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FTB for Tandem anti-structure WH
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QOutline of presentation:

< Background: FTB for Tandem anti-structure WH
< Objective: selection of a dual-purpose SIBEX
<+ Requirements on SIBEX
<+ Characterization: 4 diff. SIBEX types
< Approach: Down-selection test-matrix
< SIBEX Screening-steps:
= |Level-1: free-field & open-corner tests

= |Level-2: single-room tests & simulations
= | evel-3: multi-chamber Bunker trials & simulations

Ranking & Selection
Conclusions & Future work
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Charge Design
Volumen

Characterization of 4 diff. SIBEX types 45058

200 cc

1900 cc
SIBEX Explosive Types

}

v

Solid SIBEX Explosives Liquid SIBEX Explosives

SIBEX-
80% RDX
20% HTPB

SIBEX-II
55% HMX
45% HTPB+AI

SIBEX-III
55% HMX+AP
45% HTPB+AI

SIBEX-IV
60% Al
40% IPN (liquid) +RDX

Charge design for SIBEX selection trials:

2646, 458 Wiamwi, 2011

» 450 cc charge: structures & simulation trials

» 450 cc charge: closed single-chamber trials

» 900 cc charge: free field & open-corner trials
» 1900 cc charge: enclosure multi-room trials
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Summary of detonation & thermodynamic properties of SIBEX

Detonation & thermodynamic properties of SIBEX Formulations
SIBEX type SIBEX | SIBEX Il SIBEX I SIBEX IV

ideal less ideal Mon ideal
Explosive Explosie Explosie

Explosive characterization Mo Explosive

Density [o/cm?] 1 66 1,82 18

Detonation velocity (m/s) 5380 7530 5700

Detonation pressure P | (kbar) 300 255 114
Detonation Temperature [|<] 3750 S000 4840
Heat of formation [kcalikg] -60 -40 -190
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Sensor arrangement in free-field trials (in Daaden)

Freefield test arrangement Daaden: top view DND Blast-Freefield Test arrangement in Daaden:

SIBEX-charge

Hi Speed-Video L5k
' )
prmaum Sensors
= P1 Stat.
= P2 Dyn.

0 4m Height, X = 1,5m & 3m
* P5, PT side-on.press.
* PB. PB side-off.press.

infra-Rot Camera, x\:}ﬁm
» Wario-Cam

Light sensor Infrared camera ™ T
e G QR
i Bunker
~Erdwall-
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SIBEX-I
ideal-HE Typ

SIBEX-II
Enhanced-blast

SIBEX-IV
Thermo-blast

Typ
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Free-field “Blast” results of 4 diff. SIBEX types

ISibex. GM1312/06, 08.811.5ept. 2006, +21°C, Daaden, PCB-Lanze, 4,5m, streifend, Druckmessung, Variantenvergleich Zylinderladung

060008 D, pcb 4.5m, 003 060902001 Ap (DE0G0R001.1pc), 0800 2008, 094213270, 512 KW, 1us
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Test facilities for Characterization of SIBEX-Formulations

| l

Open-Space Trials Enclosure Trials
(DND-Daaden & WTD-91 Sprakel) (Test facilities WTD-91)

Free-field Open-Corner Urban-Module || Bunker

_ _ “Hiintel” “Ladeburg”
ion: Multi-reflexions: .

surface reflexion: Closed-in-door-rooms || (Multi-room Bunker

=4 th » surface &
. .5m Em:thjout) e + corridor (8x 50m?) || (70m*-rooms)

Open-corner “Sprakel” Urban-Module “Hiintel”
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TBX-Ladung

; m 5 =il Ayl 90° Open-corner

Pi: Drucksensor
Ti: Temperatursensor

Test amrangement WTD-91 Free-field open-corner test assembly with solid-barriers

’ ‘
"

“PCB” Pressure gauges
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Trial SIBEX-II; Free-field Open-corner Explosion

SIBEX-II
K-Mode
HS-video
(10-200 ps)
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Peak pressure vs. distances as function of Initiation mode for SIBEXdI

Peakpresure as function of
B-Mode K-Mode Initiationmode for SIBEX-II

01,5
3,1
45

Distance | Initiation

[m] Mode +
Peak pressure [bar] delta
1,5 uu 7.188 9,667 2,479
3 uu 1.814 2,037 0,223
4.5 W10 0.604 0.694 0.091 B- Mode K- Mode delta K-B
6 uu 0,416 0,413 -0,003

Conclusion: K-Mode gives 35% higher peak pressures at 1,5 m (at 3 m distance 12% higher PP)

Peak presure (bar)
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free field open-corner tests: SIBEX-Il vs. SIBEX-III

Trial with SIBEX-III Trial with SIBEX-II
(1.5 kg at 1,5 m height) (1.5 kg at 1,5 m height)

post combustion of particle cloud [reaction-time in ms]
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.Blast-slope” = Press. + Rad. — Temp.
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screening SIBEX formulations by FLiR in open field trials
results FLIR temperatures of SIBEX compositions

