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[bookmark: _Toc218595591]Abstract
This study explores the computational modelling of shaped charge devices using Abaqus/Explicit, focusing on the influence of liner geometry on jet and slug formation. Two configurations were analysed: a conical liner with a 45° apex angle, expected to produce a high-velocity jet, and a shallow 5° liner intended to form an Explosively Formed Projectile (EFP). The study employed 2D axisymmetric and 3D simulations incorporating advanced material models, such as Johnson–Cook for plasticity and failure, JWL for explosive detonation products, and Mie–Grüneisen for shock-compressed solids. Results demonstrate distinct deformation behaviours: the 45° liner collapses into a continuous jet exhibiting strong axial velocity gradients, while the 5° liner inverts into a cohesive slug with significantly lower velocities. The findings validate the critical role of liner geometry in terminal effects and highlight Abaqus’ capability for high-strain-rate, multi-physics modelling in defence engineering applications.





[bookmark: _Toc218595592]Aim
[bookmark: _Toc522271446]The aim on this study is to undertake modelling and critical analysis of a shaped charge device, consisting of a casing (AISI 4340), high explosive charge (RDX) and liner (OFHC Copper). A literature review of relevant research on shaped charges modelling in Abaqus / CAE is included and the generation of a 2D model of two different shaped charge designs. The delta between the two shaped charge designs will be on the liner angle (45degrees and 5 degrees). Then I will undertake a 3d model of the 45 degree liner design, demonstrating the Abaqus’ ability for computational design and analysis.
[bookmark: _Toc218595593]Introduction
Shaped charges (SCs) and Explosively Formed Projectiles (EFPs) represent two critical classes of high-explosive-driven penetrators, exploiting the same fundamental principles of detonation physics but achieving distinct terminal effects. The SC generates a hypervelocity metallic jet (typically 8000m/s) through the extreme plastic collapse of a conical liner, ideal for deep, focused penetration. In contrast, the EFP forms a slower (1500–2500 m/s), cohesive, slug-like projectile from a shallow concave liner, optimised for effectiveness at longer standoffs and against structural targets.
The concept of a SC consists of a cylindrical explosive with a cavity at one end and a detonator at the opposite end. The cavity, typically conical or hemispherical—induces a directional concentration of detonation energy, a phenomenon known as the Munroe effect (or von Foerster/Neumann effect). Upon initiation, the detonation wave propagates at velocities near 8000m/s, generating peak pressures up to 200 GPa. This wave collapses the cavity, focusing energy along the axis and producing localised forces that significantly exceed those of a solid charge of equal mass [1].
Jet - When the cavity is lined with a conically shaped material, typically metal, a jet can form upon detonation of the shaped charge. Once initiated, the detonation wave propagates outward from the initiation point at approximately 8 km/s. This shock wave accelerates the liner inward, causing it to collapse along the charge’s centerline. During this collapse, a high-velocity jet is formed. The material in the liner typically exhibits strains rates of 104 -107 s -1 and the maximum strain can reach values above 10 because of the extreme hydrostatic pressures, which may reach values above 200 GPa. The material in the jet tip can reach values above 10 km/s and the presence of a velocity gradient in the jet will cause it to elongate.
On impact, penetration occurs primarily through hydrodynamic displacement rather than thermal melting, generating localised pressures of 100–200 GPa and temperatures reaching 20–50% of the target’s melting point. Optimal performance requires a precise standoff distance, maximizing jet coherence and penetration depth. These shaped charges remain critical in military applications (armour defeat, hardened target penetration) and industrial operations such as oil well perforation, mining, demolition, and hypervelocity impact research [2]. 
EFP – When the shaped charge liner apex has a greater angle than the jet formed conical liner, such as a concave disk. Following initiation, the detonation wave sweeps across the explosive, subjecting the liner to an immense, near-instantaneous pressure. This force is not focused to a point, as in a shaped charge, but is distributed across the entire liner surface. The high-pressure loading causes the ductile liner material to undergo extreme plastic deformation at strain rates exceeding 10⁴ s⁻¹. Crucially, the geometry of the liner, a shallow dish or hemisphere and the standoff distance are designed so that the liner does not form a stretching jet but instead inverts and consolidates into a single, slug-like projectile. This process transforms the liner from a concave shape into a convex, aerodynamically stable body, often resembling an elongated bullet or ball.
The final EFP is a consolidated mass of the liner material, propelled to velocities typically between 1,500 and 2,500 m/s. Its formation is a complex interplay of hydrodynamics and material strength; the liner material must be ductile enough to deform without fracturing (with copper and tantalum being common choices) yet retain sufficient strength to maintain integrity during flight. The quality of the projectile, its symmetry, density, and structural coherence—is highly sensitive to the precise initiation symmetry of the explosive, the liner's geometry and thickness profile, and the material's constitutive behaviour under high-strain-rate loading. Unlike a shaped charge jet, which elongates and particulates, the EFP is designed to remain a single, cohesive kinetic energy penetrator, making its formation mechanics fundamentally distinct and highly dependent on achieving a near-perfect balance between hydrodynamic flow and the preservation of material integrity [3].
