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[bookmark: _Toc92711309]Introduction
The purpose of this case study, is to map the various design types and functions of a Shaped Charge. The document will research a range of materials and design characteristics used in Shaped Charges. Abaqus FEA Software will be used to conduct FEA on chosen materials and display/discuss the results. 
[bookmark: _Ref58769952][bookmark: _Toc92711310]Shaped Charge Research
Shaped Charges are used in not only military applications, but also civil engineering and bomb disposal. As described in the previous section, a shaped charge is usually a conical shape [1] and can be shown in the following [Figure 1]. The depression within the explosive is lined with a liner. Generally, the liner is made from a dense metallic alloy, but it can be manufactured from other non-ferrous materials such as uranium and silicates. 
[image: ]
[bookmark: _Ref92540178]Figure 1 - Shaped Charge

[bookmark: _Toc92711311]Typical Components
[bookmark: _Toc92711312]Liner
The liner is one of the most important Components within the shaped charge. As stated in [Section 2], the liner is generally made from a metallic compound. The geometry of the liner itself generally follows a number of shapes, such as: Cone and Hemisphere. Thicknesses are typically uniform, but are generally never above 5% of the Charges overall diameter. 

Liner Apex Angle
The liner altitude or apex angle is another key part of the Charges design. Geometry can affect the Jet formation [Section 2.2] as well as the jet mass/velocity. 
Wide angle apex’s generally have a slower tip velocity and have a greater mass effect. Liners with a narrow apex result in a greater length of penetration [2]
[bookmark: _Toc92711313]Explosive
The explosive geometry itself follows that of the outer shell and the liner. As expected, an explosive with a greater potential energy results in faster jets, greater kinetic effects, and deeper penetration. 
[bookmark: _Toc92711314]Body/Shell
The confinement of the explosive is very important. High levels of pressure and hoop are placed upon the internal faces of the shell. Wall thickness are comparatively high compared to the rest of the shells other components. 

[bookmark: _Ref92703639][bookmark: _Toc92711315][bookmark: _Ref92539698]Jet Formation
Jet formation is a complex mechanism but can be simplified using shock wave theorem. When the detonator initiates, a shock wave followed by the explosive reaction travels outwards from the point of detonation (point 0). 
The shockwave will reach the liner, and almost instantly melts due to the high pressures and temperatures caused by the shockwave. Particle velocity (of the liner) is generated along the axis of the cone/detonation point towards the target. This effect can cause great amount of damage to even the most armoured of targets.
A study of cone angles as conducted by Held [3], showed the following Jet formations when cone angle geometry was altered [Figure 2]
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[bookmark: _Ref92705120]Figure 2 - Conical apex Angle Study Results
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[bookmark: _Ref92711025]Figure 3 - Conical apex Angle Study Results

[bookmark: _Toc92711316]Deflagration and Detonation
Deflagrations are subsonic combustion waves, where M<1. Typical speeds are generally in the order of 1-100m/s. 
During the Deflagration, the pressure decreases whilst the volume increases. Such that: 
 and 

Detonations are supersonic combustion waves, where M>1. Typical speeds are generally in the order of 2000m/s or more.
During the Detonation, the pressure increases whilst the volume decreases. Such that: 
 and 
[Figure 4] displays a comparison between a deflagration and detonation pressure (over time) wave. Peak overpressures differ in both magnitude, duration and impulse. 
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[bookmark: _Ref92626184]Figure 4 - Characteristic shape of pressure time for a Deflagration and Detonation
[bookmark: _Toc92711317]Applications 
The main functions of shaped charges are generally typical across the various applications, such that there is a Cover, Cavity, Liner, Detonator, Explosive, and Trigger. 
[bookmark: _Toc92711318]Weaponised
Shaped Charges are used throughout the Military industry. Various weapon systems over the years have been designed in order to propel charges great distances. These types of weapons can be used in a number of different situation, such as taking out heavily armoured vehicles, and breaking through bunkers to delivery lethal effects on soft targets within. 
As an example, the RL-83 Blindicite rocket launcher which is a derivative of the M20A1 Bazooka, would propel a Shaped charge up to 900m. A section of an RL-83 HESH (High Explosive Squash Head) Round is shown and labelled below [Figure 5].
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[bookmark: _Ref92539104]Figure 5 - RL-83 HESH
The Shaped charge within the projectile was capable of penetrating 300mm of homogenous armour, or 1m of concrete [4].

