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Abstract
This study analysis how variations in the internal cone angle of a shaped‑charge liner influence jet formation, deformation behaviour, and overall performance using numerical modelling in Abaqus. Shaped charges rely on the controlled collapse of a metal liner under explosive loading to generate a high‑velocity jet capable of penetrating dense materials. While material models for liner metals and explosives are well established, the geometric optimisation of the liner remains a critical design parameter. Two alternative cone angles—33.69° and 25°—were modelled and compared against reference geometries to assess their effects on velocity, strain, and stress evolution during collapse.
Axisymmetric 2D simulations showed that both designs produced high‑velocity jets between 9,000–9,600 m/s. However, the 33.69° configuration demonstrated a more coherent and stable collapse, characterised by a concentrated plastic‑strain region, smoother stress‑time response, and a more uniform velocity gradient. Although the 25° design achieved a slightly higher peak velocity, it exhibited reduced jet mass and greater instability, indicating lower practical effectiveness. Mesh refinement and adaptive meshing attempts highlighted the limitations of purely Lagrangian formulations, with excessive distortion and node overlap frequently causing simulation failure.
A 3D extension of the model revealed additional challenges, including mesh‑density constraints, boundary‑condition inconsistencies, and overclosure at material interfaces, preventing full jet formation. Smooth Particle Hydrodynamics (SPH) was explored as a mesh‑free alternative and successfully produced a small jet–slug structure, though with reduced velocity and incomplete simulation progression.
Overall, the findings show that moderate reductions in cone angle significantly influence shaped‑charge performance, with the 33.69° design offering the most mechanically efficient behaviour. The study also highlights the need for advanced numerical techniques—such as coupled Eulerian–Lagrangian or fully Eulerian formulations—to accurately model extreme deformation and jet breakup in future work.
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[bookmark: _Toc51833421][bookmark: _Toc230261679]Introduction
A shape charge is an explosive configuration which concentrates large amounts of energy in one direction and has multiple applications in the military and industrial demolition space- these devices are used for cutting and penetrating aerial, land and even underwater targets [1]. Figure 1 depicts a generalised design of a shape charge consisting three of the main components which upon detonation have the capability of penetrating through extremely tough materials. 
[image: Diagram of a copper cone liner

AI-generated content may be incorrect.]








Figure 1 - Shape charge configuration [1]
[bookmark: _Ref229139713][bookmark: _Ref227918669][bookmark: _Toc229938314]Figure 1 Figure 1- Shape charge configuration [1]



The cylindrical explosive charge has a hollow cavity and a metal liner which undergoes extreme plastic deformation upon detonation [2].  Figure 1 gives the example of a copper cone being utilised, the case can be made from different metals such as steel and aluminium depending on the intended purpose of the shape charge, a thicker steel would be more appropriate for producing fragmentation a thinner aluminium case would be utilised for the primary purpose is blast. The detonator is located at the opposite end of the charge to the liner and upon detonation the detonation point will produce a detonation shockwave which pushes the case out and constrains energy down towards the cone. The detonation will hit the apex of the cone causing it to invert and produce a high-speed jet capable of penetrating material at very high velocities.

[bookmark: _Toc230261680]History and contextual applications
The shape charge has various different contextual applications because of their capability to focus explosive energy with extreme accuracy and uses date back as far as World War I where it is proclaimed that they were used by the Germans [3].  Weapon and the mining industry focused their attention on the use of lined cavity shape charges following the research conducted by R.W Wood who discovered that a dimpled blasting cap produced a high velocity from a copper sheath [3]. The use of these Manroe bombs and shape charges grew in popularity in defence however, the civil industry overlooked key principles into how this capability could be utilised. For example, tests were conducted using the shape charge as a secondary blast tool to break materials apart- opposed to using it so punch a hole through tough materials [3]. The military applications continued to thrive and were used in World War II in anti-tank warfare the American Bazooka being an example of this capability [4].
Civil engineering also utilises the energy output produced from shape charges as it has the ability break apart rock and create long cracks in oil exploration [4]. Due to the lack of resources and inability to precure high brisance, high velocity explosives which were required in liner cavity charged the early investigations were deemed a failure [6].



[bookmark: _Toc230261681]Literature review -
When a shape charge is subjected to adequate stimulus such as heat, shock or friction [8] and has been provided with sufficient energy to cause detonation, a supersonic shockwave propagates through the explosive material with the evolution of heat and gas. The detonation wave hits the cavity of the liner causing it to collapse inwards forming a high velocity jet of metal [2]. The liner which originally behaves as a solid, due to the enormous pressure wave compressing it to from the detonation causes it to behave as a fluid. The Euler equations describe the conservation of mass, momentum, and energy in a compressible fluid [8]. 
Due to the complexity of modelling the behaviour of the shaped charge requires both fluid and material models. The products produced by the explosive are represented typically by thermochemical equations of state, to describe their pressure–volume–energy relationships. This contrasts to the behaviour of the metal liner which experiences high strain rate plasticity [9]. 
Therefore, employing Johnson-Cook (JC) stress model Equation 1, as well as Largranian allows for the deformation of the jet and the extreme distortion which is experienced by the liner to be captured. The Lagranian approach is used where each finite elements of mass of material distorts Another numerical method utilised is the Eulerian approach which is a completely different paradigm. It is a fixed mesh which never moves- the material moved through the fixed mesh. 


[bookmark: _Ref228034868][bookmark: _Ref227929914][bookmark: _Toc229938433]Equation 1 – Johnson-Cook Stress [19]

The Johnson-Cook model is utilised because it captures the different behaviours which occur in the metals- the model is able to represent how metals strengthen, stiffen, and then weaken as they deform rapidly, making it well suited for shaped‑charge liner collapse and other extreme‑rate applications.
In addition to the Johnson-Cook model, the simulation also used the Jones, Wilkins & Lee model to describe the expansion detonation products alongside the energy and pressure [15].


[bookmark: _Toc229938434]Equation 2 - The Jones, Wilkins & Lee model [15]
 

[bookmark: _Toc230261682]Design considerations 
From the literature review conducted it was apparent that the typical composition consisted of a steel casing, high explosive (HE) and a metal liner such as aluminium or copper [1]. There are multiple components which can be altered to maximise the performance from a shape charge. The aim of this paper is to explore the effect of altering the internal cone angle of the metal liner impacts the overall performance of the system opposed to changing the materials. 
Figure 2 - Shape charge geometry [1] depicts a geometric configuration for optimal performance with an internal cone angle of 45˚C following the research conducted in Sandia’s Shaped Charge Analysis Program (SCAP) [10]. 


[bookmark: _Ref228538332][bookmark: _Ref227920735][bookmark: _Toc229938315][image: ]Figure 2 - Shape charge geometry [10]
 A criticism from the conducted literature review, there is a lack of UK published shape charge design available. It is suggested that this is due to the sensitive nature of the use of shape charges as a system there are limited UK based research published into the effectiveness and performance. This research would have been more interesting if a comparison could have been made in the different approaches considered by multiple nations. However, due to the scarcity of UK‑based published research this was not possible.