The extreme physical conditions involved with shaped charge devices, such as ultra-high pressures, strain rates, and significant thermal softening, place shaped charges firmly within the domain of high-energy, transient mechanics. Analytical approaches, while useful for initial estimates, are insufficient to capture the complex multi-physics interactions. Consequently, explicit Finite Element Analysis (FEA), particularly using Abaqus/Explicit, has become a key tool in modern defence engineering research and development as seen in numerous literatures. 
[bookmark: _Toc218595594]Literature Review
SCs and EFPs are precision explosive devices that utilise their explosive effects to generate high-velocity, coherent jet of liner material or slug like projectiles, capable of penetrating substantial armour, geological strata or structural targets. Their operation is a quintessential multi-physics problem, encompassing detonation physics, large-strain hydrodynamics, high-rate material behaviour, and fluid-structure interaction. Accurate numerical modelling is critical for design optimisation, cost reduction, and fundamental understanding. This review critically examines the application of the Abaqus FEA software package to shaped charge simulation, focusing on the interplay between complex mechanics, material modelling fidelity, and computational methodologies.
The primary computational challenge lies in simulating extreme deformations spanning the hydrodynamic to strength-dominant regimes. Pure Lagrangian methods in Abaqus, while accurate for initial structural response, fail catastrophically due to mesh distortion during liner stretching (SC) or inversion (EFP) [4]. Consequently, advanced multi-physics capabilities within Abaqus are essential. The Arbitrary Lagrangian-Eulerian (ALE) formulation and the Coupled Eulerian-Lagrangian (CEL) method have emerged as the predominant frameworks. The CEL approach employs an Eulerian mesh to model the flowing continuum of explosive products, liner material, and air, seamlessly coupled to a Lagrangian target. This eliminates mesh tangling and allows for natural modelling of jet elongation and target erosion. For EFP simulations, where the liner consolidates into a single body, both ALE and CEL are effective, with the choice often dependent on the need to model subsequent target impact in the same analysis [5]. A critical insight is that while these methods handle the kinematics, their accuracy is wholly dependent on the underlying material descriptions governing the dynamic response.
The detonation of high explosives generates gaseous products at extremely high pressures and temperatures. Classical gas laws provide a conceptual foundation for understanding this behaviour. The ideal gas law (PV = nRT) describes the relationship between pressure, volume, and temperature for gases under equilibrium conditions. However, detonation products deviate significantly from ideal behaviour due to high densities, chemical reactions, and shock compression.
In engineering simulations, real-gas behaviour is represented using Equations of State (EOS) rather than simple gas laws. These EOS formulations capture compressibility, internal energy, and pressure evolution under extreme conditions. The choice of EOS directly influences the predicted detonation pressure and, consequently, liner collapse dynamics and jet velocity.
Jones – Wilkins – Lee (JWL) EOS.
For the high explosive simulations, the Jones-Wilkins-Lee (JWL) EOS is universally adopted, providing a reliable empirical fit for the detonation product expansion [6]. It empirically represents the pressure of detonation products as a function of relative volume and internal energy:
[image: A math equation with black text] where P = pressure, V = the relative volume, E = the specific internal energy and A, B, R1, R2 and ω are material-specific constants determined experimentally, often through standard cylinder expansion tests.
The JWL EOS effectively extends classical gas behaviour to the extreme pressures and temperatures of detonation, capturing both the early high-pressure expansion and the later quasi-gas expansion regime [7].
In Abaqus, the JWL EOS is commonly combined with programmed burn models to define detonation initiation and propagation. Accurate calibration of JWL parameters is critical, as errors can significantly affect jet formation predictions, leading to incorrect penetration estimates.
Mie–Grüneisen EOS.
While JWL is ideal for explosive products, defence engineering simulations often require modelling solid materials under extreme compressive shock loading. The Mie–Grüneisen equation of state is widely used for metals and targets subjected to high pressures and strain rates. It relates pressure to specific volume and internal energy through a reference Hugoniot curve allowing accurate representation of compression under shocks [8]. The most common form is:
The Mie–Grüneisen EOS bridges classical solid mechanics and gas dynamics, enabling accurate representation of compressibility effects during shock loading. In shaped charge simulations, it is particularly valuable for modelling target response and jet–target interaction, where pressures approach or exceed the elastic limit of the material. Abaqus supports Mie–Grüneisen EOS through tabulated or analytical forms, making it suitable for defence-related penetration studies.
Johnson – Cook.
The shaped charge liner undergoes extreme plastic deformation during collapse and jet formation. Constitutive models must therefore account for strain hardening, strain-rate sensitivity, and thermal softening. The Johnson – Cook (JC) plasticity model is widely adopted due to its simplicity and effectiveness for high-strain-rate applications.