900cc SIBEX-I

HS-Video

&2

optical effect of burning after 40ms burning effect after 80ms buming effect after 100 ms

infrared effect of burning at 40ms Cleud expansion at 60 ms Cloud expansion after 80 ms Cloud expansion after 100 ms

Initiation average Tempecature vs. time for diffrent SIBEX formulations FLiR-Camera
Mode | | Tmax. | Tmean
00 § SBEX 1Y 1147 792
uu / /
00 ﬂﬁg T 1620 | 1309
UU - -- 1560 1123
00 | 1570 1192
UuU ey . 1554 1210
00 1703 1391

Uu it Mot B 1585 1308

SIBEX Typ

SIBEX |

SIBEX Il

SIBEX IlI

E 8 8 8 8 8 88 8 B 8

SIBEX IV

Conclusion:
o SIBEXAV gives highest combustion temperatures
o SIBEXAI & SIBEXAIl have the same combustion temperatures
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SIBEX Screening results in free-field tests
Formulation SIBEX- | SIBEX- Il SIBEX- 1l SIBEX- IV
Combustion time 40 ms 100 ms 80 ms 180 ms
Mean temp. (FLIiR) 792 °C 1309 °C 1192 °C 1391 °C
Peak pressure 11,7 bar 9.3 bar 7.8 bar 4 1 bar
“Blast’Integral (?) 7(7) 32 (?) 42 (7?) 74 (7?)

highest highest
Peak-pressure time-integral

first selection second best second best

valuation

Further screening in Bunker

second selection )
in-door tests
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"AUTODYN Simulation

Simulations in APOLLO Simulation 18 R i Wi o1
,,Urban-Mudule“ View: Detonation Gases, Wall Pressure

Z Fraunhofer

EMI
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e

"Huntel" single room r planning (side-view)

P7) (P1)
R R

c i D

"Kulte" pressure gauges (top-view)

Test set-up in sinde room "Hintel®

H 1

Charge focture
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Comparison test results of single room ftrials of two SIBEX's in argon & air atmospherics

‘ SIBEX -Il & -l in Air SIBEX -Il & Il in Argon
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SIBEX Il [HMX] vs. SIBEX [Il [AP] in Air || SIBEX || [HMX] vs. SIBEX-III [AP] in Argon
Test result: Test result :

SIBEX- Il == 71,4 mbars SIBEX- Il == 21.2 mbars
SIBEX- lll => 55.4 mbars SIBEX- Il => 26,6 mbars

Conclusion in Air : Conclusion in Argon :
is SIBEX-II 28% better as SIBEX Il is SIBEX-IIl 25% better as SIBEX-II
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Air view bunker Side view with bunker entrances

Double racm test arcangement in Bunker Position pressure sensors in Bunker
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Room arrangement for modeling Locations pressure gauges
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Modelling gas expansion in bunker ,,Ladeburg"
(for 1900cc SIBEX-I explosive charge)

Gas expansion after 10ms Gas expansion after 13ms Gas expansion after 95ms

|

Gas expansion after 127ms Gas expansion after 146ms Gas expansion after 160ms
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Particle-cloud driven by the shock-waves

AN

Dynamit Nobel Defence

,,FahI-Effg%“ ™

time=0.7 ms time=7.4 ms

e

AN AN N

time = 89 ms time =12.8 ms

time =283 ms

(¥t

i time =635 ms time =100 ms

time =455 ms
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in-door flow velocity from room-to-room: 1.5 kg vs. 3,0 kg
AN
i SIBEX explosive weight = 1,5 kg

in-door Gas-velocity 90 m/s

AN

SIBEX explosive weight = 3,0 kg in-door Gas-velocity 250 m/s

g
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Ranking results in Bunker tests & SIBEX selection
Formulation SIBEX-II SIBEX-III
Reaction time 100 ms 80 ms
Peak pressure O 3 bar 7.8 bar
Blast-Impulse 32 mbar.s 42 mbar.s

Ranking factor
valuation the best second best
Selection best Dual-purpose
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Summary & Conclusions:

+
”"w

PCB pressure-gauges are suitable for characterization
of post-combustion properties

Valuable tool for Ranking & selection (“qualitatively”)
SIBEX-ll is the best “Dual-purpose” formulation

Modeling with “Autodyn” & “Apollo” gives a good
iImpression about the “inert-fume” behavior

*> *
9" 9

+
”»

Future work:

% Integration of thermodynamic & chemical kinetics into
the Simulation codes

% Investigate the measured PCB-parameters more
“quantitatively” (separates -press. -radiation & temp.)
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Impact & “man-holing” effect of 450cc Follow-through Blast-bomb

Detonation Break-in-Precursor in front of the Adobe-wall Detonation FTB in Adobe-wall
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