[bookmark: _Toc230261683]Abaqus Parameters 
The material parameters displayed in Table 1 are for the JC material model- A, B and C are all linear coefficients - For this model it has no JC damage parameters have been used. Table 2 displays the material properties for HMX which is the explosive fill being used in these designs.
[bookmark: _Ref229244710][bookmark: _Toc229938342]Table 1 - Material parameters [11,12]
	Material 
	A
(MPa)
	B
(MPa)
	n
	m
	C
	Ρ
(
	E
(GPa)
	V
	
	

	Magnesium 
	172
	360.73
	0.45592
	0.95
	0.092
	1780
	45
	0.34
	293k
	922k

	Steel
	305
	600
	0.234
	1
	0.013
	7850
	210
	0.27
	293k
	1733k


[bookmark: _Ref229244704][bookmark: _Toc229938343]Table 2 - Material properties for HMX [13,14,15]
	Ρ
(
	Velocity for detonation 
(
	A
(GPa)
	B
(GPa)
	R1
	R2
	ω
	Pre- detonation bulk modulus 
(GPa)
	Detonation energy density 
(

	1891
	9110
	778.28
	7.0714
	4.1
	1
	0.3
	12
	5526000



No Johnson Cooke damage parameters were implemented in this modelling this would remove the distorted elements, and the jet formation would not have been visualised.


[bookmark: _Toc230261684]Abaqus - 2D designs
The design of a shape charge can be divided into three main components; the casing, the HE main charge and the metal liner. The materials of choice are steel for the casing, HMX for the explosive fill and magnesium for the liner. All parameters for these materials are displayed in Table 1 and Table 2. To reduce the computational time of the simulation this study has utilised the plane of symmetry as the Abacus visualizer allows you to reconstitute using mirroring. This means by sketching 180˚ of the part as seen in Figure 3 can mirror the illusion of a full 360˚ part, this is important to help reduce the amount of meshing required. 
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[bookmark: _Ref228195815][bookmark: _Ref228195809][bookmark: _Toc229938316]Figure 3 - Design 1 liner sketch
From the research conducted by Phillip Muligan suggests that the optimal internal angle for the liner Is 45˚ [10] as seen in Figure 2. The angle was reduced to 33.69˚ (Figure 3) to analyse the effect on the velocity, pressure and also stress rates which were achieved below what research has proven produces an effective shape charge.
The first meshing approach was using quadrilateral elements which have a node at each vertex as well as the middle of each side. As seen in Figures 4.1 shows a global mesh being applied focusing a finer mesh for the HE and the liner opposed to the casing.
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[bookmark: _Ref228988664][bookmark: _Toc229938317]Figures 4.1 & 4.2 - Meshing comparison
Due to the simplicity of mesh, the simulation was able to run to completion. A well‑defined velocity gradient characteristic of jet formation was observed from the liner with a considerable amount of mass opposed to just a singular element as seen in Figure 5. The velocity at the tip of the jet reached 9100 m/s and displays the expected jet shape observed in literature. Figure 6 depicts a jet formed from a shape charge which was considered to have the optimal parameters previously discussed and observed in Figure 2. 

[image: ]
[bookmark: _Ref229241241][bookmark: _Toc229938318]	Figure 5 Velocity gradient
When comparing the velocities achieved between the reduced internal angle and the results achieved by Phillip Mulligan where the charge also reached 9000 m/s. It was apparent that the reduction in angle did not negatively affect the velocity which was produced. It is important to note the comparable data results were based on a physical trial consisting of slightly different compositions where other contributing factors were measured, such as stand of distance (SOD). This report focuses on the mathematical based simulation where the SOD was not applied and will not be mentioned further.
[image: ]
[bookmark: _Ref229245220][bookmark: _Toc229938319]Figure 6 -'optimal' SC jet velocity gradient [10]

It was determined that a more sophisticated mesh was needed to accurately run the simulation. Refinements were made to the mesh, one of which was introducing a graduated mesh with a bias to reduce the mesh size of the HE which is in close proximity to the vortex of the liner. This is because the vortex is where the detonation will be hitting the liner first. This means a high resolution is required in that area and less time was spent on the peripheral areas such as the casing which can be seen in Figures 4.2.
[image: ]Once the meshing refinements were implemented a new simulation, however the job did not run to completion due to excessive distortion being experienced by the elements in the liner when the detonation wave hits the vortex of the liner. Upon further inspection on the mesh of the liner on the boundary of the HE there were nodes overlapping as seen in Figure 7 which was causing the simulation to abort prematurely for these resulted refer to Appendix A.
[bookmark: _Ref229247866][bookmark: _Ref229564930][bookmark: _Toc229938320]Figure 7 - Overlapping nodes


Figure 8 shows pressure time graph, where a classic transient shock wave peak is observed. The near-vertical rise to an extreme high pressure peak indication the exact moment of detonation. This is then followed by a series of dampened oscillations demonstrate the materials stress waves reflecting following the initial shock front has passed. This loses energy through the plastic deformation.
[image: A screen shot of a graph

Description automatically generated][bookmark: _Ref229330138][bookmark: _Toc229938321]Figure 8 - Pressure graph

[bookmark: _Toc230261685]Reduced internal angle of liner 
Following on from the intial design achieving a very healthy result, it was decied to further reduced in internal angle of the liner to 25˚ as seen in Figure 9 and compare the achived results.  All of the other material parameters remain identical to the intial design in Figure 3. When generating the second design the boundary conditions wasn’t defined correctly through line of symmetry. The reference points were correlating to original 2d design so the programme unable to mirror the shape correctly.

[image: A computer screen shot of a blue grid

Description automatically generated][bookmark: _Ref229331376][bookmark: _Toc229938322]Figure 9 - Design 2 sketch

[image: A computer screen shot of a blue and green line

Description automatically generated]The reduced internal angle of the liner sucessfuly produced a significant velocity gradient compartive to the first design in Figure 5.  The velocity at the tip of the jet reached 9600 m/s which is marginally faster however there is less mass in the jet and possess the ‘optimal’ shape demonstrated Figure 6 which has been discussed in the literature review.