JC is widely used because of its simple separable form for strain hardening, strain-rate sensitivity and thermal softening. A companion JC failure model prescribes damage initiation when a cumulative damage parameter reaches unity, typically with strain-to-failure dependent on stress triaxiality, strain rate and temperature [9]. 

Shaped charge modelling represents a complex intersection of gas dynamics, solid mechanics, and numerical methods. Abaqus, through explicit dynamics and CEL techniques, provides a capable platform for defence engineering analysis when combined with appropriate constitutive laws and equations of state. The inclusion of JWL and Mie–Grüneisen EOS enables accurate representation of explosive gases and shock-compressed solids, respectively. Ongoing research continues to refine material models, damage criteria, and validation techniques to improve predictive accuracy in defence applications.
[bookmark: _Toc218595595]2D Axisymmetric Study
This study investigates the computational modelling of shaped charge liners composed of AISI 4340 steel casing, RDX explosive, and OFHC copper liner using 2D axisymmetric analyses. Two designs of liner are compared, one being the typical conical shape (45° liner angle) which should result in a jet formation, and the other a simulated concave disk (5° liner angle) which should produce an EFP. The objective is to explore how liner angle affects liner formation, deformation, and material response under detonation loading. The work emphasizes Abaqus FEA capability for high-strain, high-rate deformation modelling using equations of state and constitutive material models such as JWL, Mie Grüneisen and Johnson–Cook. 
Materials. For this simulation, the following materials where selected for the main components:
Casing – AISI 4340 steel
Explosive Fill – RDX
Liner – OFHC Copper.
The Johnson-Cook strength parameters where selected at Table 1 and imputed into the simulation:
	J-C Strength Coefficients
	A (Pa)
	B(Pa)
	C
	n
	m
	Tmelt(K)
	Troom(K)
	Cp(J/kgK)

	OFHC Copper
	90E6
	292E6
	0.025
	0.31
	1.09
	1356
	293
	383

	AISA 4340
	792E6
	510E6
	0.014
	0.26
	1.03
	1793
	293
	477


[bookmark: _Ref218583089][bookmark: _Toc218595602]Table 1 – Johnson-Cook Strength Parameters
The Johnson-Cook failure parameters where selected at Table 2 and also included. 
	J-C failure coefficients
	D1
	D2
	D3
	D4
	D5

	AISI 4340
	0.05
	1.2
	-0.254
	-0.009
	1.0


[bookmark: _Ref218583160][bookmark: _Toc218595603]Table 2 – Johnson-Cook Failure Parameters
For the RDX, the JWL EOS parameters where selected and included in the simulation (Table 3):
	Material
	ρ0 (kg/m3 )
	A (kPa)
	B(kPa)
	R1
	R2
	ω

	RDX
	1601
	6.08E8
	1.3E7
	4.5
	1.4
	0.25


[bookmark: _Ref218583311][bookmark: _Toc218595604]Table 3 – RDX JWL EOS Parameters
The parameters used for the Mie-Gunseisen EOS are shown at Table 4:
	Material
	Elastic – Shear Modulus
	c0
	S
	Gamma