[bookmark: _Toc92711319]Civil
As well as Weaponised Shaped Charges, Shaped Changes are also commonly used throughout the demolition industry to safely and effectively deconstruct objects in a controlled manor [Figure 6].
The C-126 Demolition Charge [Figure 4] is a plastic container filled with 10kg of Trigrain prilled explosive. It is designed to cut structural steel and/or reenforced concrete. The explosive within comprises of an 80/20 mix of Trinitrotoluene (TNT) and Aluminium respectively. 
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[bookmark: _Ref92543650]Figure 6 - C-126 Controlled Demolition Effect
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[bookmark: _Ref92543304]Figure 7 - C-126 Demolition Charge

[bookmark: _Toc92711320]Simulation
Abaqus FEA Software will be used to conduct FEA on chosen materials and display the resultant Pressures, Velocities, and Stresses
[bookmark: _Toc92711321]Inputs
The component assemblies were sketched in the 2D plane due to computing node limits [Figure 8]. The Simulation results will be displayed using the rotate command within the instances menu. 
[image: ]
[bookmark: _Ref92624993]Figure 8 - Parts Assembly
A time period of 5E-05 will be used for all simulations. 

[bookmark: _Toc92711322]Materials
Liner
Copper [5]
	Density
	8960

	Shear Modulus
	46

	Bulk Modulus
	140

	Poissons 
	0.364

	Melting Temperature
	1083.2

	Boiling Temperature
	2565

	Vaporization Temperature
	5234


Table 1 - Copper Material Properties
All properties as listed in metric SI unit.

Explosive
Trinitrotoluene(TNT)/RDX [6]
	Mass Density
	1990

	Detonation Speed
	7532

	A
	422400000000

	B
	7960000000

	Omega
	0.34

	R1
	4.2

	R2
	1.1

	Detonation Energy Density
	0


Table 2 – TNT/RDX Material Properties
All properties as listed in metric SI unit.
[bookmark: _Toc92711323]Meshing Constraints 
Meshing Constraints are displayed in [Figure 9]. The resolution or size of the mesh components were different sizes – primarily due to computing speed, and the inter/subject of this study. Finer meshing of the liner material, allows for more representative results. 
The actual simulation of the explosive contents isn’t of great interest within the scope of this study. 
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[bookmark: _Ref92624350]Figure 9 - Meshing Constraints

[bookmark: _Toc92711324]Detonation Point
Detonation point is set to the base of the explosive. The visualization in [Figure 10] shows the initiation of the explosive and is the first Time stamp of the Simulation. 
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[bookmark: _Ref92624094]Figure 10 - Detonation Point Location

[bookmark: _Toc92711325]Results
[bookmark: _Toc92711326]Timestamp
[bookmark: _Toc92711327]TS5
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[bookmark: _Ref92705672]Figure 11 - Visualization of Simulation, Time stamp 5
[bookmark: _Toc92711328]TS11
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[bookmark: _Ref92705862]Figure 12 - Visualization of Simulation, Time stamp 11
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[bookmark: _Ref92705957]Figure 13 - Visualization of Simulation, Time stamp 15
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[bookmark: _Ref92706032]Figure 14 - Visualization of Simulation, Time stamp 20

[bookmark: _Toc92711331]TS30
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[bookmark: _Ref92706039]Figure 15 - Visualization of Simulation, Time stamp 30

[bookmark: _Toc92711332]TS50
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[bookmark: _Ref92706056]Figure 16 - Visualization of Simulation, Time stamp 50

[bookmark: _Toc92711333]Velocity Plot
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[bookmark: _Ref92706264]Figure 17 - Velocity Visualization of Simulation

[bookmark: _Toc92711334]Discussion
It is important to note, that the Simulation was ran without the Charges body/shell. Again, this was due to node limits which were the limiting factor of using Abaqus Student Edition. The following Discussion should retain this information, as it is likely that with the edition of the body, the Pressures and Velocities observed would have been of a far greater magnitude. In total, the simulation ran for 50 Microseconds. In that time, the Detonation and resultant Shockwave travelled the length of the Explosive material. Jet formation seems typical with the study/results that Held observed, see [2.2]. 
[Figure 11] Time stamp 5. The Detonation is in full affect, and the shockwave throughout the explosive material is propagating upwards through the Y axis away from the detonation point. Pressure and Stresses start to act outwards spherically around the X axis as the simulation is ran without the Charge’s body/shell. This time stamp visualises the simulation at around 5 microseconds. The liner is still yet to deform. 
[Figure 12] Time stamp 11. The Detonation has propagated upwards through the Y axis and Pressure and Stress forces have reached the liner. This time stamp visualises the simulation at 10 microseconds. The liner will begin to deform beyond this point in time. 
[Figure 13] Time stamp 15. Jet formation is observed at the peak of the deformed liner. The time stamp visualises the simulation at 15 microseconds. 
[Figure 14] [Figure 15] and [Figure 16] time stamp visualises the simulation from 20 microseconds to 50 microseconds. These visualisations show the jet formation protruding/penetrating further and further until the simulation ends. [Figure 16] shows that there is 1.2x109 Pascals of stress throughout the jet formation.
Velocity at time stamp 50 [Figure 17] shows the jet travelling at 4.98x103 m/s. 

