Baseline AFX-644 | 1.10+0.01 1.29+0.03 1.35+0.04| 3.94+.19 2.16+0.06| 0.93+0.05 0.97+0.03
AFX-644 Mod 0 1.01+0.03 1.14+0.04 1.18+0.04] 3.09+.19 1.90+0.06| 0.73+0.05 0.84+0.03
AFX-644 Mod 1 1.04+0.02 1.19+0.01 1.24+0.00] 3.35+.05 1.99+0.01] 0.79+0.01 0.89+0.01
AFX-645 1.10+0.01 1.28+0.03 1.33+0.03] 3.85+.16 2.14+0.05] 0.91+0.04 0.95+0.02
Table V: Energy to Sensitivity Ratios for Various AFX-644 Formulations
AEX-644 Formulation Density Symp. Egd
Variants TNT NTO Wax and Type Al glce TMD Detonates| Pnoco
Tritonal 80% none none 20% | 1.73 96.6% | Go 0.2213
Baseline | 30% 40% 10% D2 20% | 1.68 94.4% | Mixed 0.0533
Waxless | 30% 40% None 30% | 1.92 96.0% | Go 0.0624
Mod 0 ** | 30% 40% 10% 1-800 20% | 1.71 96.2% | No Go 0.0358
Mod 1 * 30% 45% 10% 1-800 15% | 1.68 97.4% | nottested | 0.0423
AFX-645* | 32% 48% 8% 1-800 12% | 1.63 93.6% | No Go 0.0543
Blast Pressure Testing Initiation S ystem for the Fuzed Insensitive

Mk-82 pressure arena tests were conducted for
the baseline AFX-644 formulation, AFX-644od 0, AFX-
645, H-6 andritonal. Thetransducers werplaced in two
radial arrays at ten feet intervals in a range of 25 to 65 feet.
The sample sizdor this data is very lowtwo bombs each
with two rows of pressure gauges. A summary comparison
of the data obtained for tHermulationstested ratioed with
that obtainedor tritonal is provided inTable VI below.
The ratios presented in Table VI were calculateddtiging
the results from each of the l12yaugesand thenbulk
averaging these results.

AFX-645 Sympathetic Detonation Test

A full-scale (MK-82) sympathetic detonation test
of AFX-645 (TNT/NTO/I-800 Ganex/Al-32/48/8/8/12) was
conducted. All of the bombs in the standardetal pallet
werefilled with explosive. The donor bomb waglaced in
the bottom, center position ofthe pallet. There was no
evidence of detonation from four dhe five acceptor
bombs; however, the fifth item reacteidlently or partially
detonated after a substantial run-up. The results of this test
are considered as a positivindication of the low
vulnerability of this formulation.

General Purpose Bomb

The programgoals includedhe denonstration of
advancednsensitive high explosivHE) technology in an
existing weapon system. Ambjective was to use the
FMU-139 fuzewith asfew modifications as possible to
detonate the IHE.The strategyfor achieving thiswas to
first determinethe boostersize and material needed to
detonate theAFX-644 and thendeterminethe best fuze
configuration tohousethis booster. This strategy was
followed by first testing several inventobyoostersagainst
the IHE. After these tests proved unproductive, a booster
material was chosen such that dould be stored in the
weapon if needed anthaintain the desired 1.6 hazard
classification. A series oftests, supplementedwith
hydrocodemodelingwere performed tize thisbooster.
This wasfollowed by a series of detonatidasts ofthis
insensitive booster material to size and select artesdrial
and configuration. The fuze hardware wagxamined to
configure a system whiclvould be compatible with the
FMU-139 fuze. These steps are summarized in Table VII.



Table VI: Mk-82 Performance Comparison with Tritonal

Parameter H-6 Baseline AFX-644  AFX-644 Mod O AFX-645
Detonation Velocity 1.11 0.97 0.99 1.01

Peak Pressure 1.3340.14 1.409€.18 0.82+0.07 0.9240.09
Impulse 1.1540.12 1.13€6.19 0.87#0.10 0.850.07
Time of Arrival 1.0640.02 0.996.01 0.91+0.02 0.9340.02
Positive Phase Duration | 1.1040.13 1.066€.09 0.98:0.05 1.0040.08
Fragment Velocity 0.95*

* Compared to old test data

Table VII: Summary of AFX-644 Initiation Test Results

Test Item (Donor) Tested Against (Acceptor) Test Result
Condition*

FMU-139 (Annular--125g CH-6) Baseline AFX-644 Ambient NO GO
T-147 Auxiliary Booster (Annular 284g Tetryl) Baseline AFX-644 -65°F NO GO
PBX-9502 (Cylindrical 3" X 3") Flat Bottom Fuzewell Baseline AFX-644 Ambient GO
PBX-9502 (Cylindrical 2.7" Dia X 3") Baseline AFX-644 -65°F GO
PBX-9502 (Cylindrical 2.4" Dia. X 1") Baseline AFX-644 -58F NO GO
PBX-9502 (Cylindrical 2.4" Dia. X 1.875") Baseline AFX-644 -65°F NO GO
PBX-9502 (Cylindrical 2.4" Dia. X 2.5") Baseline AFX-644 -65°F GO
PBX-9502 (Domed Shape 2.4" Dia. X 2.25") Baseline AFX-644 -65°F GO
PBXN-7 (Cylinder 2.44 Dia X 1) Through Metal Plate PBX-9502 -65°F NO GO
PBXN-7 (Cylindrical 1" X 1") PBX-9502 -65°F GO
with 0.01 Flyer Plate and 0.04 Air Gap
PBXN-7 (Cylindrical 1" X 1") PBX-9502 Ambient GO
with 0.03 Flyer Plate and 0.125 Air Gap **
Modified FMU-139 and PBX-9502 Aux Booster AFX-644 Mod 0 -67°F GO

* Cold test conditions were achieved by soaking the test items until equilibrium was reached with the pre-set freezer temperature.
65 below was the goal on all cold tests. However, some tests were conducted in the heat of summer where the freezer was

incapable of getting that cold.