	OFHC Copper
	46E9
	3940m/s
	1.489
	2.12


[bookmark: _Ref218583365][bookmark: _Toc218595605]Table 4 – OFHC Copper Mie Gunseisen EOS Parameters
Parts and Assembly. The Jet and EFP parts were designed akin to a miniaturised design found during the literature review [2] in the Part Module, shown at Figure 1, Figure 2, Figure 3 and Figure 4. The idea was the charge could be integrated into a miniature drone and used for defence purposes.
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[bookmark: _Ref218584760][bookmark: _Toc218595606]Figure 1 – EFP Part Design
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[bookmark: _Ref218585586][bookmark: _Toc218595608]Figure 3 – EFP Assembly and Material Selection
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[bookmark: _Ref218585591][bookmark: _Toc218595609]Figure 4 – Jet Assembly and Material Selection
A surface to surface constraint was added to ensure the best possible simulation would be produced Figure 5, this represented where the casing and liner would be typical bonded or welded together.
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[bookmark: _Ref218585719][bookmark: _Toc218595610]Figure 5 – Surface to Surface Tie Constraint
The Step Module was selected next where we instruct the Abaqus software that a dynamic explicit solver is required for a duration of 0.001s.
To achieve the desired finite element analysis, the individual parts are meshed to provide the basis for solving the governing equations of the simulation. As the focus will be on the liner, the upper casing and explosive fill has a coarse mesh, while the liner and contact casing and explosive fill have a finer mesh to prevent any step and distortion errors, as shown in Figure 6.
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[bookmark: _Ref218586237][bookmark: _Toc218595611]Figure 6 – EFP and Jet Assembly Mesh
Simulation. 
Figure 7 through to Figure 16 show the progression of the Shaped charge Jet simulation, with Figure 17 showing the velocity plot for the plot tip. 
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[bookmark: _Ref218587634][bookmark: _Toc218595612]Figure 7 - S. Pressure Step Time 3.0221E-07
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[bookmark: _Toc218595613]Figure 8 - S.Pressure Step Time 1.0022E-06
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[bookmark: _Toc218595614]Figure 9 - S. Pressure Time Step 2.0019E-06
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[bookmark: _Toc218595615]Figure 10 - S. Pressure Time Step 2.6004E-06
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[bookmark: _Toc218595616]Figure 11 - S. Pressure Time Step 3.0001E-06
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[bookmark: _Toc218595617]Figure 12 - S. Pressure Time Step 2.9010E-06
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[bookmark: _Toc218595618]Figure 13 - S. Pressure Time Step 4.6016E-06
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[bookmark: _Toc218595619]Figure 14 - S. Pressure Time Step 7.5004E-06
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[bookmark: _Toc218595620]Figure 15 - V. Magnitude Time Step 8.9000E-06
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[bookmark: _Ref218587640][bookmark: _Toc218595621]Figure 16 - S. Mises Time Step 1.9000E-05
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[bookmark: _Ref218587642][bookmark: _Toc218595622]Figure 17 – Velocity Plot for Jet Tip


Figure 18 through to Figure 27 shows the progression of the Shaped Charge EFP simulation with Figure 28 showing the velocity plot for the EFP.
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[bookmark: _Ref218588342][bookmark: _Toc218595623]Figure 18 – S.Pressure Time Step 5.0135E-07
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[bookmark: _Toc218595624]Figure 19 - S.Pressure Time Step 1.4017E-06

	[image: ]
[bookmark: _Toc218595625]Figure 20 - S.Pressure Time Step 2.701E-06
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[bookmark: _Toc218595626]Figure 21 - S.Pressure Time Step 3.4079E-06
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[bookmark: _Toc218595627]Figure 22 - S.Pressure Time Step 4.8003E-06
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[bookmark: _Toc218595628]Figure 23 - S.Pressure Time Step 7.5005E-06
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[bookmark: _Toc218595629]Figure 24 - S.Pressure Time Step 6.0001E-06
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[bookmark: _Toc218595630]Figure 25 - S.Pressure Time Step 7.0005E-06
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[bookmark: _Toc218595631]Figure 26 - S.Pressure Time Step 1.0000E-05
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[bookmark: _Ref218588344][bookmark: _Toc218595632]Figure 27 - S.Pressure Time Step 2.0000E-05