[bookmark: _Toc92711335]Conclusion
Charge assembly geometries were modified from the provided models, due to intricate meshing instances, which caused simulations to abort. Modifying the shape of the liner to a truly conical shape also resulted in aborted simulations. Remodelling without the Charge body was the only way to get any form of respective result/jet formation. 
Simulations were of limited scale due to the limits in nodes. Whilst results seemed typical of those gathered as part of the literature search, the lack of Charge shell/body needs to be considered and retained. As such, this test was not a true representation of an actual Shaped Charge design. 
The meshing size/resolution selected for the Charges components seemed to give good results, and were similar to the conical apex angle study results as seen in [Figure 2] and [Figure 3].
The jet formation, scale/magnitude, stresses, and duration seemed typical of the normal detonation characteristics of TNT/RDX explosive mix. 
Further testing full the full version of Abaqus would probably result in a more respective simulation. Stresses expelling outwards in the explosive materials would be contained, and would affect the jet formation and values discussed in the above point. 






Nathan Rowe 1910544
Page 14
image1.jpeg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.jpeg
Detonator

(b)

Secionan,

Detohator
i

Stand-off





image3.png
‘ v - X
B Fundame x| ShapedC X | @ Microsof X | @ Cangase X | 8 HySafeWl X | H Fi x| + o

<« C Y A Notsecure | rageuniversity.com/PRISONESCAPE/PRISONS20DESTRUCTION /Fundamentals®20of.. @ @ # @ i

apps [1 3Dprinting § UW ITSM Portal @ Land UKHub @ Microsoft @ Overtime @ BAE Jobs » Reading st

Figure 11, Conical apex angl study for apex angles of 130°, 140°, and 150° (courte
of M. Held, MBB, Schrobenhassen).

urtsy of M. Held, MBB,

Figure 12 Conical apex angle study for apex angls of 80°, 0°, 100°, 110°, and
(courtesy of M. Held, MBB, Schrobenhausen)

70°, and 160° (courtesy
¥ heavily confined shaped charge. This radiograph shows the slug or the rear of
the jet
Figure 20 shows a copper jet from a 100 mm diameter shaped charge
£0 i as el obtained by the Orthogonal-Synchro-Streak Technique (OSST) (Held 1986).
‘The records on the top of the figure are the dircct observations and the lower
| cipned ISt records were obtained by angle mirrors. The first upper strip shows a dark
el GBS region in the upper left-hand comer that is artifically introduced by a small
o Sadeviged ffoaaoie electric detonator fired at the edge of the field of view at a predetermined time
e sons Noid Mk after the detonation of the shaped charge. This yields an exact correlation
between the shaped charge detonation time and the start of the recording. This

o e TR is one way (o allow accurate calculation of the jet tip and jet particle velocitcs
Held (1986) provides further detals.

Note that in these optical records,the tp of the jt is engulfed in a cloud of

vapor. This is probably due to ablation of the jet that travels about 9 km/s

e tp region of the jet

jet formation from a





image4.png
B fondeme x  F Shoped € x | @ Microso v = B =

x | W Hysstew x | 1 Fig3B0 x | +

<« C 0t A Notsecure | rageuniversity.com/PRISONESCAPE/PRISON%20DESTRUCTION /Fundamentalsti20of.. @ & +#r @ i
3 ap Dprning § W =Y @ LndUKHub @ Microsoft Word-B.. @ Overtime @ BAEJobs » | B Reading ist
Fundamentals of Shape Charges.pdf 19 /44 - 2% + (B} ¥ ® i
o CoaT P Charee Figure 15 showe (e T ormeton Tom & L

238 exaeie appLCATIONS

180°

160°

=8 5
oo

140°

Figure 14, Conical liner ape
and 130° (courtesy of M. Hi

120°
100°

<

80°

Figure 13. Conical apex angle seies, slected. results (ourtesy of M. Held, MBB,

Schrobenhausen). Figure 15. Jet formation of o

b MBB, Schrobenhauseny The
reached the apex of th liner.

