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» Objectives

 Historical Background
* Recent Trials

» Analysis

e Conclusions
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Errata

| would like to apologise for one typographical error that got
through the proof reading:

‘Aluminium Alloy 6086T6’

should read

‘Aluminium Alloy 6082 to Condition T6’
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» Currently Engineering models predict Blast output from cased warheads
use experimentally derived algorithms, e.g. Fano and Fisher curves

» Such curves are typically based upon TNT explosive with the cast iron or
steel cases

» Review Historical Data
 Investigate

— Ideal and Non-Ideal explosives
— Brittle and Ductile case materials
* Integrated Trials and EDEN hydrocode Modelling to assess these
Engineering models

» Establish a preferred model and its ‘fit’ parameters with applicability for
each case
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Fisher EBC =C x[0.2 + 0.8/(1 + M/C)]

Modified Fisher EBC = {C + C x [0.2 + 0.8/(1 + M/C)]}/2

Fano EBC=Cx[0.2+0.8/(1+2xM/C)]

Modified Fano EBC =C x [0.6 + 0.4/(1 + 2 x M/C)]

Warren EBC=Cx[0.4+0.6/(1+2x M/C)]

US for PressureEBC = 1.19x C x [1 + M/C x (1 — M,)/(1 + M/C)]
US for Impulse EBC=Cx[1+ M/Cx (1-M,)/(1+ M/C)]

EBC = Equivalent Bare Charge

C = Charge mass

M = Mass of metal (in parallel section)
M. = M/C if M/C <=1.0 or 1.0 otherwise
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E \ Trials
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Case mass (M) / Charge mass (C)

24t International Symposium on Ballistics 7


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

: Pnr Your complimentary

- use period has ended.
Thank fe [

Complete ™zl BAE SYSTEMS

Click Here to upgr:

Uniimited Pages ai ng Case Effects on Blast

 Limited understanding of case effects
» Large scatter of trials data

» Wide choice of ‘Engineering Models’
 Limited data

* Need for updated trials with purpose made hardware and
extensive instrumentation

« With experimental controls
* Integrated EDEN hydrocode modelling
* Trials designed specifically for the hydrocode modelling
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——— Limitations / Unknowns

» Explosive Type

« Casing Material

* Fragmentation Mechanism (Natural / Pre-fragmented)
* Pressure or Impulse

* Pressure Considered (Incident / Reflected)

e Ground / Air

» Shape (Spherical / Cylindrical)

» Scaling

» Confinement (Uniformly / Heavy Nose)

* |nitiation (Central / End)

» Position / Aspect - Best historic trials gauge positions undefined
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Record Reflected (Pr) pressure, but need to correct to get Incident (Pi)
pressure, but it's both Angle (a) and Pressure dependent

Shock

Impulse

Gauge

Incident Pressure § (Pi)

in the Free Field

of Incidenge Range (R)

Pr=Cr. PI

Ground or Wall

Gauge at Angle Reflected Pressure (Pr)


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.
Thank you for using
PDF Complete. B A E s Y s T E M s
Click Here to upgraq 1
Unlimited PeaE ___hst Angle of Incidence with Pressure
14
12 -& — 483 bar
. . =348 bar
Increasing Pi (bar) 276 bar
g 10 207 bar
:‘ —138 bar
5 — 103 bar
§ g - —69 bar
% —48.3 bar
8 ——34.8 bar
c 1| 27.6 bar
:g 6 20.7 bar
g 13.8 bar
= 9 bar
&’ 4 4 bar
1.5 bar
.68 bar
2 —— .26 bar
O T T T T T T T T
0 10 20 30 40 50 60 70 80 90

Angle of Incidence (a)

24t International Symposium on Ballistics 11


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.

Eacomplete R . BAE SYSTEMS
Ciick Here to upgr: S h e a I'd An a Iys IS

Royal Society, V187, 1944)

Unlimited Pages al

A4

Grime and Sheard experiments were found to provide sufficient
data about the trial arrangement to attempt to reproduce using the
FGE - EDEN hydrocode

250

« Explosive = Comp-B \
e L/D=2/1 200
* Material = Brass or Steel o
e Charge / Weight = <
- 84.4% = N
- 62% U 100 'I\
- 25% o B experiments \I\-\
- 5.4% § 50 —— 1D calculation —
e End initiated 2D calculation (Z=0ft.)
e End plates similar 1D calculation (Z=4ft.)
0 : ‘
thickness to case L 3 5 9 11

Range (m)
» Gauge positions are not clearly defined. The
assumed positions match the reported data.
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Trials

43 Experimental Firings over 3 years

* Three explosive types:
— Rx1100 (ldeal) (RDX/Binder 88/12)
— Rx1400 (Non-Ideal) (RDX/Al/Binder 66/22/12)
— PBX N109 (RDX/Al/Binder 64/20/16)
« Two case materials:
— Steel EN24
— Aluminium 6082T6
 Varying Case mass / Charge mass Ratios (0, 0.5, 2, 5, 10)
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Matrix of Trials — All Series 1,2 & 3

Configuration Case mass (M) to charge mass (C) ratio
Explosive Case 0 0.5 2 5 8.46 10 foral
Bare 3 3
Rx1100 Steel 2 2 2 2 8 17

Bare 3 3

PBX N109 9
Steel 2 2 2 (3]

Total 9 10 8 6 4 6 43

‘Ideal’ Rx1100 - RDX /Binder 88/12
‘Non-ldeal’ Rx1400 - RDX/Al/Binder 66/22/12
PBX N109 - RDX/Al/Binder 64/20/16
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Key

1 — Fragmenting case (Cylindrical)
2 — Charge closure

3 — Lifting eyelets

4 — Clamp ring

5 — Charge (1kg nominal, L/D =2)
6 — Detonator clamp ring

7 — Booster pellet (Debrix 18AS)

8 — Detonator (RP 80)

Note: Case thickness chosen to
achieve correct case mass (M) to
charge mass (C) ratio

15
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Trial Series 1,2 & 3
Case
Thickness Case Mass to Charge Mass Ratio
(mm)
Casing 0.5 2 5 8.458 10
| AL6082T6 | 41 | 136 | [ 415 [ |
Steel EN24 1.5 5.5 12.1 20.6
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Blast Charge

Blast Gauges T\
4@6m,2@4.5m 7

Digital X
Phantom RS
Camera ‘
and Light
Meter at

20m plus.