	[image: ]
[bookmark: _Ref218588346][bookmark: _Toc218595633]Figure 28 – Velocity Plot for EFP
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Jet. The pressure/velocity/mises sequences (Figure 7 - Figure 16) show a classic conical liner collapse and the emergence of a high velocity jet with a visible velocity gradient along the axis, consistent with jet–slug separation [10]. The jet-tip history (Figure 17) indicates rapid acceleration within the first ~10–20 µs of the event. These trends are qualitatively consistent with shaped charge jet formation physics.
The pressure frames show a focused high‑pressure region sweeping the liner toward the axis, with subsequent jet emergence. The von Mises and velocity fields imply a strong axial velocity gradient (tip faster than tail), which is the driver for elongation. As expected, a higher equivalent plastic strain is localised near the apex and along the jet.
EFP. The pressure and deformation frames (Figure 18 - Figure 27) depict inversion into a single coherent projectile (no obvious tensile necking or early breakup in the plotted timeframe), and the tip velocity trace (Figure 28) shows a much lower terminal velocity than the jet case, qualitatively in the expected “slug like” regime [11].
The sequence shows a global inversion with much lower axial strain gradients, consistent with forming a single coherent slug rather than a stretching jet.
The simulations demonstrate distinct liner behaviours driven by geometry. In the 45° configuration, the liner collapses into a continuous jet exhibiting a pronounced axial velocity gradient, indicative of hydrodynamic stretching. Stress localisation is concentrated near the apex and along the emerging jet, with the jet tip accelerating rapidly during the first 10–20 µs before approaching a quasi-steady velocity. Conversely, the EFP design (5°) undergoes global inversion, forming a single, cohesive slug-like projectile. Its velocity history remains significantly lower than that of the jet case, and strain localisation is minimal, suggesting an absence of early tensile failure within the observed timeframe. Overall the results are within commonly reported ranges and are behaving as seen in supporting literature. 
[bookmark: _Toc218595597]3D Study. 
The 3D study focuses on extending the shaped charge jet simulation from a 2D axisymmetric model to a full three-dimensional representation of the 45° liner configuration. The aim is to capture spatial evolution of jet formation and demonstrate Abaqus’ capability for transient 3D simulations under extreme conditions (high strain rates, shock pressures), again using JWL EOS for detonation products, Mie–Grüneisen EOS for shock compression and Johnson–Cook for plasticity and failure.
Symmetry constraints were applied along the Z-axis to reduce computational cost while maintaining physical fidelity (Figure 30) and a refined mesh was applied to the liner region to capture deformation accurately (Figure 32).
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[bookmark: _Toc218595634]Figure 29 –  3D Jet Design
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[bookmark: _Ref218593789][bookmark: _Toc218595635]Figure 30 – 3D Jet Load / Boundary Condition / Asymetrix in Z Axis
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[bookmark: _Toc218595636]Figure 31 – 3D Jet Material Selection
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[bookmark: _Ref218593802][bookmark: _Toc218595637]Figure 32 – 3D Jet Mesh
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[bookmark: _Ref218593937][bookmark: _Toc218595638]Figure 33 – S.Pressure Time Stamp 1.0398E-07
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[bookmark: _Toc218595639]Figure 34 - S.Pressure Time Stamp 5.0153-07
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[bookmark: _Toc218595640]Figure 35 - S.Pressure Time Stamp 1.0015E-06
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[bookmark: _Toc218595641]Figure 36 - S.Pressure Time Stamp 1.5016E-06
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[bookmark: _Toc218595642]Figure 37 - S.Pressure Time Stamp 2.0016E-06
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[bookmark: _Toc218595643]Figure 38 - S.Pressure Time Stamp 2.4032E-06
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[bookmark: _Toc218595644]Figure 39 - S.Pressure Time Stamp 2.5016E-06
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[bookmark: _Toc218595645]Figure 40 - S.Pressure Time Stamp 4.9002E-06
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[bookmark: _Toc218595646]Figure 41 - S.Pressure Time Stamp 7.0002E-06
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[bookmark: _Ref218593940][bookmark: _Toc218595647]Figure 42 - S.Pressure Time Stamp 8.0002E-06
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[bookmark: _Ref218594035][bookmark: _Toc218595648]Figure 43 – S.Mises Time Stamp 3.0020E-06
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[bookmark: _Toc218595649]Figure 44 - S.Mises Time Stamp 3.5002E-06

	[image: ]
[bookmark: _Toc218595650]Figure 45 - S.Mises Time Stamp 5.0010E-06
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[bookmark: _Toc218595651]Figure 46 – 8.0002E-06

	[image: ]
[bookmark: _Toc218595652]Figure 47 - S.Mises Time Stamp 1.1000E-05
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[bookmark: _Toc218595653]Figure 48 - S.Mises Time Stamp 1.3300E-05
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[bookmark: _Toc218595654]Figure 49 - S.Mises Time Stamp 2.3800E-05
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[bookmark: _Ref218594040][bookmark: _Toc218595655]Figure 50 - S.Mises Time Stamp 2.5800E-06
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[bookmark: _Ref218594076][bookmark: _Toc218595656]Figure 51 – 3D Jet Tip Velocity Plot



