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1. Current Applications of KS22a
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German SOW MAW Taurus KEPD 350 EA%%

MEPHISTO's Penetrator Warhead

Insensitive High Explosive
(KS22a)

PIMPF:
(Intelligent
Hard Target
Fuze)

Penetrator Casing
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Typical Penetrator Piercing Capability

Concrete Layers
(6000 - 7800 psi)

Penetrator ~ Pre-Charge g8
(250 m/s) (static) ok

Trigger

< >
Concrete - Total Sand - Intrusion:
Penetration:
~45m ~3.3m
~ 15 feet ~ 11 feet
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Norwegian NSM (New Anti-Ship Missile) EA%%

NNW - New NSM Warhead

Insensitive High Explosive

" |

/PlMPFI

| (Intelligent
Y 4// Hard Target

Fuze)
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NNW Piercing Capability

Steel Plate with ribs

NNW
290 m/s
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2. Basic Properties of KS22a

> Gap Test Initiation Ability / SDT Sensitivity
> Plate Dent Test Metal Deformation Performance
> Cylinder Test Metal Acceleration Performance (JWL)

> BKW (Thermochemical Code)
Simulations pV-Diagram, Blast Performance

> Critical Diameter Initiation Ability (Eplosive Train Design)
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Properties of KS22a compared to KS33

Starting Point:

KS33
> Formulation: /| PB / 10
> Density: 1.71 g/cc

Aluminum Additions for Blast Enhancement:
KS33 Derivatives

> [ Al'l PB /10 /10, Density = 1.75 g/cc

> [ Al'l PB [ 2010, Density = 1.79 g/cc

Economic Compromise Solution for Penetrators:
KS22a

> Formulation: [ Al'l PB /18115

> Density: 1.64 g/cc
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EADS

TDW Gap Test: Run Distance to Detonation TDW
& Plate Dent Depth
Plate Gap Test | Streak Record
'I[?eegtt | Donor Charge
. I Plexiglass Gap
: | - | Light Source I
| Acceptor
| Charge

| Explanation of Streak Record

Detonation

Shock Wave

4 Run Distance X /4:;‘;“5"0“
Reaction Wave Break Through
Detonation Wﬂ#ﬂxk Superdatanatiun
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TDW Gap Test: Run Distance to Detonation EAT[BV§

O KS22a (Al 18%)

® KS22a[3]
T=20°C/120°c

1 $ KS33 (Al 0%)

<{p HMX/AI (10%)/PB

4 HMX/AI (20%)/PB

£
=

a3
=

[y
=

Run Distance to Detonation [mm]

03 )\o

—h
=

Pressure [GPa
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. . EAD
TDW Gap Test: Dents in Witness Plates TDV§

Dent Depth

32.5 mm

Initiation

S P.... [kbar] = 105*EXP(-0,0358*Gap Thickness [mm])

51 kbar 43 kbar 36 kbar 33 kbar 30 kbar
5.1 GPa 4.3 GPa 3.6 GPa 3.3 GPa 3.0 GPa
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TDW Gap Test: Plate Dent Depth EA%%

Gap - Test: Dent Depth

Penetrator: KS22a RDX/AlI/PB 67/18/15
Pre-Charge: KS33 HMX/PB 90/10

30

— 20 S 2 Small Diszfe : Performance
£
£ <&
S
c
S /
L 4 O KS22a (Al 18%) Results of Gap Test
OKS33 (Al 0%) and Plate Dent Test:
Big Difference < HMX/AI (10%)/PB
in $ensitivity @ HMX/AI 20%VPB| | KS22a Compromise
0 < > low Sensitivity
2.0 3.0 4.0 5.0 6.
Gap | good Performance.