340 exaveie aspuCATIONS





image5.jpeg




image6.png
Nathan

Page 4 of 6

File ~ Home Insert  Design  Layout  References  Mailings  Review
[y & [l Jn
MDED B I U-a x x A
- A- 2 A-vpav |A K| O-H[E[T
Clipboard 1 Font Il Paragraph Il
Trigger Cover Cavity

View  Help

2 3

Styles

1.1 AaE 111 A: 1111 2

4

‘ Liner/Cone

Explosive

Detonator

Figure 1- RL-83 HESH

& Share
0
)
Eding | Dictate
5 Voice
Page s

‘Advanced Physics (ACDAS01)

071012022
Nathan Rowe

557 words

2%

English (United Kingdom)

T Focus.

I ————r

© Comments.

=l

Files.

ReuseFiles| A





image7.jpeg




image8.jpeg




image9.png
[E] File Model Vi
LDEE =
Model | Resut

S Model Database

Models (1)
Model
L Parts )
Meaterials (2)
& Calibration:
95 Sections ()
& Profiles
48 Assembly
B Steps (2
5 Field Output Reques
B History Output Reques
[t Time Point:
B ALE Adsptive Mesh Constraint
T Interactions (1)
95 Interaction Properties (1)
(. Contact Control
fi Contact nts

Amplitudes
[ Loads

@[ BCs (1)
s Predefined Fields

| Adaptivity Proces
B4 Co-executions
#X Optimization Proce

\natha\ OneDrive - University of Wales Trinity Saint David\04 Advanced Phy

Feature Tools Plug Help N?

Module: [£ Assembly Model:[Z Model-1 ] Step: [Z step-1

INL

nment files\My latest\NR-Mod Charge.cae [Viewport: 1]

%
A simuLia





image10.png
S Abaqus/CAE 2021 - Model Databas 910544\NR-Mod Charge.cae [Viewport: 1]
B Fie Model Vi Seed Mgh Adsptivty Festwre Tools Plugeine Help W7

DEE NEEA: R &R 5 9T @
Model | Results Module: [ Mesh Model: [~ Model-1 Object: @ Assembly OPart[Z ||

€5 Model Database-
Models (1)

@
ive material
 Liner
2 Materials (2)
Copper
RDX/TNT 60/40
& Calibrations
& Sections (2)
<1}
Composition B
& Profiles
43 Assembly

History Output Reque:

[t Time Points

B ALE Adsptive M
@ Interactions (1)

2 Interaction Properts

(. Contact Control

fi Contact nts

i Contact Stabi

] Constraints

{B Connector Secto
© F Fields

Amplitudes

I, Sketches
d Annotatior

=% Analy:
@ & Jobs (1)

4 Co-executions
#X Optimization Procs .
A simuLia

N





image11.png
0544\NR-Mod Charge.cae [Viewport: 1]

Ut Plot Animete Report Options Tools Plug-i
LENEA R ew: AT
Module: [7 ion || Modet: 1910544/ Shaped-charge.odb

sualization defauts | (5] + /¢ ket 41 1> PD

s primary M. n-Park] &

KA > B BHOD

jon Data

& Output Databa ; S, Max. In-Plane Principal (Abs)
] Model Dat - (Avg: 75%)

[ +0.000e-+00 Step-1:0

-6.593e+09
-7.692e+09
-8.791e+09
-9.889%+09
-1.099e+10
-1.209e+10
-1.319e+10

ODB: Shaped-charge.odb Abaqus/Explicit 2021 Tue Nov 30 14:34:14 GMT Standard Time 2021

Step: Step-1
Increment 31: Step Time = 1.0037E-06

%
A simuLia




image12.png
0544\NR-Mod Charge.cae [Viewport: 1]

Plot Animate Report Options Tools Plug:
fHLiBA R Aot DD isualization defautts | () | k4 @1 1> DM L primary s Max. In-Plart|| &/

Module: ation Modek: [3 C:t 0544/Shaped-charge.odb KA > B BHOD

S, Max. In-Plane Principal (Abs)
(Avg: 75%)

+1.032e-13 Step-1:0
-1.504e+09 |
-3.0082+09
-4.512e+09

-6.015e+09

-7.519e+09
-9.023e+09
-1.053e+10
-1.203e+10
-1.353e+10
-1.504e+10
-1.654e+10
-1.805e+10

Step: Step-1
Increment  155: Step Time = 5.0183E-06
Primary Var: S, Max. In-Plane Principal (Abs)

%
A simuLia




image13.png
) Visualization defaults

S, Max. In-Plane Principal (Abs)
(Avg: 75%)
+4.836e+09
+2.132e+09
=) -5.717e+08
I paths ) -3.276e+09
. : -5.980e+09
-8.684e+09
-1.13%+10
-1.409e+10
-1.680e+10
-1.950e+10
-2:220e+10
-2.491e+10
-2.761e+10

Step: Step-1

@i a v

ODB: Shaped-charge.odb Abaqus/Explicit 2021 Tue Nov 30 14:34:14 GMT Standard Time 2021

W n-Plrd

KA > B BHOD

Step-1:0

Step-1: 50





image14.png
10544\NR-Mod Charge.cae [Viewport: 1]

e Model Vi ult Plot Animate Report Options Tools Plugeins Help K?