[bookmark: _Toc229938323]Figure 10 - Velocity gradient D2
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[bookmark: _Ref229652207][bookmark: _Toc229938324]Figure 11 - Design 1 Velocity difference 
Figure 11 demonstrates the velocity from the tip of the jet formed and the back of the jet. The two nodes which reach a higher peak velocity demonstrates a smooth transfer of energy from the HE into the liner. The nodes with the lower velocities depict the energy which Is reflected is less stable during the deformation of the liner.
[bookmark: _Toc230261686]Comparison of 2D designs
When evaluating the two alternative designs it has allowed for the accurate comparison of variations experienced in the velocity, stress, and strain rate upon detonation whilst ensuring the material parameters remained identical- thus not a variable for consideration in the results. In this section the design responses from the simulations will be compared, allowing for the design which provides a superior mechanical behaviour to be identified whilst understanding the limitations experienced.
 Figure 12 depicts the velocity- time curves for both designs – The 1st design (red) experiences high peak velocity with a sharper rise that the second design (blue). Thus, indicating this shape charge allowed for a more efficient transfer of detonation energy into the liner. In contrast, the blue curve rises more slowly and peaks slight later and reaching a marginally higher peak velocity this will directly impact the quality of the jet formation and also penetration abilities- however there isn’t a large difference in the velocity output.
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[bookmark: _Ref229651511][bookmark: _Toc229938325]Figure 12 – Velocity comparison
When selecting the nodes for these comparisons it was identified that picking the exact same node in both designs would not be an acceptable comparison.   Appendix B depicts the location of the nodes which were selected to be used for the comparison and subsequently formed part of the tip of the jet.
Below it can be observed in Figure 13 the first design in Figure 13.1 exhibits a tighter region of high plastic strain, forming a concentrated red zone. This suggests that the deformation is being channelled into a very narrow path upon collapse. The second design in Figure 13.2 shows a broader spread with the 
[image: A computer screen shot of a computer program

Description automatically generated]strain rate regions being distributed over a larger area. This again indicates that the 1st design is more efficient. [bookmark: _Ref229651773][bookmark: _Toc229938326]Figure 13.1 & 13.2 - Max principal comparison

The strain–time graph in Figure 14 below reinforces this interpretation. The red curve (Design 1) reaches its peak strain earlier and rises more sharply, showing that this design undergoes faster and more intense deformation at the measured node. The blue curve (Design 2) increases more gradually and reaches a slightly lower plateau, indicating a slower, less concentrated collapse. Both curves eventually level off, but the timing and steepness of the red curve demonstrate a more aggressive and energetically efficient response.





[image: A screen shot of a computer

Description automatically generated]The jet is plotted in Figure 15 is referring to the stress action faces perpendicular to the y‑axis and directed along the y‑axis. The left jet Figure 15.1 shows a more continuous and concentrated S22 distribution along its length, indicating a more coherent, stable jet and a smoother, more symmetric liner collapse. The right jet Figure 15.2 however, exhibits a more irregular S22 pattern with stronger local variations, suggesting higher instability, earlier jet breakup, and a less efficient collapse. This contrast in S22 fields highlights that the left design is mechanically better optimized for penetration than the right.[bookmark: _Ref229742233][bookmark: _Toc229938327]Figure 14 - Strain comparison
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[bookmark: _Ref229656543][bookmark: _Ref229656530][bookmark: _Toc229938328]Figure 15.1 & 15.2 - S22 comparison
The stress-time graph in Figure 16 depicts that both designs undergo a uniform liner collapse and stable jet elongation. However, the first design presents a more coherent stress distribution throughout the jet. This contrasts to the second design where there is greater fluctuation, this does suggest that the liner deformation is slightly uneven and has more instability.
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[bookmark: _Ref229656503][bookmark: _Toc229938329]Figure 16 - S22 time graph
The most obvious finding to emerge from the analysis Is that the first design demonstrates a more efficient and uniform liner collapse. All three data sets discussed: velocity, strain and stress show the same trends. The velocity achieved from the first design even though is marginally lower as seen in Figure 11 – The second design achieves a higher velocity slower and is more sporadic in comparison. This encompassed with an uneven strain rate experienced in the liner and also more abrupt fluctuation in the stress values suggests that the first design would be a more effective shape charge in terms of penetration and efficiency.
[bookmark: _Toc230261687]Adaptive meshing 
In both designs it was apparent that the refinement of the mesh was detrimental to the simulation and without an effective mesh the job aborts and results cannot be visualised. This is because as the mesh excessively distorts which occurs when materials undergo rapid deformation [18]. Arbitrary Lagrangian Eulerian (ALE) adaptive meshing is a technique that can be applied to a simulation just before it crashes to try and disentangle the distorted tetrahedron based on their distortion, not where they are needed, but where they are getting distorted. This occurs by selecting multiple nodes where elements distort and all share a common node, and it is moving the node so that the triangle is more equilateral around it [16]. When a node is moved, the location of the material is also moved so the mesh can be disentangled before the magnesium liner, and its material is relocated the corresponding elements.
[image: ][bookmark: _Ref229656813][bookmark: _Toc229938330]Figure 17 - motion of mesh with different methods [16]

Figure 17 provides a visual representation of the motion of mesh and the material with different methods. ALE is similar to lagrangian, as it allows the Advection concept of mass moving through a mesh but only when is necessary, typically used on conical liner (adaptive domain) but sometimes the HE also excessively distorts. This differs from Eulerian as the nodes remain fixed and the material passes through the mesh which will prevent the mesh from disporting but reduces things like the velocity experienced on the liner [17].
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[bookmark: _Ref229657024][bookmark: _Toc229938331]Figure 18 - ALE Job abortion
When ALE was implemented for the first design excessive distortion still occurred cause the job to abort prematurely as seen in Figure 18. Upon some further investigation, it was discovered that the issue with over lapping notes previously seen in Figure 7. The adaptive algorithm is trying to remove these nodes, but then it is realising It is going from one material to the other is conflicting with the contact between the contact pair between the HE and the liner.


[bookmark: _Toc230261688]Abaqus – 3D design 
Following on from the completion of the 2D designs, the decision was made to use the initial design and turn this into a 3D simulation. This was done by coping the 2D design and then removing the parts, instances as well as the interactions which just relate to the 2D model.
 Linear nodes were utilised for this simulation opposed to quadratic, which are not as mathematically accurate. Even though liner nodes are as accurate it was necessary to do as the student version of Abaqus is limited to 250,000 and simulations wouldn’t run if this is exceeded.
Some issues which were encountered during the 3D modelling was the plain of symmetry could not be respected due to there being no associated boundary as these were previously deleted as they related to the 2D model. Also, due to the limitation in the number of nodes resulted in the original proposed mesh was too fine for the student package so had to be adjusted to account for this.
[image: A computer screen shot of a blue and white screen
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[bookmark: _Ref229660238][bookmark: _Ref229660234][bookmark: _Toc229938332]Figure 19 - 3D design failure
Although the liner mesh size was reduced, boundary condition issues persisted  because this was not specified to be constant in the Z plane and also the materials were only contact with everything as well as excessive distortion seen in Figure 19.  One possible reason to this is as the detonation wave hits the liner the difference in the coarse, HE mesh and the fine liner is causing them to distort excessively due to the drastic change in meshing density.
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[bookmark: _Ref229663248][bookmark: _Toc229938333]Figure 20 - 3D Detonation wave 
Once the changes were made the simulation was able to run up until the point where the detonation wave touches the vortex of the liner as demonstrated in Figure 20, but wasn’t unable to proceed further because error message relating to overclosure and excessive distortion, which  is likely to be caused by issues with the mesh alignment. This means that when the compression wave hits the boundary, it is reflected as a tension wave which is forcing expansion of the liner. And that small tetrahedral element is penetrating the HE, causing overclosure due to the reflected tension stress that's there once the detonation wave hits it.