Page 15 2003 IM & EM Technology Symposium March 10 - 13, 2003 Orlando, FL



2. Basic Properties of KS22a

> Gap Test Initiation Ability / SDT Sensitivity
> Plate Dent Test Metal Deformation Performance
> Cylinder Test Metal Acceleration Performance (JWL)

> BKW (Thermochemical Code)
Simulations pV-Diagram, Blast Performance

> Critical Diameter Initiation Ability (Eplosive Train Design)



TDW Gesellschaft fir verteidigungstechnische Wirksysteme mbH

e

. . EAD
Comparison: Fragmentation / Blast Performance mv§

> >
<€— Fragment Performance g Blast Performance —» 5
a) a)
1,84 29| -0~  Gurney @ -/~ Blast (BKW) @ T16
7)) )
-1+ V3o (ﬂ = 2) N N4
Rp A

(3%

oo

|
| |
= in
uivalent

NT-e

1.6

n
KS33
e

Results of Cylinder Test

Cylinder Wall Velocity vag [mm/ps]
Gurney Velocity %2E [mm/ps]

1,51 5 2,6 1 and BKW Simulations:
HMX / Al / PB
80x f x [/ 10 .

- i x= 0 /107 20% Fragmentation and Blast

o ' 3 .
p= 1,71 71,157 1,79 glem “C Performance of KS22a is

e 1 somewhat lower than that
— of comparable KS33D-20%Al

0 5 10 15 18 2
Al - Content [ %] (HMX P RDX)
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Test Set up: Critical Diameter EA%%

Detonator
KX 1-20

Booster 1
HWC O 14 x15

Booster 2
OWC © 20 x 20

Mild Steel

Witness Plate 6 mm
/ (Distance to Detonation)

Rotating Mirror Camera
-Streak Technigue-
(Distance to Detonation)

>

KS22a / KS33
Variable Diameter

Aluminum
Witness Plate @ 100 x 50
(Dent Depth)
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S
EADS

Critical Diameter Test Results: KS33 & KS22a TDW

10

0

Page 20

Charge Diameter d [mm

2003 IM & EM Technology Symposium

O KS22a

9 { Ks33 from Cylinder Test
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Results for
Critical Diameter Tests:

KS22a: 12 mm

KS33: 6 mm
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3. Pre-Shocking of KS22a




TDW Gesellschaft fir verteidigungstechnische Wirksysteme mbH

Video-Clip: Live Test at Meppen Proving Ground
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Live Test: Lateral Impact on Concrete Target
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Penetrator Casing Ripped Up
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Pre-Shocked KS22a IHE Recovered after Test

“Shock Lévels

|

HE Nose®~1 kbarNG eTlp

Main Body - . _ \-ﬂ ' ;
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4. Properties of Pre-Shocked KS22a

> |[mpact / Friction Sensitivity
> Gap Test / Plate Dent Test

> Qptical Microscopy

> X-ray Diffraction
> Scanning Electron Microscopy (SEM)

> Heat Conductivity
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Pre-Shocked KS22a: Samples for Investigations EAT[gv§

A
Nose Tip Main Body l

Disc Il
i Disc | 5 .1-':
o180 Lo b

Disc Il

gl
Sample No. # 1-5 for Gap Test A
Sample No. a, b for X-ray Diffraction and SEM ..

Samples for Heat Conductivity from Disc I
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4. Properties of Pre-Shocked KS22a

> Impact / Friction Sensitivity
> Gap Test / Plate Dent Test

> Qptical Microscopy

> X-ray Diffraction
> Scanning Electron Microscopy (SEM)

> Heat Conductivity
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I
.. . EADS
Friction Sensitivity of KS33 and KS22a TDW
400 §
— 300 — AL
Z
2
>
7
[
(¢D)
9 200 —
=
9o
©
L
100 —
Results for Friction
Sensitivity Tests:
No changes in
0" —— pehaviour due to
KS33 KS22a KS22a

Pre-Shocke L T€-Shocking
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Impact Sensitivity of KS33 and KS22a

12

EADS

TDW

11

10
g I
£
4
2
>
5
c
(D]
wn
=
3
g Results for Impact
= Sensitivity Tests:
Pre-Shocked
KS22a a little
more sensitive

than untreated

KS522a
KS33 KS22a samples

Pre-Shockec
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4. Properties of Pre-Shocked KS22a