DEE=E EEINEE & Rl L
Model  Re Module: [3 Visualization Model: sers/s KA > B BHOD

@i a v L primary s Max.In-Plart/| G|

S, Max. In-Plane Principal (Abs)
(Avg: 75%)

+7.508e+09 Step-1:0
+6.072e+09
+4.637e+09
+3.201e+09
+1.766e+09
+3.303e-+08
-1.105e+09
-2.541e+09
-3.976e+09
-5.412e+09
-6.847e+09
-8.283e+09
-9.719+09

ODB: Shaped-charge.odb Abaqus/Explicit 2021  Tue Nov 30 14:34:14 GMT Standard Time 2021

Step: Step-1
Increment Step,Tine

%
A simuLia




image15.png
Abaqus/CAE 2021 - Model Datab: 10544\NR-Mod Charge.cae [Viewport: 1]

Ele Model Viewport View Besult Plot Animate Report Options Tools Plugins Help W7

DETEmEE ¢ BN gA RN : [CETCY

tion defauts | () +/: e 41 1> DM 2.~ Primary s Max. In-Planiv| &

KA > B BHOD

S, Max. In-Plane Principal (Abs)
(Avg: 75%)

+2.691e+09 Step-1:0
+1.932e+09 2
+1:173e+09
+4.133e+08
-3.460e+08
-1.105e+09
-1:865¢+09
-2.624e+09
-3.383e+09
-4.1432+09
-4.902e+09
-5.661e+09
-6.421e+09

ped-charge.odb  AbadUSEXBReIt 02 VAREIIC PO Ans e G

Step Tirghy 2.0010E-05
Plare PO 0TS

ation Scale Factor: +1.000e+0




image16.png
10544\NR-Mod Charge.cae [Viewport: 1]

ult Plot Animate Report Options Tools

KEINEE A R

(Avg: 75%)

+1.201e+09
+9.353e+08
B o +6.692e-+08
L ron +4.031e+08
3 +1.370e4.08

-1. e+
B Freesosy g -3.951e+08
& sweam -6.612e-+08
17 e -9.273e+08
Image -1:193e+09
) -1.460e-+09
-1.726e+09
-1.992e+09

S, Max. In-Plane Principal (Abs)

Step-1:0

N

X

ODB: Shaped-charge.odb Abaqus/Explicit 2021 Tue Nov30.14:34:14 GMT Standard Time 2021

Step: Step-1

Increment  1549: Step Time = 3.0003E-05

Primary Var: S, Max. In-Plane Principal (Abs)

Deformed Var: U Deformation Scale Factor: +1.000e+00

%
A simuLia




image17.png
NR-Mo ort: 1]

Animate Report Options Tools Plug-ins Help K?

1

o B primary .
Modek ge.odb KA > B BHOD

S, Max. In-Plane Principal (Abs)
(Avg: 75%)

+1.451e+09 Step-1:0
+1:207e+09 E
+9.624e+08
+7.178e+08
+4.733e+08
+2.288e-+08
-1.578e+07
-2.6032+08
-5.049%+08
-7.494e+08
-9.939+08
-1:2380+09
-1.4832+09

ODB: Shaped-charge.odb Abaqus/Explicit, 2021  Tue Nov 30 14:34:14 GMT Standard-Time 2021

Step: Step-1
Increment  3893: Step Time = 5.0000E-05
Pri Plane Phincipal (Abs)

ale Factor: +1.000e+00

%
A simuLia




image18.png
ut Plot Animate Re bt . n

1 e H @

L primary $

KCa | B BD

+4.984e+03
+4.408e+03
+3.831e+03
+3.255e+03
+2.679e+03
+2.102e+03
+1.526e+03
+9.498e+02
+3.734e+02
-2.029e+02
-7.793e+02
-1.356e+03
-1.932e+03

Step-1:0

ODB: Shaped-charge.odb Abaqus/Explicit 2021  Tue Ho¥ 30, 14:34: 1SN Standardatime 2021

Step: Step-1

= 5.0000E-05
ale Factor: +1.000e+08

%
A simuLia




image19.png




image20.png




image21.png