[bookmark: _Toc218595598]3D Study Results
Figure 33 - Figure 42 show sequential pressure contours during detonation. The detonation wave sweeps through the explosive, driving the casing outward and showing where the simulation predicts failure of the material. Figure 43 - Figure 50 present von Mises stress fields, highlighting localised stress near the liner apex and along the forming jet. The deformation sequence indicates a clear axial collapse and elongation, consistent with hydrodynamic jet formation. The velocity plot (Figure 51) confirms rapid acceleration of the jet tip within the first ~10–20 µs, similar to the 2D case but with added spatial complexity. The jet tip velocity is high and exhibits a gradient along the axis, driving elongation and the persistent tip‑faster‑than‑tail profile aligned with foundational shaped‑charge theory and historic experiments showing a strong axial velocity gradient as the necessary condition for jet stretching and breakup timing [12]. Stress and strain localisation are concentrated near the apex, validating the Johnson–Cook model’s role in capturing thermal softening and strain-rate effects.
Using JWL to represent detonation products’ behaviour is consistent with industry practice and captures the high pressure early expansion plus the late gas like regime. The accuracy of liner collapse and early jet velocity is sensitive to the selected JWL constants and detonation model, as emphasised in the detonation modelling literature. Peer reviewed discussions on EOS modelling of detonation products and shock compression underpin this approach [13].
[bookmark: _Toc218595599]3D Simulation with Smoothed Particle Hydrodynamics. 
Smoothed Particle Hydrodynamics was included in a final simulation (Figure 52 - Figure 62), though problems arose with the simulation crashing multiple times. The liner was redesigned and re-meshed so the SPH could be applied to the leading section of the conical liner only to reduce computational demand. Some unexpected behaviour was witnessed resulting in a failed simulation. On review of available literature, SPH offers promise for handling large deformations but requires stringent calibration to avoid instability and careful domain partitioning [14].
[bookmark: _Toc218595600]Conclusion
The simulations confirm that liner geometry is a primary determinant of shaped charge performance. The 45° conical liner produced a classic stretching jet with rapid acceleration and pronounced velocity gradients, consistent with hydrodynamic penetration theory. Conversely, the 5° liner formed a stable slug-like projectile with minimal strain localisation, aligning with EFP design principles. The integration of JWL, Mie–Grüneisen, and Johnson–Cook models enabled accurate representation of explosive behaviour, shock compression, and material plasticity under extreme conditions. Transitioning from 2D to 3D modelling captured spatial complexities and reinforced the validity of axisymmetric assumptions for preliminary design. While Smoothed Particle Hydrodynamics showed potential for handling severe deformations, instability issues underscore the need for further calibration. Overall, this work demonstrates the effectiveness of Abaqus/Explicit for shaped charge analysis and provides a foundation for future optimisation of miniature charge designs for defence applications
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[bookmark: _Ref218595021][bookmark: _Toc218595657]Figure 52 – S.Pressure Time Stamp 9.9000E-06
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[bookmark: _Toc218595658]Figure 53 – S.Pressure Time Stamp 1.0400E-05
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[bookmark: _Toc218595659]Figure 54 – S.Pressure Time Stamp 1.1500E-05
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[bookmark: _Toc218595660]Figure 55 – S.Pressure Time Stamp 1.3143E-05
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[bookmark: _Toc218595661]Figure 56 – S.Pressure Time Stamp 1.5700E-05 Simulation terminated as it was showing the liner acting unexpectedly after 3 hours of running.
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[bookmark: _Toc218595662]Figure 57 –Updated part and applied SPH to top part of liner only.
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[bookmark: _Toc218595663]Figure 58 - Updated Assembly
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[bookmark: _Toc218595664]Figure 59 - Updated Mesh with SPH at 1.8E-5
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[bookmark: _Toc218595665]Figure 60 – S.Pressure Time Stamp 1.8000E-05
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[bookmark: _Toc218595666]Figure 61 – S.Pressure Time Stamp 1.8100E-05 SPH invoked, Top part of liner still behaving unexpectedly, with jet not forming.
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[bookmark: _Ref218595024][bookmark: _Toc218595667]Figure 62 – S.Pressure Time Stamp 1.8547E-05 Simulation Terminated
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