> |[mpact / Friction Sensitivity
> (GGap Test / Plate Dent Test

> Qptical Microscopy

> X-ray Diffraction
> Scanning Electron Microscopy (SEM)

> Heat Conductivity
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Pre-Shocked KS22a: Run Distance to Detonation EAT[gv§

KS 22a

KS 22a [3]
T=20°C/120°C

KS 22a Pre-Shocked
Sample No. #1-5
KS 33

£
=]

O @ @0

L3
=

)
[="

Results for Run
Distance Tests:

Run Distance to Detonation [mm]

-4
=

Pre-Shocked
KS22a a little
more sensitive

0 than untreated
2.0 3.0 4.0 5.0 B.(
samples

Pressure [GPa
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EADS
Pre-Shocked KS22a: Plate Dent Depth TDW
30 ‘
O KS22a
® KS 22a Pre-Shocked —-—-O"O
Sample No. # 1-5 O & 1
$ KS 33 é) 42 o
£ 20 O
=
£ S e gl
o
=) Results for Plate
‘g’ Dent Tests:
0
10
Pre-Shocked
I KS22a s_hows no
change in
Performance
#5
S compared to
0
2.0 30 4.0 £ 0 untreated samples

Gap Pressure [GPa
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4. Properties of Pre-Shocked KS22a

> |[mpact / Friction Sensitivity
> Gap Test / Plate Dent Test

> Qptical Microscopy

> X-ray Diffraction
> Scanning Electron Microscopy (SEM)

> Heat Conductivity
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EADS

Pre-Shocked KS22a: X-Ray Diffraction (Nose Tip) TDW

Alpsolube

Page 35

8000 4

S dela\ TRANEY 131y31g3 raw [ Probe 40WKS 22-af balastetivardersr Beraich "« 0,9 mm dick (Range 1)
Cdatai TRANSY 131 y51g3a pke / Frabe 4

STOE Powder Diffraction System 15-Jan-02 |

RDX (orthorhombic Pbca)

calculated unit cell

parameters:

y _ a=13.224(14)

, b = 11.606(10)
| c = 10.753(8)

cellivolume = 1650.3(18) Ang

32 2¢

Il |
|’|- ‘ s N ' Results for X-Ray
.‘ | s |l | Diffraction Tests:

=R R

! : I : z
.. |F- 3| | . 5 l [ ’, ; r' _ | . BHT_ No Changes in
LIl E R B M {2 %, 1° [cellvolume

. TT |/ I ] M2 I3 a8 ' |

- - LT - MM Jand structure due
e — — T R
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4. Properties of Pre-Shocked KS22a
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> Gap Test / Plate Dent Test
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Pre-Shocked KS22a: SEM Test (Nose Tip) EA1I':[?V§

Results of SEM
Tests:

&3

No changes in

: . % : i
200pm e . behaviour _due to
i S e WIWEB 520 Pre-Shocking

2003 IM & EM Technology Symposium March 10 - 13, 2003 Orlando, FL



4. Properties of Pre-Shocked KS22a

> |[mpact / Friction Sensitivity
> Gap Test / Plate Dent Test

> Qptical Microscopy

> X-ray Diffraction
> Scanning Electron Microscopy (SEM)

> Heat Conductivity



TDW Gesellschaft fir verteidigungstechnische Wirksysteme mbH

Heat Conductivity

No Significant Changes in Heat Conductivity Parameters
Conclusion:

> No Extra Pores Produced
> No Cracks Produced

> No Relevant Microstructural Damage

> ..
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5. Summary
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Conclusions

KS22a - The Insensitive High Explosive for
Hard Target Defeat Applications

KS22a is well suited for Hard Target Defeat Applications:
> High Blast & Fragmentation Performance
> Low Sensitivity

> Survives High Shock Loads

> No Relevant Microstructural Damage

> Only Minor Increase of Sensitivity due to Shock Loads
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