[image: A computer screen shot of a blue and green object

Description automatically generated]Another attempt to counteract these issues was by adding artificial viscosity so a detonation wave going through high viscosity broadens out the detonation wavefront to apply it more gradually than the sharp step change. The energy passing through the HE remains the same the detonation wave is just spread out. The boundary conditions were also changed to have primary and secondary surface to surface contact from the outside surface of the cone to the inside of the HE liner. The meshing size of the HE was also reduced to ensure that the meshing of the different components match up correctly at the contact points.
[bookmark: _Ref229733326][bookmark: _Toc229938334]Figure 21 - 3D Simulation
Following the implementation of the above changes, Figure 21 depicts the results. This is showing the formation of the jet occurring and peak stresses reaching  Pa. It is observed that the HE is breaching the boundary condition of the liner, another angle can be seen in Figure 22. Circled in Figure 21 is a slight gap between the case and the liner which is allows for the explosive gas product to leak out. 
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[bookmark: _Ref229733887][bookmark: _Toc229938335]Figure 22 - 3D HE boundary breach
[image: A screenshot of a computer

Description automatically generated]This result is interesting because if the HE explosive gas was only leaking from these highlighted points this would have been a very valid result. However, as seen in Figure 22 the contact of the liner is being violated all away the charge- This model is attempting to model the leaking of He products and is forcing them through the liner as the liner has stayed in contact with the case.
[bookmark: _Ref229736216][bookmark: _Toc229938336]Figure 23 3D strain- time graph

Similarly to the 2D design results, Figure 23 show a steady increase in the strain rate as deformation of the liner occurs. The difference in the strain experienced from the nodes in the tip of the jet as well as the back of the slug.
[bookmark: _Toc230261689]Smooth Particle Hydrodynamics 

Smooth particle hydrodynamics (SPH) is a mesh free technique which can be used to model fluid-structure interactions and large deformations [18]. As a mesh stretches and elements will distort and potentially crash the simulation. SPH converts highly distorted tetrahedral elements into particles, the interaction with the other materials and the liner are still there. Switching to SPH is done just before the tetrahedral mesh element gives up.
The first simulation used the same mesh which was previously used for the 3D simulation-the mesh from the HE and in the liner was slightly overlapping at the boundary causes job to abort as seen in Figure 24 as the particle distribution wasn’t correct. 
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[bookmark: _Ref229737733][bookmark: _Toc229938337]Figure 24 SPH Abortion
Based on this the mesh was changed to a global seed, and any graduations were removed in the HE mesh to mirror the mesh of the liner. The size of the mesh was also reduced to mirror the mesh in the liner, so it is more fluid as seen in Figure 25.
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Description automatically generated][bookmark: _Ref229738396][bookmark: _Toc229938338]Figure 25 - SPH meshing

[image: A computer screen shot of a colorful bird

Description automatically generated]The simulation was not able to run to completion; however, a small jet- slug structure was produced as seen in Figure 26 with the velocity achieved 4295 m/s at the tip of the slug.[bookmark: _Ref229738937][bookmark: _Toc229938339]Figure 26 - SPH velocity gradient

[bookmark: _Toc230261690]Comparison of 2D vs 3D Design 
When comparing the 2D and 3D designs it was assumed that the 3D model with the additional pressure which would make the liner go faster due to Hooks law however, this could be due to a dimensionality issue. It is important to caveat this could be down to tetrahedral mesh being stiffer than the 2D equivalent even for the same material. Also as previously mentioned a quadrilateral mesh is more mathematically accurate because it gives you a better structural behaviour in comparison to the equivalent of two tetrahedral meshes. This is because of the shape of the mesh itself it cannot accurately capture the same displacement stress.
In Figure 27 both the 3D and 2D designs experience extremely high plastic strain rates in excess of 1 for the majority of the jet- the 2D model having significantly higher strain rated experienced which can be explained by the difference in the accuracy of the mesh. This is important because it means that the material has undergone more than 100% deformation (the elongation of the material is double its original length)- in reality the magnesium would have fracture way before this point when undergoing the deformation.
 It is known that the material would have already fractured before this point because copper, the most ductile material will facture when elongation reaches 0.6. If Johnson Cooke damage parameters were introduced in this modelling this would remove the distorted elements and the jet formation would not have been seen. However, when looking at the plastic strain values they indicate that If a more sophisticated damage model the jet would break up which is what is observed in physical experiments.
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[bookmark: _Ref229739939][bookmark: _Toc229938340]Figure 27 - 3D vs 2D PE comparison
[bookmark: _Ref229740852][image: A computer screen shot of a computer program

Description automatically generated]When also comparing the velocity for the 3D and 2D designs as seen in Figure 28, the 2D produces velocities which are a lot higher, with a larger jet also being produced. The explanation for this again relates to the mesh and the mathematical accuracy. For comparison of velocity graph please see Appendix C.
[bookmark: _Toc229938341]Figure 28 - 3D vs 2D velocity gradient

[bookmark: _Toc230261691]Conclusion 
The study set out to analyse the effects of altering the internal cone angle of a shape charge liner and how this influences the jet formation alongside the overall performance using numerical modelling Abaqus. This was done by the comparison of two different 2D designs exploring the effects of ALE meshing and if this increased the accuracy of the simulations.  The most obvious finding to emerge from this study is that the 2D designs provided the clearest more reliable results. When comparing the reduced liner angles of 33.69˚ and 25˚ demonstrated that both alternative designs were able to generate high velocity jets with peak velocities ranging between 9100-9600 m/s. The achieved velocities are comparable to those achieved in  the documented literature. However, when comparing the stress and strain results it has revealed that the 33.69˚ design produced a more stable and energetically efficient liner collapse. This design had a very concentrated plastic- strain and a smoother stress time graph indicates that this design would have great performance properties. It is noted that the 25˚ design had a marginally higher peak velocity, there was less mass in the jet and some instabilities observed with the deformation of the liner.
There were multiple attempts made to refine the mesh, and adaptive meshing was also introduced. However, this highlighted the difficulty of modelling shape charge deformation when focusing on purely Lagrangian methods. Excessive distortion, node overlap, and contact instabilities repeatedly caused simulations to abort, underscoring the limitations of standard meshing approaches for problems involving extreme plastic flow. 
The transition to a 3D model further amplified these issues due to mesh density constraints, boundary‑condition complexities, and overclosure at material interfaces. While partial jet formation was achieved, the 3D model consistently failed at the moment of liner collapse. Upon reflection, providing there was more time a more sophisticated meshing strategies or hybrid Eulerian–Lagrangian methods would be required for a fully stable solution to more accurately model this complex problem.
The SPH approach was explored which demonstrated a mesh‑free alternative capable of handling large deformation, successfully producing a small jet–slug structure. However, the reduced jet velocity and premature termination of the simulation indicate that further refinement of particle spacing, contact definitions, and transition criteria is needed before SPH can replicate the fidelity of the 2D Lagrangian model.
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[bookmark: _Ref229247964][bookmark: _Toc230261693]- Refined mesh D1 results

[image: ]Below depicts the shape charge undergoing rapid deformation, the mesh elements are being stretched and compressed passed their stable limits causing the simulation to crash. The simulation is attempting to model the deformation correctly however; due to the limitations of the mesh, it has resulted in extreme distortion occurring.