Blast Gauges mainly ICP137 Pairs 2m |
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Bare charge data

100

=FRowanes 1100, Barg, &.0m, ITP¢

Eowane: 1100, Bare, 4.5m, IZPb

. —Fowans: 1100, Bare, £.0m, ICP:

==Rowane:r 1100, Barg, 10.0m, IZPd

E0

Reflected Shock wave
reduced usefulness of
10m readings

40 4+

Cher Fressure [kFP=]

20T

-20

- g g g g g g g g & E g g g g 2 ﬁ
[=] [=] (=] (=] =] =} [=} o (=] (=] (=] (=] 0
Time [=]

* Impulse data is less sensitive to noise than Incident Pressure
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 VVery noisy

 Signal/noise ratio worse as:

— Case mass increases
— Increase range

* ICP results marginally worse than
B12 gauges

* Little confidence in peak pressures

* Noise integrates to give impulse prior
to arrival of signal

— Adjust for this in peak impulse
calculation

24t International Symposium on Ballistics
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—e— Noise’

—m— signal
calculated fragments

—«— calculated shock

0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055
Time (s)

« Noise and Blast wave signal with predicted Shock and Fragment position
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» Use Pressure and Impulse data to compute case effects - I.e. effect case
has in reducing Equivalent Bare Charge mass (EBC)

— Convert Pressure and Impulse results to EBC masses

— Case effect = (EBC from cased result) / (EBC for equivalent bare charge
result)

» Reference curves used to convert Impulse and Pressure results to EBC
masses

— Use results of 1kg Spherical TNT charge calculation as reference
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Scaled Range (R, ) and

_— 10,000
Scaled Impulse (I ) are & &
- — (@)
used to find the % S 10 |
Equivalent bare massof < < \/\
TNT: g @ 100
= 1/3 Tg/ = 10
Ry=R/C ¢ 3 ~_
G
& o
— 7)) | |
SC| =1/C13 10.1 1 10 100

Range (m) for 1kg TNT
Scaled Range (m / kg 13)
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Range (m)
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« Historically, mainly used Fisher or Fano curves
* Fit Fisher and Fano equations to the experimental data

e Fisher EBg 0.2 4 0 ]?4
— Fisher curve (1 + C)
L . EBC 0.4
— Modified Fisher = 0.6 +
M
1+ ——
)
— Generalised form
EBC 1 - a

— =0 +
‘ ()
1+ ——

C

EBC = Equivalent Bare Charge, M = Case mass, C = Charge mass
O = Experimentally derived ‘best fit” parameter

* Best fit is always the Generalised Fisher Equation rather than Fano
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Case mass (M) / Charge mass (C)
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Mpe _y . (1-0)
C (1+MIC)

Trial Series 1, 2 & 3 Fitted Results

Generalised Fisher Casing T
Alpha Steel
Rx 1100 0.249

PBX N109
Valid for: Case Mass (M) / Charge Mass (C) up to 10:1

N.B. Historically: Standard Fisher, Alpha = 0.2

( Fisher was approximately correct for Steel cased Ideal explosives )
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Generalised Fano and Fisher models were fitted to the data. Fisher gave the best fit

* Fisher used an Alpha of 0.2, whilst we predict 0.249
e Consistent with his use of steel cased Ideal explosives

Our results show:

a. ldeal explosive systems, Steel cases have more effect than Aluminium cases

b. Non Ideal explosive systems, Aluminium cases have the greater effect than steel
cases (a great surprise)

c. Aluminium cased systems, Ideal Explosive show greater casing effects than Non
|deal explosive systems

d. Cases have a greater effect on Ideal explosive charges than on Non Ideal
explosive charges

e. Case material effect is directly explosive type dependent

» f. Case effects are more diverse than ever expected
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 The Combined casing and explosive as a System is crucial to blast performance
and which model

» Casings interact directly with the warhead filling during the early stages of
detonation

o Effects are often counter-intuitive

 PBX-N109 results are interesting. Although it is regarded as similar to Rx1400, we
see significant differences

» Case effects are significantly greater for PBX-N109, Rx1400 outperforms
PBX-N109

« Case effects are dramatic enough to indicate that warhead fillings are often
incorrect for blast performance

» An optimised warhead could produce a 20% performance improvement.
Perhaps a mid life upgrade
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* Little confidence in Peak Pressure
« Impulse results are reliable
* Only Impulses have been used in this paper

Gauge results are noisy from cased trials

Trials have been performed to measure case effects for five different systems

» Results show case effects depend on both charge type and case material

Generalised Fisher equation is the best fit to data

» Good fit for Steel systems, but less satisfactory for Aluminium systems

understood

The reasons for this observed charge and case material dependence is not

» Crowley has since proposed a model in which the case effect is a function of
the ratio of the case yield stress to the pressure in the unexpanded case
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» Thank you for listening
Any questions?

e Contact:
Paul Locking
Technical Specialist (Blast & Ballistics)
BAE Systems (Land), UK
Tel: +44-1793-78-6427
Email: paul.locking@baesystems.com
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