FMU-139 Modifications

The initiation train for thé=IGPB isderived from
the FMU-139 fuze which, aprogram start, hadonly
recently enteredhe munitions inventory. The electronic
safe/arm mechanism, rotor, detonator and leade not
changed in this programHowever, a newconfiguration is
required toinitiate reliably less sensitive explosivhaving
larger critical diametersand initiation pressures than the
current bombfills.  Specifically, the output from the
booster explosive must be greater than the initiation
pressure of thenain chargeexplosivewhen thegenerated
shock wavegrows to the critical diameter ofthe main
charge explosive The re-design othe FMU-139involved
replacement othe annularCH-6 boosterwith a smaller,
cylindrical PBXN-7 ‘flyer plate’ lead. The large solid

cylindrical PBX-9502 auxiliary booster requires the
relocation ofthe fuzeelectricalconnector to the facplate
of the fuze at the rear of the bomb.

The baseline AFX-644 formulatiohad acritical
diameter approachingOmm and cannot haitiated by the
standard FMU-139 fuze . AFX-644 Mod 0 has acritical
diameter approachinOmm. The critical diameter of
AFX-645 is estimated to b40mm and it idess sensitive
than baseline AFX-644. A2.44 inch diameter, 3.0nch
long booster 0PBX-9502 can detonateaselineand AFX-
644 Mod 0. AFX-645 is between thesivo in gap test
results. Thus byinterpolation, ittoo can be detonated by
this booster at service conditions.

The detonator andsmall lead inthe FMU-139
can beeasilyaugmented with #BXN-7 booster tdaunch



a smallflyer plate capable of detonating therge PBX-
9502 auxiliary booster.  This concept is tolerant to
dimensional inaccuracy inassembly. The electrical
connector for the FMU-139 can belocated to the fuze
face-plate. This is required temploy acylindrical (vs.
toroidal) booster.The relocatedelectricalconnectorallows
the chargingtube to be moved to the aftosure of the
bombwhich hasseveral advantages: it silifies explosive
loading procedures as thiuzewell can beinserted after
filling; the flat bottomedfuzewell providedor better shock
matchingbetween the booster andain chargejand the
blind cavity provided by théuzewell could beused as the
storagecan for the fuze as it isasily hermetically sealed.
This last feature is a keyelement inachieving an all-up
round general purpose bomb.

Bomb Modifications

The bomb’s rearinternal chargingube must be
moved such that it tunnels from thlearging well tathe aft
closure of the bomb. Prototype versions of a modified Mk-
82 bomb aftclosure have been fabricated. Explosive
loadingwith this bomb isaccomplished byiling the bomb
throughthe large hole irthe aftclosure to a predetermined
level and then insertinghe newfuzewell intothe molten
explosiveand attaching it tothe aftclosure with a screw
locking ring.

All-Up Round Fast Cook-off (Wood Bonfire) Test

A fast cook-off (wood bonfire) test was
conducted on thredll-Up Round (AUR)Mk-82 bombs
containing AFX-644 Mod 0 and a modified FMU-139. The
results of thigest met thel.2 HazardClassification criteria
prescribed by the United Nations.

All-Up Round Sympathetic Detonation Test

An all-live, fuzed, full-scale (Mk-82) sympathetic
detonation test oAFX-645 was conducted to demonstrate
the survivability of this system as afully assembled
munition in a standard storage configuration. In test all
of the bombs werdilled with AFX-645 andplaced in the
new standardmetal pallet. All of the acceptor bombs
contained prototype fuzesnd auxiliary boosters. There
was no evidence of detonation from four ahe five
acceptor bombs; however, the fifth item reacted violently or
partially detonated after a substantial run-up. The results of
this test were essentially identical tbose reported for the
unfuzed, all-live, synpathetic detonation test of Mk-82s
containing AFX-645.

Conclusions

Baseline AFX-644, annsensitive high explosive
for generalpurpose bombs, has betzilored to provide a
qualifiable explosive designatedhFX-645. This new
formulation eliminates the poor processing characteristics of
baseline AFX-644andimproves uporthe performance of
AFX-644 Mod 0. AFX-645 provides the propealance of
insensitivity, performance andhitiability requiredfor safe
storage, safbandling,reliability andlethality in operational
environments.

AFX-645 has been successfully integrated with a
Mk-82 bomb and a fuze systederivedfrom the FMU-

139. The fuzed insensitivgeneralpurpose bomb (FIGPB)
system integrates an insensitiveooster, allowing fully
assembled munitions to be safely stored and transported.

The objectives of this technology demonstration
programhave been achievedrull scale testing results for
AFX-644 and subsequently AFX-64%have demonstrated
the feasibility of fielding a Mk-82 bomb with a hazard
classification of1.6 and afully assembled Mk-82 bomb
with a 1.2 hazardclassification. Minor modifications to
existing fuzesxanallow reliable initiation of insensitivhigh
explosives withoutdegradingthe response to hazardous
stimuli. Althoughthe blast/fragmentation performance of
the system is slightliessthan that otritonal filled bombs,
the effectiveness in terms afingle shot probability of kill
should be unchangesspecially ifused in gorecision strike
manner. The operationaland safetybenefits of anall-up
round system derivedrom larger quatity per distance
allowancesand minimal build-up activitieswill far out-
weigh the small loss inperformance. The technologies
developed in this programre ready fotransition into the
next generation of munition systems.
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