[bookmark: _Ref229651665][bookmark: _Toc230261694]- Node selection 
[image: A screenshot of a computer

Description automatically generated]As seen below the circle nodes indicate the node which has been used in the comparison. Even though they are numerically different they are situated in the same position in their individual models making it appropriate to use them in a comparison.







[bookmark: _Ref229937257][bookmark: _Toc230261695]– 3D vs 2D graph comparison 
[image: A screenshot of a computer

Description automatically generated]The peak velocities achieved in the 2D Model (blue) in comparison to the 3D (red) are significantly higher, it is suggested that this could be down to the more sophisticated quadrilateral mesh which was implemented allowing for the energy to transfer from the HE to the liner more fluidly in comparison to the 3d model. The 3D model has a wider curve and a lower peak velocity which is a reflection of the simplistic tetrahedral mesh and contact complexities which were experienced.
To improve the accuracy of the results, if time allowed it would be desirable to refine the 3D meshing further and also have the ability to use a commercial license which would remove the burden of limited number of nodes when meshing.


image1.png




image2.jpeg
Detonator —>]

Casing

Copper
Cone
Liner

Standoff
Distance
(SoD)

| TARGET PLATE





image3.png
EXPLOSIVE

D

Front

Detonatiol

TARGET

Ay





image4.png
[E File Model Viewport View Edit A Plug-ins  Help A7
FECETY e A REL
el |- Model Sketch: | liner2

Field Output Requests (1)
2 History Output Requests (1) L cident
Time Points oncentric
Bp ALE Adoptive Mesh Equallength
@G Interactions (1) 5 Equalradius
ied
tal
Equal distance
i s Parallel
] Constraints Perpendicular
B e Symmetry
@ F Fields
Py Amplitudes erticl
% Loads
@l ecs()
L Predefined Fields
By Remeshing Rules
BE Optimizstion Tasks
@I Sketches
4 Annotations
£8 Anslysis
@ & Jobs (1)

5 simuLia

0934

w A OHDG +135% A EIdx ENG 0o BR





image5.jpeg
@508

3] Verport 2 Mode Mods1 Sip ST

& simucin

O Type here o sesrcn € 7C oty A @ T 00 06

1033
s 9




image6.png




image7.png
Prsudocolor
Varvy
UnieY veiocity em/e)

225084005

450004005

575001005

900004005





image8.png




image9.png
< Abaqus/CAE Unoffciel Packaging Version - Mode! Databese: C:\Ellie Mishape.charge-fnal.coe [Viewport: 1]

® o
FEmE ] s s

Mot Vespor iew et Pt simwe Fepont Optors Toss Piagin Hp X

e 1] e @ v

v

L y-h AR~ U@ 9090 »w e 3.2 2 Vosateston actouts 1| 9
e e ] ot vt ] PRI -1e)
e
\
\
|
\
: /M
/o
D
ois st sor ahe o wiom el

o sty B

Y - e

# smouia




image10.png
2 simutia

& oC lgnen A D0 B




image11.jpeg
Sl v 2 N ) S P Vtision cetaats |

Mocek [ e ot || WA bW s B0

v, wagniue

o8 sobLot Ahanhs/&whmuncfﬂ:u\va:klgmgLevsmn FrFob 20 10:85:49 GMIT Standard Time 2026

Ste0 Step-1
ernenl | 26 sap Tne = 100004
Frmary var v, g

i

# smouia

e i & v inin A D6 DG e B




image12.png
S Abaqus/CAE Unofficial Packaging Version - Model Database: C:\Ellie M\shape.charge-final2D-design.cae [Viewport: 1]

& Fle Model Viewpot View Resut Plot Amimate Report Options Tooks Plugins Hep W2 S e
DEEA®E &) By v U magnitude M & ied @ o[ b @ L LD EEN v OwsRl@TT79: 0 @K &.B Visuazaton defautts || ) -
Model Results Module:[£ Visualzation ] Modek [ C/ElleM/iob-1.0d0 KA | BD
Session Data g iedl
& Output Databases (1) i ! i ! i
& Model Database (1)
B Spectrums ()
B XvPlots (1)
EH xvData (4) 10.0f 4
[L Paths
d Display Groups (1)
B Free Body Cuts
Streams
B Movies
B images s.0fF 4
2z eof 4
8
o
2
aof d
20t d
00 \ , \ , N
0.00 0.02 0.04 0.06 0.08 0.10 [x 1.e-3]
Time
~——  v:Magnitude PI: LINER2-1 N: 17
—— v:Magnitude PI: LINER2-1 N: 409
——— v:Magnitude PI: LINER2-1 N: 1354
—— v:Magnitude PI: LINER2-1 N: 1466

5 simuLia
Job Job-1: Absqus/Esplicit completed sucoessfully -
Job Job-1 compisted Successfuily
The nodel datebese hes besn Saved to "C:\Ellie M\shaps charge-finsl2D-design?.cas®
The temporasy XV data for the requested I7 data extzection has been created

13

H P Type here to search e, Light rain (B Gl




image13.png
File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help A7
DEE®E &) ey Uy M magnituce M & e @t bt b @ CWELEDTL EENND Y @ O K] Ry ) 5 Viswatzation acrouts |
Model  Results Module:[£ Visualzation ] Modek [ C/ElleM/iob-1.0d0 KA > B BHOD
Session Data v (2] Viewport 1 Plot XYPlot-1 SIEE| = Viewport: 3 Plot: XYPlot-3
& Output Databases (2) [x 1.e3] [x 1.e3]
Model Database (2) T T T T T T T T 1
0 Spectrums (7)
B8 XvPlots (4)
E8 XVData (8)
L patns 10.0]- 100
.4 Display Groups (3)
B Free Body Cuts
B Movies "y
& mages -
ol | ool Data Source
® Current session O Current ODE: Job-T.0db
Name Description
ViMagnitude Pl LINER-MG-1 N: 56 From Field Data: ViMagnitude at partin
V:Magnitude P LINER-MG-1 N: 434 From Field Dats ViMagnitude atpartin
2 ol 1 > 6o ViMagnitude Pl LINER-MG-1 N: 436 Magnitude at partin
g g oop iMagnitude P LNGRZ-1 156 Magrituce st parti
£ ] Magnitude Pl: LINER2-1 N: 409 Magnitude at part i
Magnitude Pl LINER2-1 N: 420 Magnitude at partin
Magritude Pl: LINER-MG-1N: 435 (Magnitude at part i
V:Magnitude Pl LINER2-1 N: From Field Dats ViMagnitude atpartin
4.0k 1
4.0k
4 Frame Selector X
Step-1
ool ] 5 Step- Step-1: 100
Pl or
00 L
0.00 0.2 004 0.6 .08 010 [x 1.e-3] 0o . . . . )
Time 0.00 0.02 0.0+ 0.06 0.08 010 [x 1.e-3]
——  V:Magnitude PI: LINER-MG-1 N: 434 Time
——  V:Magnitude PI: LINER2-1 N: 409 ——  V:Magnitude PI: LINER2-1 N: 409
=
25 simuLia
The temporary XV data for the requested XY data extraction has been created -
The tenporary XV data for the requested XY data cxtraction has been created
The tenporary XV data for the requested XY data cxtraction has been created

[ The tenporary X7 data for the requested XY data

H P Type here to search '~_

extraction has

been

created

C Mostly sunny





image14.jpeg
P iy N0
Slweavm e o aa r s setuts U]
Modek [ Crtiob 2o ] PREIEE -1 ]

0D8: -3 Abagus/Esplcit Unoffcial Packaging Version F1 Fob 20 11:55122 GHT Standird 0D5: 202 0t Abacus/Exphcit UnoffcalPackagng Verson  Tup Mar 17 11115108 GHT Stardard

 step stop-t
£ iiement  ssse: step Tine = 10000604

s simuuia

e : Qo A @ @w o0 B




image15.png
< Abaqus/CAE Unoffciel Packaging Version - Mode! Databese: C:\Elle Mishape.charge-fnal.coe [Viewport: 3|
5] Fie Mo Vespot Gew Beuk Pt fnimse Rapot Optors Too Pgins L K
DEESE &) e e S [ XA 8 AR M

T Vovaision adouts 1|
PRECIES -]

N ——

0 e e e

# smouia

Tho tensorery 4 dats

"





image16.png
ing Version - Model Database: C:\Ellie.M\shape.charge-final.cae
View Result Plot Animate Report Options Tools Plug-ins Help 7
Belpimary s s2 S a »owm $ e« 3 | - M

Mnd: Reruh: Module: [3 zation Model: |2, Ci/EllieM/Job-1.0db P BD

Session Data ¢ [ | (5] Viewport: 1 ODB: C:/Ellie M/lob-1.0db [Z] Viewport:3__ODB: C/ElleM/Job-

& Output Datab
@& Mode Datab L s, 522 s, 522

0 Spectrums () (hva: 75%) (Avg: 75%)
XVPlots (4) +4.500e+09 e 0ek 0]

+3.4582+09 y +3.4582+09

XData (44) +214170+00 +214170+00
+113750+00 +113750+00
+3.333e+08 +3.333e+08
~7.083e+08 ~7.083e+08
~17508+09 ~17508+09
~2.7926+00 ~2.7926+00
~3:8330+00 ~3:8330+00
48750400 ! 48750400
~5.9176+00 g ~5.917eg
~6.9588+00 ~6.958e+1
~8.0008+09 ~8.0008+09
~5.2680+00

0ODB: Job-1.0db  Abagus/Explicit Unofficial Packaging Version  Fri Feb 20 11:55:22 GMT Standard T 0ODB: Job-2.0db  Abagus/Explicit Unafficial Packaging Version  Tue Mar 17 11:15:04 GMT Standard

X
Hep: Step-1 Step: Step-1
Increment  5858: Step Time = 1.0000E-04 Increment  7826: Step Time = 1.0000E-04

i

5 simuLia

T 1057
@ 12°C Mostly sunny =R





image17.png
S Abaqus/CAE Unofficial Packaging Version - Model Database: C:\Ellie M\shape.charge-final.cae [Viewport: 2] -

[ Fle Model Viewport View Result Plot Animate Report Options Tooks Plugins Help A7 I
DEE®mE & berimny s Mmises M &l @ »oor e WL E EEEHIN ¥ O @I I T 0 @@ oK B Visualization defautts | ()
Model  Results Module:[£ Visualization ] Modek: [</C/ElieM/iob-20d0 KA > B BHOD
Session Data 7 o ool
% & Output Databases (2) T T T T o
Model Database (2)
@ 0 Spectrums (7)
@ B X¥Plots () o 1
@8 XVData (34)
[ paths
224 Display Groups (1
B Free Body Cuts
Streams
B Movies
& mages 5.b 1
» -10.F g
H
[
-1s.b ]
-20.f
0.0 0.2 004 0.6 0.8 0.10[x 1.6-3]
Time
—— 5:522 (Avg: 100%) PI: LINER-MG-1 N: 1182
—— 5:522 (Avg: 100%) PI: LINER2-1 N: 15
%
25 simuLia
The temporary XV data for the requested XY data extraction has been created -

The temporary 1Y data for the requested XY data extraction has been created
The temporary 1Y data for the requested XY data extraction has been created
The temporary XY data for the requested XY data extraction has been created v

H O Type here to search Partly sunny T D NG 0030





image18.png
—= [T
Eulerian





image19.png
B Bie Model Viewpor View Iob
LR

Model  Results

S5 Model Database

=4 Models (2)
2 Model-1
& model2
4 Annotations
S48 Analysis
@& Jobs (3)
g Adaptivity Processes
B Co-executions
X Optimization Processes

Error in job adaptnodell

Adeptivity Co-exccution Optimization Tools Plugrins Help ?

UBFO EE R

Model: [ Model1 ] Step: [ nitil

Type Status
Ful Analysis  Completed
Ful Analysis  Completed

Dismiss

The elements contained in element set ErrElemExcessDistortion-Stepl have distorted excessively

Job adaptnodell: Abaqus/Esplicit aborted due to errors
Abaqus/Explicit Analysis exited with an error - Please ses the status file for possible error nessages if the file exists

Error in job adaptnodell

[53] | Job adaptiodell aborted due to errors

H P Type here to search

+

4 adaptmodel1 Monitor

Job: adaptmodell Status: Aborted

Total WAL Step Stable Kinetic Total A
Time Time  Time Time Inc Energy Energy
319 21001505 2 21001505 49186208  136972e-07  142316es(

3 22014705 220147e:05 363087e-08  15TI7T3er07  142308es(
366 23037105 230371605 438362008 179719e+07  142207ex(
28 240004805 240004005 125919¢-08  2.02507e+07  142284es(
463 24613905 24613005 Teld 2171306407 142255e+( v,

< >

Step  Increment
2
2
2
3

Log {TEmors| !Wamings Output DataFile MessageFile Status File

The elements contained in element st ElemxcessDistortion-Step have distorted excessively.
There i only one excessively distorted element

T elements contained in element st EnlemxcessDistorion-Step have distorted excessivly.

‘Abaqus/Explicit Analysis exited with an error - Please see the status file for possible error messages i the
file exists.

Search Text

Textto find: [IMetchcase § Next § Previous

Dismiss

unny

-8 x

5 simuLia





image20.png
S Ble Model Viewpor View
LR
Mode | Resuts

Session Dats ’E

& Output Databsses ()
@& Model Database (3
@ [ Spectrums ()
@EH XVPlots (3)
@B xvData (3)
[ pathe
(524 Display Groups ()
& Free Body Cuts
B Streams
I Movies

B mages

Error in job nodeli-3d: The elements contained in elenent sst ErrElemExcessDistortion-Stepl have distorted excessively

Result Plot Animate Report Options Tools Plug-ins Help R? -8 x
Primary 1| Mmises M §ina @ o] i e KLETTL RN S HITT Q@ 0 K ) B F T visuotstion defautts | ()

= Visualuation = C/tlieM/model 3dodb 1] DRECIEY =1 ¢
oY

4 model1-3d Monitor - o x

Job: model1-3d Status: Aborted

Total WAL Step Stable Kinetic Total A
Time Time  Time Time Inc Energy Energy
88 13010905 S0 130109e05 253218e-08 168606  7.11666e-(

1
1 92 14004005 53 14004e05 28568508 200762e+06  7.11695e+(
1 1049 150015605 60 150015e-0S 75148e-09  2.57888e+06  7.11715es(
1
1

Step  Increment e

1121 16008505 65  160085e-05 1.19291e-08  3.14079e+06  7.11742es(
1205 16598405 70 165984e05  Te-ld 353057e+06  7.11802e+( v,
< >

Log !Eors !Wamings Output DetaFile MessageFile Status File

‘The elements contained in element set ErrElemExcessDistortion-Step1 have distorted excessively.

There s only one excessively distorted element

Search Text

Texttofinct | [IMatchcase § Next  Previous

Dismiss

5 simuLia

Job nodeli-3d: Abaqus/Esplicit aborted dus to errors
Error in job nodeli-3d: Abaqus/Explicit Analysis exited with an error — Please see the status file for possible error messages if the file exists

[53] | Job nodeli-3d aborted dus to errors

H P Type here to search

+




image21.png
Ele Model Viewport View Resut Plot Animate Report Options Tools Plugins Help N SIEIF

DEE® & vimary M|V M magnitude M &\ kea @ o] b ¢ LELED T (B AN 95 Visualzation defautts ] (5 "

Model Resuts Module: [2 Visualization 7| Modek [2 Cy/ElieM/model1-3d.0db 1 R
Session Dota g
&5 Output Databases (1)
5 Model Database (3)
@ [ Spectrums ()
B XYPlots
& xowa .| % modeil-3d Monit o x
L Pt 2| % modeit-3d Moritor - AVAVAVAVAVAVANZAVAVAVAVAVAVAVAVA)S)>
(5723 Display Groups (1) B b model-3d Satus: Aboted P SOOR0OK OO0
& Free Body Cut: i, | ot modelt-3d Satus: Aborte AR AN NSRRI
sy Cus . T [ WAL | sy | sude | Fmese | towt [ A KRR N T
& s step ement  TU Time  Tme  Tmemc  mew ey D S iy N
B o T e s [ 2 e e | s | Sosse Bk
B images TS 1s00Me0s 75 1600Me05 SAOKel0  3766e0s  TAISOIexd k< SR S
T e istmens | #s mren nmmew | Amsieds | Tnevied B ks RS
ki b ]
1 15 1905 615 1aSBe0S LT96G5e14  9960leel]  171Mder SN R RIREKR]
1 e leSeets 67 1eNe0  leM  4RRed  Jd0leiy S ﬁﬁ%ﬁe
< > S KRR
K] P
P A SSRRS
log !Erors !Wamings Output DataFile MessageFile Status File < D6 B g%%g
K LT KK
There are s total of 55 excessively distorted elements Q ésQXA YaVa) "”‘i’?‘l@&%&iﬁ» <§§§>
o
e clemertscontaind nclement st EnlemscessDitortion-Step! hve itored excesel . S ARA BB IR KRR
AVAY SN VAVAVAYY 5%
Seorch Toxt
N
Text to find: | [IMatchcase [} Next b Previous Egﬁg
2K
Dismiss "EM;;;; 455
St <§
=
>
<
<
%
ODB: modk
Z simuiia
Error in job nodsll 3. The slensnts contained in cloncnt set EreElenEscessDistortion Stepl have distorted exssssively B

Job nodell-3d: Abagus/Explicit aborted due to srrors
Error in job modeli-3d: Abagus/Explicit Analysis ewited with an error - Pleass see the status file for possible error nessages if the file exists
[53] | Job nodeli-3d aborted dus to errors

H P Type here to search + Mohamed Salah to le. 0 EN





image22.jpeg
e Ren Toos Pagins top K

Slwavm e

o crmmwsazod [ W s B0

RS

0081 39v20d  Abagus/Explc: UnofTicil Packaging Versien  Thu Mar 26 09¢16:11 GHIT Standard Time 2026
Ste0 Step-1

ncrament’ " 10906: Step Tima = 74001E-05

# smouia

= Ukinfaton remains.. A @ T30 6, 2 B




image23.jpeg
— Pogin: o N

WA e

et

8 0 (12
L pa

=T Doy

& v
W vois

B e T3300er00

00B: 342,000 Abaqus/Esplict Unaficial Paskaging Version  Thu Mar 26 05:16: 11 GHT Standard Time 2026

Stop: stop-t
Inclement ' 10206: Step Tine = 7.40018-05

& simmutia

B UK ofaionremais. s





image24.png
< Abaqus/CAE Unoffciel Packaging Version - Mode! Databese: C:\Ellie Mishape.charge-fnal.coe [Viewport: 1]
) e Mo Vespor Gew et

e RepotOptors Toss puagi Hép N

DO ESE & v U Tracomedl S wa b 5 ¢ LGN g AR~ 2 B vetionsions IS
o] v o e ] e rmemaes wa b s B0
St g v
& O Db ) 2
5 oD 1
0T o
o e
S o
G pane a0l
T
B Free Body Cuts
i
I wove:
-
20
1.0] ——  PE:Max Principal (4vg: 100%) PI
s e (v oo
Pevon ol (v 1009
Pt el Garg 100y 7
vkl (v oo
os T o ol v 100w 5
ot v o0y
T e el (g 00y
R
T et el (hrg. 00y
o} = = = % = e s61 | Peis ol G 005
s ool v 100w

[ The tensorery 4% st for the rajussiod 31 ot aatzastion has boon creatad

Ty © oo reretosean K2





image25.png
B o Ve o b by Gt G To Mg i X

CALBU BSOS HA bl

e ]

[ e

Tt (S P—

2 smaunin




image26.png
3 Abaqus/CAE Unofficial Packaging Version - Model Database: C:

shape.charge-final.coe [Viewport: 1 - o %
1 Ble Mosd Viwon View Seed Mgh Adsoiiy Fewe ook Plgins Hop A

PETTIY) EEBS e E = .

ey

ORI
RSSKKN]
KR
Rk

v
O

N>
PSS SORRESE
K SERSNORK,
S RLRRE
OIS
RSB,
NSy
SN
A VAVAVASTAVAS
g yza = NAVASSAS S WAVAVAN
SOOI 8
”‘v‘r‘ag;:‘%'é%gs SNCOORA
&
RO
ISR
S SN\ VAVAVAVAY)
PO ARSI NN
SRR

AN v aVAN AT AN AN AN ANAVAS Y

]
FRA

-
<A
\/
%

& simmutia

[53) Tho tonporary X 43ts for the

The tenporary 37 daca for the
B T tenarery XF ik i e

P Type here to search




image27.jpeg
YT 3 g D e

(O0R So-TEST o Asaue/opcit noficil Rackageyg Vcsn 1 r 7 1126:38 T Stardard o 2606

S St
Pl 21765 aten Tne » .5009805
e V.

s

Fs smuuin

& 11 oy




image28.png
Model Results

Session Data

& Output Databs:
5 Model Dtab
0 Spectrums ()
XYPlots (1)
XYData (13)

ing Version - Model Database: C:\Ellie.M\shape.charge-final.cae

View Result Plot

s primary

Animate Report Options Tools Plug-ins.

Help N?

PE Max. In-Plart|| G| 4 a1 1> DM + e«

Module: |2 ization Model: |3 Ci/Ellie.M/Job-1.0db.

5] Viewport: 1 ODB: Cy/ElleM/3dV2.0db

PE, Max. Principal
(Avg: 75%)
+3.7582+00
+314552+00
+311538+00
+21850e+00
+2.5482+00
+212452+00
+119438+00
+11640e+00
+113382+00
+110352+00
+7.3250-01
+413008-01
+1.2758-01

0ODB: 3dv2.0db

Step: Step-1

PE, Max. In-Plane Principal
(Avg: 75%)
+4.1432+00
+3.7956+00
+3.445e+00
+3.096e+00
+2.7476+00
+2.3976+00
+2.048e+00
+1.698e+00
+1.348e+00
+3.893e-01
+6.4838-01
+3.004e-01
-4904-02

Abaus/Explicit Unofficial Packaging Version  Thu Mar 26 09:16:11 GMT Standard 0DB: Job-1.0db  Abagus/Explicit Unofficial Packaging Version

Step: Step-1

Increment  10206: Step Time = 7.4001E-05 Z . Ingrement  S85E: Step Time = 1.0000E-04
Primary Var: PE, Max. Principal Primary Var: PE, Max. In-Plane Principal

& #°C Cloudy

=

NG

5 simuLia

0z
20037206 T





image29.jpeg
ooei sove e

st Unofis Packaging erson

i 25,0815 11 T Standrs

2 Voo a8 -
DRI T -]

¥ omeicb-ods  akacus/eiplc: raffisl Packagng verson 750 20 11135122 64T Standard 1)

& smmunin

& vcany A epd oo




image30.png
SR S





image31.png
Abaqus/CAE Unofficial Packaging Version - Model Database: C:\Ellie.M\shape.charge-final.cae - X
Fle Model Viewport View Result Plot Animate Report Options Tools Plugrins Help N7

DEE®mE &) berimny v | Magnitude ] TR e WL E NG M Visualization defaults || () ~

Model Results [F visvatzstion - C/EleM/iob-T.odb ] -

Session Data 7

S Qutrust Databases 1

[
f

Basic
f
f

abels 49 45 als 415
Color&Style  Labels Normals Other 9 e, b
abels and Symbols 16
Labels and Symbol s 545 535 530 538 .
Set Font for All Model Labels. 610 537 977 45 738 732 g0
| o5 736 530 a13 dos 737 926
[ Show element labels 420 320 e g1z 120 e
B! 158
” 622 1270 19 fand ) e 998 160 1531 159
Show face labels a11 501 731
Show nodelabels  Color: [ 50 777 852 15 534 s 545 738
hownodelabels  Color: o 12281171 1227 13681329 811 sez 410 3 822 936 1065 1308 1405 (At
[ Show node symbols - b1 1135 1099 1501
421 317 548 556 1302 5, 313 312 555
o 1097 35 1324 1908 105 £ 157993 1se 1y 15 1528 153
1137
Color Code > 70w 0 o0 e TR o8 1061 1397 1386
Color . o5 1258 We e 526 1 824 923 1129 1303 457 1234 e 840 o gy
Hg‘a.r. (a\a‘r‘ca:j:s‘z\;dmnsm override 422 - Lase na 734 524 688 iwe 1280 1352 178
options in this dialo 933 50 1275 1099 306 397 m 1358 147 728
a - 307 - o 973 1sg Las 148 Lesg 146 1296 145
Probe Annotations 52 966 735) 1378 1
775 853 889 g3 agy 1026 1168 13831020 1919 15 o iss 1121 18 143912181155 783
SetFont|  Color 603 920 400 1399 901 944 1004 1041, 1125 957 ol
423 ou sse 1095 Laes 955 s01} id sz 1082 u umw 1014
805 59, 303 300 395 140 s63
820 302 293 144 sae 143
oK Apph Defaults Cancel 612 bl 7 w 133
poly 891 a2 1107
- 504 1167 1107 690 1166 1154
) 514 516 55 502 272 263 399 838 107513
515 1209 154 1042 547 59 556 836 1455
1L 843 551 753 897 1093 135 1188
an s - - 1229 g5 114 [P 552 € a3s 1354157
295 2 550 136
F N a 522 o L1e2 294 233 1 107 555 859 135 1343 134 133 1260
=) o s 105 406 1163
. BT 20 T8 1362 g 114
520 505 973 1032 105 553 1029 555 1030 1142
. 290 jos5 - 130
56 ECTI Y » L1212 1238
20 0 o - 144
12321174 557 837 1371 1555
127 76 402 921 123
Step-1: 100 55 515 545
15
284 LI e
AT T 55
126 401
545 993
425 513 608 o 346
J ss 279 74 2 e %7
953
435 666 110 705 oL
2
25 simuLia
The temporary XY data for the reguested XY data extraction has been created ~
] 15 tonporary X7 data for the requested XY data extraction has been created
The temporary XY data for the regussted XY data extraction has been created
[] \The tenporary XY data for the requested XY data extraction has been created v

H P Type here to search

10:26

3°C Mostly sunny.

2 4 ENG

19/03/2026




image32.png
< Abaqus/CAE Unoffciel Packaging Version - Mode! Databese: C:\Elle Mishape.charge-fnal.coe [Viewport: 3|

® e
Sesion B

€ o Db @)

"= P .

e S We 4w

Mot Vespor iew ekt Pt simse Fepot Optors Tose Piagins Hep X

DEFESE &) e O 7

EXES-IT

8 AR H Ot l= i ROYOTY . B}

B Vauscatonasuns 19

o

v g

e

Velosity

b =

(e

Wagriugs o
Magnituce P
wagrituce o

Magrituds o
Wagniuc o
Nagrituce o
Magritucs o
Wagrituc o

Magritucs o

s

B0





